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ABSTRACT

Objective: To determine the best starchy food substrate for the fermentative production of lactic acid.
Methodology and Results: Five starchy-based food substrates (maize ogi, sorghum ogi, millet ogi, mashed
cassava for gari production and steeped cassava for fufu production) were prepared fresh and allowed to
ferment spontaneously for a period of 7days during which samples of the substrates were subjected to
microbiological and chemical analysis. Four growth media were used for the isolation of the different common
group of organisms implicated. Yeasts and Molds were identified as Saccharomyces cerevisiae, Candida sp.,
Aspergillus niger, Aspergillus flavus and Penicillium sp. The bacteria were Lactobacillus plantarum,
Lactobacillus casie, Lactobacillus fermentum, Lactobacillus lactis, Klebisella pnemoniae, Escherichia coli,
Flavobacterium sp., Proteus vulgaris. The pH decreased with increase in fermentation time, and it ranged from
3-6 while the total titratable acidity increased within the first 2-3days in cereal-based foods and within the first 4-
Sdays in cassava based food substrates, followed by a gradual decrease. Though the lactic acid content
fluctuates during the fermentation period, statistical analysis shows that fermentation time has significant effect
(p<0.05) on the quantity of lactic acid produced. The two methods (total titratable acidity and
spectrophotometric) used to measure the lactic acid content gave similar result of increase within the first 2-
3days with an intermittent decrease and increase at subsequent days. Statistical analysis revealed that both the
method and substrate used has significant effect (p<0.05) on the quantity of lactic acid content produced.
Conclusion and application of study: from this study, the steeped cassava produced the maximum lactic acid on
the 41 day of fermentation by the two methods used. The results of this study revealed that lactic acid could be
produced naturally from steeped cassava. Therefore, the best processing conditions and other optimization
parameters should be investigated.

Application of results: The study shows the possibility of Lactic acid biosynthesis using cassava, a low-cost and
readily available substrate as source for laboratory/ small scale and eventually large-scale production.
Keywords: Starchy substrates, Fermentation, Lactic acid, Spectrophotometric

INTRODUCTION

Lactic acid is a chemical compound that plays a role expensive and produces racemic mixture of the two
in various biochemical processes. It can be produced forms of lactic acid. Fermentation approach has
chemically in the laboratory by mixing two or more become more successful because of increasing
chemicals together or by microbial fermentation. The market demand for naturally produced lactic acid
Chemical way of producing lactic acid is rather too (Narayanan et al., 2004), with an estimated
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worldwide demand of 13,000-15,0000t/year (Wee et
al., 2006). To produce lactic acid fermentatively,
substrates such as glucose and lactose are used but
are rather costly. This necessitated the utilization of
cheap agricultural residues as an alternative way to
replace costly raw materials and bulk use of such
materials will solve environmental hazards (Wee et
al., 2005). Studies on lactic acid production from
biomass material resources indicated that food
wastes rich in starch and oligosaccharide could be
an excellent renewable resource as a raw material
instead of agricultural products for example potato
(Yumiko et al., 2007). However, biomass resources
are naturally very complex and heterogeneous in
their chemical composition. Therefore, chemical
characterization and evolution of the resources
potential of each biomass material is necessary. Itis
essential for an accurate estimation of the
fermentable sugars in raw materials and the product
(Yumiko et al., 2007). Production of lactic acid is
essential because it is used almost in all aspect of
human life. It is a widely used chemical that has
found application in many industries and various
commercial purposes. It is used in leather tanning
and textile dyeing and in making inks, solvents and
lacquers (Narayanan et al., 2004). Lactic acid is also
used in food industry as a preservative, acidulant,
and flavouring. The esters of lactic acid are in baking
foods as emulsifying agent (Datta et al., 1995;
Narayanan et al., 2004). Lactic acid is widely used
for inhibiting pathogenic bacteria on animal
carcasses like beef, pork, and poultry during

MATERIALS AND METHODS

Collection of Samples: Grains of maize (Zea mays),
sorghum (Sorghum wvulgare) and millet (Eleusine
coracana), from which the cereal gruels were prepared,
were purchased from Bodija Market in Ibadan Metropolis,
South Western Nigeria. Cassava tubers used to for ‘fufu’
and ‘gari’ production were collected from the Agricultural
Research farm, University of Ibadan, Ibadan.

