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Astract

Lactobacillus brevis and Sacchromyces cerevisiae were isolated and identified from local yoghurt ‘Kindirmo’ and palm
wine respectively. Single starter culture of Lactobacillus brevis, Sacchromyces cerevisiae and their combination were
used during fermentation of millet gruel. The pH, temperature, titrable acidity, proximate composition and sensory
evaluation of the gruel samples were analyzed during the 72hrs fermentation period. Lactobacillus brevis as starter culture
exhibited the highest acid producing ability in the millet gruel, decreasing the pH of the gruel from 5.26+0.00 to 5.00+0.00
for millet gruel, with corresponding increase in the titrable acidity (TTA) from 0.03+£0.00 to 0.60+0.00 for millet gruel
during 72hr fermentation period. The effected changes in pH by Sacchromyces cerevisiae when used as starter culture
ranged respectively from 5.26+0.00 to 5.4+0.00 for millet gruel and titrable acidity of 0.0340.00 to 0.5940.00 for millet
gruel. When using combined starter cultures of L.brevis and S. cerevisiae the pH was5.26+0.00 to 5.07+0.00 and TTA of
0.05+0.00 to 0.18+0.00 for the millet gruel. The protein content ranged between 4.39+0.00 to 4.00+0.00 for millet gruel
sample produced with the combined starter cultures of L.brevis and S.cerevisiae. 4.39+0.00 to 3.00+0.00 for millet gruel
produced with L. brevis only. The protein, moisture, fat, carbohydrate content decreased during the fermentation period
and increase in Ash and fiber content was observed. Sensory evaluation of the gruel using different starter cultures
indicated the judges preferred the gruel Millet treated with both Lactobacillus brevis and Sacchromyces cerevisiae. It can
be concluded that using both organisms in the fermentation of the gruel samples gave better organoleptic properties.
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1. INTRODUCTION

Fermentation is a process that helps break down
large organic molecules via the action of
microorganisms into simpler ones. For example,
yeast enzymes convert sugars and starches into
alcohol, while proteins are converted to
peptides/amino acids. The microbial or
enzymatic actions on food ingredients tend to
ferment food, leading to desirable biochemical
changes responsible for the significant
modification to the food. Fermentation is a
natural way of improving vitamins, essential
amino acids, anti-nutrients, proteins, food
appearance, flavors and enhanced aroma.
Fermentation also helps in the reduction of the
energy needed for cooking as well as making a
safer product (Nkhata et al; 2018 Xiang et al
2019). Therefore, microorganisms’ activity
plays a significant role in the fermentation of
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foods by showing changes in the foods’
chemical and physical properties. Fermented
foods have several advantages (Melini et al;
2019, Sanlier et al; 2019)

Fermentation is one of the oldest food
preparation methods considered as safe and
acceptable for improving the quality and safety
of foods. Traditional fermentation technologies
were based on a natural process whereby wet
foodstuff undergoes microbial degradation and
when the food is edible it was termed fermented
where it was not considered as spoiled (Lee,
2009). Over the years, the fermentation process
has developed such that organic substrates are
now being converted into more desirable
substances through the action of enzymes or
microorganisms under controlled conditions to
achieve several specific important functions.
Cereals are the major sources of energy and
protein in the diets of most Africans. There are
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various types of cereal which includes maize
(Zea mays), sorghum (Sorghum vulgare) and
millet (Perinisetum specatum).

