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Abstract

This study was aimed at selecting starter cultures for bio-enriching og7 (fermented
cereal gruel) using folate-producing microorganisms. The folate-producing micro-
organisms were isolated by incorporating folate analogue, methotrexate in the
isolation medium and further screened for folate production by growth in
Folic Acid Casei Medium. Folate production was quantified using 3-aminophenol
spectrophotometric method. Folate-producing lactic acid bacteria from fer-
menting maize slurry were species of Lactobacillus, Lactococcus, Pediococcus
and Leuconostoc while yeast isolates were mainly species of Candida and
Saccharomyces. However, Lactobacillus plantarum X13, Pediococcus pento-
saceus L73, Candida parapsilosis Y77 and Candida tropicalis Y74 were used
as starter cultures singly and in combination for the fermentation and pro-
duction of ogi. The highest folate concentration, 30.97 + 0.37 ug/ml, was ob-
served after 24 h of the co-fermentation of maize slurry with Lactobacillus
plantarum X13 and Candida tropicalis Y74. This represents a triple fold of the
folate concentration observed in unfermented maize slurry. The pH of the
fermenting maize slurry was observed to decrease from 6.12 to 3.60, while the
reducing sugars and the titratable acidities were observed to increase as fer-
mentation progressed. Sensory evaluation of the ogi samples after fermenta-
tion showed high general acceptability comparable to the naturally fermented
ogi as regards to colour, taste, flavour, aroma and texture. The data made
available in this study suggest the possibility of folate enrichment of og7 and
its use as a vehicle for increasing folate availability to consumers thereby pre-
venting folate deficiency diseases prevalent in many African countries.
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1. Introduction

Cereal based fermented foods constitute a major part of our diets in West Africa
[1]. These fermented foods are produced from staple grains such as millet, maize
and sorghum which are consumed mostly as main course meals or as beverages
[2] [3] [4]. Ogi known as Akamu is a Nigerian traditional lactic acid fermented
cereal-based meal, made basically from maize (Zea mays), and other cereals such
as sorghum or millet [4].

During the traditional process of ogi production, there had been reports of
nutrients loss of approximately 20% - 50% from the original cereal grains [2] [5].
The nutrients implicated are amino acids such as lysine and tryptophan while
vitamins such as riboflavin and folate [2]. Maize in its raw form contain very low
amount of folate, 19 ug/100g fresh weight [6]. Certain factors like adverse pH,
high temperature, and presence of oxidizing agents have been implicated in the
loss of folate during food processing [7] [8]. Folate is an important vitamin
needed during the early pregnancy stages when embryo is rapidly growing. It is
an essential vitamin for DNA synthesis and methylation reactions and prevents
neural tube defects in the developing foetus [9] [10]. The deficiency is implicated
in megaloblastic anaemia, cardiovascular diseases and other health disorders
[11] [12] [13]. Folic acid is only produced by chemical synthesis. Hence, the use
of folate produced through natural means is innovative in the proposed study;
biotechnological production using fermentation organisms in enriching ogi is
being studied. Fortification of food with folic acid has shown positive results in
South Africa in 2008 where the South African Medical Research Council ob-
served a 33% decline in the incidence of neural tube defects due to the increased
availability and consumption of adequately fortified folic acid maize cereal. The
approach of using microbes in bio-enriching foods has been carried out in many
foods; for example high lysine og/ was produced at pilot scale using lysine and
methionine-overproducing yeasts and lactic acid bacteria strains [2]. It has been
demonstrated that folate levels in fogwa, a Tanzanian fermented maize-based
porridge, consumed in rural areas in Tanzania can be increased by 700% during
fermentation with yeasts originally isolated from togwa [14]. Bacteria obtained
during fermentation of cereal-based products are capable of producing folate in
the culture medium [15] [16]. An increase in the folate content of ben salaaga of
Burkina Faso, a cereal based fermented gruel when co-fermented with Lactoba-
cillus fermentum and strains of Pichia kudriavzevii had been reported [17].
Therefore, considering the high consumption of ogi as a weaning food and even
among convalescing adults, its folate enrichment presents a biologically efficient
and nutritional functional means for folate supplementation. Though lactic acid
fermentation mediated by lactic acid bacteria and yeast is considered as cell fac-
tory for the production of bioactive compounds especially folate and riboflavin
[7], most published findings have concentrated on dairy fermented products at
the expense of cereal based fermented foods. The aim of this study is to bio-enrich

ogi with folate producing microorganisms as starter cultures. To this end, fo-
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late-producing microorganisms were isolated during the fermentation of maize
for ogi production. The folate-producing capacities of the isolates were meas-
ured and used as starter cultures for the laboratory scale controlled fermentation

of ogi.