Sample Treatment and Processing: Cereal grains
(maize, sorghum, and millet) were handpicked to remove
stones, debris, and defective seeds. The grains were
steeped in water for 48 hours in clean containers at room
temperature (30 £ 2°C). The water was decanted and the
grains wet-milled. The resulting paste was sieved using
sterile muslin cloth and the slurry was allowed to

slaughtering process (John et al., 2008). Lactic acid
is also used in the chemical industry as raw material
for production of lactate ester, propylene glycol, 2,3-
pentanedione, propanoic acid, acrylic acid,
acetaldehyde and dilactide (Varadarajan and
Miller,1999; Akerberg and Zacchi,2000). Lactic acid
is also used in pharmaceutical industry as an
electrolyte, many parenteral |.V (intravenous)
solutions that are intended to replenish the bodily
fluids or electrolytes. Example includes lactated
Ringer’s or Hartmann’s solutions CAPD (continuous
ambulatory peritoneal dialysis) solution, and dialysis
solution for conventional artificial kidney machines.
Moreover, lactic acid is used in a wide variety of
mineral preparations, which include tablets,
prostheses, surgical sutures and controlled drug
delivery systems. (Bulletin of the purac, 2012;
Bulletin of the Galactic, 2012). Lactic acid offers
natural ingredients for cosmetic application. It is
primarily used in moisturizers and pH regulators but
they posses multiple other properties such as
antimicrobial activity, skin lightening, and skin
hydration. Recently, lactic acid consumption has
increased considerably because of its role as a
monomer in the production of biodegradable poly
lactic acid, which is well known as a sustainable bio
plastic material (Datta et al., 1995, Litchfield, 1996).
In view of the above advantages/ uses of lactic acid
from fermentable substrates, this work aimed at
producing lactic acid from spontaneously fermenting
indigenous starchy based food substrates.

sediment during which spontaneous fermentation was
allowed for seven days (Odunfa and Adeyele, 1985). The
cassava tubers were peeled, rinsed with distilled water,
and divided into two parts. The first portion was diced and
steep in sterile distilled water (fufu production) while the
second portion was blended and poured into sterile
muslin cloth, tied securely and placed on a funnel so that
the water drained into a sterile jar. They were left to
ferment spontaneously for seven days and each
fermented samples were taken daily for the determination
of pH, total titratable acidity, lactic acid concentration
(spectrophotometrically) and for microbiological analysis.
Microbiological Analysis: The number and type of
microorganisms per millilitre (mL) of the fermenting

5674



Wakil and Ajayi. J. Appl. Biosci. 2013.  Production of lactic acid from starchy —based food substrates

substrate was estimated daily for seven days by pour
plate method using the serial dilution technique. The
media used for microbial enumeration were Nutrient agar
for estimation of viable aerobic bacteria; de Mann Rogosa
and Sharpe (MRS) agar for total lactic acid bacteria
incubated at 35+£2°C for 48h in anaerobic jars; potato
dextrose agar (PDA) for moulds counts and yeast extract
agar for yeast counts. Potato dextrose agar and yeast
extract agar contained 0.5mg/l streptomycin sulphate
(sigma) incubated at 30°C for 3-5 days.

Chemical Analysis of the fermenting starchy- based
food substrates

pH Determination: The pH of the fermenting substrates
was measured daily with the electrode of a pH metre
standardized with the appropriate buffer.

Titratable acidity Determination : The amount of the
lactic acid produced in the fermenting starchy- based
meal were determine daily for 7 days by the standard
titration procedure for total titratable acidity (TTA)
according to A.O.A.C, (1990) . Lactic acid content
determination was done by fitrating 25ml of the
supernatant fluid of the substrates on addition of 3 drops
phenolphthalein as indicator, 0.1M Sodium hydroxide
(NaOH) was slowly added from a burette into the samples
until a pink colour appeared. Each ml of 0.1M NaOH is
equivalent to 90.08mg of lactic acid.