Millets have excellent nutritional quality and are
comparable to some commonly consumed
cereals like wheat and rice (Ragaee ef al., 2000).
It also offers several health benefits to
consumers. These crops lack gluten and hence
can be consumed by people suffering from
celiac disease (Gabrovska et al., 2002). Millet
consumption can also lower glycemic response,
which can be helpful for the treatment of type II
diabetes (Choi et al., 2005). Inclusion of millet
in the human diet can also lower the risk of
duodenal wulcers, anemia and constipation
(Jayaraj et al., 1980; Nambiar et al., 2011). For
patients suffering from allergic diseases such as
atopic dermatitis, Japanese barnyard millet
grains have been recommended to replace rice
and wheat grains (Watanabe 1999). Dietary
fibre content in pearl and finger millet was
found to be higher than that in sorghum, wheat
and rice (Kamath and Belavady 1980). Millets
are also rich in phenolic acid and have high
antioxidant activity (Chandrashekhar and
Shahidi 2010). They are valuable sources of
some essential minerals such as potassium,
magnesium, calcium, iron and zinc (Ravindran
1991).

Gruel is a traditional lactic acid fermented
starchy meal, made from cereals such as maize
(Zea mays), millet (Perinisetum specatum) or
sorghum (Sorghum vulgare). Akingbala et al.,
(1981) ; Teniola and Odunfa, 2001; Sanni et al.,
2002). The porridge forms an integral part of the
adult main meal in most African countries and
plays a vital role in the nutrition of infants and
young children as complementary food.

Gruel is a light usually thin, cooked cereal made
by boiling meal, especially oatmeal, in water or
milk the main forms of gruel include rice gruel,
flour gruel and millet gruel. Though, its actual
medical use is not proven, the importance of
gruel as a form of sustenance has historically
been considered for the sick and recently
weaned children (Maguelonne, 2009). AIM
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2. MATERIALS AND METHODS

This study was carried out at the Department of
Microbiology, Bayero university kano. The
grain millet used for this research was obtained
from Dawanau market, Kano State, Nigeria. The
grains were brought into the laboratory in clean
polyethylene nylons for immediate use. The
seeds were carefully freed from foreign
materials as well as broken and shrunken seeds.
Laboratory preparation of Millet gruel
Using the method of john (2008). The grains
were sterilized using 1% sodium hypochlorite
for 10minutes, it was then drained out and
washed sing sterile distilled water 3 times and
steeped in sterile distilled water for 1 day.
After steeping for 1 day it was then wet milled
and sieved to remove bran (Teniola and odunfa
2002). The fermentation was then set up by
mixing the slurry with 1ml of the standardized
inocula in a plastic container. It will be possible
to visualize some changes like air bubbles from
the metabolic activities of some of the
fermented microorganisms in the fermentation
process (patience, 2013). It was then kept in a
sterilized safety cabinet for 3 days of
fermentation.

Assessment of fermentation

The extent of fermentation under the various
conditions was assessed (Oyewola and Odunfa,
1988). The fermenting medium was assessed at
Ohr and then at 12hr interval for 3 days. The
parameters used for the assessment include
physiochemical, Sensory evaluation and
proximate analysis.

Determination of physiochemical parameters
during fermentation

Determination of pH

A pH meter was used for this purpose. It was
used to measure the acidity and alkalinity of the
gruel Samples. The electrode was rinsed with
distilled water and immersed into the samples.
The pH of the suspension was measured using
pH meter at 0, 24, 48 and 72hrs (AOAC, 2002).
All analyses were carried out in triplicate.
Determination of temperature

The temperature was determined by inserting a
sterile thermometer into each of the samples at
0, 24, 48 and 72hrs of fermentation. The
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mercury-in-glass  thermometer was used
(AOAC, 2000). All analyses were carried out in
triplicate.

Determination of proximate composition
The method of AOAC (1990) was used for the
determination of protein, fat, moisture, Ash,
crude fiber and Carbohydrate of each of the
samples before and during the fermentation at 0,
24, 48 and 72 hours interval. All analyses were
carried out in triplicate

Total Titrable Acidity (TTA)

The TTA of fermenting medium (expressed as
percentage lactic acid) was determined
according to Amoa - Awua et al., (2006) by
titrating 10ml of the decanted homogenate
samples used against 0.1 NaOH using a drop of
phenolphthalein as indicator before and during
the fermentation period.

