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Abstract— An investigation was carried out on the plasmid profile of Lactic acid bacteria (LAB) isolated
from Ogi samples collected randomly from Bodija market, a local market in Ibadan, Oyo State of Nigeria.
Morphological, cultural and physiological characterization was employed to isolate and identify each strain
of Lactic acid bacteria (LAB). Lactobacillus spp namely Lactobacillus jensenii, Lactobacillus acidophilus,
Lactobacillus bulgaricus, Lactobacillus plantarum, Lactobacillus brevis and Lactobacillus casei were
identified. The isolates were inoculated in pasteurized milk to produce Yoghurt (fermented milk product) and
were screened for acetaldehyde production using HPLC model Agilent technologies1200. Plasmid profiling
of each isolate was done and each isolates harbored plasmid bands. Distinct plasmid bands were seen using
the gel electrophoresis of plasmid DNA method. The results shows that acetaldehyde production of the
isolates varied from strain to strain and hence could be used as starter culture for yoghurt production with
market acceptability.
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I INTRODUCTION

Lactic acid bacteria (LAB) are a group of Gram-positive, non-spore forming, anaerobic bacteria which
excrete lactic acid as the main fermentation product into the medium if supplied with suitable carbohydrates.
This biochemical definition is reflected by the fact that lactic acid producing bacteria belong to different genera
including Bifidobacterium, Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Pediococcus and
Streptococcus. In phylogenetic terms, they may be as far apart as in the Actinomyces branch (Bifidobacterium)
and the Clostridium branch (all others) of bacterial evolution (Stackebrandt.,2001). Lactic acid bacteria are
important microorganisms in the body, food and environment of human beings. Some colonize the mouth and
the nasopharyngal mucosa (oral streptococci), the gut and intestine (bifidobacteria, enterococci, some
lactobacilli) and the mucosa of the vagina (specific lactobacilli). In these biotopes, they are apathogenic,
eventually useful, however, their exact functions in the human body are still unclear. A few species of the
streptococci are pathogenic, especially the hemolytic streptococci, others like the enterococci may be pathogens
if they penetrate to unusual places in the body causing for example endocarditis or urinary tract infections. In the
environment, lactic acid bacteria are prominent in spontaneous fermentations of organic matter of animal and
plant origin which contain sufficient levels of mono- and disaccharides. Such spontaneous fermentation
processes which were experienced by mankind as soon as moist organic matter was stored at ambient
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temperatures developed into a series of food and feed preparation biotechnologies still in use in our days
(Teuber et al.,2001).

In Nigeria, there are many fermented foods that are full of lactic acid bacteria, they include, fermented seeds
and fermented cereals like ogi as locally called by the Yoruba tribe in Nigeria. Ogi is a Nigeria name given to a
traditional fermented and often sour starch cake processed exclusively from maize, sorghum, or millet but not
from rice or wheat usually has a smooth texture and is boiled into a porridge called pap before consumption
(Onyekwere et al., 2004). Fermented pap has a mild to strong sour flavour resembling that of yoghurt and a
characteristic aroma which quickly differentiates it from starch and corn flour.

The colour of Ogi depends on that of the cereal used to prepare it — slightly cream for white maize, cream for
yellow maize, light brown for sorghum, and greenish to gray for millet. All of the fermented dairy products are
produced by the use of microorganisms, including lactic acid bacteria (LAB), molds and yeasts. The lactic acid
bacteria are the most important ones among these microorganisms and are normally added to the milk as milk
grown culture also called “Starter Culture”. The starters used in dairy industry can be divided into three groups:
mesophilic, thermophilic and artisanal starter cultures (Beresford et al., 2001). The primary function of starter
lactic acid bacteria is acid production during the fermentation processes (Beresford et al., 2001). In industry,
starter cultures can be defined as strains which produce sufficient acid to reduce pH of the milk to 5.3 in 6h at
300C.

