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Abstract

Fermented cassava products like fufu and usi are important staple foods in many African homes.
Natural fermentation time is usually long resulting in slower acidification and inconsistent nutritional
composition of products which could be overcome with the use of starter culture. However, most
available starters are used for single food fermentation and are uneconomical. This necessitates the
development of a starter culture for multiple related food products to reduce cost. Hence, this study
aimed at screening for potential starters in the development of a common starter culture for fufu and
usi.

Fresh, peeled, chipped and grated cassava tubers were spontaneously fermented and lactic acid bacteria
were isolated from the fermenting mash at 24 hour intervals. Ninety eight (98) isolates were randomly
picked. Lactobacillus plantarum had highest occurrence (50.0%) in both fermentations.

All selected isolates did not hydrolyze starch, but produced linamarase and pectinase. Fermenting pH
ranged between 6.50 and 3.58 during 72 hours fermentation. Lactic acid concentration ranged from
1.10 g/L to 1.78 g/L at 24 hours, 1.22 g/L to 2.45 g/L at 48 hours and 0.57 g/L to 2.55 g/1 at 72 hours.
The highest hydrogen peroxide concentration produced was 629 ug/L at 24 hours while the least was
136 ug/L at 72 hours. 1.08 g/L of diacetyl was the least concentration produced at 24 hours while the
highest was 2.86 g/L at 48 hours.

Five potential starters were identified as Lactobacillus pentosus F2A, L. plantarum subsp. argento-

larensis F2B, L. plantarum F2C; L. plantarum U2A and L. paraplantarum U2C.
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1 Introduction

Usi is one of the products of cassava fermen-
tation. It is among the major staple foods of
the Itsekiri and Urhobo in southern Nigeria, who
also refer to it as edible starch (Etejere & Bhat,

). The cassava starch was reported to be
obtained through different techniques; it may be
precipitated from the solution pressed out of the
grated cassava roots or from grated cassava that
is soaked directly in water.
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Cassava roots are peeled, washed and grated.
The grated pulp is steeped for 2-3 days in a large
quantity of water then the mixture is stirred and
filtered through a piece of cloth. The filtrate is
allowed to stand overnight and the supernatant
is then decanted. The fine starch paste is col-
lected and put in a wide metal pan that is al-
ready smeared with red palm oil. Water is added
and stirred with the hand to dissolve completely.
The pot is put on fire and the solution constantly
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stirred with a wooden rod until it is converted to
a very sticky, light yellow mass. This is eaten
with any oil or soup (Etejere & Bhat, ).
Fufu was described by Sanni et al. ( ) as
a fermented wet-paste from cassava and it is
ranked next to gari as an indigenous food of
most Nigerians. It is widely consumed almost
across the country, with different preparation
methods and ethnic names (Okafor, Ijioma, &
Oyolu, ; Oyewole & Odunfa, ; Longe,
; Ayankunbi, Keshinro, & Egele, ). Tra-
ditionally, peeled and washed cassava roots are
manually cut into chunks of different sizes and
soaked in earthen pots or drums of water for 3
to 5 days to undergo lactic acid fermentation.
The roots are taken out, broken by hand and
the fibres removed by sieving which is done by
adding water to the retted mass on a nylon or
cloth screen. The starch suspension is allowed
to sediment in a large container for about 24
hours after which the water is decanted. The
fine, clean starch is then dewatered by putting in
raffia or cotton bags, then, pressed with heavy
stones overnight (Oyewole & Odunfa, ).
Fermentation still remains the best and widely
used means of processing cassava into differ-
ent products (Oyewole, ; Nweke, Dunstan,
Spencer, & Lyman, ) but chance inocula-
tion (Oyewole & Sanni, ), little or no con-
trol over the process (Oyewole, ), roots cut
size (Okafor et al., ), difference in dry mat-
ter content (Hahn, ) and invasion by unde-
sireable organisms characterizes the spontaneous
process, thus, resulting in longer fermentation
times as well as inconsistent final products (Ki-
maryo, Massawe, Olasupo, & Holzapfel, ).
The controlled fermentation of some cassava
products has been attributed to the use of mi-
crobial starter culture which is a preparation
containing large number of viable microorgan-
isms, mostly lactic acid bacteria (LAB) which
often resulted in products of consistent proper-
ties (Holzapfel, ; Holzapfel, ). Lacto-
bacillus plantarum has been shown to be the pre-
dominant LAB species during lactic fermenta-
tion (Lacerda et al., ; Kostinek et al., ).
Starters are known to accelerate the fermentation
process, antagonize undesirable microorganisms
through the production of antimicrobial com-
pounds, and improve both organoleptic and sen-
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sory attributes of the final product as well as en-
suring a consistent product.
Some of the organisms reported to have been
used as starters include amylolytic L. plantarum
for gari and kivunde (Giraud, Gosselin, & Raim-
bault, ; Kimaryo et al., ), L. coryne-
formis and Saccharomyces species for gari pro-
duction, L. plantarum strains for fufu (Oyewole,
; Okolie, Ibeh, & Ugochukwu, ) and so
on. The development of a common starter for
both products will be of economic importance,
since most available starters are used for single
food fermentation and are uneconomical thus,
necessitating the development of a starter cul-
ture for multiple related food products to reduce
cost. Hence, this study aimed at screening for
potential starters in the development of a com-
mon starter culture for fufu and usi.

