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Summary

Samples of maize dough at an advanced
stage of fermentation have been analysed
microbiologically. A mixed population of
lactic acid bacteria and yeasts has been round
in aU the samples. Apart from the yeasts the
most common species of bacteria found in all
the s.unplcs examined is the hornoferrnen-
taiive Pediococcus cerevisiae. This is asso-
crated with heterofermentative species which
may be either Leuconostoc mesenteroides or
Lactohacillus [ermenti. The medium used
;n i~o!ating micro-organisms from t e
rerm ented dough i important, On nutrient
agar oniyyeasts have bceniso ated. The lactic
•.•.e id :t<;. e riu en.d to np car only on Y DA
and \1R~ agar, the atrer media ei:1g
more favourable for the lactobacil i.

Introducti on

In Ghana fermented maize dough known
Icca'Iy as 'rubor' (Fanti) is used to prepare a
number of dishes.

In t, 'ie traditional preparation of the dough,
the grain is washed and soaked for ~2 to 2L!.h.
't is wet-milled into a meal which is made into
a ~:;". coug'i by adding an adequate amount

.of water. The dough is then allowed to under-
'!\. natural fermentation for 1 to 3 day be-
f'ore use, Di ring the process of fermentation,
the dough' becomes sour, rises and develops
a characteristic aroma.

It appears little, if any, work has been done
on tl e microbio ogy of fermented maize
rloug' in tl;.e forrn it is prepa ed in Ghana.
Whitby ('968) is of the opinion that the
fermentation is of the acetic acid type. Work
"'1 I ~i".relc and Bassi, (!967), however,
suggests that the fermc tation of dough
ma y very likely involve lactic acid bacteria,
fl"iSi ,'.5we" as yeasts.

The work reported in this paper was carried
out to determine the types of bacteria found

in fermenting maize dough.

Ma eria sand mct'iods

The sump es of maize dough ana'ysed were'
ull prepared in Ghana in the traditional
manner, sealed in plastic, bags and sent by air
for micro' iologica analysis in the United
Kingdom. Four samples A, B, C and D were
analysed. Sam? e A was bought in the rnarke;
in Accra, Ghana. Sam lcs 13,C and J were
pre. arcd under l. ore corurollc coridit ion-s
in the Food Research Insu.ute,

When the ....u n ptcs we ro r-coc ivc r- r anaty,j",

they were all 7 day<; old and at an ad vail .ed
stage o!' fermentation. The p 0: sam ple A
was 4.:, uiut 0" sarn ole 133.90 anu t')(.I;'C O'

samples C and D, 3,~O and 3,9, respectively.

rnmediately on recci t, seria di'utions
'were (1.1e .ically prepared for cacr si.vn;-:e
using l{ingcr's SO"Jt"OH. ·ui".:"!o!,: r..~"U'.O_1~ or
each suruplc were then. p~alcd us n z I r-i i

amounts of inocula.
The media used in plating included !\-:P.S

agar ( H 6.4) described by de Man, ~ogosa
a.'1(~Shar c (1960), rvtRS agar (pH 5.4) which
be~o'e t sc was buflcrred with ace: c acid
I'<tceta~e buffer; yeast rei dextrase ag~tr (YDA \,
pH 7.2; Oxcid nutrient agar C 'A), P . 7.2 .

The yeastrel dextrose agar co!'.tai~,ed Oxo.d
Lab-Lernco, Og: Oxoid o· ct er io lo g.cn l
_eptone, 109; yeastrel, 3g; sodium chloride,
5g; glucose, Sg; Oxoid agar ro~,rate, l Sg ;
distilled water, I : tre. T'Ce 111.e(\:,-,111. WQS

sterilized at !20°C "or 15 • in. For veastrel
dextrose broth the agar was omitted ..

