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Abstract

Lactic acid bacteria (LAB) vary in their capacity to produce exopolysaccharides, which are of tech-
nological importance for their rheological and stabilization properties in milk and of health benefit as an-
tioxidants. The objectives of this study were to isolate and identify lactic acid bacteria from nono, screen 
the isolates for exopolysaccharide (EPS) production, test in vitro the antioxidant properties of EPS, and 
determine their structural components. Serially diluted nono samples were plated on de Man Rogosa Shar-
pe agar (Oxoid Ltd. Hampshire, UK) using the spread plate method, and incubated at 37ºC for 24-48 h. 
Isolates were purified and screened in vitro for EPS production. Five LAB species selected based on capsule 
production were identified by colonial morphology and biochemical characteristics as Lactococcus, Lacto-
bacillus, Leuconostoc, and Pediococcus. The antioxidant activity of EPS was determined by its capability 
to reduce ferric (III) to ferrous (II) in a redox-linked colorimetric reaction.  Two isolates that produced EPS 
with the most potent antioxidant were further identified by 16S rRNA gene sequencing as Leuconostoc 
citreum strain Sourdough-N12 and Lactobacillus brevis strain gp105. The antioxidant capacity of EPS was 
higher in L. citreum with an absorbance value of 1.16 than L. brevis at 0.60 with varying concentrations 
from 100 µg/ml to 500 µg/ml. The gas chromatography-mass spectrometry analysis showed the active EPS 
compound produced by L. citreum to be ‘9(11)-Dehydroergosteryl benzoate’ with a peak area of 8.22 %, 
indicating strong antioxidant potential. L. citreum EPS, therefore, had the best antioxidant capacity with 
prospects for food and health applications.
Keywords: Lactic acid bacteria, exopolysaccharides, antioxidant, nono, Leuconostoc citreum, Lactobacil-
lus brevis 
Резюме

Млечнокиселите бактерии (LAB) варират по отношение способността си да произвеждат 
екзополизахариди, които са от технологично значение за техните реологични и стабилизиращи 
свойства в млякото и са полезни за здравето като антиоксиданти. Целта на това проучване е да 
се изолират и идентифицират млечнокисели бактерии от nono, да се изследват изолатите за про-
изводство на екзополизахаридr (EPS), да се тестват in vitro антиоксидантните свойства на EPS 
и да се определят техните структурни компоненти. Серийно разредени nono проби се посяват 
върху Man Rogosa Sharpe агар (Oxoid Ltd. Hampshire, UK) по метода на разпръскване в агар върху 
петриеви блюда, които се инкубират при 37ºC за 24-48 часа. Изолатите се пречистват и скринират 
in vitro за синтеза на EPS. Пет вида LAB, избрани въз основа на производството на капсули, са 
идентифицирани като Lactococcus, Lactobacillus, Leuconostoc и Pediococcus чрез морфология на 
колониите и биохимичните им характеристики. Антиоксидантната активност на EPS се определя 
от способността му да редуцира фери (III) до феро (II) в редокс-зависима колориметрична реакция. 
Два изолата, които синтезират EPS с най-мощна антиоксидантна активност са допълнително 
идентифицирани като Leuconostoc citreum щам Sourdough-N12 и Lactobacillus brevis щам gp105 чрез 
16S rRNA генно секвениране. Антиоксидантният капацитет на EPS е по-висок при L. citreum със 
стойност на абсорбция 1.16, отколкото при L. brevis съответно 0.60 с вариращи концентрации от 100 
µg/ml до 500 µg/ml. Чрез комбиниране на газова хроматография и масспектрометрия се доказа, че 
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generative disorders (Dilna et al., 2015; Saadat et 
al., 2019; Sharma et al., 2021). Antioxidants play 
an important role in protecting humans against ox-
idative damage associated with the excessive pro-
duction of ROS (Shebis et al., 2013). They may be 
synthetic, such as butylated hydroxyanisole (BHT) 
and butylated hydroxytoluene (BHA), which are 
not usually recommended for application in food 
because of their toxicity (Wang et al., 2017), or 
natural from plants or microorganisms, e.g., carot-
enoids and ascorbic acid, which are nontoxic and 
therefore preferred to synthetic antioxidants. There 
are reports from previous authors on the production 
and functions of EPS produced by LAB isolated 
from different sources (Saadat et al., 2019; Riaz 
Rajoka et al., 2020).