Total LAB count during fermentation

The total mean of LAB specie during
fermentation was obtain using pour plate
technique by serial dilution using MRS agar. It
was obtained four times during fermentation and
storage. The isolate obtained where further
identified using biochemical technique.
Sensory Evaluation

The sensory evaluation of gruel samples were
carried out to determine the acceptability of the
product. The product (gruel) was subjected to
organoleptic assessment by a 5 member panel of
each of millet and sorghum gruel. Each panelist
was requested to taste the sample one after the
other and to indicate the degree of likeness or
preference for the sample on the questionnaire
provided (David, 2005).

3. RESULTS AND DISCUSSION

Table 1 and 2 shows the biochemical
characteristics and sugar fermentation of
bacteria isolated from local yoghurt (kindirmo)
and fungal isolate from palm wine. They were
Lactobacillus  brevis and  Sacchromyces
cerevisiae. Similar results were reported by W.
Dib et al, (2014), Who isolate Lactobacillus
brevis from local yoghurt kindirmo and
Nwakanma et al, (2015) who isolated
Sacchromyces cerevisiae from palm wine in
some towns in Enugu.
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Table 3 shows the pH, Temperature and titrable
acidity of the isolate at 24hr during the
fermentation period. The pH and titrable acidity
were 5.264+0.00 and 0.03+0.00 for millet gruel
respectively. After 72 hours, Significant
decreased and corresponding increase in pH and
titrable acidity in millet gruel samples were
observed, which could be attributed to the
activity of Lactobacillusbrevis producing acid
primarily lactic acid which is in line with
findings of Odunfa (1985 ) and Sanni (1988).
The fermentation is characterized by reduction
in pH and its corresponding increases in
titratable acidity to improve the safety of the
product and also give it better antimicrobial
properties. Decrease in pH was as a result of
increased hydrogen ion content, probably due to
the microbial activity on the carbohydrate and
other food nutrients to produce organic acids.
This agrees with the reports of Adeyemi and
Umar (1994) Ogunbanwo S T et al., (2013).

Table 4a and 4b shows the proximate
composition of the samples during the
fermentation period. There was decreased in fat
content as the fermentation period progressed
although the decreased is more pronounced in
MS (3.90-1.87). Probably due to the fact that
cereal grains are in general low in fat content.
The result are in agreement with the findings of
Kazanas and fields (1981) Nutritional
improvement of millet and sorghum
fermentation. Decreased in carbohydrate is less
pronounced in MM (44.00) is due to utilization
of glucose by the microorganisms. Similar result
has been reported for sorghum (El-Tinay et al.,
1979; Kazanas and fields, 1981; Chavan et al.,
1988). Changes in carbohydrates (lactose) may
be attributed to breakdown of carbohydrate into
fermentable sugars by the fermenting
microorganisms and their enzymes. There was
decreased in moisture content in millet gruel
samples. Different factors affect moisture
content of food products. The variation in
moisture content might be attributed to
treatments, which caused changes in other
nutrient contents. The protein content was found
to decreased as the fermentation period
progressed .The decreased is less pronounced in
M and MS (4.39-4.27), Sample ML, MM, are in
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the same range (3.00-3.90).The decreased is due
to fermentation. El-hag et al., (2002) also
reported a decreased in protein in fermented
pearl millet. The protein content was found to
decreased as the fermentation period progressed
.The decreased is more remarkable in M and MS
(4.39-4.27), Sample ML, MM, are in the same
range (3.00-3.90).The decreased is due to
fermentation. El-hag et al., (2002) also reported
a decreased in protein in fermented pearl millet.
The crude fiber content increased as the
fermentation period progressed.

Table 5 Present the counts of isolates on MRS,
Which considered to be lactic acid bacteria. The
mean counts ranged between (10.24+0.21 -
5.54+0.01) for millet gruel. Which is in close
agreement with the finding of Okoronkwo
(2014) Isolation and characterization of lactic
acid bacteria involved in fermentation of millet

and sorghum sold in Nkwo-Achara market,
Abia state. Who reported the LAB count
between 11.5-5.75 in millet gruel.