2. Materials and methods

2.1. Isolation of Folate-Producing Microorganisms

The isolation of microorganisms from fermenting maize slurry was done using
the pour plate method as described by Harrigan and McCance [18]. Nine milli-
liters (9 ml) of distilled water was dispensed into washed test tubes, autoclaved at
121°C for 15 min and allowed to cool. One ml of the fermenting maize slurry
was serially diluted in sterile distilled water and pour plated using deMann Ro-
gosa and Sharpe (MRS) agar (LabM, Lancashire, United Kingdom) for lactic acid
bacteria and malt extract agar (LabM, UK) for yeasts. Methotrexate (Zuthrex,
Germany) a folic acid analogue was added to the media at a concentration of
50 mg/ml aseptically, after cooling to about 40°C. This is to select for folate
producing microorganisms from the samples. Incubation was at 30°C + 5°C for
48 h for lactic acid bacteria and for yeasts. After incubation, the plates were ob-
served for growth of distinct colonies, which were counted and randomly se-

lected and streaked to obtain pure culture.

2.2. Phenotypic Characterisation of the LAB and Yeast Isolates

The LAB and yeast isolates were characterised based on the study of morpho-
logical and biochemical properties as described by Harrigan and McCance [18]
and Kurtzman et al. [19] respectively. The presumptive identification of lactic
acid bacteria isolates was done with the use of the Genera of Lactic Acid Bacteria

[20]. Yeasts isolates were identified according to Kurtzman et al [19].

2.3. Screening of Folate Production and Quantification
in Culture Medium

Isolates obtained were screened for folate production using the method of Ru-
engsitagoon and Hattanat [21]. Briefly, the isolates were grown in their respective
broth and incubated for 48 h, after which the broth were centrifuged at 3000 g for
20 min. One ml of the supernatant was mixed with 1 ml of 4 mol-L™" hydrochloric
acid, 1 ml of 1% (w/v) sodium nitrate, 1 ml of 1% (w/v) of sulfamic acid and 1 ml
of 1% (w/v) of 3-amino phenol, which resulted in an orange-yellow complex, in-
dicating the presence of folate. The absorption of complexation was measured at
460 nm using UV visible spectrophotometer (Jenway, Essex, UK). The concen-
tration of folates in samples was deduced from the standard curve prepared us-
ing the absorbance of known concentration of folic acid.

The folate producing ability of the isolates was further determined by inocu-
lating them into Folic Acid Casei Medium. Folic Acid Casei Medium (FACM) is

an assay medium containing all the ingredients and essential nutrient for the
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growth of the test organism except folic acid [22]. Isolates that grew in this
chemically defined medium were considered potential folate producers. Three

independent experiments were carried out.

3. Safety Assessments of the Selected Isolates

3.1. Production of Haemolysis, Gelatinase and DNase

The isolates were cultured in MRS and ME broth at 37°C for 12 - 18 h and then
streaked onto blood agar (Difco, Michigan, USA) plates supplemented with 5%
defibrinated whole sheep blood [23] [24]. After 24 to 48 h, the haemolytic reaction
was recorded. Gelatinase production was determined by point inoculation of pure
LAB and yeast isolates on plate containing tryptone-neopeptone-dextrose (TND)
agar supplemented with 0.4% gelatin. The plates were incubated at 37°C for 48 h
and then flooded with saturated ammonium sulfate solution. Development of
clear zones around the spots against the opaque background indicated a positive
reaction. DNase agar medium was used to check production of DNase enzyme.
Pure LAB and yeast isolates were streaked on the plates and incubated at 30°C
for 48 h. A clear pinkish zone around the colonies against dark blue background

was considered as positive for DNase production [25].