 This study was however aimed at character-
izing the exopolysaccharides produced by LAB iso-
lated from nono, traditional fermented milk widely 
consumed in Africa. 
Materials and Methods
Collection of samples

Thirty samples of nono were collected in ster-
ile plastic bottles from different retailers in Agege, 
Bariga, Iyana Ipaja, Mushin, Oshodi, and Yaba, all 
in Lagos, Nigeria. The samples were transported 
without delay in ice packs to the Microbiology lab-
oratory at the University of Lagos for analysis.
Isolation of lactic acid bacteria

Each nono sample was serially diluted five-
fold in phosphate-buffered saline, pH 7.2, and an al-
iquot of 0.1 ml of the appropriate dilution was plat-
ed in triplicate on de Man Rogosa Sharpe (MRS) 
agar (Oxoid Ltd. Hampshire, UK) using the spread 
plate method. Viable organisms were enumerated 
after incubation at 35ºC for 24-48 h. Individual 
colonies were further purified by sub-culturing on 
MRS agar to obtain pure cultures. 
Screening of lactic acid bacterial isolates for 
exopolysaccharide production

Visual and ropy polysaccharide screening: 
A preliminary method used to evaluate the ability 
of the isolates to produce EPS was by observing if 
they were mucoid/ropy on MRS agar plates. 

Capsule formation: This was evaluated by the 
capsule staining method according to the method 
of Anthony (1931). Isolates were cultured on skim 
milk agar. A thin smear of the colony was made on 

Introduction
Milk is produced in large quantities in Afri-

ca due to the abundant rearing of cows. There are, 
however, no adequate facilities for raw milk preser-
vation. The locals who produce milk in their farms, 
therefore, have embraced fermentation. Jaiswal et 
al. (2014) stated that milk fermentation in Africa 
started in the historical days of the Pharaoh. Milk 
fermentation is spontaneous. Lactic acid bacteria 
(LAB) from the environment and processing equip-
ment find their way into the exposed milk, which 
they ferment with the help of their enzymes. Some 
LAB strains are known to produce EPS, which 
possesses water-binding properties, viscosity-mod-
ulating properties, and resistance to technological 
stress (Stack et al., 2010; Ryan et al., 2014).

Microbial EPS are known for their potential 
as natural stabilizers in fermented milk and also 
confer rheological properties on milk and other fer-
mented foods (Chun-lei et al., 2014; Jurášková et 
al., 2022). Exopolysaccharide (EPS) production is 
therefore very important in the production of fer-
mented dairy products. In addition to their many 
technological applications, exopolysaccharides 
also have diverse health benefits, such as antioxi-
dant, cholesterol-lowering, antidiabetic, anticancer, 
antimicrobial, anti-biofilm, immunomodulatory 
effects, and the ability to modulate gut microbiota 
(Nampoothiri et al., 2017; Singh and Saini, 2017; 
Abid et al., 2018; Korcz et al., 2018; Saadat et al., 
2019; Riaz Rajoka et al., 2020). Lactic acid bacte-
ria and some other organisms have been reported to 
have the ability to synthesize exopolysaccharides 
during growth. These EPS can be produced either 
intracellularly with the mucus layer released into 
the medium surrounding the cell, or extracellularly 
by enzymes from the cells, and exist as a cohesive 
capsule that adheres to the cell (Lynch et al., 2018; 
Daba et al., 2021). 