Lactic acid producing fermentation has been known for thousands of years. Many different cultures used this
method of food processing to improve the storage quality, palatability, and nutritive value of perishable foods
such as milk, meat, fish and some vegetables. The micro-organisms that produce lactic acid are the lactic acid
bacteria. In the literature the abbreviation LAB is frequently used. Today lactic acid bacteria are mainly
associated with a group of dairy products such as cheese, yoghurt, kefir, and buttermilk. However lactic acid
bacteria play an important role in bread production, are used in technology of some meat products and
preservation of vegetables.

Lactic acid bacteria have been associated with beneficial health effects. There has been much interest in the
use of various strains of lactic acid bacteria as probiotics, i.e. as viable preparations in foods or dietary
supplements to improve the health of humans and animals. LAB have been used as probiotics to manage
intestinal disorders such as lactose intolerance, acute gastroenteritis, constipation, and inflammatory bowel
disease. The term lactic acid bacteria covers a large group of micro-organisms. The first pure culture of a lactic
acid bacterium was obtained in 1873 and the similarity between milk souring bacteria and other lactic acid-
producing bacteria of other habitats was recognized in the early 1900s. The basis of systematic classification of
LAB was elaborated and published in 1919 by Orla-Jensen.

Although revised to a considerable extent, the main characteristics of classification have remained unchanged.
In the framework of this article, primarily the classification, physiology and industrial use of lactic acid bacteria
will be treated. In addition a short review will be given about health aspects of LAB and some future aspects in
research and product development on lactic acid bacteria.

This study therefore examined the Plasmid profile of Lactic Acid Bacteria isolated from Ogi encolding for
Acetaldehyde in Yoghurt.

I1. MATERIALS AND METHODS
Experimental site
The experiment was carried out at The Main Laboratory of The Department of Science Laboratory
Technology, Ladoke Akintola University of Technology, Ogbomoso, Oyo State, Nigeria

Sample Collection

A total of three (3) non-replicate samples of Nigeria fermented maize gruel were obtained from Bodija, a
local market in Ibadan, Oyo state. They were bought randomly and collected aseptically from different sellers in
the same market and conveyed to the laboratory in sterile polythene bag containing ice packs.
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Sample Preparation

The samples were aseptically weighed and homogenized. From each sample, a 1:10 dilution was
subsequently made using peptone water followed by making a 10 fold serial dilution. 0.1ml from each dilution
was then subculture in duplicate into the De Man, Rogosa and Sharpe Agar used for isolating lactic acid bacteria
and according to the method of Badis-Breard et al., (2009). To prevent the growth of yeasts, the media were
then supplemented with 100mgL of cycloheximide before being incubated at the appropriate temperatures (350
C) for 2-3 days according to the method of Beukes et al., (2001).Colonies were randomly selected and steak
plating was then used to purify the strains which were subsequently kept in two different condition including at
4 C for MRS plates and at -20 C for MRS broths supplemented by 20% glycerol for further use.

Culture Examination
The incubated plates were checked after 24 hours for visible colonies after which the colonies were counted
and expressed as colony forming units per gram (CFU/qg).

Sub-Culturing

Fresh medium was prepared and sterilized at 121°C for 15minutes and allowed to cool and poured
aseptically into sterile petri dishes. The isolates inoculums were sub-cultured on the new plates by streaking in
order to get distinct pure colonies. These were incubated at 37°C for 24hours. After 24hours, the plates were
observed for pure colony.

Culture Preservation
A colony was then picked from the plates, inoculate into a sterile nutrient agar slant, these were then
incubated at 37°C for 24hours. After wards, it was preserved in the refrigerator at 4°C.

Characterization of Isolates

Gram’s Staining

This was carried out by using a sterile wire loop to pick a distinct colony and smeared on the glass slide
containing a drop of distilled water and heat fixed by passing through flame for few seconds. After this, primary
stain methyl violet was applied for 30 seconds. It is then replaced with lugol’s iodine and allowed to act for 30-
60 seconds. It is further rinsed with decolourizer and applied continuously until no more color appears to flow
from the preparation and it is then washed with water. Counter stain was t applied for 3 minutes. It is then
finally rinsed with water, blotted carefully, the slide is viewed under microscope with oil immersion. Purple or
violet color indicates Gram positive bacteria while pink/red color indicates Gram negative bacteria.

