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Abstract
Background: This study evaluated the effect of lactic acid bacteria (LAB) consortium fermentation on proximate
and in vitro starch and protein digestibility of sorghum flour using standard techniques at 12-h intervals. Lactic
acid bacteria previously isolated from fermenting maize and sorghum were combined as follows: Lactobacillus
nantensis LP33 + Lactobacillus plantarum WCFS1 + Lactobacillus fermentum CIP102980 + Lactobacillus rhamnosus GG ATCC53/03 + Lactobacillus reuteri DSM20016 and Lactobacillus fermentum CIP102980 + Lactobacillus brevis
ATCC14869 + Lactobacillus nantensis LP33 + Pediococcus acidilactici DSM20284 + Lactobacillus plantarum WCFS1 for
consortium from maize and sorghum, respectively, and used to ferment sorghum flour. The flour was also fermented
spontaneously for comparison.
Results: The result showed significant (p < 0.05) increase in moisture, ash and protein contents; while fiber, lipid and
carbohydrate contents decreased with increasing fermentation time in all set-ups. The in vitro protein digestibility
increased significantly (p < 0.05) from 63.68 ± 1.46 to 79.89 ± 1.14%, 63.68 ± 1.46 to 83.72 ± 2.08% and 63.68 ± 1.46 to
84.28 ± 2.16% for naturally, LAB consortium from maize-fermented and LAB consortium from sorghum-fermented
samples, respectively. Total viable count and total lactic acid bacteria count increased with fermentation with no
coliform and fungal count in the consortia-fermented sample. The occurrence of isolates showed that only starter
organisms were isolated from the consortia fermentations.
Conclusion: This study has shown the effectiveness of LAB consortium fermentation in improving the nutritional
quality and in vitro starch/protein digestibility of sorghum flour which holds potential in food fortification by food
industries.
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Background
Sorghum (Sorghum bicolor (L.) Moench) is ranked fifth
among world food grain [1]. The annual world production is over 60 million tons, of which Africa produces
about 20 million tons [2]. About 45 million hectares of
sorghum are cultivated in the world and USA is the number one producer followed by Nigeria, India, Mexico,
China, Argentina, Sudan, Ethiopia, Somalia, Australia,
Burkina Faso, Brazil [3]. Sorghum is a good source of
energy, proteins, carbohydrates, vitamins and minerals
including the trace elements, particularly iron and zinc,
except calcium. Sorghum grain contains minerals such as
phosphorus, potassium and magnesium in varying quantities [4, 5]. Sorghum and millet contain high amount of
starch and its digestibility is greatly influenced by plant
type and depends on physicochemical characteristics of
the starch and other factors like plant microstructure,
composition, processing and storage conditions. Moreover, traditional treatments such as soaking, cooking,
germinating and fermenting have been used to improve
nutritional quality of the sorghum [5].
Fermentation increases the starch and protein digestibility as well as nutritive value [6]. Fermentation also
leads to an increase in protein content, enhancement of
carbohydrate accessibility, improvement in amino acid
balance, decrease in anti-nutritional factors like tannin and phytic acid [6]. LAB fermentation is a common
way of preparing food traditionally in Africa. Some of
the traditionally fermented foods in Africa include maize
porridge, alcoholic beverages and dairy products. Some
of the main reasons for the fermentation practice using
LAB are to increase food palatability and improve the
quality of food by increasing the availability of proteins
and vitamins [7]. Furthermore, LAB confers preservative and detoxifying effects on food as well. When used
regularly, LAB-fermented foods boost the immune system and strengthen the body in the fight against pathogenic bacterial infections. Thus, LAB fermentation is not
only of a major economic importance, but also promotes
human health in Africa. Hence, the aim of this study is to
evaluate the microbiological quality, proximate composition and the in vitro starch/protein digestibility of sorghum flour fermented with lactic acid bacteria consortia.
Methods
Collection of sample