3.2. Genotypic Characterisation of the Selected LAB
and Yeast Strains

The genomic DNA of the selected LAB isolates was extracted using the Wizard
O Genomic DNA Purification kit (Promega, Diibendorf, Switzerland) according
to the manufacturer’s protocol. The genomic DNA of the selected yeasts was ex-
tracted using the instantgen matrix method described by Kurtzman and Robnett
[26]. The partial 16S rRNA and 28S rRNA region of the nucleotide sequence of
LAB and yeast were amplified by PCR. Primers designed for lactic acid bacteria
was bakllw (5-AGT TTG ATC MTG GCT CAG-3’) and bak4 (5-AGG AGG
TGA TCC ARC CGC A-3’) while for yeast the forward was (5°-GCA TAT CAA
GCG GAG GAA AAG-3) and reverse (5-GGT CCG TGT TTC AAG ACG
G-3’) [27] [26]. The PCR protocol used was performed with a PCR thermal cyc-
ler (biometra T3000 thermocycler, BIOLABO). The final reaction mixture (20 pl)
contained 220 pL PCR MASTER MIX 2X, 4.4 pL of primers, 189.2 uL of water
and 1 yl of template DNA. Amplification consisted of initial denaturation at
95°C for 5 min, followed by 35 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C
for 45 s, and a final 7 min, 72°C extension followed, with a final hold at 4°C. The
PCR products were analyzed on a 1% (wt/vol) agarose gel, and electrophoresis
was performed for 2 h at 60 v and the gel image was photographed using a
BIORAD molecular imager. All PCR products for subsequent sequencing reac-
tions were purified with the Wizard SV Gel and PCR Clean-Up System kit (Pro-
mega, Madison, USA) according to the manufacturer’s instructions and subse-
quently sequenced in GATC laboratory (Konstanz, Germany). The sequences were

submitted to Genbank and accession numbers assigned to each.
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3.3. Laboratory Production of Ogi for Controlled Fermentation

Maize grains were sorted and washed three times using distilled water. The
grains were steeped in water for 2 days, oven dried at 50°C for 24 h, dry milled
into flour and sieved in order to obtain fine flour. Thirty grammes of the flour
was weighed into clean glass containers and sterilized at 120°C for 20 min. After
sterilization, 70 ml of the sterile water was added aseptically to the sterile fine

flour.

3.4. Inoculum Preparation for Controlled Fermentation of Ogi

The selected folate producing lactic acid bacteria and yeast strains were cultured
on malt extract and MRS broth and incubated for 24 - 48 h. The broth cultures
were centrifuged at 2000 g for 10 min. After which, the cell pellets were washed
thrice using sterile distilled water and used as inoculum for the fermentation.
The numbers of organisms per ml of suspension was estimated using 0.5 Mcfar-

land standard and approximated to be 1 x 10® cfu/ml.

3.5. Controlled Fermentation of Ogi Using the Selected Strains

A 1% inoculum size representing approximately 10° cfu/ml, of the yeast and lac-
tic acid bacteria strains were aseptically pitched into the maize flour-water mix-
ture (singly and in combination), this was thoroughly shaken and allowed to
ferment for 24 - 72 h [2]. The fermented maize slurry samples designated as
Samples A to F were fermented with the selected starter cultures singly and

combination while the spontaneously fermented maize sample was Sample G.

3.6. Microbial Count of the Selected Strains
in the Fermenting Maize Slurry

One millilitre of each of the fermenting slurry was introduced into the sterile
distilled water in test tubes and serially diluted. One millilitre of the different di-
lutions were pour plated into the appropriate media. De Mann Rogosa and
Sharpe (MRS) agar for lactic acid bacteria and malt extract agar for yeast. After
incubation, the plates were observed for growth and distinct colonies were

counted. This was carried out at 24-h interval during fermentation [2].

3.7. Determination of pH and Titratable Acidity
of the Fermenting Maize Slurry

The changes in pH as the fermentation progressed were measured using a pH
meter (Mettler-Toledo, Essex, UK) with a reference glass electrode. The pH me-
ter was calibrated prior to each reading using buffers of pH of 7 and 4.

The total titratable acidity of the fermenting og7 samples was determined by
titrating 5 ml of each sample against 0.1 M NaOH using 2 drops of phenolph-
thalein as indicator. A 0.1 M NaOH was added to the sample until a pink colour
was obtained. The total titratable acidity was calculated as the amount of lactic

acid produced [28]. Three independent assays were carried out.
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3.8. Determination of Total Reducing Sugars

The total reducing sugar was determined using the DNS (3,5-Dinitrosalicyclic
acid, Sigma-Aldrich, MO, USA) method as described by Miller [29]. A volume
of 3 ml of DNS reagent was added to 1 ml of the sample (aliquot) in a lightly
capped test tube. The mixture was heated for 5 - 15 min until it developed a
red-brown color. One ml of 40% potassium sodium tartrate (Rochelle salt) solu-
tion was added to stabilize the color. Sample was cooled to room temperature
and the absorbance of the samples was read at 575 nm using a UV visible spec-
trophotometer. Three independent assays were carried out.