Table 6 presents the mean of overall
acceptability of millet gruel using Lactobacillus
brevis, Saccharomyces cerevisiae and mixture
of the organisms at different intervals. It could
be observed that from the results a significant
decrease in overall acceptability in all samples
at the end of fermentation (72 hours). At 24
hours, the overall acceptability of samples M,
ML, MS and MM, were 7.8+£0.2, 7.4+0.2,
5.6£0.4, 6.6£0.6 respectively. All the samples
received likeness by the panelist at 24-48 hours
with the exception of MS which has 80%
likeness. Highest score (7.8+0.2) was recorded
in Untreated millet gruel (M) at the end of 72
hours.

Table 1: Morphological and biochemical characterization of Lactobacillus brevis and Sacchromyces cerevisiae
Microscopic observation/biochemical test Characteristics

Colony morphology Cream large clear colonies Cream, flat, smooth and moist
Cell morphology rod-shaped globular shaped
Gram reaction + +
Catalase test + -
Endospore staining - -
Germ tube test - +
Urease test + -
Lactobacillus brevis Sacchromyces cerevisiae
S/N
1. Glucose +
2. Glycerol -
3 Calcium 2-keto-gluconate -
4 Arabinose -
5 Xylose -
6 Adonitol -
7 Xylitol -
8 Galactose +
9 Inositol -
10 Sorbitol -
11 Methyl D-glucopyranoside +
12 N-acetyl-glucosamine -
13 Cellobiose -
14 Lactose -
15 Maltose +
16 Saccharose +
17 Trehalose +
18 Melezitose +
19 Raffinose +
20 Identified isolate S.cerevisiae
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Table 2: Sugar fermentation pattern of the isolate (API 50)

S/

N

1 Glycerol -
2 Erythritol -
3 D-Arabinose -
4 L-Arabinose +
5 Ribose +
6  D-Xylose +
7  L-Xylose -
8 Adonitol -
9 B-Methyl-xyloside -
10  Galactose +
11 D-Glucose +
12 D-Fructose +
13 D-Mannose +
14 L-Sorbose -
15 Rhamnose -
16  Dulcitol -
17  Inositol -
18 Mannitol +
19  Sorbitol -
20  oMethyl Mannoside -
21  o-Methyl-D-Glucoside -
22 N-Acetylglucosamine +
23 Amygdaline +
24 Arbutine +
25 Esculine +
26  Salicine +
27 Cellobiose +
28 Maltose +
29 Lactose +
30 Melibiose +
31 Saccharose +
32  Trehalose +
33  Inulin +
34 Melezitose -
35 D-Raffinose +
36 Amidon -
37 Glycogene -
38 Xylitol -
39  B-Gentiobiose +
40 D-Turanose -
41 D-Lyxose -
42  D-Tagatose -
43 D-Fucose -
44  L-Fucose -
45  D-Arabitol +
46  L-Arabitol -
47  Gluconate +
48 2 keto-gluconate -
49 5 keto-gluconate -

Identified isolates Lb .
brevis
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Fig. 1. Electrophoretograms showing the amplicons of a) Lactobacillus brevis and b)
Saccharomyces cerevisiae isolates.
Key: M = ladder, -ve = negative, LB = L.brevis and SC = S§. cerevisiae amplicon .

Table 3: Changes in Temperature, PH and Titratable acidity during fermentation of millet at 24hr intervals.