Red variety of sorghum (Sorghum bicolor) were bought
from Mushin market of Lagos, Lagos State, Nigeria and
transported to the laboratory in a clean polythene bags
for analysis at Federal Institute of Industrial Research
Oshodi (FIIRO). Lactic acid bacteria used as starter culture were previously isolated from fermenting maize and
sorghum.
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Choice of starter culture (inoculum)

The lactic acid bacteria consortium from maize and from
sorghum was selected based on their tolerance to acid,
salt, lowering of pH, level of acid production and growth
on nutrient-depleted medium after pre-fermentation
studies, as well as their benefits in food fermentation
reported by other researchers [8–10].
Sample preparation

The raw grains of sorghum were freed of foreign materials, washed with clean tap water and rinsed with distilled
water. The samples were dried with hot air oven (GL,
England) at 60 °C for 8 h. The dried samples were milled
into powder using milling machine disinfected with 70%
ethanol and stored in clean air tight containers at 4 °C for
further use.
Inoculum/starter culture preparation

The inoculum (starter culture) was prepared according
to the method described by Ogodo et al. [11]. Five lactic
acid bacteria were combined according to their sources
as follows; Lactobacillus plantarum WCFS1 + Lactobacillus rhamnosus GG ATCC 53/03 + Lactobacillus nantensis LP33 + Lactobacillus fermentum CIP
102980 + Lactobacillus reuteri DSM 20016 (consortium
from maize); Pediococcus acidilactici DSM 20284 + Lactobacillus fermentum CIP 102980 + Lactobacillus brevis
ATCC 14869 + Lactobacillus nantensis LP33 + Lactobacillus plantarum WCFS1 (consortium from sorghum).
These were grown as co-culture in Erlenmeyer flasks containing MRS broth, respectively, and incubated for 48 h
in an orbital shaker incubator (REMI/396LAG) at 37 °C
for the inoculum to build-up. The inocula were harvested
by centrifugation at 5000g for 10 min and washed with
distilled water. The washed cells were diluted using sterile
distilled water to obtain 0.5 McFarland standards.
Fermentation of sorghum flour

Fermentation of the sorghum flour was carried out following a slight modification of the method of Ogodo
et al. [12]. Exactly, 500 g of the flour was mixed with
1000 mL of distilled water followed by addition of 0.5 g/L
of potassium sorbate to inhibit fungi and other contaminating microorganisms (verified by no observable
growth on plate count agar after 18–24 h of incubation).
The mixture was inoculated with 10 mL of 108 cells/mL
of the mixture of the lactic acid bacteria suspension and
allowed to ferment. The starter organisms and potassium
sorbate were not added to control trial for spontaneous
fermentation. Samples were withdrawn at 12-h intervals,
wrapped in aluminum foil and dried at 60 °C for 8 h and
analyzed for proximate composition and in vitro starch/
protein digestibility at periods of 0, 12, 24, 36 and 48 h.
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Proximate analysis

Moisture, ash, protein, lipids, fiber and carbohydrate contents were determined according to AOAC [13] methods.
In vitro starch and protein digestibility (IVSD)

In vitro starch digestibility (IVSD) was determined
according to the method described by Singh et al. [6].
The in vitro protein digestibility of the samples was
determined by enzymatic method of Monjula and John
[14].
Enumeration, isolation and identification
of microorganisms

The method of Ogodo et al. [15] was used for the enumeration and isolation of microorganisms with slight
modification. A tenfold serial dilution of homogenized
1.0 g of sample in 9.0 mL of peptone water was prepared and 0.1 mL from 1
 0−5 dilution factor was transferred to plate count agar (PCA) (Oxoid), MacConkey
agar (MA) (Oxoid), deMan Rogosa and Sharpe agar
(MRS) (Oxoid) and Sabouraud Dextrose agar (SDA)
(Oxoid) for enumeration of total viable count (TVB),
total coliform count (TCC), total lactic acid bacteria
count (TLBC) and total fungal counts (TFC), respectively. The cultured plates were incubated at room
temperature for 24 h and then counted. Pure cultures
were obtained by successive streaking on fresh nutrient
medium and subsequently identified [16–19]. The fungi
were identified based on their physiological, morphological and biochemical characteristics and with reference to the methods described by [20–22].
Statistical analysis