3.9. Determination of Folate Concentration

The folate concentration after fermentation was carried out as stated above ac-
cording to Ruengsitagoon and Hattanat [21] with slight modifications. Two in-

dependent experiments were carried out.

4. Sensory Analysis

This was carried out to determine the sensory qualities of the folate enriched ogi.
A 10-man panel that are familiar with og7 was asked to assess og7 samples pro-
duced using the folate-producers as starters for colour, aroma, taste, flavour and
overall acceptability in comparison with the spontaneously fermented ogi. The
samples were rated based on a 9-point hedonic scale, which ranged from 9 = like

extremely to 1 = dislike extremely.

5. Statistical Analysis

Completely randomized analysis of variance (ANOVA), Mean separation and
comparison was done using SPSS (Version 20.0). Significance was accepted at p

< 0.05 and results were expressed as mean + standard deviation of the mean.

6. Results

6.1. Isolation and Screening for Folate-Producing Isolates from
Fermented Maize Slurry

Folate producing lactic acid bacteria and yeasts were obtained from the fermen-
tation of maize slurry. The isolates were resistant to the folate analogue, metho-
trexate and possessed the ability to grow in Folic Acid Casei Medium. Among
the lactic acid bacteria, Isolate X13 produced the highest quantity of folate with
40.65 pg/ml, while Isolate L21 the least of 10.98 ug/ml. For the yeasts, Isolate Y77
was the highest folate producer with 52.40 pug/ml, while the least was Isolate Y47,
which produced 11.94 pg/ml (Table 1).

6.2. Safety Assessments and Genotypic Identification
of the Selected Isolates

The selected isolates Lactobacillus sp. X13, Pediococcus sp. L73, Candida sp. Y77 and
Candida sp. Y74 were selected based on their high folate-producing capacity. Table
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2 shows that they were all negative to haemolytic, DNase and gelatinase activities.
The isolates were genotypically characterised with accession numbers as Lactobacil-
lus plantarum X13 (MH431914), Pediococcus pentosaceus L73 (MH431915), Can-
dida parapsilosis Y77 (MH443280) and Candida tropicalis Y74 (MH443281).

6.3. Microbial Count, pH and Titratable Acidity
of the Fermenting Maize Slurry

Table 3 shows the microbial count, pH and titratable acidity of the fermented

Table 1. Folate production of lactic acid bacteria and yeasts isolates from ogi.

Lactic acid bacteria Yeasts
Isolates Growth in Folate concentration Isolates Growth in Folate concentration
FACM (ug/ml) FACM (ug/ml)

M6 + 25.89 £ 0.69 Y75 + 45.52 +0.84
M70 + 19.07 £ 0.12 Y3 + 44.36 £ 0.55
X13 + 40.65 +0.76 Y78 + 33.09 £1.70
L15 + 26.80 + 0.60 Y77 + 52.40 £0.32
L9 + 30.89 £ 0.07 Y14 + 20.91 £1.20
L3 + 21.44 £0.31 Y02 + 47.32 £ 0.64
L4 + 28.42 £ 0.37 Y71 + 39.02 £ 0.60
L12 + 24.98 £0.21 Y01X + 32.45+1.36
L13 + 12.13 £ 0.67 Y5 + 36.95 +1.23
L73 + 36.42 + 0.62 Y73B + 4498 +0.12
L77 + 14.23 £ 0.56 Y74 + 51.79 £ 0.33
Mil1 + 32.48 +£0.43 Y11 + 33.56 £ 0.66
M80 + 16.42 £ 0.39 Y04 + 15.57 £0.29
L20 + 11.22 £0.24 Y7 + 13.54 + 0.64
L79 + 14.05 £ 0.31 Y31 + 18.62 £ 0.41
L21 + 10.98 £ 0.36 Y32 + 23.73£0.39
L31 + 12.18 £ 0.50 Y47 + 11.94 +0.09
L32 + 18.67 £ 0.63 Y34 + 2298 £0.12

FACM: Folic Acid Casei Medium; Values represent the mean + standard deviation of the mean of three in-
dependent experiments. +: Positive

Table 2. Safety Assessment of the high folate-producing strains from ogi used as starters.

Strains Haemolysis Gelatinase DNase
Lactobacillus plantarum X13 y
Pediococcus pentosaceus L73 y
Candida parapsilosis Y77 y - -
Y

Candida tropicalis Y74

y-haemolysis: Negative.
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Table 3. Microbial count, pH and titratable acidity of the maize slurry fermented with
folate producing microorganisms.