All plates except those of \I1RS (pH S.4;
were incubate . aerobicallv at 30°Cfor S ~lavs.
The \1 R <;; acetate buffer .. arcs ( H 5,4; w~"e
incubated i'1 anaerobic jars at 30)C also for

days.
After counting, a number of ~cyre5t'''''''.at;ve

colonies were lJ~C~ ~(~ rro.P':'. d~!rc-cn~~y::,.~.~,~ r"

'ares into veastr e de xtr o sc b rc; . ~'1d
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TABLE I

Total number of bacteria appearing Oil difierent media

Sample

Yl;:iiJ 11

NA YDA MRS (pH 5.4) YlRS (pH 6.4)

A
B
C
D

I

I
I

90 X 06

900 X 106

2~JO x 106
1000 x 106

No plating done
500 x 106

It::ClO x 106
700 x 06

30 x 10"
60 X 106
20 x J06
10 x 106

160 X J06
250 X 106
800 x 106
70 x 106

TABLE 2
Represenrorive organisms isolated from sample A

Medium
I
,-----;----- -----;---- ------;-----
I No. of Ii isolates

Cocci
Gram
Calalase

Cocco-bacilli
Gram +
Catalase Total

no. or
iso la tes

examined

Yeasts+
+

I ,
I "16

i ' , Io/u No. of I o/u o. of o/u
occurrence I isolates' 'occurrence I isolates I occurrence

61. 5 3 11. 5 7 27

64.3 4 211.6 7. ,

0 0 0 10 100 10

YDA

MRS (pH 5.4)

NA
'9

o

26
4

,"'
TABLE 3

Representative organisms isolated from sample B

Cocci Rods I'Gram + Gram + Yeasts

I
Total

Catalase +. Catalase no. ofMedium I isolates
I No. of I ! No. of I ,

% % I o. of i % I examined
isolates. occurrence I isolates I occur~ence isolates I occu;rence

I
I

I IYDA

I
4 36.4 I 3 27.2 4 36.4

MRS (pH 5.4)
I I 6.7 14 I 93.3 0 0 5

MRS (pH 6A)
, ,
I 0 0 10 I 77.9 ·3 23.1 13

A 0 I 0 0 0 12 100 12
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TABLE 4

Representative organisms isolated from sample C

Medium

YDA
MRS (pH 5.4)

.".1KS (pH 6.4)

.A

! Cocci Rods
Gram + Gram + Yeasts Tota!

1 Catalase + I Catalase ,
no. 01

I I I isolates
I No. of % i ~o. of I % i o. of % examined

isolates I occurrence I isolates I occurrence ! isolates occurrence
I ,--I I
I 8 6 .5 I 0 I 0 I 5 38.5 13

3 23.1 8 6 ,5 I 2 !5.4 !~

2 13.4 8 53.3 I 5 33.3 15
0 0 0 i 0 10 1r;'.) to

TAB E 5

Represenrarive organisms isolated frorn sample D

Medium

Cocci ~ods
Gram + G am + Yeasts Totc~
Catalase + Catalase no. of

\ I is.vaies
o. of ' % No, of I % No. of i % examinee'

iso ates\ occurrence isolates I occurrence isoates occurrence I

I

6 42.8 4 I 28.6 4 28.6, 14,,
0 0 15 I 100 0 0 15

I
3 18.8 I 68.7 2 , 2.5 16

0 0 0 0 10 100 10

YDA
Vl1tS (pH 5.4)

MIL (pH 6.4)
..•.•...

.~,.
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incubated at 30°C for 2 days. They were then
subcultured on yeastrel dextrose agar slo es
and incubated for a day. The cult u-cs were
then Gram-stained and examined fur 'he
catalase reaction. All cultures were puri'ied
by streaking on MRS agar (pH 6.4) and pick-
ing single colonies.

Cultures were grouped into coccal, cocco-
baci lary and rod-Ii e forms and yeasts. From
each grou p a number of cultures were selected

for identification. Yeasts were identified sote y
on the morphology of Gram-stained
preparations.

The media and methods of Gunther and
White (1961) and Coster and White (1964)
were used for the identification or
Pediococcus, except that MRS broth wit the
meat extract omitted instead of tomato-juice
broth was used as a basal medium for fermen-
tation tests. Differentiation of species was
based on the classification of Pedersen (1949),
Gunther and White (1961), Coster and White
(1964), and Diebel and Niven (1960). Leuco-
,I10SIocs were identified using the methods
described by Abd-cl-Malek and Gibson ( 94~)
and Garv it: (1960), The methods used in
identifying the lactobacilli are those outlined
by Rogosa and Sharpe (1959).