Total titratable acidity of lactic acid (mg/ml)

=ml NaOH x N NaOH x M.E

Volume of sample used

Where, ml NaOH = Volume of NaOH used,

N NaOH = Molarity of NaOH used,

M.E = Equivalent factor = 90.08mg.
Spectrophotometric Determination of Lactic acid:
Determination of lactic acid produced was also done

RESULTS

The yeast count in cereal based fermented foods
increases throughout the fermentation period with no
growth observed on the 7th day of fermentation of millet
while it increases within the first 3 - 4 days in cassava

using spectrophotometric method (A.O.A.C, 1975). 1ml of
sample was pipette into a 100ml beaker, 25ml of distilled
water was added and neutralized with 1N NaOH using
phenolphthalein, 50ml ether was added, mixed well and
centrifuged at 1500rpm for 15 mins, the ether layer was
siphoned out into another 100ml beaker and 20ml water
was added, placed on a steam bath to expel all the ether.
The beaker was removed from the steam bath and 6.6ml
of 0.1N Hydrochloric acid (HCI) was added from burette.
Fifty (50) ml distilled water was added followed by the
addition of a high grade DarcoG60 carbon and was mixed
thoroughly on a steam beaker for 10mins. This was
cooled with water at room temperature and filtered
quantitatively through a Whatman number 2 filter paper.
Ten (10) ml filtrate was pipetted into a 50ml volumetric
flask and 5ml of 1% ferric chloride solution was added
and was made up to volume with distilled water. Standard
lactic acid of range 0-5ppm were prepared from 100-ppm
stock lactic acid solution and treated as above. The
absorbance of samples as well as standards was
measured against blank at a wavelength of 350nm on a
spectronic 20 spectrophotometer.

mg lactic acid per100g = C (mg/100g) x A x d.f
Aav

C= concentration of standard lactic acid (mg/100g)

A= Absorbance of sample

d.f= dilution factor

Aav= Average absorbance of standard

Statistical Analysis: The means and standard deviations
of all the data generated after the analyses were
calculated. The results were subjected to Duncan multiple
range test and significance was accepted at p<0.05
among the sample values.

based fermented foods and decreases thereafter. The
counts ranges from 1.0 x 103Cfu/ml to 2.5 x 10'2 Cfu/mlin
cereal based foods while it ranges from 2.0 x 103 - 1.5 x
10°Cfu/ml in cassava based foods (Table1).

Table 1: Yeast Count (cfu/ml) estimated during spontaneous fermentation of starchy-based food substrates.

Substrates | Fermentation Time (Days )

Code 0 1 2 3 4 5 6 7

Y 1.0x10% | 5.0x10% | 3.0 x10¢ 7.0x108 | 5.0x107 | 4.0x107 | 6.9x107 | 2.6x10

M 4.0x10% | 1.0x10% | 3.0 x10¢ 4.0x10% | 4.0x108 | 4.1x108 | 1.7x107 | -

S 6.0x10° | 1.0x108 | 1.1 x105 1.1x105 | 45x107 | 1.0x10° | 8.0x10% | 2.5x10"2

G 4.33x10* | 1.0x105 | 6.0 x105 2.3x10° | 5.0x10% | 1.0x107 | 1.0x107 | 3.0x108

F 2.0x10% | 4.7x106 | 5.2 x108 1.5x10° | 54x106 | 2.0x10% | 2.1 x108 | 1.1 x108
Key: Y: Maize Ogi, M: Millet Ogi, S: Sorghum Ogi, G: blended cassava, F: steeped cassava, - : signifies no growth.
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Table 2 shows the microbial load of cultivable mould
estimated during the fermentation of the five starchy-
based food substrates. The mould counts of the
spontaneously fermenting starchy foods decreases with
increased fermentation time with no visible growth after
4t day except in blended cassava substrate (Sample G)
where counts increases within the first 48hr and later
decreases till the 7t day. The highest mould count was

recorded in sample G while the least count was observed
in sample S throughout the sampling period. Substrate G
(mash cassava for ‘gari’ production) counts ranged from
9.6 x 10°cfu/ml to 6.0 x1010 cfu/ml with the highest on the
2" day while for substrate F (steeped cassava for ‘fufu’
production), the load is from 1.4 x 10" cfu/ml to 3.0 x10°
cfu/ml.

Table 2: Mould Count (cfu/ml) estimated during spontaneous fermentation of starchy-based food substrates.