Total viable count (Log cfu mL™) pH Titratable Acidity (g L™)
Samples

Oh 24h 48 h 72h 0Oh 24h 48h 72h O0h 24h 48h 72h

A 8.0 9.16 9.18 1036 6.12 491 4.01 3.83 023 0.67 0.89 0.93

B 8.0 9.06 9.30 10.15 6.12 5.02 4.65 4.01 023 041 0.59 0.89

C 8.0 9.17 9.83 10.07 6.12 5.01 4.00 3.83 033 0.65 0.86 0.94

D 8.0 9.05 9.42 1022 6.12 501 478 398 023 05 0.68 0.84

E 8.0 1047 10.56 10.58 6.12 523 479 4.06 020 0.7 0.8 0.98

F 8.0 1043 10.58 10.60 6.12 5.01 465 391 025 093 1.17 1.3

G ND ND ND ND 6.12 59 400 3.60 025 1.1 1.2 1.6

This result represents the mean of data obtained from three independent experiments. ND: Not deter-
mined; A: Maize slurry fermented with Lactobacillus plantarum X13; B: Maize slurry fermented with Can-
dida parapsilosis Y77; C: Maize slurry fermented with Pediococcus pentosaceus L73; D: Maize slurry fer-
mented with Candida tropicalis Y74; E: Maize slurry fermented with Candida tropicalis Y74 and Lactoba-
cillus plantarum X13; F: Maize slurry fermented with Candida parapsilosis Y77 and Pediococcus pentosa-
ceus L73; G: Spontaneously fermented maize slurry.

maize slurry with mixed and single starter cultures. It was observed that the mi-
crobial count of these samples increased as the fermentation progressed. The
highest microbial count for all samples was recorded after 72 h of fermentation,
while the least microbial count was observed at the onset of fermentation.

The pH of these samples was observed to be decreasing as the fermentation
time progressed. All samples had their lowest pH at 72 h and the highest at 0 h.
Sample G which was the spontaneously fermented maize slurry had the least pH
value of 3.60 after 72 h of fermentation while all the samples had the highest pH
value of 6.12 at the onset of fermentation.

The titratable acidity of the fermenting samples was observed to increase as
the fermentation progressed. The least titratable acidity value of 0.20 g/l was ob-
served at the onset of the fermentation in Sample E, which was the maize slurry
fermented with the combination of Candida tropicalis Y74 and Lactobacillus
plantarum X13. After 72 h of fermentation, Sample G, which was the sponta-
neously fermented maize slurry, had the highest titratable value of 1.6 g/1.

6.4. Total Reducing Sugars of the Fermenting Samples

It can be deduced from Figure 1 that there was an increase in the total reducing
sugars in all fermenting samples. The lowest value of the amount of total reduc-
ing sugars was observed at the 0 h of fermentation, while the highest amount of

total reducing sugars for each sample was observed at the 72 h of fermentation.

6.5. Folate Concentration of the Fermenting Samples

Table 4 shows the effect of fermentation time on the folate production in the
controlled and spontaneously fermented maize slurries. Changes in the folate

concentration of the og7i samples was observed as the fermentation progressed.
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4.5 -
M Ohrs

4 - W 24hrs
1 48hrs

35 1 m 72hrs

Total Reducing sugars (mg/ml)

A B C D E F G
Maize slurry samples

Bars represent the mean and standard deviations of three independent experiments. A: Maize slurry
fermented with Lactobacillus plantarum X13; B: Maize slurry fermented with Candida parapsilosis
Y77; C: Maize slurry fermented with Pediococcus pentosaceus L73; D: Maize slurry fermented with
Candida tropicalis Y74; E: Maize slurry fermented with Candida tropicalis Y74 and Lactobacillus
plantarum X13; F: Maize slurry fermented with Candida parapsilosis Y77 and Pediococcus pentosa-
ceus L73; G: Spontaneously fermented maize slurry.

Figure 1. Effect of fermentation time on the total reducing sugars of the controlled and
spontaneously fermented maize slurry.

Table 4. Effect of fermentation time on the folate production of controlled and sponta-
neously fermented maize slurries.