MRS broth (pH 6.4) was used in gas
production test, the determination of growth
temperatures and, as a ready mentioned, as
a basal medium [or carbohydrate tests. n L e
test for gas production, a high glucose con-
centration of 4.5 % and a heavy inoculum
(I rnl) or a young culture in yeastrel dextrose
broth were used to ensure satisfactory
evolution of gas (Gibson and Abd-el-l alek
]945).

Fermentation tests were carried out using
carbon sources at a' concentration of 1.0 %.
All inoculati-ons were made using young
cultures grown in yeast reI dextrose broth or
on ycastrcl dextrose agar slopes, cultures from
agar slopes being used mainly to inoculate
carbohydrate fermentation substrates. The
catalase test was carried out on a slide and
confirmed by flooding with hydrogen peroxide
a ell ture growing on an agar slant.

Results

Nutrient agar was the least favourab'c

medium for the iso ation of organisms In the
fermenting grain mash. For all sample , the
least number of colonies was counted on
nutrient agar plates (Table 1). Of the colonies
exan ined from nutrient agar pates, none
were lactic acid bacteria, all being yeasts
( ables 2-5).

In the isolation of organisms from sam 'cs
B, C and D,. R' "gar (p 5.4) incu'vated '
under anaero ic conditions was the most
favourable medium allowing the greatest
number of organisms, principally lactic acid
bacteria, :0 grow (Tables I, 3 and 5). Yeasts
were unable to grow very well on this medium.

TABLE 6.

Characteristics of Leuconostoc mesente-
ro idcs isolated from sample A

Type of isolate A B C
10. of isolates in total number
examined 4 2

Gas from glucose + ...!-

Growth at 15°C ~
G owih at 3rC ...!-,
Growth at 45°C
Heat resistance at S5°C for 1 S

Hun.
Dextran formation
Diacetyl production
Litmus mi k

, 3 from arginine
Acid from:

arabinose
xylose
malto e
sucrose
cellobiose
melibiose
lactose
trehalose
amygdalin
salicin
aesculin hydro ysis

As l .

+ +
As

-I- "
...L

-r-
I

-I- ~ ~
...!- -I- ...!-

+ _L -

+
+ +
:+ +

+ + .i,

sight acid

n platings of samo e A, however, 'ewer
colonies appeared o;__ v1RS agar ( H 5.4)
than on yeastret dextrose agar. "::',:s . av he
accounted for by the tendency 0: t: e gram-
positive, cata'ase-positive cocci, ~'le ;-e_io-
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. cocci, which predominated in sample A, to
grow in greater numbers on yeastrcl dextrose
agar under aerobic conditions (Tables 2-5).
in sarn les B, C and D, the cc iococci
again tended to appear on the YDA with
yeast while the rods which out-numbered the
cocci appeared in greater numbers on the
MRS agars (Table 3-5).

Apart from the yeasts, 3 main types of
bacteria, a l of t ie lactic acid group, were
isolated from the 4 samples or fermented
maize dough. These were the homofermenta-
tive Pediococcus cerevisiae, and the hetero-
fermentative Leuconostoc mesenteroides and
Lactobacillus fermenti . A single iso ate 0

Lactobacillus plantarum which is homofer-
rnentarive was also identified.

Pedioco ccus cerevisiae appeared with Leu-
conostoc mesent eroidcs in sample /\ and
witn Lactobacillus [ermenti and Lactobacillus
plautatum in samples B, C and D,

No Leuconostoc species were iso aied from
samples 5, C and D. Lactobacilli were not
isolated from sample A,

Leuconostoc mesenteroides (Table 6)

A I the euconostoc ty es a pearir g in the
fermented maize ample A hac. characteristics
similar to those of Leuconostoc mesent eroides.
The cells which were slightly elongated and in

airs wen: Gram- ositive and catalase nega-
tive. he elongated cell would appear to be
a. t\·~oarturc from the normal coccoid cells 0

leuconostocs. According to Garvie (1960),
however, the celts of !eucono toc may be
elongated.

At .the isolates examined produced gas
from glucose, grew at 15cC and 3rC and
Formed dextran. rom sucro e. '0 isolate grew
at .1,soe and produced ammonia from arginine.
With O;e exception of isolate type D which
produced slight acidity in litmus mill no
isolate produced any change in this medium.
No isolate produced diacetyl.