Catalase Test

The organisms are tested for the reaction of presence of enzyme of catalase by using 6% concentrated H202
(Hydrogen peroxide) which is done by picking a distinct colony from the cultured plate and smeared on a clean
slide containing a drop of hydrogen peroxide. Evolution of a gas which is indicated by the presence of air
bubbles on the slide indicates a positive reaction. A negative reaction shows no gas or bubbles.

Oxidase Test

Whatman filter paper (No. 1) is placed in a sterile petri dish soaked with some drops of oxidase reagent (1%
aqueous tetra methyl-p phenylenediamine hydrogen chloride). A slide is then used to pick a colony of the
organism and used to touch the oxidase reagent on the filter paper. The development of purple coloration with 5-
19 seconds signified an oxidase positive reaction. A delayed reaction or no color indicates a negative reaction.

Casein Hydrolysis

1% skimmed milk is added to nutrient agar and sterilized. The pour-plate method of inculcation is used to
inoculate the organism on the skimmed milk nutrient agar plate. This is incubated at 300C for 72 hours. Un-
inoculated tubes served as control. A positive result is indicated by growth of the organisms on the nutrient agar
plates which shows that the organisms are able to utilize or hydrolyze casein. A negative result shows no growth.
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Gelatin Hydrolysis

10% gelatin broth is prepared and 5ml each is dispensed into screw capped bottles and sterilized by
autoclaving at 1210C for 10 minutes. After cooling, it is inoculated with the test organisms and incubated for 72
hours at 300C. It is then transferred into the refrigerator and left overnight. Un-inoculated tubes served as
control. A negative result is shown by the gelling of the broth while a positive result did not gel. This shows
whether the organisms are able to utilize/breakdown gelatin or not. By gelling of the broth, it means the gelatin
has not been utilized by the organisms (Harrigan and McCance, 2006).

Methyl Red Test

Glucose phosphate broth is prepared and sterilized and the organisms are inoculated into it after cooling. The
text mixture is incubated for 48 hours after which 2-3 drops of methyl red indicator was added to it. A positive
result is indicated by the production of a bright red color. This test is done to detect if the organism can grow in
a medium containing glucose and phosphate salt only. A negative test show yellow color.

Nitrate Reduction Test

Peptone water was prepared (1%), and potassium nitrate KNO3 is then added to it (to make nitrate peptone
water). It was sterilized and 5ml each is dispensed into screw capped bottles. Durham tubes are also introduced
into the bottles before sterilization. It is then allowed to cool and the test organisms are inoculated into it. Un-
inoculated tubes served as control. It is then incubated for 48hours at 300C. Presence of gas in the Durham tubes
after incubation shows the presence of Nitrogen gas by the isolates. The presence of Nitrate was detected by
adding 0.5ml 0f 0.1% Sulphuric acid in 5N acetic acid to the various screw capped bottles. A positive result is
shown by the development or red coloration as a ring on top of the broth and gas in the Durham tubes. A
negative result remains yellow. The test shows whether the organisms were able to reduce nitrate to nitrogen gas
or not.

VogesProskaleur Test (VP)

Glucose phosphate broth was prepared and sterilized, it is allowed to cool and the organisms were inoculated
into it. 3ml of 5% alcoholic alpha-naphthol solution and 3ml of 40% potassium oxide solution is added to it.
Development of red coloration usually within 5 minutes indicate a positive result, negative result shows yellow
coloration. This test is done to test for the production of acetyl- methyl carbinol from glucose.