The analyses were conducted in triplicate and the mean
data ± SD (standard deviation) were reported. Analysis
of variance (ANOVA) for repeated measurements was
used to analyze the data. The parameters analyzed were
compared between natural fermentation, LAB consortium from maize fermentation and LAB consortium
from sorghum fermentation using statistical package
for the social sciences (SPSS) version 20.0 software.
Significance was accepted at p ≤ 0.05.

Results
Table 1 presents the effect of LAB consortium fermentation on the proximate composition of the sorghum
flour. Moisture, ash and protein contents increased
with increasing fermentation time and ranged from
9.84 ± 0.04 to 11.18 ± 0.04%, 1.42 ± 0.04 to 2.21 ± 0.03%
and 10.39 ± 0.27 to 13.97 ± 0.87%, respectively. The
highest increases were observed at LAB consortium
from maize-fermented and LAB consortium from
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sorghum-fermented samples. The lipid, fiber and carbohydrate contents decreased with fermentation
ranging from 3.42 ± 0.03 to 3.08 ± 0.02%, 1.96 ± 0.05
to 0.54 ± 0.04% and 72.97 ± 0.12 to 69.14 ± 0.96%,
respectively.
Figure 1 presented the effect of fermentation on
the percentage in vitro starch digestibility of the sorghum flour. The result showed a significant increase
in the in vitro starch digestibility as fermentation
time increases and increased from 10.68 ± 0.92 to
49.32 ± 0.58% (naturally fermented), 10.68 ± 0.92
to 58.00 ± 0.97% (LAB consortium from maize-fermented) and 10.68 ± 0.92 to 61.04 ± 1.23 (LAB consortium from sorghum-fermented) samples. The changes
in the in vitro starch digestibility differed significantly
(p < 0.05) at all-time intervals. However, the changes in
the in vitro starch digestibility of LAB consortium from
maize-fermented and LAB consortium from sorghumfermented samples did not differ significantly (p > 0.05).
Figure 2 presented the effect of fermentation on the
percentage in vitro protein digestibility of the sorghum
flour which showed a significant increase (p < 0.05) as fermentation time increases and ranged from 63.68 ± 1.46
to 79.89 ± 1.14% (naturally fermented), 63.68 ± 1.46 to
83.72 ± 2.08% (LAB consortium from maize-fermented)
and 63.68 ± 1.46 to 84.28 ± 2.16 (LAB consortium from
sorghum-fermented) samples.
Table 2 presented the effect of fermentation on
the microbial load of sorghum sample under study.
The total viable count (TVC) increased with increasing fermentation and ranged from 5.0 × 108 CFU/g to
1.64 × 109 CFU/g. The total lactic acid bacteria count
(TLBC) increased consistently to 36 h of fermentation and showed a slight decrease at 48 h of fermentation in all the fermentation set-ups and ranged from
4.92 × 108 to 9.0 × 108 CFU/g. Coliform count (TCC) was
only observed at 0 h of the naturally fermented sample
(8.0 × 102 CFU/g) while total fungal count ranged from
0.3 × 101 to 2.81 × 109 CFU/g.
The occurrence of various bacteria and fungi in the
fermented product is presented in Table 3. The predominant organisms isolated belong to lactic acid bacteria
(LAB) group including L. fermentum, L. plantarum, Lactobacillus natensis, L. reuteri, L. rhamnosus, L. brevis,
Lactococcus lactis, Lactobacillus bulgaricus, P. acidilactici
and Leuconostoc species.

Discussion
In the present study, the moisture content showed an
increase as the fermentation time increases and ranged
from 9.84 ± 0.04% (0 h) to 11.18 ± 0.04% (fermented
with LAB consortium from maize). The values obtained
in the present study were higher than 7.52% obtained

Ogodo et al. Chem. Biol. Technol. Agric.