2 Materials and Methods

2.1 Source of cassava tuber

Cassava varieties TME 30572, TME 4(2)1425
and TME 50395 were obtained from the Interna-
tional Institute of Tropical Agriculture (IITA),
Ibadan, Oyo State, Nigeria.

2.2 Fermentation of Fufu and Usi

The method of Oyewole and Odunfa ( ) was
used in which the cassava roots were sorted by
visual assessment, peeled, washed with clean tap
water, and cut into small sizes. Two hundred
grams of these were soaked submerged in 2 litres
tap water in plastic fermenters of 10 L capacity
for the 72 hours fermentation process under am-
bient condition (30+2°C). The method of Etejere
and Bhat ( ) was used for the fermentation
of usi. Two hundred grams of cassava roots were
grated and the pulp steeped in 2 L tap water in a
10 L capacity plastic fermenter for 3 days. Sam-
ples of fermenting mash were taken at 24 hours
intervals for LAB isolation.

2.3 Isolation of LAB

Ten grams of cassava sample were aseptically
added to 90 mL of sterile peptone water and ho-
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mogenized for 2 minutes. Samples were further
diluted in a tenfold serial dilution. Bacteria from
higher dilutions were plated on sterile MRS agar
(LabM, UK) and plates were incubated anaer-
obically at 30°C for 48 hours. Representative
colonies were picked randomly and purified by re-
peated sub-culturing on fresh agar plates. Pure
cultures were grown on agar slants and kept at
4°C for further use.

2.4 Characterization of selected
isolates

Isolates were characterized on the basis of their
microscopic, macroscopic and biochemical prop-
erties. Gram stain, catalase test, motility, pro-
duction of NH3 from arginine, growth at differ-
ent NaCl concentrations (4, 6.5 and 8%), starch
and gelatine hydrolysis and production of acid
from carbohydrates like glucose, sucrose, manni-
tol, sorbitol, raffinose, melibiose, fructose, mal-
tose and galactose were analysed. Probable iden-
tities were confirmed using Bergey’s Manual of
Systematic Bacteriology (Holt, Krieg, Sneath,
Stalely, & Williams, ).

2.5 Screening for potential
starters

Selected isolates were screened for starch hydrol-
ysis on modified MRS agar (LabM, UK) contain-
ing 0.4% (w/v) soluble starch as the sole carbon
source. Plates were flooded with Gram’s iodine
after 24 hours incubation at 37°C (Edward et al.,
).