Parameter Time M ML MS MM Analysis
Temp (Hr)

0 30+0.00 30+0.00 30+0.00 30+0.00

24 30+0.00 30+0.00 31+0.00 30+0.00

48 30+0.00 30+0.00 30+0.00 31+0.00

72 30+0.00 29+0.00 29+0.00 29+0.00 NSD
pH

0 5.26:0.00 5.26:0.00 5.26+0.00 5.26+0.00

24 5.16£0.00 5.15+0.00 5.4+0.00 5.41£0.01

48 5.13+0.00 5.03+0.00 5.4+0.00 5.4+0.00

72 5.12+0.00 5.00+0.00 5.4+0.00 5.07+0.00 SD
TTA

0 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00

24 0.48+0.00 0.53+0.00 0.47+0.00 0.48+0.00

48 0.59+0.00 0.59+0.00 0.50+0.00 0.59+0.00

72 0.65+0.00 0.60+0.00 0.53+0.00 0.59+0.00 NSD

KEY: M=Untreated (Control), ML= Millet gruel with Lactobacillus brevis, MS= Millet gruel with Sacchromyces cerevisiae,
MM=Millet gruel with mixture of L. brevis and S. cerevisiae, SD = Significant Difference and NSD = Not significant Difference

Table 4a: Change in Ash, Carbohydrates and fat contents during fermentation of millet gruel at 24hrs intervals

Parameters (%) Time (hrs) M ML MS MM analysis
Ash content 0 0.13+0.00 0.13+0.00 0.13+0.00 0.13+0.00

24 0.1520.00 0.18+0.00 0.27+0.00 0.18+0.00

48 0.29+0.00 0.08+0.00 0.27+0.00 0.1940.00

72 0.34+0.00 0.09+0.00 0.20+0.00 0.18+0.00 SD
C/content 0 45.90+0.00 45.90+0.00 45.90+0.00 45.90+0.00

24 41.07+0.00 48.51+0.00 47.50+0.00 48.90+0.00

48 41.00+0.00 43.02+0.00 49.00+0.00 41.30+0.00

72 43.30+0.00 44.29+0.00 49.35+0.00 44.00+0.00 NSD
Fat content 0 3.90+0.00 3.90+0.00 3.90+0.00 3.90+0.00
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24 1.15+0.00 1.66+0.00 1.07+0.00 1.29+0.00
48 2.18+0.00 2.26+0.00 1.57+0.00 2.92+0.00
72 2.09+0.00 2.52+0.00 1.87+0.00 2.80+0.00 SD

KEY: M=Untreated (Control), ML= Millet gruel with Lactobacillus brevis, MS= Millet gruel with Sacchromyces cerevisiae, MM=
Millet gruel with mixture of L. brevis and S. cerevisiae, SD = Significant Difference and NSD = Not significant Difference

Table 4b: the change in moisture, crude fiber and crude protein contents of millet gruel at 24hours interval

Parameters (%) Time (hrs) M ML MS MM Analysis
Moisture 0 42.13+0.00 42.13£0.00  42.13£0.00  42.13+0.00
Content 24 41.48+0.00 38.93+0.00  40.25+0.00  40.75+0.00

48 42.45+0.00 39.80+0.00 39.81+0.00  40.08+0.00

72 41.07+0.00 39.18+0.00 39.89+0.00 39.00+0.00 SD
Fiber content 0 3.57+0.00 3.57+0.00 3.57+0.00 3.57+0.00

24 3.76:0.00 6.50+0.00 7.21£0.00 5.02+0.00

48 9.83+0.00 10.87+0.00 5.69+0.00 11.34+0.00

72 9.00+0.00 10.89+0.00 4.61+0.00 10.00+0.00 SD
Crude protein 0 4.39+0.00 4.39+0.00 4.39+0.00 4.39+0.00

24 4.39+0.00 4.21£0.00 3.71£0.00 3.79+0.00

48 4.29+0.00 3.99+0.00 4.0140.00 4.16+0.00

72 4.27+0.00 3.00+0.00 4.274+0.00 4.00+0.00 SD

KEY: M=Untreated (Control), ML= Millet gruel with Lactobacillus brevis, MS= Millet gruel with Sacchromyces cerevisiae, MM=
Millet gruel with mixture of L. brevis and S. cerevisiae, and SD = Significant Difference.