(2019) 6:7

Page 4 of 9

Table 1 Proximate composition (%) of LAB consortium fermented sorghum flour
FT (h) Moisture

Ash

NF
0
12
24
36
48
FT (h)

MF

9.84 ± 0.04a

10.11 ± 0.08

b

10.87 ± 0.05

c,d

10.68 ± 0.15

c

10.98 ± 0.02

e

Protein
NF

0
12
24
36
48

SF

9.84 ± 0.04a
c

10.32 ± 0.01

d

10.94 ± 0.04

d,g

10.98 ± 0.10

h

11.18 ± 0.04
MF

10.39 ± 0.26b

11.07 ± 0.92b,c
c,d

11.74 ± 0.64

d,e

12.53 ± 0.03

e,f

13.28 ± 0.26

NF

9.84 ± 0.04a

c,e

10.28 ± 0.06

11.08 ± 0.88g,c,h
h,d,i

11.63 ± 0.09

i,e,j

13.17 ± 0.83

j,f,k

13.69 ± 0.09

MF
c

10.51 ± 0.06

f,g

f

10.88 ± 0.05

i

g

j

h,i

11.04 ± 0.05

10.39 ± 0.26b

11.12 ± 0.09b,c,l

l,d,m

11.98 ± 0.13

m,e,n
n,f,o

h

10.74 ± 0.02
10.82 ± 0.03

10.90 ± 0.04

10.90 ± 0.02

10.96 ± 0.04

Fiber
NF

13.97 ± 0.87

d

e

10.96 ± 0.03

NF

10.32 ± 0.05b 10.32 ± 0.05b 10.32 ± 0.05b
10.46 ± 0.02

10.88 ± 0.04

13.22 ± 0.78

SF

d,f

SF

10.39 ± 0.26b,g

Fat

MF
1.96 ± 0.05b

d

h

1.28 ± 0.03

e

0.92 ± 0.10

e,f

0.74 ± 0.09

10.40 ± 0.04

e,l

10.68 ± 0.04

f,m

10.92 ± 0.04

10.98 ± 0.04

g,n

3.42 ± 0.04b

b,c

3.34 ± 0.04

c,d

SF

3.42 ± 0.04b,g 3.42 ± 0.04b

3.30 ± 0.02g,h 3.32 ± 0.10b,h,l

c,e

3.26 ± 0.12h,i

e,f

j,k

3.30 ± 0.04
3.24 ± 0.12
3.14 ± 0.01

Carbohydrate

h,j

3.12 ± 0.04

3.28 ± 0.02l,c,i

3.18 ± 0.08e,j,m

3.08 ± 0.02

3.10 ± 0.10m,e,k

72.97 ± 0.12b

72.97 ± 0.12b

SF

1.96 ± 0.05b
1.64 ± 0.04c

c,k

MF

1.58 ± 0.07g
0.98 ± 0.11

i

0.66 ± 0.10

j

0.59 ± 0.03

1.96 ± 0.05b
1.32 ± 0.05k
l

0.84 ± 0.07

m

0.65 ± 0.05

n

0.54 ± 0.04

72.97 ± 0.12b
72.33 ± 0.66c

c,d

71.28 ± 0.16

e

70.55 ± 0.68

e,f

69.94 ± 0.10

72.08 ± 0.09c,g

g,d,h

71.33 ± 0.04

e,i

70.07 ± 0.11

i,f,j

69.36 ± 0.96

72.23 ± 0.11c,k

71.10 ± 0.99k,d,l
69.98 ± 0.18e,m

69.14 ± 0.96m,f,n

FT: fermentation time in hours; NF: naturally fermented; MF: LAB consortium from maize fermented; SF: LAB consortium from sorghum fermented
All values are mean of triplicate determination and expressed as mean ± SD