A chemically defined medium (CDM) containing
pectin as carbon source was used to screen for
pectinase production. Cultures were grown on
MRS agar for 18 hours at 30°C. Colonies were
picked from the plates using a sterile loop and
streaked on the CDM plate, then incubated for
24 hours. Colonies showing clear zones upon
flooding with 1% cetyltrimethyl ammonium bro-
mide were confirmed as pectinase producers (Al-
tan, ).

A medium containing 0.1 g of 4-nitrophenyl-B-
D-glucopyranoside (Sigma Aldrich, Germany) to
100 mL 0.666 M NaH;PO, (pH 6) was used
to test for linamarase production. Twenty four

hours old cultures were emulsified in physiologic
saline to McFarland Turbidity Standard No. 3
after which 0.75 mL of culture was added to 0.25
mL of the test medium. It was incubated at 30°C
overnight. Positive isolates that produced lina-
marase degraded the linamarin analogue (5 —glu-
cosidase) and changed the colour of the mixture
from colourless to a distinct yellow (Edward et
al., ).

To monitor acidification in growth medium, se-
lected isolates were inoculated into MRS broth
(LabM, UK) that was prepared from a single
batch which was pH adjusted (pH 6.5) and then
dispensed in 10 mL aliquots into sets of tubes be-
fore autoclaving. Incubation was done at 30°C.
Acidification was determined by measuring the
pH of the culture medium at 24 hour intervals
(Kostinek et al., ) and isolates with lower
pH values were selected for further screening.
Production of antimicrobial compounds (lactic
acid, hydrogen peroxide and diacetyl) was car-
ried out as described by Sanni, Fapohunda, and
Onilude ( ) and Lonner, Welander, Molin,
Dostalek, and Blickstad ( ).

Antibacterial activity of the selected isolates
against pathogens (FEscherichia coli, Bacillus
cereus, Proteus sp., Salmonella sp., Corynebac-
tertum sp. and Shigella sp.) collected from
the Food Microbiology and Biotechnology Lab-
oratory, Department of Microbiology, University
of Ibadan was done according to the method of
Kalalou, Faid, and Ahami ( ). MRS broth
(10 mL) was inoculated with selected isolates and
incubated at 37°C for 48 hours. A cell-free so-
lution was obtained by centrifuging the bacterial
culture at 6000 rpm for 15 minutes followed by fil-
tration of the supernatant through 0.2 mm pore
size filter, thus, obtaining cell free filtrate. This
was further utilised for the agar well diffusion as-
say (Schillinger & Lucke, ).

2.6 Molecular identification

The DNA was extracted according to the pro-
cedure of Pitcher, Saunders, and Owen ( )
with some modifications. Bacteria culture grown
overnight was centrifuged at 13000 rpm for 2
minutes. Cell pellet was suspended in lysis buffer
(pH 8.0) containing 25 Mm Tris-HCl (Sigma),
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10 Mm EDTA, 50 Mm sucrose, 10 mg/mL
lysozyme and incubated at 37°C for 30 min-
utes. Aliquots (0.5 mL) of the mixture of 5 M
guanidine thiocyanate, 0.1 N EDTA and 0.5%
N-lauroylsarcosine sodium salt (Sigma, England)
were added and incubated at 30°C for 15 min-
utes. Precipitation was done using chloroform:
isoamyalcohol (24:1) and centrifugation at 13000
rpm for 10 minutes. Upper protein precipitate
was removed, added to isopropanol and cen-
trifuged for 5 minutes. Resultant pellets were
then washed in 70% ethanol. Purification was
done by dissolution in 1x TE buffer (10 mM Tris-
HCIl and 1 mM EDTA, pH 8.0) containing 10
mg/mL of RNase and incubated at 37°C for 30
minutes. The bacterial universal primers 27F 5’-
AGAGTTTGATCCTGGCTCAG-3’ and 1492R
5-GGTTACCTTGTTACGACTT-3’, previously
shown to be useful for identification of lactic
acid bacteria (Lane, ), were used to am-
plify approximately 600 base pairs of the rDNA
gene-ITS region. The amplification method of
Tajabadi, Mardan, Manap, and Mustafa ( )
was used. The PCR reaction was carried out in
a total volume of 25 pL. with a reaction mix-
ture with the following: 1x Taq Master Mix
(Promega, UK), 1.5 mM MgCly, 0.25 mM for-
ward primer, 0.25 mM reverse primer and 0.4
mg of genomic DNA. The reaction mixture in
micro-centrifuge tube was amplified in a ther-
mocycler PCR system (Techne-Progene, UK) in
which an initial heating of 95°C for 3 minutes
was followed by 40 cycles of denaturation at 95°C
for 30 seconds, annealing at 55°C for 55 seconds,
extension at 72°C for 1 minute, and terminat-
ing with a 10 minutes final incubation of 72°C.
The deduced DNA product was sequenced us-
ing an ABI Bigdye 3.1 sequencing kit (Applied
Biosystems, California USA) on ABI 3730XL au-
tomated sequencing analyzer. The deduced se-
quences were subjected to BLAST search tool
(www.ncbinlm.nih.gov) to obtain the closely re-
lated sequences in the 16S rDNA database and
they were further submitted to the GenBank for
accession numbers.
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2.7 Data Analysis