Folate concentration (ug/ml)

Samples
0h 24h 48h 72h
A 12.3 £ 0.61° 24.63 + 0.45° 22.17 +0.52° 19.04 + 0.31*
B 12.3 +£0.10° 28.79 +0.76° 25.75 +0.48° 19.40 +0.14*
C 12.3 £ 0.39° 25.75 + 0.33° 21.25 + 0.58° 19.97 £ 0.71*
D 12.3 £ 0.35° 25.13 £ 0.49° 24.62 +0.37° 16.97 £ 0.78°
E 12.3 £ 0.42° 30.97 £ 0.31° 28.37 +0.41° 24.14 +0.14°
F 12.3 £ 0.43° 28.36 +0.38" 25.67 +£0.27° 22.55 +0.24¢
G 12.3 £ 0.41° 11.9+0.37¢ 6.69 + 0.34¢ 11.20 +0.74°

Values are mean + standard deviation of two determinations. Means with same alphabet down each column
are not statistically significant at p < 0.05. A: Maize slurry fermented with Lactobacillus plantarum X13; B:
Maize slurry fermented with Candida parapsilosis Y77; C: Maize slurry fermented with Pediococcus pento-
saceus L73; D: Maize slurry fermented with Candida tropicalis Y74; E: Maize slurry fermented with Candi-
da tropicalis Y74 and Lactobacillus plantarum X13; F: Maize slurry fermented with Candida parapsilosis
Y77 and Pediococcus pentosaceus L73; G: Spontaneously fermented maize slurry.
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For samples A, B, C, D, E, F, their folate concentrations were at its peak after
24 h of fermentation and started to decline afterwards. Sample E had the highest
folate concentration of 30.97 ug/ml after 24 h of fermentation while the least of

6.69 ug/ml was recorded for sample G after 48 h of fermentation.

6.6. Sensory Evaluation of Ogi Samples

The colour of all the samples was well accepted, as there was no significant dif-
ference in the means when compared with the spontaneously fermented ogi
Sample E, which was fermented with Lactobacillus plantarum X13 and Candida
tropicalis Y74 gained high acceptability by the panelists in evaluation to the con-
trol, which is the spontaneously fermented ogi. There was no significant differ-
ence between these two samples. However, there was significant difference when
the attributes of spontaneous fermented ogi was compared to samples A, B, C, D
and F (Table 5).

7. Discussion

The growth of microorganisms from ogs in culture media incorporated with a
folate analogue, methotrexate (50 mg/ml) is an indication that these isolates are
resistant to methotrexate, which was observed to be the reason for folate pro-
duction by the isolates. This is because these microorganisms utilized the folate
for the production of essential elements like the DNA, RNA, mRNA to ensure
their multiplication and growth. Through this process, the effect of the competi-
tive inhibition of the enzyme dihydrofolate reductase, responsible for the pro-
duction of folates was completely neutralized [30]. The color change exhibited
by the isolates during the screening for folate production is due to the formation

of complex as a result of the diazotization reaction of para-aminobenzoic acid,

Table 5. Sensory evaluation of og7 produced from spontaneous and controlled fermenta-
tion using the selected starter cultures.

Attributes
Samples
Colour Taste Flavour Aroma Texture  Overall Acceptability
A 5.90 + 0.86 5.70 + 1.0° 5.30 + 0.67° 5.60 + 0.63* 4.80 % 0.63° 5.30 + 0.69*
B 6.10+1.0° 6.00+1.0° 590+ 1.0° 570+047* 5.00+1.0° 5.00 = 0.87*
C 6.20 £ 0.94° 6.40 +0.9° 6.00 + 0.87* 5.80 = 0.96* 5.40 + 0.94° 6.00 £ 1.22°
D 6.40 = 0.84° 6.60 = 0.95* 6.10 + 0.73* 6.00 = 1.02* 5.50 + 1.35® 6.70 = 0.94*
E 7.80 + 1.4% 6.70 + 1.77%* 6.50 £ 0.17° 6.50 = 1.71** 6.90 + 0.94% 7.00 + 0.76°
F 7.20 £ 0.63* 6.10 + 0.82% 6.60 + 1.13" 6.10 + 1.10* 7.00 +2.11° 6.60 + 0.73*
G 7.30 £ 0.94® 7.10 +0.94° 6.70 + 0.14* 6.90 + 1.01* 7.10 + 1.28" 7.80 + 0.66"

Means with the same superscript alphabet within the same column are not significantly different at p <
0.05. A: Ogi fermented with Lactobacillus plantarum X13; B: Ogi fermented with Candida parapsilosis Y77;
C: Ogifermented with Pediococcus pentosaceus L73; D: Ogi fermented with Candida tropicalis Y74; E: Ogi
fermented with Candida tropicalis Y74 and Lactobacillus plantarum X13; F: Ogi fermented with Candida
parapsilosis Y77 and Pediococcus pentosaceusL73; G: Spontaneously fermented ogi.
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obtained after the reduction of the folic acid (produced by the isolates in the
broth) and 3-aminophenol [21].