Values with different superscript on a row of a particular parameter are significantly different (p < 0.05)
Values with different superscript on a column of a particular parameter are significantly different (p < 0.05)

Fig. 1 Effect of LAB consortium fermentation on in vitro starch digestibility of sorghum flours under study at different time intervals. Each point
represents the mean of three independent experiments and error bars indicate ± SE. There are significant differences (p < 0.05) at each successive
time interval when spontaneous fermentation is compared to LAB consortium from maize and LAB consortium from sorghum fermentations,
respectively

by Ogunsakin et al. 23] but consistent with the report of
Ojokoh and Bello [24]. However, the result fell within the
range reported for millet [25]. The increase can be attributed to the addition of water to the substrate prior to

fermentation. Moisture is an important parameter in the
quality and acceptability of flour and flour products, as
it affects the shelf life and microbial growth during storage [26]. The low moisture content obtained in this study
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Fig. 2 Effect of LAB consortium fermentation on in vitro protein digestibility of sorghum flours under study at different time intervals. Each point
represents the mean of three independent experiments and error bars indicate ± SE. There are significant differences (p < 0.05) at each successive
time interval when spontaneous fermentation is compared to LAB consortium from maize and LAB consortium from sorghum fermentations,
respectively

Table 2 Effect of fermentation on the microbial load (CFU/g) of the sorghum flour after natural (N), LAB consortium
from maize (M) and LAB consortium from sorghum (S) fermentation on different media
Time (h)

0
12
24
36
48

PCA (TVC)

MRS (TLBC)

MCA (TCC)

SDA (TFC)

N

M

S

N

M

S

N

1.11 × 109

5.22 × 108

5.00 × 108

5.10 × 106

5.22 × 108

4.92 × 108

8.00 × 102

< 10

< 10

< 10

< 10

< 10

1.64 × 109

9.72 × 108

8.81 × 108

5.84 × 106

8.94 × 108

8.99 × 108

< 10

< 10

< 10

< 10

< 10

< 10

7.96 × 108

< 10

< 10

< 10

1.55 × 109
1.49 × 109
1.04 × 109

7.10 × 108
8.61 × 108
7.80 × 108

7.62 × 108
8.40 × 108
7.60 × 108

5.47 × 106
5.53 × 106
5.55 × 106

6.89 × 108
8.96 × 108
7.88 × 108

7.01 × 108
9.00 × 108

M

S

N

M

S

2.40 × 103

< 10

< 10

2.81 × 103

< 10

< 10

3.20 × 103

< 10

< 10

3.52 × 103

< 10

< 10

3.72 × 103

< 10

< 10

Plate count agar (PCA) was used for total viable count (TVC), de Man Rogosa and Sharpe agar (MRS) used for lactic acid bacteria count (TLBC), MacConkey agar (MCA)
used for total coliform count (TCC) while Sabouraud Dextrose agar (SDA) was used for total fungal count
There was no significant difference (p > 0.05) on the microbial load for each media

is desirable because it will enhance the storability of the
flours [27].
The ash content increased from 1.42 ± 0.04% in the
unfermented sample to 2.21 ± 0.03% in the 48 h fermented with LAB consortium from sorghum. The value
at all the time intervals shows that the variations differ
significantly (p < 0.05). There was significant difference
(p < 0.05) between naturally fermented samples and the
samples fermented with LAB consortium from maize
and LAB consortium from sorghum. However, the variations did not show any significant difference between
LAB consortium from maize- and sorghum-fermented

samples. Yusufu et al. [28] reported 1.50 ± 1.00% ash in
weaning food prepared from sorghum which is slightly
lower than the final fermentation product of the present
study and also agreed with the report of Yagoub et al.
[29]. Ash content increment is an indication of the level
of mineral composition of the substrates [30]. The ash
increment in this study was highest in sample fermented
with LAB consortium from sorghum, followed by sample
fermented with LAB consortium from maize and then
the naturally fermented sample. This finding suggests the
effectiveness of the consortia in improving the mineral
composition of the substrates.
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Table 3 Occurrence of bacteria and fungi isolates
in the fermented flour after natural (N), LAB consortium
from maize (M) and LAB consortium from sorghum (S)
fermentation
S/N

Organisms isolated

1.