Experimental results were subjected to analysis
of variance (ANOVA) and differences between
means were assessed by Duncan’s multiple range
test at the significance defined at P< 0.05 using
SPSS 20.0 software.

3 Results and Discussion

A total number of ninety eight (98) strains of
lactic acid bacteria (LAB) were isolated from the
fermenting cassava mashes for both fufu (50) and
usi (48), respectively. Their colonial morphology
varied from small, medium to big colonies, shiny,
creamy and whitish in colour.

Biochemical characterization (Table 1) showed
the isolates to be Gram positive colonies of
medium short and long rods, catalase negative,
non-motile and do not hydrolyze starch and
gelatin. Production of ammonia from arginine
and growth at 6.5% NaCl was also observed. Hy-
drogen sulphide was produced by all but were
negative to methyl red test. Varied sugar uti-
lization pattern was observed by the organisms
where simple sugars (glucose, sucrose, fructose,
lactose, maltose) were fermented by all.

The lactic acid bacteria were identified as
Lactobacillus plantarum (50.0%), L. acidilac-
tici (12.2%), L. brevis (11.3%), L. fermen-
tum (10.2%), L. delbruekii (8.2%), Leuconostoc
mesenteroides (6.1%) and L. lactis (2.0%). L.
plantarum had the total highest percentage of
occurrence and isolates were selected for further
screening. It has been established that it is im-
portant to isolate predominant strains from fer-
mentation batches for starter development. The
observation of 50% of the ninety eight (98) iso-
lated organisms from this study being identified
as Lactobacillus plantarum made the organism
the most prevalent. This may be linked to the
report that L. plantarum have a less complex nu-
tritional requirement which is advantageous for
metabolism compared to other Lactobacillus spp.
(Hamnes, Weiss, & Holzapfel, ). Apart from
other bacterial genera associated with cassava
fermentation, the different lactic acid bacteria
species isolated in this study had earlier been
reported to be involved in fermentation of cas-
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Table 1: Biochemical characteristics of selected lactic acid bacteria
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I + rod - -+ + - - -+ + + + + + + + + + + - - - - 49 50 L. plantarum
11 + cocci - -+ - - - -+ - - - - -+ + - - - - - 6 6.1 Leuconostoc. mesenteroides
II1 + rod - -+ + - - - 4+ + + + - -+ + -+ + - - - - 12 12.2 L. acidilactici
IV. + rod -+ 4+ + - - - 4+ + - + 4+ + 4+ + 4+ + 4+ - 4+ - - 10 102 L. fermentum
\% + rod - -+ + - - -+ + - + - - + - - - - - - 8 82 L. delbruekii
VI + rod - -+ + - - - 4+ + + + + + + + - + + + - - 11 11.3 L. brevis
VII + cocci - + + - - - - + 4+ - + 4+ + -+ 4+ - + - - 2 20 L. lactis