A comparison of the quantity of folate produced by lactic acid bacteria and
yeasts in their respective growth media indicates that the yeast isolates from ograre
better folate producers than the lactic acid bacteria. This is because the average
concentration of folate produced by the yeast cells was 28.80 pg/ml while the lac-
tic acid bacteria produced 21.27 pg/ml. These findings is in agreement with the
reports of Kariluoto ef al. [31] who observed that yeasts are better folate produc-
ers in a growth medium compared to other microorganisms from oat bran. The
differences in the quantity of folate produced could be associated with the nu-
trients in the culture media.

In this study, Lactobacillus plantarum X13 was observed to be the highest folate
producer in MRS medium. In ben salaaga, African cereal gruel of Burkina Faso,
the concentration of 110 ng/ml and 120 ng/ml of folates was produced by Lactoba-
cillus fermentum and Lactobacillus plantarum respectively in MRS medium [16].
In another study, Lactobacillus plantarum and Lactococcus sp. isolated from Ma-
laysian tapai ubi produced 8.608 ug/L and 10.71 pg/L respectively in an MRS me-
dium [32]. In this study, Candida parapsilosis Y77 and Candida tropicalis Y74 were
the highest folate producers, with a production of 52.40 pg/ml and 51.79 pg/ml of
folates respectively. The folate concentration of 1760 ng/ml was produced by Sac-
charomyces cerevisiae in yeast peptone dextrose (YPD) medium from the in situ
enrichment of folates by yeasts isolated from oat and barley matrices [31]. The dif-
ferences in folate concentration produced by the microorganisms in culture me-
dium in the various studies maybe asserted to be strain dependent [11] [16]. The
differences are linked to the methods adopted in these studies, as the concentra-
tion of folates obtained via high performance liquid chromatography (HPLC) and
ultra HPLC usually have more specific quantification than those obtained through
the microbiological assay and spectrophotometric methods. This is due to the var-
iations in the sensitivity of the methods because HPLC and ultra HPLC target the
specific folate produced than the crude vitamins detection using the microbiologi-
cal assay and spectrophotometric methods [33] [31].

The unfermented maize slurry had the folate content of 12.3 pg/ml, which is
lower than the folate content of maize, which is 19 ug/100g of fresh weight. This
confirms the loss of folates during the milling stages while processing the grain
for fermentation [34]. This could be due to the loss of aleuronic layer of the
grain, which is known to contain several micronutrients such as riboflavin, ly-
sine, methionine and pathothenic acid [2].

Folate quantification of the fermenting maize slurry showed that microorgan-
isms are responsible for folate production in the fermenting slurry as there was
increase in the folate concentration of the slurry. This finding is in agreement
with the report of Kariluoto et a/ [33] who observed that the presence of yeast
species of Candida and Saccharomyces led to the increase of folate levels in rye

sourdough during fermentation. In another study, these yeast species were ob-
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served to increase the folate levels of fogwa, a Tanzanian cereal based fermented
food during fermentation [14]. Increase in the folate levels of fermented milk
have been associated with the folate producing activities of lactic acid bacteria
such as Lactobacillus delbrueckii var. bulgaricus and Lactococcus sp. [11]. The
quantity produced in the slurry was quite less than that produced in the culture
broth; this indicates that the folate producing capacity is dependent upon the
composition of food matrix, the medium composition or the availability of folate
precursors. As the culture medium; de Man Rogosa Sharpe (MRS) and Malt Ex-
tract broth contains yeast extracts made up of para-aminobenzoic acid (6 pug/ml)
and glutamic acid (2 mg/100 g), which are the major precursors for the produc-
tion of folates by most microorganisms [16]. The availability of this compounds
in considerable amounts affects the quantity of folates produced by some mi-
croorganisms like Lactococcus lactis, which its folate producing capacity in-
creased by two folds in the presence of para-aminobenzoic acid [35].