Lactobacillus fermentum

2.

Lactobacillus plantarum

3.

Lactobacillus nantensis

4.

Lactobacillus reuteri

5.

Lactobacillus rhamnosus

6.

Lactobacillus brevis

7.

Lactococcus lactis

8.

Lactobacillus bulgaricus

9.

Pediococcus acidilactici

10.

Leuconostoc species

13.

Saccharomyces cerevisiae

Sorghum
N

M

S

+

+

+

−

+

+

+

+

−

−

−

+

−

+

+

+

+

+

−

−

−

−

−

−

+

−

−

+

−

−

+

−

−

+: present, −: absent

In the present study, the fat content is 3.42 ± 0.03%
(0 h) to 3.08 ± 0.02% (48-h LAB consortium from
maize-fermented sample). Comparing values between
the fermentation set-ups shows that LAB consortium
from maize-fermented sample is significantly different
(p < 0.05) when compared with the naturally fermented
but did not differ with the LAB consortium from sorghum-fermented sample, while the LAB consortium
from sorghum-fermented sample did not differ (p > 0.05)
with the naturally fermented sample. The present finding was within the range 3.58–3.91% reported by Afify
et al. [5]. Also, El-Maki et al. [31] reported decrease in fat
content during fermentation of sorghum. The decrease
in the fat composition during fermentation observed in
this study could be attributed to the fact that biochemical and physiological changes that occurred during fermentation require energy and part of the lipids contained
in the samples were utilized for this purpose [32, 33]. It
could also be due to the production of aroma compounds
through the breakdown of fatty acids and glycerol by the
fermenting organisms [24]. Reports indicate that high
fat content triggers rancidity during storage, giving rise
to off flavor [30, 34]. Therefore, fermentation with lactic
acid bacteria consortium could serve as an effective way
of reducing the fat composition of samples. Moreover,
the present report has shown that LAB consortium fermentation is more effective in fat content reduction.
The protein content in this study increased
from 10.39 ± 0.27% in the unfermented sample to
13.94 ± 0.87% in LAB consortium from sorghum-fermented sample. This result is similar to the work of
Afify et al. [5] who reported 11.65–12.46% protein in

