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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 found
in all the samples. Apart from the yeasts the
most common species of bacteria found in all
the <amples examined is the homofermen-
tative Pediococcus cerevisiae. This is asso-
ciated with heterofermentative species which
may be either Leuconostoc mesentercides or
Lactobacillus fermenti. The medium used
in  isolating micro-organisms from the
ferm enied dough is important, On nutrient
apar only yeasts have beenisolated. Thelactic
acid bacteria tend to appear only on YDA
and MRS agars, the latter media being
more favouraple for the lactobacilli.

Introduction

in Ghana fermented maize dough known
lecally as ‘mbor’ (Fanti) is used to prepare a
number of dishes.

in the traditional preparation of the dough,
the grain is washed and soaked for 12to24h
't is wet-milled into a meal which is made into
a si:f¥ dough by ddding an adequate amount

.of water. The dough is then allowed to under-

20 nutural fermentation for 1 to 3 days be-
fore use. During the process of fermentation,
the dough’ becomes sour, rises and develops
a characteristic aroma.

it appears -.'tf.le if any, work has been done
on the microbiology of fermented maize
dough in the form it is prepared in Ghana.
Whithy (1968) is of the opinion that the
fermentation is of the acetic acid type. Work
Akinrele and Bassir (1967), however,
soests that the fermentation 0" dough
ay very likely involve lactic acid bactena,
fu ’x~,: =5 we'l as yeasts.

Ny

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

o]

in fermenting maize dough.

Materials ard methods

The samples of maize dough ana'ysed were
all prepared in Ghana in the traditional
manner, sealed in plastic bags and sent by air
for microbiological analvsis in the United
Kingdom. Four samples A, B, C and D were
analysed. Sample A was bought in the market
in Accra, Ghana. Samples B, C and D were
preoarc(‘ unger more controlled conditions
inthe Food Research Institute. .

When the \‘un\plcs were received for analysis
they were all 7 days old and at an advanced
stage o;f fermentation. The pH of sample A
was 4.1, that of sample B 3.90 and those of

dl
mmpxs C and D, 3.80 and 3.98 respectively.

Immediately on receipt, serial dilutions

‘were aseptically prepared for each 5 1ple
using Ringer’s solution. Suitable

each sample were then plated

amounts of inocula.

The media used in Dlat'ng included MRS
dgc.f (pH 0.4) cescribed by de Man, Rogosa
and Sharpe (1960), MRS agar {pH 5.4) which
before use was buflerred with acetic
Jacetate buffer; yeastrel dextrose agar (YDA),
pH 7.2; Oxoid nutrient agar (\/\,, pH 7.2

The yeastrel dextrose agar contained Oxoid
Lab-Lemeo, 10g: Oxoid bacteriological
peptone, !0g; yeastrel, 3g; sodmnl ~Anomdf:,
5g; glucose, S5g; Oxoid agar nritrate, 15g;
distilled water, 1 ltre. The medium was
sterilized at 120°C for !5 min. For yeastre!
dextrose broth the agar was omitted.

All plates except those of MRS (pH 5.4}
were incubated aerobically at 30°C'for € days.

The MRS acetate buffer plates (pH 5.4) were
incubated in anaerobic jars at 30°C also for
8 days.

After counting, a number of representative
colonies were nicked from diffevent ty
plates into veastrel dextrose bro:a

q_nn"
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TABLE !
' Total number of bacteria appearing on dif'erent media
l .
| M:diam
Sample | ‘ - !
! NA 3 YDA . MRS(pHS54) | MRS (pH 6.4)
| | | .
A t 30 x 10¢ \ 160 x 106 : 90 x 106 No plating done
B { 60 x 106 | 250 x 106 I 900 x 106 500 x 106
C 20 x 106 | 800 x 106 ‘} 2310 x 106 | 1800 x 106
D 10 x 106 i 70 x 106 ! 1000 x 106 ‘ 700 x 106
| ‘ ‘ w
TABLE 2 }
Representative organisms isolated from sample A
] 1
Cocci Cocco-bacilli \
| Gram + Gram “+ | Yeasts Total
| Catalase  + Catalase — | nio v
Medium ‘ goa
T = i [ | 1solates
| No.of | % No.of | 9% | No.of o, | examined
| isolates | occurrence | isolates’ 'occurrence | isolates | occurrence ’
i | l i ; ‘ 5
YDA I ™6 61.5 | 3 [ 11.5 | 7 | 27 | 26
| | 1 |
MRS (pH 5.4) { 0 64.3 | 4 | 286 1 'I 7.0 14
| |
NA | o | o | o 0 10 | 100 10
: TABLE 3
Representative organisms isolated from sample B
1 | .
& Cocci f‘ Rods 1 ;
! ram - Gram - { Yeasts |
) ’ Catalase +. | Catalase — : ‘ n’l;(.)tgf{
Medium ; ‘ - | , ' ' isolates
| No.of | A ! No. of | A | No.of | % examined
| isolates | occurrence | isolates | occurrence | isolates | occurrence |
| ; i . , | ‘
YDA | 4| 34 | 3| 2722 | 4 6.4 | 11
MRS (pH 54) | 1 | 67 14| 93 | 0 0 5
. | i ! |
MRS (pH 6.4) ‘ 0 0 |10 77.9 -3 23.1 13
NA 0 0 0 0 12 100 |12