Furthermore, in this study, the folate-producing mixed starter cultures of lac-
tic acid bacteria and yeasts were observed to increase the folate content of a fer-
mented food more than when either a lactic acid bacterium or yeast was used as
a sole starter. Statistically, there was a significant difference in the folate produc-
tion by mixed starter cultures than in single starters. This finding is in agree-
ment with the report of Greppi ef al [17] who observed an increase in the folate
content in the co-fermentation of Lactobacillus fermentum and Pichia kudriav-
zevii in ben salaaga, a cereal based fermented gruel in Burkina Faso. A similar
result was obtained when folate-producing Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus were used as starter cultures for milk
fermentation [11]. A combination of L. rhamnosus LC-705 and Saccharomyces
cerevisiae ABM5131 (in 3.5% oat bran solution with 2% added glucose) pro-
duced 6-fold more folate than the LAB and yeast when used singly [36]. The
highest folate concentration in rye sourdough was observed after fermentation
with mixed cultures, which consisted of naturally occurring bacteria and yeasts
while folate concentrations were significantly lower in sourdough fermented by
monocultures of lactic acid bacteria and yeasts [37].

In this study, the folate content of all the samples reached its peak of about 2 -
3 fold (40% - 60%) increase when compared to the unfermented slurry, after 24
h of fermentation and a decline was observed afterwards. This decline could be
that some folate-producing microorganisms also consumed folates, because it is
needed for metabolism and growth [38] [39]. The decline in folate concentration
could be due to the decrease in the pH of the fermenting maize slurry, which
became acidic. This condition had been reported to either suppress synthesis of
folates by microorganisms or destroy other forms of folates which are less stable
in the acidic conditions such as 5-methyltetrahydrofolate (5-CH,H, Folate) [33].
This result is in agreement with the findings of Laino et al [11] who reported
that folate production by folate producing starter culture reached its peak after

24 h of fermentation. This is contrary to the findings of Hjortmo et al. [14] who
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observed a continuous increase in folate concentration in togwa, a Tanzanian
fermented gruel, after 24 h of fermentation using monocultures of Saccharo-
myces, Candida and Klyveromyces as single starters. In addition, they recorded a
23-fold increase in folate content of the fermenting maize meal after 46 h of fer-
mentation. On the contrary, in this study, the folate concentration of the spon-
taneously fermenting maize slurry was erratic during the fermentation period.
There was a decrease in folate content after 24 and 48 h of fermentation, and an
increase after 72 h of fermentation. This indicates the complexity associated with
spontaneous fermentation. The irregularity in the folate concentration could be
due to the presence of a mixed population of folate-synthesizing and folate con-
suming microorganisms. Nevertheless, the rise in folate content could be asso-
ciated to the lysis of intracellular folate producers due to adverse conditions like
low pH. This led to the release of extra folate into the cereal matrix as the fer-
mentation period progressed to the third day [16].

The ogi samples fermented with Candida tropicalis Y74 and Candida parapsi-
losis Y77 had high mean values in the aroma and flavour. This confirms the
contribution of yeast in the development of flavour in cereal-based fermented
foods due to the production of certain volatile compounds like acetoin and ace-
taldehyde [40]. The contrast in the low and high mean values of the ogi samples
for general acceptability could be due to single starters of lactic acid bacteria and
yeasts. The high mean values of ogi samples produced by the co-fermentation of
Candida tropicalis Y74 and Lactobacillus plantarum X13 confirms the roles mixed
starter cultures play in improving the general acceptability of ogs as well as other

cereal-based fermented foods as observed in previous studies [2] [41] [42].

8. Conclusion

This study shows that microorganism from og7 could produce folate both in
growth media and the fermenting mash. Fermentation time and pH were the
factors that influenced their folate-producing capacity. The right combination of
folate-producers as starter cultures elevated folate content in cereal based fer-
mented foods without compromising their general acceptability. This suggests
that, folate enriched og7 could serve as a strategy to increase folate intake by
contributing to the daily folate requirement especially in developing countries
where folic acid fortification of foods is hardly reported. It can be used for inter-
vention studies or prevention strategies to curb folate deficiency. The selected
organisms used as starter cultures can be bioengineered to improve their per-
formance as folate producers for the improvement of the folate content of these
fermented foods. This may involve blocking the chorismate-consuming path-
ways or shunt off their phenylalanine synthesis pathway or even trigger the over
expression of genes in the folate operon using a cost-effective genetic method. In
an effort to curtail folate deficiency, the data generated from this work can be
used as baseline for the pilot studies in the industrial production of bio-enriched

ogi as functional food products. Focus may be on maintaining optimum condi-
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tions during fermentation and processing that will enhance folate production by

the starter cultures in order to obtain maximum results.
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