Production of Yoghurt

To each of six glass beakers containing 500ml of distilled water was added 200g of Milksi powered milk and
stirred continuously using a sterile spatula till a homogenous solution was formed. The six glass beakers were
covered with aluminum foil and then pasteurized and then cooled to 350C and labeled A-F. Each of the LAB
starter isolates was inoculated in beakers, the pH adjusted to 4.5, labelled A-F and incubated at 350C for six
hours. A commercially procured LAB starter culture (control) was inoculated in beaker G and all the beakers
were incubated at 350C for 6hrs as adapted from Obi et al., (2016). The pH of the fermented milk samples
(yoghurt) was measured with a pH meter with a glass electrode.

Plasmid DNA lIsolation of Lactic Acid Bacteria

600ul of bacteria culture grown in LB medium was added to a 1.5 ml micro-centrifuge tube with 100ul of
7xlysis buffer (blue) and mixed by inverting the tube 4 to 6 times. After addition of 7x lysis buffer the solution
changed from opaque to clear blue indicating complete lysis. Then 350l of cold neutralization buffer (yellow)
was added and the sample turned to yellow when the neutralization was complete forming a yellowish
precipitate. The samples were inverted and agitated two to three times to ensure complete neutralization. The
samples were subjected to centrifugation at 11000 to 16000rpm for two to four minute and the supernatant
(900ul) was transferred into the provided zymo-spin-1IN column. Note, the cell debris pellet disturbance should
be avoided. The column was placed into a collection tube and centrifuged for 15 second, the flow was discarded
through and placed the column was put back into the same collection tube. 200ul of endowash buffer was
added to the column and centrifuged for 30 seconds. It was not necessary to empty the collection tube. 400ul of
zippy wash buffer was added to the column and centrifuge for a minute. The column was transferred into a
clean 1.5 ml micro-centrifuge, and the 30l of zippy elusion buffer was added directly into the column matrix
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and allow to stand for a minute at room temperature, then subjected to centrifugation for 30 seconds to elude the
plasmid there.

Electrophoresis of Plasmid DNA

Plasmid DNA was electrophoresed in 0.8% agarose gel. Eight hundred mg of standard agarose was
dissolved in 100mlof 1 x TAE buffer by boiling. Fifteen | of ethidium bromide (10mg/ml) were added after
cooling the agarose solution to room temperature. After cooling, the agarose solution was poured into the gel
casting stand with combs were placed. After the gel was cooled, the comb was removed gently from the casting
tray, the agarose gel was placed into the electrophoresis tank and 1 X TAE buffer was added until the buffer
cover the gel. 101 of plasmid DNA sample were taken and mixed with 2I of gel loading buffer. After that, the
samples and 3 | of DNA (500mg) molecular weight marker were loaded into the wells. The electrophoresis was
performed for that 60mA. The images on the gel were visualized using photometer in dark documentation room.

I1l.  RESULT AND DISCUSSION

A total of ten (10) organisms were isolated from the fermented yellow maize cereal porridge’s water (locally
called omi-ogi solo), fermented yellow maize cereal porridge (locally called ogi solo) and fermented sorghum
cereal porridge (locally called ogi baba) and were subjected to biochemical tests (targeting the lactic acid
bacteria alone) such as Gram staining, oxidase test, starch hydrolysis, methyl red growth at different pH and so
on. They were identified to be Lactobacillus acidophillus (2), Lactobacillus bulgaricus (1), Lactobacillus casei
(1), Lactobacillus plantarum (3), Lactobacillus brevis (2), Lactobacillus jensenii (1). The total
Enterobacteriacea is shown in Table 1 The result of the biochemical characterization and sugar fermentation of
each isolate is shown in Tables 2 and 3. The distribution of the bacteria isolate in the samples is shown in Table
4 with Lactobacillus plantarum being the most predominant. The highest colony forming unit of 2.5 x106
CFU/g was noted for Ogi baba sample, and 1.8 x103 CFU/mlI for yellow pap.