AL iso ates fermented xylose, maltose,
sucrose, cellobiose and hydrolysed aesculin.
isolates types Band C, in addition, fermented
salicin an amygdalin. Lactose was fe mented
by 0 ly isolate type C.
. No isolate fermented arabinose, melibiose
and t ehalose. [ olate type A was the only
organism' which showed heat resistance at

--

55°C and fai ed to ferment sa cin and
amygdalin.

red iococcus cerevisiae (Tables 7 and 8).

All the cocci isolated for identification had
the mol' hology an physiological reactions
typical of Pediococcus cerevisiae. T: e cells
we e round and grouped in tetrads and pairs.
All cu tures were Gram-positive and showed
a positive cata ase rcac ion. No isotate pro-
~ueed gas from glucose.

TABLE 7

Characteristics of Pediococcu cerevis ae
isolated from sample A,

Type oiisolate
No. of isolate in total

umber examined
Gas fr o m gt uco sc
Catulavc reaction
Growth at 3rC
Growth at 4YC
Growth in , 'aCl 10%
Growth at pH 4.4
Growth at pH ~.6
Growt. on ozosa ace-
tate medium (pH 5.4)

Litmus milk
_ '1-13 from arginine ...
Acetyl methyl carbine
from cl ucose

Acid fr~m:
arabinose
maltose
sucrose
ratlinose
dextrin
sor bit o

D E F G

5 2

I' I I ,-r -~ ~ T T
4- ~ -- -- ,- -;

, , ,
-,- --y- ---t- - ---

+ _}_-+- I+- __
-I-. +
+++-1-.--+

, ,

++++-1-+

+++ '-++

I , t I r ,-;"1 "lTT---t-
------,
-----_f._

--+---
so ates G, and from samp e A failed

to grow at 45°C. Two of th se ! 0 ates (types
H and I) also did not grow at pH 8.6. Isolates
from samples B, C and D were-more ncar ly
like Pediococcus cerevisiae in their growth
characteristics. They all grew at 3rC and
4S"C and only one (type M) ai'ed to grow
at pH 8.6 ( able ).

A I isolates failed to grow in 10% 'aCI and
to ferment arabinose and dextrin. '\0 change
was producer' i i litrnus milk y any isolate.

Maltose was fermented by a': isolates. n



VOL. ] 0, NO. 1 GHANA JOURNAL OF SCIENC13

addition sucrose was fermented by iso ates
types E, 1. K, Land M, raffinose by isolates
types rand K and sorbitol by isolate types
F and N.

TABLE 8

Characteristics of Pedicoccus cerevisiae
isolated from samples B. C & D.

Type of isolate
No. or isolates in total
number examined

Gas from g ucose
Catalase reaction ...
Growth at 3rc
(;row~h a 45°C ...
Growth in 1\:aCI 0%
r':;rowth a; !-i. 4.4
Growtb at pH S.6
Growth on Rogosa acetate

medium (pH 5.4)
iimu s rn ilk

N H 3 from arginine
Ai\! C from g'ucose
Acic from:
arab-nose
malt se
sucro~e
rullinose
dextrin
sorbitol

ABLE 9

JKLM:'\

5 ,!

++++++ -+- -:- -r- --++++...:...
+-l-+++
-+- -+- -"1-

+++++
.i, ..;...-l- I .t,

+-i-~++

+-l--l-++--\--l--l--
-+---

,
---- -r-

Characteristics of Lactobacillus fermenti
(isolates types 0, P. Q) and L. plantarurn (iso-
late type R) isolated from samples B. C & D.

Type of isolate
No. of isolates in total
number exar-iined

Gas from glucose
Catalase reaction ...
Growth . t 15°C
Growth at 45°C ...
Litmus milk
~'H) from arginine
Growth in 0.4 ~{,teepol
Acid from:

amygdalin
cellobose
lactose +
rna: tose + -+-
me ibiosc ... + +

0 p Q R

6 5, I +T T

+, + ,
T
A -, ACR
-l- + , --v-

~

-l-

+ ++ +

raffinose ...
rhamnose

+ + + +

ACR = acid, coagulation and reduction,
A . = acid only.