Table 5: Changes in LAB count during the fermentation of gruel

Time(days) M ML MS MM Analysis
0 10.24+0.21 10.24+0.21 10.24+0.21 10.24+0.21
24 6.58+0.00 6.59+0.00 6.31+0.14 6.25+0.00
48 5.60+0.01 6.38+0.00 6.08+0.00 6.17+0.01
72 5.54+0.01 6.25+0.00 6.00+0.00 6.04+0.01 NSD

KEY: M=Untreated (Control), ML= Millet gruel with Lactobacillus brevis, MS= Millet gruel with Sacchromyces cerevisiae, MM=
Millet gruel with mixture of L. brevis and S. cerevisiae and NSD = Not significant Difference

Table 6: The mean sensory scores (overall acceptability) of millet gruel and using Lactobacillus brevis,
Sacchromyces cerevisiae and mixture of the two organisms at different storage interval.

Hour M ML MS MM Analysis
0 8.2+0.8(80) 8.2+0.8(80) 8.24+0.8(80) 8.2+0.8(80)
24 7.8+0.2(80) 6.8+0.2(80) 7.4+0.4(100) 6.4+0.6(80)
48 7.0+0.4(100) 8.2+0.2(100) 6.0£0.3(60) 8.4+0.2(100)
72 4.8+0.2(100) 4.2+0.2(100) 3.240.2(100) 4.4+0.2(100) NSD

Key: M=Untreated (Control), ML= Millet gruel with lactobacillus brevis, MS= Millet gruel with S. cerevisiae, MM= Millet gruel with
mixture of L. brevis and S. cerevisiae, figures enclosed in bracket represented the percentage of likeness/dislikeness and NSD = Not
Significant difference.

4. CONCLUSION
In the present study, the isolation of
Lactobacillus  brevis from kindrmo and

Sacchromyces cerevisiae from palm wine was
carried out. The fermentation of millet gruel was
characterized by a decrease in the pH from 6.84
to 5.00 and the corresponding increase in the
titrable acidity from 0.03 to 0.60 which was
observed throughout the period of fermentation.
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There was decrease in moisture content in millet
gruel samples from 42.13- 39.00, carbohydrate
content decreases in all the gruel samples from
46.15 to 43.25, fat content decreases from 3.90
to 0.26, protein contents decreased from 6.06 to
3.00 during the fermentation period, with
increase recorded in ash content from 0.48 to
0.70 and crude fiber content also increase from
3.57 to 10.89. The sensory properties of the
gruel using different starter cultures indicated
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the judges preferred both millet and sorghum
gruels treated with both Lactobacillus brevis
and Sacchromyces cerevisiae throughout the
fermentation period.

Recommendations

1. There is a need for further studies on the
usage of different starter cultures, both singly or
in combination with different densities, for
traditional fermented foods, with a view to
improve the shelf life, nutritional values and
safety of fermented foods.

2. There is a need to optimize a standard
modification in the fermentation process such as
steeping time and milling time

5. REFERENCES

[1] Achi, OK. Microbiology of ‘Obiolor’ Nigerian
fermented non — alcoholic beverages. Journal of
Applied Bacteriology 1990; 69: 321-325.

Agarray OO, Nkama I, Akoma O. Production of
Kunni zaki (A Nigerian fermented cereal beverage)
using starter culture. International Research Journal
of Microbiology 2010; 1(2): 018-025.

Amoa-Awua, W.K., Sampson E. and Tano-Debrah
K. (2006): Growth of yeasts, lactic and acetic acid
bacteria in palm wine during tapping and
fermentation from felled oil palm (Elaeis
guineensis) in Ghana. Journal of Applied
Microbiology, 102 (2):599-606.

AOAC. Official Methods ofAnalysis. 15% Edition,
Association of Official Analytical Chemists
Washington DC; 1990.