=
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TABLE 4 q
' Representative organisms isolated from saniple C ;.'
T ' 1 . ‘
i Cocci Rods ' g
‘ Gram + Gram - ‘ Yeasts 1
| Catalase + ‘ Catalase — i 1
2 ] ]
Medium ! ‘ | ’ i ;
! [ { | |
| No.of | o { No. of | 9z | No. of | oL I
} isolates | occurrence | isolates 'x occurrence | isolates | occurrence !
: | | | . ‘
YDA L8 | eLs o ! o | s 385 |13
| | | |
MRS (pH 5.4) 3 23.1 | 8 | 61,5 | 2 | 15.4 13
! i | i ‘
MRS(MH64) | 2| 134 8| 53 | 5 1.3 ‘5
NA ' 0 i o o | (6] | 10 100 10
TarLE §
-
Representative organisms isolated from sample D
| ] H
! Cocci ! Rods i i
! Gram - Gram  + ! Yeasts |
|  Catalase -+ | = Catalase — : !
Medium {
. ! [ ' [ r 1
! No. of | Y% | No. of | VA { No. of | %

%, B E /0
\su)!alcs‘@ occurrence | isolates | occurrence | isolates ! occurrence |

YDA | 6 | 428 | 4| 286 1 4 28.6 | | 14 &\‘
MRSQHS® | 0 o 15 w0 | o o :
MRSGHEH | 31 188 | 1| &7 | 2! s 0 |
NA 0 0 o | o | 1ol 10 |0

L
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incubated at 30°C for 2 days. They were then
subcultured on yeastrel dextrose agar slopes
and incubated for a day. The cultures were
then Gram-stained and examined for the
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-
bacillary and rod-li' e forms and yeasts. From
each group a number of cultures were selected
for identification. Yeasts were identified solely
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 of
Pediococcus, except that MRS broth with 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-
nostocs were identified using the methods

~described by Abd-el-Malek and Gibson (1948)
and Garvie (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 tests, the determination of growth
temperatures and, as already mentioned, as
a basal medium for carbohydrate tests. In the
test for gas production, a high glucose con-
centration of 4.59% and a heavy inoculum
(! m!) of a young culture in yeastrel dextrose
broth were used to ensure satisfactory
evolution of gas (Gibson and Abd-el-Malek
1945), . :

Fermentation tests were carried out using
carbon sources at a-concentration of 1.0%/.
All inoculations were made using young

cultures grown in yeastrel dextrose broth or

on ycastrel 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 culture growing on an agar slant.

Results

Nutrient agar was the least favourah'e

medivm for the isolation of organisms in the
fermenting grain mash. For all samples, the
least. number of colonies was counted on
nutrient agar plates (Table 1). Of the colonies
examined from nutrient agar plates, none
were lactic acid bacteria, all being yeasts
(Tables 2-5).

In the isolation of organisms from samples
B, C and D, MRS ngar (pH 5.4) incuhated”
under anaerobic ceonditions was the most
favourable medium allowing the greatest
number of organisms, prineipally lactic acid
bacteria, to grow (Tables 1, 3 and 5). Yeasts
were unable to grow very well on this medium.

TABLE 6.

Characteristics of Leuconostoc mesente-
roides jsolated from sample A

>
w
O

Type of isolate
No. of isolates in total number
examined 1
Gas from glucose + +
Growth at 15°C -
Growth at 37°C + 4+
Growth at 45°C —_ — —
Heat resistance at 55°C for 15
min. 4 =
Dextran formation - -+
Diacety! production _ —

n
Lo

!
I

| + |

>
2.