Substrates | Fermentation Time (Days )

Code 0 1 2 3 4 5 6 7

Y 1.0x10% | 1.5x10% | 3.0x103 2.0x102 | 52x10" | - - -

M 1.0x108 | 1.0x10% | 9.0 x102 1.7x102 | -

S 6.0 x10¢ | 4.0x102 | 1.3 x102 8.0 x10" | - - - -

G 9.6x105 | 3.5x107 | 6.0x10% 3.0x10% |3.0x10° |4.0x10° | 5.0x10” | 4.0x107
F 20x10% | 2.0x105 | 3.0x10° 2.0x102 | 1.4 x10

Key: Y: Maize Ogi, M: Millet Ogi, S: Sorghum Ogi, G: blended cassava, F: steeped cassava, - S|gn|f esno growth

The microbial load of cultivable aerobic bacteria
estimated on nutrient agar medium during the
fermentation of starchy-based food substrates showed a
gradual increase in the bacterial counts within the first 2-
3days, followed by a decrease in values until the 7t day
(Table 3). Higher count was recorded in samples M (millet

‘ogi’) and F throughout the sampling period with highest
aerobic bacteria count of 1.5 x 10 Cfu/ml recorded in
day 2 fermenting sample M and least aerobic load (3.0 x
10°Cfu/ml) observed in unfermented (0 day) sample F
(steeped cassava for ‘fufu’ production).

Table 3: Aerobic Bacteria Count (cfu/ml) estimated during spontaneous fermentation of starchy-based food substrates.

Substrates | Fermentation Time (Days )

Code 0 1 2 3 4 5 6 7

Y 6.7x108 | 1.1x10" | 2.5x10" 1.5x10% | 1.0x10" | 1.5x10% | 4.9x107 | 3.0 x108

M 28x10° | 4.7x10"% | 1.5x10% 6.4 x10" | 1.0x10% | 3.0 x10" | 2.5x10" | 1.9 x10
S 3.0x10° | 1.0x10% | 1.2x10% 9.8x10° | 7.8x10° |6.0x10° | 1.0x108 | 5.4 x107

G 9.6x105 | 5.9x108 | 6.4 x10" 3.0x10" | 1.1x10% | 3.0x10° | 2.1x10° | 5.0x108

F 3.0x105 | 1.5x10° | 2.9x10" 2.1x10"2 | 1.4x10" | 1.5x10" | 1.3x10 | 2.0 x10°

Key: Y: Maize Ogi, M: Millet Ogi, S: Sorghum Ogi, G: blended cassava, F: steeped cassava.

The lactic acid bacteria count increases within the first 2-
3days of fermentation and later decreases until the 7t
day expect for substrate G which increases until day
4(Table 4). The highest lactic acid bacteria counts of
x1018 Cfu/ml were recorded in substrates M and S, and

the least count of 3.1 x 104 cfu/ml in unfermented sample
F. For all the fermenting substrates, the least lactic acid
bacteria count was observed on the 7t day except for
Steeped cassava for fufu production (substrate F).

Table 4: Total Lactic Acid Bacteria (LAB) count (cfu/ml) estimated during spontaneous fermentation of starchy-based

food substrates.

Substrates | Fermentation Time (Days )

Code 0 1 2 3 4 5 6 7

Y 5.0x10" | 8.5x10" | 1.1 x10"2 1.3x10™ | 8.2x10" | 8.0x10° | 3.0x108 | 3.0 x107
M 1.1x10" | 1.4 x10% | 3.3 x106 2.3x10% | 1.0x10™ | 1.0x10"2 | 9.6 x10° | 4.8 x10°
S 2.0x10™ | 7.7 x10% | 3.0 x1016 1.5x10" | 1.7x10" | 1.7 x10'2 | 25x10% | 1.9 x10°
G 56x107 | 3.0x10° | 1.4x10° 8.0x10™ | 1.1 x10" | 5.0x10” | 3.0 x107 | 2.0 x108
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| F [ 3.1x10* [ 25x10° [ 29x10%

| 1.6x10™ [ 1.0x10% | 1.0x10"2 | 1.0 x10"" | 8.0 x101 |

Key: Y: Maize Ogi, M: Millet Ogi, S: Sorghum Ogi, G: blended cassava, F: steeped cassava.