Chandrasekara, A., and Shahidi, F. (2010). Content
of insoluble bound phenolics in millets and Their
contribution to antioxidant capacity. Journal of
agricultural and food chemistry, 58(11), 6706-6714.
Chavan, V.D., Chavan, J.K., Kadam, S.S., 1988.
Effect of fermentation on soluble protein and in-
vitro protein digestibility of sorghum, green gram
and sorghum green gram blends. J. Food Sci. 53,
1573-1574.

Choi Y.Y., Osada K., Ito Y., Nagaswa T., Choi
M.R., andNishizawa N. (2005).Effects of Dietary
Protein of Korean foxtail millet on plasma
adiponectin, HDL-cholesterol, and Insulin Levels in
genetically type 2 diabetic mice. Bioscience,
Biotechnol and Biochemistry, 69, 31-37.

Dilip K. Arora, Libero Ajello, K. G. Mukerji,
(1991): Handbook of Applied Mycology: Foods and
Feeds, Volume 3, CRC Press, ISBN 0-8247-8491-X.
EL Hag, M.E., El Tinay, A.H., Yousif, N.E., 2002.
Effect of fermentation and dehulling on starch, total
polyphenols, phytic acid and in vitro digestibility of
pearl millet. Food Chem. 77, 193-196.

[2]

[4]

[5]

(6]

[9]

Available on-line at www.afst.valahia.ro

259

[10] El-Tinay, A.H., Abdel Gadir, A.M., El-Hidi, M.,
1979. Sorghum fermented Kisra bread. 1.
Nutritional value of Kisra. J. Sci. Food Agric. 30,
859-862.

[11] Gabrovska D., Fiedlerova V., Holasova M.,
Maskova E., Smrcinov H., and Rysova J. (2002).
The Nutritional evaluation of underutilized cereals
and buckwheat. Food and Nutritional Bulletin, 23,
246-249.

[12] Halm M, Lillie A, Spreusen AK, Jakobsen
M.Microbiological and aromatic characteristics of

[13] Kamath, M. V., and Belavady, B. (1980).
Unavailable carbohydrates of commonly consumed
Indian foods. Journal of the Science of Food and
Agriculture, 31(2), 194-202.

[14] Kazanas, N., Fields, M.L., 1981. Nutritional

improvement of sorghum by fermentation. J. Food

Sci. 6, 819-821.

Kunene NF, Geornaras I, Von Holy A, Hastings JW.

Characterization and determination of origin of

lactic acid bacteria from a sorghum-based fermented

food by analysis of soluble proteins and amplified
fragment length polymorphism fingerprinting.

Journal of Applied Environmental Microbiology

2000; 66: 1084-1092.

Lee, C.-H. (2009). Food Biotechnology. In:

Campbell-Platt, G. (ed.) Food Science and

Technology. Oxford, UK: Blackwell Publishing Ltd.

Lei, V., and Jakobsen, M. (2004). Microbiological

characterization and probiotic potential of Koko and

Koko Sour Water, African spontaneously fermented

millet porridge and drink. Journal of applied

microbiology, 96(2), 384-397.

[18] Maguelonne Toussaint —Samat, Anthea Bell, tr. The
History of food, revised ed 2009. P. 161.

[19] Melini, F.; Melini, V.; Luziatelli, F.; Ficca, A.G.;

Ruzzi, M. Health-promoting components in

fermented foods: An up-to-date systematic review.

Nutrients 2019, 11, 1189. [CrossRef] [PubMed]

Mugula JK, Narvhus JA and Sorhaug T (2002). Use

of starter cultures of lactic bacteria and yeasts in the

preparation of togwa, a Tanzanian fermented food.

Dept of food science, Agriculture university of

Norway,PO box 5036,N-1432 Norway.

Mugula, J. K., Narvhus, J. A. and Sorhaug, T.

(2003). Use of starter cultures of lactic Acid Bacteria

and yeasts in the production of Togwa, a Tanzanian

fermented food. International journal of food

microbiology, 83, 307-318.