Key: + positive, - negative

I- F1A, F1B, F1D,F1E, F1F, FIG, F1J, F1K, F1M, F2A, F2B, F2C, F2E, F2F, F2G, F2I, F3A, F3C, F3E, F3F, F3G,
U1lL, U2A, U2B, U2C, U2D, U2F, U2G, U2H, U2K, U2L, U3D, U3E, U3F, U3I, U3K, U3M.

II - F1C, F1J, F1P, F2H, F2L, F2M

IIT - F1H, F1L, F2N, F3D, F30, F3M, U1N, U2N, U3C, U3H, U3N, U2L

IV - F1I, F10, F2D, F3K, U30, U3B, U2E, U10, U2M, U1K

V - F1IN, F2J, F3B, F3L, UlM, U1P, U2J, U2P

VI - F1Q, F2K, F20, U1C, U2I, U20, U3A, U3G, U3J, U3P, UlF

VII - F2P, F3Q

F3H,F3I, F3J, F3N, UlA, U1B, U1D, U1E, U1G, UlH, Ull, U1J,
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sava in numerous fermented food products (Abe
& Lindsay, ; Ngaba & Lee, ; Oyewole
& Odunfa, ; Kobawila, Louembe, Keleke,
Hounhouigan, & Gamba, ).
Screening of organisms for starter development
during cassava fermentation involves the abil-
ity of the microorganisms to produce microbial
enzymes (amylase, linamarase, pectinase) which
are essential for starch hydrolysis, cyanide detox-
ification and tissue disintegration, the ability to
rapidly acidify the fermentation process as well
as production of antimicrobial compounds which
antagonise unwanted pathogens (Kostinek et al.,
; Edward et al., ). All 48 selected iso-
lates did not hydrolyze starch when grown on
modified MRS agar but produced linamarase in
the form of 8 —glucosidase and pectinase en-
zymes. This result was similar to earlier reports
of Ketiku and Oyenuga ( ) which confirmed
most lactic acid bacteria as non-amylolytic even
though 84% of the cassava carbohydrate is in the
form of starch. Amylase activity during fermen-
tation could then be said to be induced, in the
presence of starch since the utilised organisms
could be referred to as non-amylolytic. How-
ever, contrary to earlier reports and that of this
study, Oyewole ( ) reported over 80% of the
total screened lactobacilli from fermented cas-
sava as being amylolytic. The fact that they were
isolated from a starch-based substrate did not
determine their amylase-producing ability even
though Mishra and Behera ( ) reported this
factor to be advantageous.
All the screened strains produced linamarase and
pectinase which are responsible for detoxifica-
tion and tissue disintegration. Even though cas-
sava may contain endogenous linamarase, certain
microorganisms are responsible for the libera-
tion of cyanide during fermentation through pro-
duction of exogenous linamarase. Utilization of
linamarase-producing organisms during cassava
processing will improve the cyanide content of
the final product.
Cassava contains pectin, a component that con-
tributes to the firmness and structure of plant
tissues. Submerged fermentation of cassava in-
volved soaking the tubers in water, leading to
swelling and softening of the tissues, however,
pectinase enzyme has been reported to hydrol-
yse some of the pectin in and between cell wall
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making the cell weaker and therefore soft (Sakai
& Winkelmann, ) by decreasing intracellular
adhesivity and tissue rigidity. Microbial strains
that produce pectinase enzyme are thus required
for cassava tissue disintegration.