A total number of 66 isolates consisting of 25 lactic acid
bacteria, 15 other bacteria,17 yeasts and 9 moulds were
randomly selected and subcultured from spontaneously
fermenting five starchy- based food substrates [maize
slurry, sorghum slurry, millet slurry, steeped cassava (for
fufu’ production), and cassava mash (for ‘gar’
production)] fermented for 7days. The percentage
frequency of occurrence is as shown in figure 1, with
lactic acid bacteria having the highest percentage (38%)
of occurrence. The bacterial and yeast isolates were

subjected to various physiological and biochemical tests
in order to determine the microbial community of the
physiologically active microorganisms. The LAB isolates
were identified as Lactobacillus plantarum, Lactobacillus
casei, Lactobacillus fermentum, and Lactobacillus lactis.
The yeasts isolates were identified as Candida species,
Sacharomyces cerevisiae while the moulds were
Penicillum species, Aspergillus niger and Aspergillus
flavus.

Fig.1: Frequency of occurrence(%) of the isolated microbial groups

The pH of the spontaneously fermenting starchy food
substrates decreases with increase in fermentation
time/day (Table 5). The least acidity was observed in all
the unfermented substrates (Oday) while the least pH was
recorded on the 7t day of fermentation. At most, times

during sampling, fermenting millet substrate (Sample M)
had the least pH while there was little or no difference in
the pH of fermenting blended cassava (Gari) after day 3
of fermentation. The pH of all the fermenting substrates
ranges from 3.0-6.6.

Table 5: pH of spontaneously fermenting starchy-based food substrates.

Substrates | Fermentation Time (Days )

Code 0 1 2 3 4 5 6 7

Y 6.3 5.0 4.1 4.0 3.7 3.5 3.1 3.0
M 5.9 5.5 3.9 3.7 3.5 3.4 3.2 3.0
S 6.5 5.0 4.5 4.4 3.7 3.4 3.3 3.1

G 6.1 5.3 4.6 4.5 4.3 4.2 4.3 4.3

F 6.6 5.6 5.4 4.6 3.9 3.9 3.7 3.6

Key: Y: Maize Ogi, M: Millet Ogi, S: Sorghum Ogi, G: blended cassava, F: steeped cassava.

Two methods to compare if there will be differences, to
also establish that it is lactic acid produced that was

quantified, and not other acid determined the amount of
lactic acid produced. Table 6 show the quantification of
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lactic acid produced (total titratable acidity) during the
seven days fermentation of the starchy- based food
products. From the table, the lactic acid produced
increases for all the substrates within the first two days of
fermentation, then a fall was observed up till the fourth
day followed by a gradual (little) increase except for
blended and steeped cassava substrates which had their
highest lactic acid production on the first and 4t days of
fermentation. The highest total ftitratable acidity in
fermenting substrates Y and M (7.35mg/ml and
6.14mg/ml respectively) was observed on the 7t days

while the highest lactic acid (TTA) content of 2.77mg/ml
was recorded for substrate S on the 3 day. For cassava-
based substrates, substrate G had the highest (TTA)
lactic acid contents (7.06mg/ml) within 24 hours while the
highest lactic acid (10.67mg/ml) for substrate F (steeped
cassava) was on the 4t day. Both substrates (F and G)
had their least TTA at Ohour. Though the lactic acid
content fluctuates during the fermentation period,
statistical analysis shows that fermentation time has
significant effect (p<0.05) on the quantity of lactic acid
produced.

Table 6: Titratable Acidity (mg/ml) of spontaneously fermenting starchy-based food substrates pH of spontaneously

fermenting starchy-based food substrates.