Litmus milk _
NH, from arginine —
Acid from:
arabinose -
xylose +

maltose F
SUCrose - -+
cellobiose ale A
melibiose -
lactose —_ -
trehalose —_ —
amygdalin — +
salicin el
aesculin hydrolysis + +

Asl. =

++t+ |+ F

slight acid

In platings of samnle A, however, ‘ewer
colonies appeared on MRS agar (pH 5.4)
than on yeastre! dextrose agar. This may be
accounted for by the tendency of the gram-
positive, catalase-positive cocci, ‘he nedio-
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cocci, which predominated in sample A, to
grow in greater numbers on yeastrel dextrose
agar under aerobic conditions (Tables 2-5).
In samples B, C and D, the pediococci
again tended to appear on the YDA with
yeasts while the rods which out-numbered the
cocel appeared in greater numbers on the
MRS agars (Tables 3-5).

Apart from the yeasts, 3 main types of
bacteria, all of the lactic acid group, were
isolated from the 4 samples of fermented
maize dough. These were the homofermenta-
tive Pediococcus cerevisiae, and the hetero-
fermentative Leuconostoc mesenteroides and
Laciolacilius fermenti. A single isolate of
Lactobacillus plantarum which is homofer-
mentative was also identified.

Pedjococcus cerevisiae appeared with Leu-
conostoc mesenteroides in sample A and
with Lactobacillus fermenti and Lactobacillus
plantarum in samples B, C and D,

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

Leuconostoc mesenteroides (Table 6)

All the leuconostog types appearing in the
fermented maize sample A had characteristics
similar to those of Leuconosroc mesenteroides.
The cells which were slightly elongated and in
pairs were Gram-positive and catalase nega-
tive. The clongated cells would appear to be
a departure from the normal coccoid cells of
teuconostocs. According to Garvie (1960),
the cells of leuconostoc may be
elongated.

All the isolates examined produced gas
from glucose, grew at 15°C and 37°C and
formed dextran from sucrose. No isolate grew

at45°Cand produced ammonia from arginine.
With the exception of isolate type D which
produced slight acidity in litmus milk no
isolate produced any change in this medium.
No isolate produced diacetyl.

All isolates fermented xylose, maltose,
sucrose, cellobiose and hydrolysed aesculin.
solates types B and C, in addition, fermented
salicin and amygdalin. Lactose was fermented
by only isolate type C.

No isolate fermented arabinose, melibiose
and irehalose. [solate type A was the only
organism’ which showed heat resistance at

* Growth at pH 4.4

55°C and failed to ferment salicin and
amygdalin.

Pediococcus cerevisiae (Tables 7 and 8).

All the cocct isolated for identification had
the morphology and physiological reactions
typical of Pediococcus cerevisiae. The cells
were round and grouped in tetrads and pairs.
All cultures were Gram-positive and showed
a positive catalase reaction. No isolate pro-
duced gas from glucose.

TABLE 7

Characteristics of Pediococcus cerevisiae
isolated from sample A.

Type of isolate DE F G
No. of isolates in total

number examined ... 1 1 1 5 2 1
Gas from glucose
Catalace reaction
Growth at 37°C !
Growth at 45°C e+ + F
Growth in NaCl 10 %4

Growth at pH 8.6
Growth on Rogosa ace-
tate medium (pH 5 4)
Litmus milk ...

NH; from arginine

Acety! methy! carbino! -
from glucose

Acid from:
arabinose
maltose we + +F + F F
sucrose N i al R o
rafiinose w -
dextrin "
sorbitol J Ty p—

Isolates G, H and I from sample A failed
to grow at 45°C. Two of these isolates (types
H and I) also did not grow at pH:&.6. Isolates
from samples B, C and D were more nearly
like Pediococcus cerevisiae in their growth
characteristics. They all grew at 37°C and
45°C and only onc (type M) failed to grow
at pH 8.6 (Table 8).

Allisolates failed to grow in 109 NaCl and
to ferment arabinose and dextrin. No change
was produced in litmus milk by any isolate.

Maltose was fermented by all isolates. In
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addition sucrose was fermented by isolates
types E, I, X, L-and M, raffinose by isolates
types I and K and sorbitol by isolates types
F and N.