Good pH reduction (a fast lowering of the pH)
is important to accelerate fermentation process
as well as reduce the levels of contaminating
microorganisms which can compete with the
starters for nutrients (Holzapfel, ) and also
a critical factor in developing flavour and aroma
of foods (Montet, Loiseau, & Zakhia-Rozis, ;
Panda, Parmanick, & Ray, ). Acidification
in growth medium as monitored showed decrease
in values with increase in incubation time, rang-
ing from a starting pH of 6.50 to 3.58 after 72
hours incubation. The lowest pH at 24 hours was
4.62 by isolate F2B, 4.05 at 48 hours by U2C
and 3.58 at 72 hours by isolate F2B (Table 2).
The decrease in pH values during the fermenta-
tion of cassava roots could have resulted from the
production of organic acids by lactic acid bacte-
ria. Similar trend in reduction as observed in
the screened isolates was reported (Kobawila et
al., ; Coulin, Farah, Assanvo, Spillmann, &
Puhan, ) with a decrease in values with in-
creasing fermentation time.

The preservative action of starter culture in food
is being attributed to a wide range of metabolites
produced during fermentation, as reported by
Caplice and Fitzgerald ( ). Production of lac-
tic acid, hydrogen peroxide and di-acetyl which
are inhibitory compounds against pathogens by
the selected isolates is shown in Tables 3-5 re-
spectively. Lactic acid concentration produced
ranged from 1.10 g/L in isolate U3F to 1.78 g/L
in isolate U2C at 24 hours, 1.22 g/L in isolate
F1B to 2.45 g/L in isolate F2A at 48 hours and
0.57 g/L and 2.55 g/L in isolates F1F and U3J,
respectively.

The highest hydrogen peroxide concentration
produced was 629 ug/L by isolate F2A at 24
hours while the lowest was 136 ug/L by isolate
U1D at 72 hours. The lowest diacetyl concentra-
tion (1.08 g/L) was produced by both F2A and
U1H at 24 hours while the highest was 2.86 g/L
by F1B at 48 hours. Varied antimicrobial com-
pound concentrations observed might be as a re-
sult of being produced by different LAB strains
since Tannock ( ) linked production level and
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Table 2: Acidification of growth medium by se-
lected Lactobacillus spp.

Time (Hours)/
Rate of acidification

Isolate code 24 48 72
F1A 5.33F  4.86F  4.52"
F1B 5.26™  4.53Y  4.439
F1D 5270 4.58%  4.5P
F1E 5.069  4.33%0  4.25%
F1F 5.04°  4.68%  4.51°
F1G 5.35¢  5.067  4.64%
F1K 5.329 4989  4.719
F1M 5299  4.76°  4.417
UlA 5270 479" 4.73F
U1B 5.31"  4.86F  4.52"
U1D 5.15"  4.22:f  4.17%
U1E 5.3 5.1¢ 4.82¢
U1G 5.36¢  4.9% 4.62%
UlH 4.94%  4.29%¢  4.25v
U1l 5.329  4.989  4.719
U1J 5.28%  4.68°  4.61
UlL 5.41°  5.18>  4.63]
F2A 4.75%  4.06°*  4.017d
F2B 4.6224  3.664  3.58%
F2C 4.897  4.20%¢  4.18%
F2E 493y 4337 427
FoF 5.364  5.09°  4.74°
F2G 5.3t 5.14 4.82¢
F2I 5.310  4.87  4.68®
F2J 5.285 468  4.61!
U2A 4.8272 41378 4.057°
U2B 5.31 5.14 4.82¢
U2C 4.76°°  4.05%  4.017d
U2D 5270 4739 4.61!
U2F 499" 4.26%  4.26Y
U2G 5.310  4.850 4764
U2H 5.28%  4.68°  4.61!
U2K 5.328  4.92h 461!
U2L 5290 4.6Y 4.39%
F3A 4.95%  4.33%0  4.22v
F3C 497 4224 418
F3E 5.069  4.64"  4.52"
F3F 5.31 4.72F  4.68"
F3G 515"  4.282d  4.93%
F3H 5270 4.74P  4.31%
F3l 5.32 4.82m  4.59™
F3J 5442  517° 493
F3N 5t 4.59%  4.31%
U3D 5.12°  4.26%  4.09%P
U3E 5.200  4.65°  4.59™
U3F 5.05"  4.42%  4.26Y
U3l 5.42° 531> 512
U3K 5.07P  4.35% 4,23
U3M 5.3t 4.82™  4.718°