Lactobacillus fermenti (Table 9)

With the exception of isolate ype R, :J. I the
lactobacilli isolated from sarn lcs B, C and D
produced gts from glucose and were th.e-cfore
c assified under the su -genus Bcta-bacte+um
Orla-Jensen. All the gas-producing isolates
( ypes 0, P and Q) were identified as Lacto-
bacillusfermenti. The ee' s were rods in pairs
and short c'iains, Gran -positive, and catalase
negative. Tiley reduced am nonia from
argi iine and failed '.0 .~row in 0.4 % teepol.
Isolates types 0 and P grew at 45~C but not
at 15°C. lso arcs of type Q failed to grow a ;
both 15°C and 45°C,

All isolates fermented maltose, melibiose
and rallino .e, but failed to rerment amygculin,
cellobiose and rhamnose. Lactose W,lS fer-
mented by on y i~ob c 'y c 0 w hic' wus
:L~O the on y orga ism producing • eid in
litmus mi .

The 5 iso ates of type Q, which fai ed to
grow at ei her :SOCor4SuC, were a' identi ied
as L. [crntcnti because of their .nubility to
grow at 15"C. Although L. [ermettt i '-nay be
considered the one known s ecics or tie
I-tcterofermentative lactol aci' ; ~ ich is more
t errnopl i! ic than _ie others, the really
importan. differentiating c aracteristic of this
species is its inability to g ow at 15°C (Rogosa
and Sharpe 1959). '

Lactobacillus plantarurn (Table 9) ,

On y one isolate (type R) of L. plantarum
belonging to the ub-genus Streptobacterium
Or a-Jensen, was identified among the isola-
tion made from samples B, C and D. This
isolate which was catalase n gative had Gram-
positive rod-like ce.ls 'n pairs and short
chains. It roo i ced no gas from g ucose, but
g ew at 15°C and 45°C and : 0.4% tee pol.
'It produced ammonia from arginine and was
very active in fermentation, fermenti g all
sugars tested except anygdalin and rhamnose.

Discussion

",
1n <111the samples of maize dough exa-
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mined. the micro-organisms present consisted
. of a mixed po pula ion of lactic acid bacteria

and yeasts. The lactic acid bacteria included
both- homofermentative and hetcroferrnenta-
tivc species. The homofermentative types
consisted predominantly of Pediococcus cere-
visiae w'iich appeared in all samples analysed.
The heterofermentativcs varied according to
t H: sample, being Leuconostoc mesenteroides
in. sample A and Lactobacillus [ermenti in
san rpe-, 13,C and D. Only a sing cIso lare of
the homo fermentative L plantarum was
identified, indicating that this organism was
not present in great number in the maize
mas".

It may, therefore, be said that in a maize
dough which is at an advanced stage of
fen entation the most irn ortant bacteria to
be l"o md, apart from the yeasts, are the
norno'ermentative Pediococcus cerevisiae and
the heterofermentative species w rich may
include Leuconostoc mesenteroldes and Lac-
tohacitlusfermenti. The e bacteria are p ssib!y
those which a e able to survive the high
ad ~:t;e~ p od uced in a maize do ugh which
h.!.~heen fermenting or a long time.

T".e presence of hcterofcrrnentativc orga-
ni. -ns in the maize dough would a so account
f r the rise in vo ume, which norma!'y occurs
during natura. fe mentation of the dough.
-:-. is represent a eavening action also
eported by Mukhergee et 01. (1965) to

ta'<e olace in the fermentation of the
Indian food Id i, a mixture of rice and black
gr-im. The principal organism responsible for
sou-ing as well as for gas pro uction in the

. fermentation of Idli is Leuconostoc mesen-
teroides.

The medium used and the conditions of
incubation adopted in making primary iso-
lations of micro-organism from the fermenting
dough are important. On nutrient agar
incubated aerobically only yeasts were iso-
la-ed, ~actic acid bacteria a eared on y on
the YDA and t'ie : RS agars, the latter media
being more favourab e for the growth of the
Iacto oacilli especially under anaerobic condi-
tion ..

M ~S agar of p value 5.4 under anaerobic
condtions tended to e more se ective for
lac.obacil i. Under these conditions the
veasts and actic acid bacte ia other than
~actohacitli appeared to be suppressed. The

nediococci are, however, able to grow at
p 5.4. and in situations where they may
prcdo rinatc, as in samp e A, may appear
in 'arge numbers on \1 S agar of pH 5.L,..
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