TABLE 8

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

Type of isolate J KL MN
No. of isolates in total!
number examined .. 5 1 111
Gas from glucose s T e =
Catalase reaction ... L
Growth at 37°C ... s o T F R
Growth at 45°C + o H

Growth in NaCl 109,
Srowth at pH 4.4 -+ {
Growth at pH 8.6 ee. =+ 4+ —
Growth on Rogosa acetate

medium (pH 5.4) T e e s

Litmus milk

NH, from arginine R e
AMC from ¢'ucose R i
Acid from;

_arabinose e — — — — —
maltose ... ... B e s ol i o
sucrose ... O i e
rathinose ... e — A — — —
dextrin ... —“ — — — — —
sorbitol .., e —

TABLE 9

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

Type of isolate O P Q R

No. of isolates in total
number examined s H- 1 § 1
Gas from glucose O e e
Catalase reaction ... © ... — — — —
Growth at 15°C ... o, e . et g B
Growth at 45°C : 4 = — A
Litmus milk .. A — —ACR
NH; from arginine + 4+

Growth in 0.4 teepol
Acid from:
amygdalin
cellobiose
lactose ...
maltose
melibiose ...

+4+4 | |
100
n
L

&
k2

raffinose ... ... we "+ A 4+ +
rhamnose e

ACR =
A" =

acid, coagulationand reduction.
acid only. '

Lactobacillus fermenti (Table 9)

With the exception of isolate type R, all the
lactobacilli isolated from samples B, C and D
produced gas from glucose and were therefore .
classified under the sub-genus Beta-bacterium
Orla-Jensen. All the gas-producing isolates
(types O, P and Q) were identified as Lacto-
bacillus fermenti. The ce!ls were rods in pairs
and short chains, Gram-positive, and catalase
negative. Tney produced ammonia from
arginine and failed to grow in 0.4% teepol.
Isolates types O and P grew at 45°C but not
at 15°C. Isolates of type Q failed to grow at
both 15°C and 45°C.

All isolates fermented maltose, melibiose
and raflinose, but failed to ferment amygdalin,
cellobiose and rhamnose. Lactose was fer-
mented by only isolate type O which was
also the only organism producing acid n
litmus milk.

The 5 isolates of type Q, which failed to
growateither 15°Cord3°C, werea!lidentified
as L. fermenti because of their inability to
grow at 15°C. Although L. fermenti may be
considered the one known species of the
heterofermentative lactobaci!li which 1s more
thermophillic than the others, the really
important differentiating characteristic of this
species is its inability to grow at 15°C (Rogosa
and Sharpe 1959). '

Lactobacillus plantarum (Table 9) . -

Only one isolate (type R) of L. plantarum
belonging to the sub-genus Streptobacterium
Orla-Jensen, was identified among the isola-
tions made from samples B, C and D. This
1solate which was catalase negative had Gram-

- positive rod-like cells in pairs and ‘short
- chains. It produced no gas from glucose, but

grew at 15°C and 45°C and in 0.4% teepol.
Tt produced ammonia from arginine and was
very active in fermentation, fermenting all
sugars tested except amygdalin and rhamnose.

Discussion

In al! the samples of maize dough ecxa-
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mined. the micro-organisms present consisted

, of a mixed population of lactic acid bacteria

and yeasts. The lactic acid bacteria included
both homofermentative and heterofermenta-
tive species. The homofermentative types
consisted predominantly of Pediococcus cere-
visiae which appeared in all samples analysed.
The heterofermentatives varied according to
the samnle, being Leuconostoc mesenteroides
in sample A and Lactobacillus fermenti in
samples B, C and D. Only a single isolate of
the homofermentative L. plantarum was
identified, indicating that this organism was
not present in great numbers in the maize
mash.

Tt may, therefore, be said that in a maize
dough which is at an advanced stage of
fermentation the most important bacteria to
he found, apart from the yeasts, are the
homofermentative Pediococcus cerevisiae and
the heterofermentative species which may
include Leuconostoc mesenteroides and Lac-
tobaciifus fermenti. These bacteria are possibly
those which are able to survive the high
acidities produced in a maize dough which
has heen fermenting for a long time.

The presence of heterofermentative orga-
nisms in the maize dough would also account
for the rise in volume_which norma!ly occurs
during natural fermentation of the dough.
This represents a leavening action also
reported by Mukhergee er al. (1965) to
take place in the fermentation of the
Incian food Idli, 2 mixture of rice and black
gram. The principal organism responsible for
souring as well as for gas production in the

_fermentation of 1dli 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-
iated. Lactic acid bacteria appeared only on
the YDA and the MRS agars, the latter media
being more favourable for the growth of the
jactobacilli especially uncer anaerobic condi-
tions.

MRS agar of pH value 5.4 under anaerobic
cond'“ons tended to be more selective for
factohacilli, Under these conditions the
yeasts and lactic acid bacteria other than
‘actobacilli appeared to be suppressed. The

pediococci are, however, able to grow at

pH 5.4. and in situations where they may

orcdomxna.'c as In sample A, mayappear
, large numbers on MRS agar of pH 5.4.
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