Bold values: Twenty least pH values. Values with same superscript
in the same column indicated no significant difference at 5% level
of probability

Table 3: Production of lactic acid by selected
Lactobacillus spp

Time (Hours)/
Lactic acid (g/L)

Isolate code 24 48 72
F2A 1.24™  2.45%  0.74™
F2B 1.48h4  1.69¢  1.139
F2C 1.71%  1.627  1.03"
F2E 1.57d  1.81" (.98
U2A 1.508M 234> 1.23f
U2C 1.78%  2.18¢  0.78
U2F 1.64¢ 1.647  0.83%
F1B 1.57de  1.227  (0.947
F1D 1.54¢f  1.47%  0.74™
F1E 1.33 2.10¢  0.79
F1F 1.30¢ 1.93F  0.57°
U1D 1.59¢  1.47%  o0.72™
U1H 1.45%  1.48%  1.159
F3C 1.469  1.869 2.11¢
F3A 1.18"  1.26™ 0.69"
F3E 1.417 1.370  2.39¢
U3D 1.58% 1889  2.46°
U3F 1.10°  1.99¢ 2.25¢
U3J 1.51feh 1869  2.55¢
F3G 1.55df 2,074 1.148

The means reported with the same superscript indicated no sig-
nificant difference at 0.05% level of probability

proportion to be dependent on strains, medium
compounds and physical parameters.

The best five overall producers after being ana-
lyzed statistically, using Duncan Multiple Range
Test at 0.05% level of probability, across the
three compounds are F2A, F2B, F2C, U2A and
U2C. They were thus selected as the potential
starters and identified genotypically.

The antimicrobial activity of the five selected po-
tential starters against pathogenic organisms in-
dicated that most of the isolates inhibited the
growth of the pathogens by showing zones of in-
hibition around the colonies whereas few showed
no inhibition zones at all, most especially against
Corynebacterium sp. (Table 6). The inhibition
zones observed in this study ranged between 2
mm and 12 mm.

The LAB isolates showed inhibition against
E. coli, Salmonella sp., Bacillus cereus and
Shigellasp. Isolate U2C did not inhibit the
growth of Corynebacterium sp., having 7 mm
inhibition zone while only U2A showed no in-
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Table 4: Production of hydrogen peroxide by se-
lected Lactobacillus spp

Time (Hours)/
Hydrogen peroxide (ug/L)

Isolate code 24 48 72

F2A 629% 34  204°
F2B 4420 272¢  221°
F2C 2387 3230 221°
F2E 1870 204 17°
U2A 2728 2557 1874
U2C 3239 306° 187¢
U2F 306" 221" 204°¢
F1B 34f 2894 204
F1D 357¢ 2389 221°
F1E 391¢  204*  204¢
F1F 306" 204* 374¢
U1lD 3239 2389 1369
UlH 3744 204* 187
F3C 221F 3230 153f
F3A 391¢ 2557 204¢
F3E 2387 204"  204°
U3D 3744 204" 204
U3F 357¢ 187 221P
U3J 374¢ 2041 184
F3G 3239 2894  204cs

The means reported with the same superscript indicated no sig-
nificant difference at 0.05% level of probability.

hibition against Proteus sp. Similar antagonis-
tic effect has been reported from LAB isolated
from different sources including dairy products
(Saranya & Hemashenpagam, ), fermented

maize products (Omemu & Faniran, ), fer-
mented fish (Liasi et al., ), poultry meat
(Adesokan, Odetoyinbo, & Olubamiwa, )
and cow milk (Olanrewaju, )

The result of the 16S rDNA sequence of the five
bacterial isolates as shown in Table 7 on the
basis of the database information available on
National Centre for Biotechnology Information
(NCBI) site using the Basic Local Alignment
Search Tool (BLAST), classified and identified
the isolates using the highest percentage similar-
ity with organisms of the nearest homology. All
the isolates belonged to the family Lactobacil-
laceaeand genus Lactobacillus.