raw sorghum samples. The result also agreed with the
report of Johnson et al. [35] that crude protein in whole
sorghum grain ranged from 10.30 to 14.90. Chung et al.
[36] reported that protein content of sorghum varies
from 11.23 to 13.42. The increase in protein content
with fermentation is consistent with the work of Adegbehingbe [27] and fall within the range of 9.1–12.7%
reported by Yagoub et al. [29]. Abdelseed et al. [37] also
reported increase in protein content of sorghum after
fermentation. This increase could be attributed to the
activities and increase in the number of fermenting
microorganisms [38, 39]. It can also be due to proteolytic enzymes produced by the fermenting organisms
[25, 40] or the organisms may have produced proteins
from the substrates leading to increased amino acids
[41]. The highest increase in the protein content was
observed in 48-h LAB consortium from sorghum-fermented samples, followed by 48-h LAB-consortium
from maize-fermented sample and then 48-h naturally
fermented sample. The present report has demonstrated the more effectiveness of the LAB consortium
from sorghum and LAB consortium from maize in
improving the palatability and texture of the final product [30].
The fiber content of sorghum flour in this study
decreased from 1.96 ± 0.05 to 0.54 ± 0.04%. The decrease
differed significantly (p < 0.05) when LAB consortium
from sorghum-fermented sample is compared to LAB
consortium from maize-fermented and naturally fermented samples. This observation is consistent with
the report of Adegbehingbe [27] and compared favourably with the work of Alemu [42] and Ojokoh and Bello
[24]. The general decrease in the fiber content could be
due to the ability of the fermenting organisms to break
down some components of the fiber or can be due to the
enzymatic breakdown of the fiber during fermentation by
lactic acid [24]. The highest decrease in fiber content was
observed in LAB consortium from sorghum-fermented
sample, followed by LAB consortium from maize-fermented sample, and then naturally fermented sample.
The present investigation has also shown the effectiveness of the LAB consortia from maize and sorghum in
metabolizing the fiber more than natural fermentation.
The carbohydrate composition in this study decreased
with increasing fermentation time. The variations do not
differ significantly (p > 0.05) when compared between
LAB consortium from sorghum-fermented, LAB consortium from maize-fermented and naturally fermented
sample. The result in this study falls within the range
70–80% reported by Yagoub et al. [29] and also agreed
with the work that reported reduction in carbohydrate
after fermentation [24]. This could be due to the fact that
lactic acid bacteria utilize some of the sugars for growth
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and other metabolic activities. The decrease in carbohydrate content could be due to hydrolyses of starch by
amylases produced by LAB. Moreover, Roger et al. [43]
indicated that LAB from maize has strong amylolytic
activity.
The in vitro starch digestibility (IVSD) of the samples
in the present study was lowest in the natural fermentation. This could be attributed to the restriction of starch
caused by the endosperm protein as reported by Singh
et al. [6]. Fermentation resulted in significant increase
(p < 0.05) in the IVSD of the flour. This is in agreement
with a previous report for sorghum, maize and millet
with increasing fermentation time [6] which could be
attributed to the role of fermentation in making starch
more accessible to the digestive enzymes [6, 44].
In the present study, fermentation was found to cause
significant increase (p < 0.05) in the in vitro protein
digestibility of the flour. The changes in LAB consortium from maize-fermented and LAB consortium from
sorghum-fermented samples do not differ significantly.
The starter organisms may have produced proteolytic
enzymes which could be responsible for the increased
protein digestibility [6]. This result also agrees with other
reports on maize cultivars [45] which were attributed
to the partial degradation of storage proteins into simple and more soluble products. Also, the reduction in
pH during fermentation which plays an important role
in enhancing the proteolytic enzyme activity may have
contributed, and in turn leads, to the breakdown of proteins into smaller polypeptides and amino acids which
are easily digested [6]. The highest starch/protein digestibility was observed in samples fermented with the LAB
consortia while the naturally fermented. This shows that
LAB consortia fermentation is more effective in improving the IVSD and IVPD of the sample more than the naturally fermented and the unfermented sample.
In the present study, the total viable count and total
lactic acid bacteria count increased consistently with fermentation. This is an indication that the organisms were
able to grow utilizing the substrates. Coliform count was
only observed at 0 h of the naturally fermented sample.
Fungi were only observed at the naturally fermented
samples. The low pH and increased population of LAB
may have been the cause of the absence of coliform in the
present study or production of antimicrobial substances
other contaminating organisms [46].
The predominant organisms isolated from the present
study belong to lactic acid bacteria (LAB) group and the
yeast Saccharomyces cerevisiae. This showed the ability of
the starter organisms to dominate the substrates. Similar
organisms have been reported by Ojokoh and Bello [23]
millet and soya-bean blend flours.
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Conclusion
The proximate properties, in vitro protein and starch
digestibility of maize and sorghum in the present study
improved significantly (p < 0.05) after natural, LAB consortium from maize and LAB consortium from sorghum
fermentation. The highest improvement was observed in
the samples fermented with the LAB consortia in all the
parameters analyzed except moisture. The LAB consortium from maize-fermented and LAB consortium from
sorghum-fermented samples did not differ significantly in
most of the parameters analyzed. This suggests effectiveness of lactic acid bacteria consortium in improving the
nutritional qualities as well as in vitro starch digestibility
and in vitro protein digestibility of the sample more than
the naturally fermented and the unfermented sample.
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