Substrates | Fermentation Time (Days )

Code 0 1 2 3 4 5 6 7

Y 1.71£0.202 | 3.44+0.05¢ | 3.754£0.01F | 3.45+0.01c | 2.94+0.02> | 3.55+0.03¢ | 3.62+0.03¢ | 7.35+0.05¢
M 1.074£0.012 | 4.24+0.04c | 5.77+0.02" | 4.51+0.01¢ | 3.75£0.02° | 4.56+0.02¢ | 5.06+0.12¢ | 6.14+0.019
S 0.67+0.022 | 1.53+0.03> | 1.78+0.01¢ | 2.77£0.02 | 2.06+0.12¢ | 2.05+0.05¢ | 2.23+£0.03¢ | 2.16+0.04e
G 2.891£0.01e | 7.06+£0.12h | 2.04+0.02¢ | 1.43£0.01c | 3.01+£0.01f | 6.404£0.109 | 1.21+0.03> | 0.55+0.022
F 0.541£0.012 | 1.32+£0.01> | 4.02+0.02¢ | 6.65+0.01¢ | 10.67+0.03" | 8.16+0.03¢ | 9.96+0.029 | 9.30+0.20

Means in each row with different superscripts represent significant difference (p<0.05) by Duncan Multiple Range Test (DMRT).

Values are mean + SD, Where SD = Standard Deviation

Using spectrophotometric method, the highest lactic acid
contents for all the substrates was observed at different
fermentation time (Table 7). Lactic acid contents
increases steadily in substrates Y and M till day 3 and
fluctuates till the 7t day but similar highest lactic acid
contents (7.35mg/100ml and 7.37mg/100ml for substrates
Y and M respectively) was observed at different
fermentation time while the highest lactic acid content
(9.78mg/100ml) was recorded on the 6t day for substrate
S. For cassava based substrates, highest lactic acid

content of 17.34mg/100ml and 16.41mg/100ml were
recorded for substrates F and G respectively. Overall, the
highest lactic acid (17.34mg/100ml) was recorded in
substrate F on the 4 day while the least lactic acid
content (3.01mg/100ml) was recorded in unfermented (0-
day) substrate M.

Table 7: Concentration of Lactic Acid (mg/100ml)
produced during spontaneous fermentation of starchy-
based food substrates.

Substrates | Fermentation Time (Days )

Code 0 1 2 3 4 5 6 7

Y 4.20+0.02¢ | 4.57+0.029 | 4.58+0.08¢ | 4.954+0.06¢ | 2.97+0.032 | 3.52+0.03> | 3.64+0.16> | 7.35+0.05
M 3.01£0.0a | 3.99+0.48> | 4.82+0.14c | 5.82+0.14¢ | 4.78+0.02¢ | 7.37+0.03F | 6.78+0.05¢ | 4.60+0.03¢
S 5.00£0.50° | 5.18+0.02> | 4.3740.012 | 6.20+£0.02¢ | 7.37+£0.02¢ | 9.16+0.02¢ | 9.78+0.02f | 9.65+0.03f
G 8.34+0.049 | 16.41+0.140 | 7.36+0.06¢ | 6.85+0.14¢ | 7.75+0.02f | 6.40+0.03¢ | 6.20+0.03> | 5.60+0.02a
F 7.78+0.02° | 10.35+0.05¢ | 10.55+0.059 | 11.3540.05¢ | 17.34+0.05" | 11.75+0.107 | 15.55+0.059 | 3.74+0.04a

Means in each row with different superscripts represent significant difference (p<0.05) by Duncan Multiple Range Test (DMRT).

Values are mean + SD, Where SD = Standard Deviation

Table 8 shows the comparison of the concentration of
lactic acid produced from each substrate as obtained

from the two methods (quantification of lactic acid by total
titratable acidity and spectrophotometric) .The range of
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lactic acid content of the total titratable acidity method
was from 2.18mg/ml for substrate S to 7.23mg/ml for
substrate F. The concentration of lactic acid as recorded
from spectrophotometric method showed a very slight
difference from the total titratable acidity method. From
the two methods of lactic acid determination used,
substrate F had the highest lactic acid contents. The least
lactic acid content using titratable acidity was recorded in

substrate S (2.18mg/ml) while the least using
spectrophotometric method was observed in substrate Y
(maize ogi) which was not significantly different from the
lactic acid content of substrate M (millet ogi). Within each
method, the lactic acid content of each fermented starchy
substrates were significantly different (p<0.05) from each
other except substrates M and Y (spectrophotometric).

Table 8: Comparison of Lactic Acid produced during spontaneous fermentation of the different starchy-based food

substrates used.