Lactobacillus pentosus F2A (accession number
KJ778115) showed 99% 16S rDNA homology
alignment with L. pentosus strain 405, L. plan-
tarum subsp. argentolarensis F2B (KJ778116)
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Table 5: Production of diacetyl by selected Lac-
tobacillus spp

Time (Hours)/
Diacetyl (g/L)

Isolate code 24 48 72
F2A 1.087 1.91° 1.72
F2B 1.727  2.35¢ 2,18
F2C 1.91¢ 2.551¢ 2310
F2E 2d 2.82¢  251°
U2A 2.11¢  2.25¢F  2.1e
U2C 1.51°  2.1g 1.98fsh
U2F 1.099  1.97M 177
F1B 2.33%  2.86%  2.52¢
F1D 1.98¢ 2.19 1.9%
F1E 1.56" 2k 1.72¢
F1F 1.91¢  2.32de  213de
U1D 2.1¢ 261 223°
UlH 1.087  2.22f  1.96f
F3C 1.629 1.98M 172
F3A 1.52K  1.98M 177
F3E 2.21%  251¢  2.32b
U3D 1.99¢ 2139  2.01f
U3F 2.33¢ 264> 238
U3J 1.56" 1.99" 1.7
F3G 1.73f 2139 1.93%2

The means reported with the same superscript indicated no sig-
nificant difference at 0.05% level of probability.

showed 99% nucleotide homology with L. plan-
tarum subsp. argentolarensis while L. plantarum
F2C (KJ77117) showed 99% homology with L.
plantarum 097 (JN560914). 100% similarity was
observed between L. plantarum U2A (KJ78118)
and L. plantarum P2 whereas L. paraplantarum
U2C (KJ778119) was 99% homologous with L.
paraplantarum DSM10667 sequence in the NCBI
Genbank.

4 Conclusions

Analysing two similar fermented food prod-
ucts for the purpose of developing a common
starter for their fermentation is beneficial as
an alternative to utilising individual starter for
each food product considering that starters are
commercially not economical. In the present
study, genotypically identified potential starters
L. plantarum (3 isolates), L. pentosus (1 iso-
late) and L. paraplantarum (1 isolate) were se-
lected after screening and utilization of the or-
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Table 6: Antimicrobial susceptibility of selected isolates against test pathogenic organisms

Pathogenic test organisms / Zone of inhibition (mm)

Isolates E. coli Proteus sp. Salmonella sp. B. cereus Shigella sp. Corynebacterium sp.
F2A 6 2 6 4 12 NI
F2B 6 2 8 4 9 NI
F2C 6 3 7 3 11 NI
U2A 9 NI 7 6 10 NI
U2C 6 2 7 2 9 7

Key: NI - No Inhibition

Table 7: Molecular identification of selected potential starters

Isolate Closely related species/ Percent Bp Identification GenBank

code GenBank Accession number similarity analyzed Accession number

F2A L. pentosus 405 (AB775188) 99 517 L. pentosus KJ778115

F2B L. plantarum subsp. 99 496 L. plantarum subsp. KJ778116
argentolarensis Ni1031(AB598953) argentolarensis

F2C L. plantarum 097 (JN560914) 99 521 L. plantarum KJ778117

U2A L. plantarum P2 (EU167523) 100 500 L. plantarum KJ778118

U2C L. paraplantarum DSM10667 99 520 L. paraplantarum KJ778119
(NR117813)

ganisms both singly and in combination for
further selection of a common starter for the
production of both fufu and usi is ongoing.
*No conflict of interest declared by authors.
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