Plate 1 Show agarose gel electrophoresis of plasmid recovered from Lactobacillus acidophillus, Lactobacillus
bulgaricus, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus brevis,and Lactobacillus jensenii. The
six isolates showed closely related plasmid bands. The production of yoghourt using the isolates as starter
culture in order to quantity the acetaldehyde produced by the starter culture were shown in Plate 2 while Table 5
showed the quantity of acetaldehyde produced in the yoghourt by the starter cultures, it was observed that
Lactobacillus jensenii had the highest acetaldehyde production of 22.62 ng/ul which was the border line of the
permissible limit of 7-22 ng/ul according to NCBI (2020). Furthermore, Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus brevis and Lactobacillus plantarum yoghourts had acetaldehyde quantities of
11.5,12.3, 13.5 and 13.5ng/ul which were within the permissible limit by NCBI (2020).

Lactic acid bacteria were detected in high count in most of the analyzed samples. The presumptive count range
of 25-30 colonies of 10 (1: 100000) on MRS media after 48hrs was recorded, similar results were reported by
(Okoma et al., 2019) which reported the count range of 15-35 colonies of 10 (1:100000) growth of LAB on
MRS media after 48hours of incubation.

The results showed the presence of Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus brevis,
Lactobacillus bulgaricus, Lactobacillus jensenii and Lactobacillus plantarumin ogi. (Okoma et al.,2019) also
reported the presence of LAB such as Lactobacillus fermentum, Lactobacillus rhamnosus, Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus thermophilus Lactobacillus plantarum and Lactobacillus brevis
in ogi.

Different bacteria isolates were discovered in the yellow pap, the yellow pap water harbored Lactobacillus
acidophilus, Lactobacillus bulgaricus, Lactobacillus plantarum and Lactobacillus brevis. The ogi baba indicated
the presence of Lactobacillus jensenii and Lactobacillus plantarum while. ljabadeniyi (2007), in his study
isolated Lactobacillus plantarum, Lactobacillus fermentum and Lactobacillus acidophilus in his research with
ogi.

In this study, the pH of the different yoghurts was between 4.1 and 4.5; this range covered the acidity of
different kind of yoghurt, from very mild to very acidic and also to prevent over — acidification pH (>5),
Okoma et al., (2019) reported the pH of between 3.9 and 4.5 in their study.

The acetaldehyde range of this study for different yoghurts is between 7.92 to 22.62ppm.. Acetaldehyde
production by Lactobacillus spp was observed to vary from strain to strain which is in agreement with the trend
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reported by Ott et al., (2001). Okoma et al., (2019) who reported the acetaldehyde level in their yoghurt ranges
from 7.1 to 21.1 ppm while NCBI reported the normal range of acetaldehyde in yoghurt to be between 7-22 ppm.
Lactobacillus jensenii showed acetaldehyde level of 22.62 which is slightly above the normal range reported,
however if subjected to further hours of incubation, the acetaldehyde level reduces. This shows that the isolate
strains exhibit a great diversity based on the origin and hours of incubation. Furthermore, the results show that

the isolated microorganism used exhibited great differences in acetaldehyde yield.

The result reported from the plasmid profile by Okoma et al.,(2019),Some of the isolates showed similar
plasmid profiles the bands sizes ranges from 3-21.5kb,which is slightly different from the result obtained in our
study which range from 100-300 base pairs. Thus this shows that our strains exhibits a great diversity based on

the origin of the ogi samples.

Table 1: Total Enterobacteriacea count of the samples

Media/ Sample
Yellow pap

Yellow pap water

Ogi baba

TEC (CFU/g)
1.8 x 10°
1.2 x 10°
1.4 x 10°
1.0 x 10°
2.5x10°
1.3 x10°

KEY: TEC: Total Enterobacteriacea Count; CFU: colony forming Unit.