Muyanja CMBK, Narvhus J A, Treimo J, Langsrud

T (2003). Isolation, characterization and

identification of lactic acid bacteria from bushera: a

Ugandan traditional fermented beverage. Int J Food

Microbiol 80:201-210

Muyanja, C. M. B. K., Narvhus, J. A., Treimo, J. and

Langsrud, T. (2003).Isolation, characterization and

identification of lactic acid bacteria from Obushera:

A Ugandan traditional fermented beverage.

[15]

[16]

[17]

[22]

Volume 23, Issue 2, 2022


http://www.afst.valahia.ro/

Annals. Food Science and Technology

afst_

2022 AAAN
International Journal of Food Microbiology, 80, [30] Oyewole, O.B., and Odunfa, S.A (1990).
201-210. Characterization and distribution of lactic acid

[24] Nambiar V.S., Dhaduk J.J., Sareen N., Shahu T., and bacteria in cassava fermentation during fufu
Desai R. (2011). Potential Functional Implications production. J. Appl. Bacteriol. 68:145-150.
of Pearl millet (Pennisetumglaucum) in Health and [31] Ragee S, Abdel-Aal Em, Noaman
Disease. Journal of Applied Pharmaceutical M.2006.Antioxidant  activity = and  nutrient
Science. 1(10), 62-67. composition of selected cereals for food use. Food

[25] Nambiar V.S., Dhaduk J.J., Sareen N., Shahu T., and chem 98(1) ; 32-8.

Desai R. (2011). Potential Functional Implications [32] Sanlier, N.; Gokcen, B.B.; Sezgin, A.C. Health
of Pearl millet (Pennisetumglaucum) in Health and benefits of fermented foods. Crit. Rev. Food Sci.
Disease. Journal of Applied Pharmaceutical Nutr. 2019, 59, 506-527. [CrossRef] [PubMed]

Science. 1(10), 62-67. [33] Sanni, A. 1., 2002). Microbiological evaluation of

[26] Nkhata, S.G.; Ayua, E.; Kamau, E.H.; Shingiro, J.B. Ghanaian maize dough co-fermented with cowpea.
Fermentation and germination improve nutritional International Journal of Food Science and
value of cereals and legumes through activation of Nutrition, 53, 367-373.
endogenous enzymes. Food Sci. Nutr. 2018, 6, [34] Teniola, O. D. and Odunfa S. A. (2001). The effect
2446-2458. [CrossRef] [PubMed] of processing methods on the levels of Lysine,

[27] Odunfa SA (1985). African fermented foods, vol 2, methionine and general acceptability of ogi.
Wood, B.J.(ed) Elsevier applied science publishers. Processed using starter cultures. [International
London. Jjournal of food microbiology, 63, 1-9.

[28] Odunfa SA, Adeyele S. Microbiological changes [35] Watanabe M. 1999. Antioxidative phenolic
during the traditional production of ogi-baba, compounds from Japanese barnyard millet
fermented maize dough for kenkey production (Echinochloa utilis ) grains. J Agric food chem
inGhana.  International  Journal of Food 47(11): 4500-5
Microbiology 1993; 19: 135-143. [36] West African fermented sorghum gruel. Cereal

[29] Olsen A, Halm M, Jakobsen M. The antimicrobial Science 1985; 3: 173-180.
activity of lactic acid bacteria from fermented maize [37] Xiang, H.; Sun-Waterhouse, D.; Waterhouse, G.I.;
(kenkey) and their interaction during fermentation. Cui, C.; Ruan, Z. Fermentation-enabled wellness
Journal of Applied Bacteriology 1995; 79 (5): 506— foods: A fresh perspective. Food Sci. Hum. Well.
512 2019, 8, 203-243. (CrossRef)

Available on-line at www.afst.valahia.ro 260 Volume 23, Issue 2, 2022



http://www.afst.valahia.ro/