Substrates Code Total Titratable Acidity (mg/ml) Lactic Acid Concentration
(mg/100ml)

Y 4.09+0.28¢ 5.46+0.702

M 5.04+0.01¢ 5.80+0.612

S 2.18+0.212 7.4141.25

G 3.5240.20° 8.86+0.73¢

F 7.23+0.32¢ 14.06+0.15¢

Means in each column with different superscripts represent significant difference (p<0.05) by Duncan Multiple Range Test
(DMRT). Values are mean + SD, Where SD = Standard Deviation

DISCUSSION

In the study Lactic acid bacteria, yeast, mould and other
bacteria associated with the spontaneous fermentation of
starchy-based food substrate were isolated and
characterised. The Lactobacillus isolates were identified
as Lactobacillus plantarum, Lactobacillus casei,
Lactobacillus fermentum, and Lactobacillus lactis. The
yeasts isolates were identified as Candida species,
Sacharomyces cerevisiae. The moulds were Penicillum
species, Aspergillus niger and Aspergillus flavus. All of
this micro organisms has been reported in previous
microbiological studies done on spontaneously
fermenting millet ‘og’ (Olasupo et al.,1997), fermenting
maize ‘ogr(Ogunbanwo et al., 2003; Wakil and Daodu,
2011), fermenting sorghum ‘ogr(Odunfa and Adeleye,
1985) and fermenting cassava (Kobawila et al., 2005;
Oyewole, 1991). The predominant species isolated in the
spontaneously fermenting starchy-based food substrates
was identified as Lactobacillus casei while Lactobacillus
plantarum was second. This is not in support of previous
works where Lactobacillus plantarum had been reported
to predominate the fermentation. Lactobacillus lactis
isolated in this work had been reported to be part of
microbial community of starchy-based substrates
(Hofvendahl and Hagerdal, 2000, Wakil and Daodu,
2011). Lactic acid count was found to increase within the
first three days of fermentation, an observation similar to
that of Wakil and Daodu, (2011), and latter decreases
until the end of fermentation. A report, similar to that of
Nwachukwu et al. (2010). A slight decrease in lactic acid

concentration observed in the later stages of fermentation
could be attributed to the utilization of lactic acid by yeast
(Muyanja et al., 2003). Higher lactic acid bacteria and
yeast count was recorded during slurry fermentation,
there was a gradual increase in the yeast count all
through the fermentation period for all the substrates
used as supported by the work of Wakil and Daodu,
(2011). This may be because of reduction in pH, which
has an inhibitory effect on the growth of some natural
micro flora other than lactic acid bacteria and yeast. The
predominant yeast during the fermentation period in all
the substrates used was Saccharomyces cerevisiae.

The coexistence and symbiotic association between lactic
acid bacteria and yeasts in African traditional fermented
products have been reported by several authors
(Jespersen et al, 1994; Hounhouigan et al., 1993;
Omemu et al., 2007). This natural fermentation reduced
survival of bacterial pathogens. The inhibitory effects of
fermentative organisms, particularly LAB, on spoilage and
food poisoning organisms are well documented (Inatsu et
al., 2004; Schnurer and Magnusson, 2005). The mould
count was found to increase gradually all through the
period of fermentation in grated cassava for Gari
production, an observation similar to that reported in the
work of Greenhill et al. (2009). It was observed for all the
substrates that pH decreases during the fermentation
period. Similar observation was shown in the works of
Achi, (1990), Greenhill et al. (2009) and Nwachukwu et al.
(2010). A decrease in pH as the fermentation progressed
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was possibly because of the accelerated growth rate of
lactic acid bacteria (Inyang and Idoko, 2006). The
decrease in pH and increase in LAB followed the same
trend as reported for other natural fermented foods
(Sulma et al., 1991; Choi et al., 1994). The cause of the
increase in acidity and consequent drop in pH during
fermentation of cereal was likely due to utilization of free
sugars by yeasts and LAB (Efiuvwevwere and Akona,
1995; Zvauya et al., 1997). The trend in total titratable
acidity was directly opposite that observed for pH. There
was a gradual increase in total acidity during the first 4
days for steeped cassava; this is in accordance to the
work of Tetchi et al., (2012) while the increase within the

CONCLUSION

From this study, it can be concluded that fermenting
cassava, when steeped (submerged fermentation) for
4days or when blended (solid state fermentation) and left
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