Table 2: Phenotypic characterization of organisms

2
5 =
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Lactobacillus
YP103 + R - - - - - % - R R Lol
Lactobacillus
YP106 + R - - - - - % _ - . . . + + oo
-3 Lactobacillus
YPW10"A + R - - - - - + - - - - - + + olantarum
YPW10°B  + R - - - - - R R } } ) + + Lactobacillus
acidophillus
3 Lactobacillus
YPW10°C + R - - - - - + - - - - - + + brevis
YPW10°%A + R - - - - - % . _ } ) ) + + Lactobacillus
bulgaricus
YPW10°®B  + R - - - - - R R } } ) + + Lactobacillus
acidophillus
-3 Lactobacillus
OBLOA * R ) ) ) ) ) ¥ * jensenii
OB107°B + R - - - - - . . ) } ) + + Lactobacillus
plantarum
0B10°C + R - - - - - _ . i} ) ) + + Lactobacillus
plantarum

KEY: (+) partially reactive, +: reactive, - : not reactive, R: raised, D: delayed reaction
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Table 3: Sugar fermentation pattern of the isolates
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YP103 # - - + + + D D + ; + W ) 3 + Lactpbacnlus
brevis
YP104 - - + + DD D " B n 3 D ) + Lactobacillus
casei
YPW103A + - - + + D - + + _ i ) D ) + Lactobacillus
plantarum
YPWI03B - - + + + + + + + + + + + + 4 Lactobacillus
acidophillus
YPW103C (+) - - + + + D D + - + W - ) + Lactobacillus
brevis
YPW106A - -+ o+ - - - - + + + + + + + Lactobacillus
bulgaricus
YPW106B - - + o+ 4+ o+ o+ + + + + + + + + La_ctoba_CIIIus
acidophillus
OB103A - -+ o+ o+ o+ o+ - - - + + + + + Lactobacillus
jensenii
Lactobacillus
0B103B + - - + + D - + + - + - D - + olantarum
Lactobacillus
0B103C + - - + + D - + + - + - D - + plantarum
KEY: (+) partially reactive, +: reactive, - : not reactive, d: delayed reaction, w: water production
Table 4: Distribution of bacterial isolates in different samples
&
o
o
2 g o
5 3 25 3
2 T T =3
Q > > = o
Lactobacillus acidophilus - -
Lactobacillus bulgaricus - + -
Lactobacillus casei + - -
Lactobacillus plantarum - +
Lactobacillus brevis + + -
- - +

Lactobacillus jensenii
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Plate 1: Electrophoresis gel of the six isolates
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L. jensenii (starter culture)
formulated yoghourt

3
L. bulgaricu 4
Sarcis L. plantarum L. jensenii -

L. acidophillus (starter culture) L. bulgaricus (starter culture) L. plantarum (starter culture) L. jensenii (starter culture) L z: :fl:s(:l":r ‘::':n")
formulated yoghourt formulated yoghourt formulated yoghourt formulated yoghourt yog!

Plate 2: Lactic acid bacteria as starter culture in yoghourt production (screening for acetaldehyde quantity)

Table 5: Acetaldehyde quantities in the yoghurt samples

Test Samples Ph

Acetaldehyde (nanogram per microlitre)

LBY
LAY
LPY

LJY
LCY
LRY
Control

4.3
41
4.5

41
4.3
4.2
4.0

7.92
115
13.5
22.62
12.3
13.5
10.5

KEY: LBY (Lactobacillus bulgaricus yoghurt), LAY (Lactobacillus acidophilus yoghurt), LPY (Lactobacillus
plantarum yoghurt), LJY(Lactobacillus jensenii yoghurt), LCY (Lactobacillus casei yoghurt), LRY
(Lactobacillus brevis yoghurt).

IV.  CONCLUSION AND RECOMMENDATION

In this study, Lactobacillus spp were isolated from Ogi. They were also used as starter culture for production of
yoghurt. The results shows that acetaldehyde productions of the isolates varied from strain to strain and hence
could be used as starter cultures for yoghurt production with market acceptability. In the light of the results
obtained in this research, it is recommended that other technological characteristics (such as bacteriophage
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resistance, proteolytic and lipolytic activity, antimicrobial activities and exopolysaccharide production) and
safety assessment could be carried out to increase the market value of the isolates as starter cultures.
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