The very large number of different mono-
mers, stable chemical nature, and high hydropho-
bicity make EPS of great economic value (Hussein 
et al., 2015). Reactive oxygen species (ROS) are 
produced during cellular metabolism, and this can 
protect the immune system, apoptosis, expression 
of genes, signaling of cells, and ion transportation 
(Hussein et al., 2015). However, the occurrence of 
reactive oxygen species (ROS) in excess can cause 
oxidative stress which may lead to diseases such as 
cancer, obesity, cardiac, respiratory, and neurode-

активното EPS съединение, синтезирано от L. citreum, е 9(11)-дехидроергостерил бензоат с площ 
на пика от 8.22%, което показва силен антиоксидантен потенциал. Следователно, L. citreum EPS е с 
най-добрия антиоксидантен капацитет с перспективи за приложение в здравословни храни.



234

ml/min flow rate. From the sample, 1 μl in dichloro-
methane was injected through a glass-lined splitter, 
set at a 1/90 ratio. The absorption was read between 
40 m/z and 800 m/z (Mahendran et al., 2013).
Identification of lactic acid bacteria

Phenotypic and biochemical characterization 
of isolates; Observation of colonial characteristics, 
Gram staining, and test for catalase, oxidase, and 
gas production from glucose were performed for 
each isolate (Chun-lei et al., 2014). Further identi-
fication was done by molecular techniques. 
Extraction of bacterial DNA

The total bacterial DNA was extracted with 
Jena Bioscience bacterial DNA preparatory kits. 
This was done by using 500 μl of harvested culture. 
Cells were obtained by centrifugation at 10,000 g for 
1 min. The pellet was suspended in 300 μl buffer, 2 
μl of lysis buffer was added and the suspension was 
incubated for 1 h at 37°C, after which it was centri-
fuged at 10,000 g for 1 min. This was followed by 
the addition of 300 μl lysis buffer to the pellet and 
vortexed for 60 seconds. Proteinase K (8 μl) was 
mixed with it, and incubation was at 60°C for 10 
min. It was allowed to cool for 5 min, after which 
300 μl of binding buffer was added and vortexed. 
Cooling was done on ice for 5 min followed by cen-
trifugation at 10,000 g for 5 min. Activation buffer 
(300 μl) was added and centrifuged at 10,000 g for 1 
min. Washing buffer (500 μl) was added and centri-
fuged at 10,000 g for 2 min, the 2 ml wash tube was 
discarded and the column was placed in the elution 
tube. The elution buffer (50 μl) was placed in the 
centre of the column and incubated at room tem-
perature for 1 min and again centrifuged at 10,000 g 
for 2 min and the DNA was stored at -80oC.
Sequencing

16S rRNA gene sequencing of the isolated 
lactic acid bacteria that produced the most potent 
antioxidant was carried out. The DNA of the organ-
ism was sent to Epoch Life Science (USA) for am-
plification and Sanger sequencing. The sequences 
of our isolates were identified by alignment with 
corresponding sequences in the GenBank using the 
Basic Local Alignment Search Tool (BLAST) at 
http://blast.ncbi.nlm.nih.gov/Blast.cgi. The level of 
similarity was thus established.
Results and Discussion
Isolation and screening of lactic acid bacteria for 
exopolysaccharide production

A total of 18 lactic acid bacteria were isolated 
from nono and when screened for EPS production, 

a clean slide, air-dried and a few drops of 1% crys-
tal violet were added and left for 2 min, after which 
it was rinsed with 20% (w/v) copper sulfate solu-
tion. The slides were air-dried and examined under 
an oil immersion lens. 
Isolation of exopolysaccharides 

Isolation of EPS was carried out in 48 h MRS 
broth cultures. Selected isolates were grown in MRS 
broth containing 20 g/l glucose. After cultivation, 
trichloroacetic acid (TCA) solution was added to 
broth cultures at a final concentration of 4% (w/v), 
shaken and the reaction was allowed to proceed for 
30 min, after which precipitate of protein and bac-
terial cells were formed and removed by centrifu-
gation at 8000 rpm for 20 min. The supernatant was 
mixed with 50 ml of cold 95% ethanol and kept at 
4°C overnight. The EPS was recovered by centrif-
ugation at 8000 rpm for 20 min; the resulting pellet 
was dissolved in distilled water to collect the crude 
EPS. The EPS was always kept at 4°C before anal-
ysis and quantification (Grosu-Tudor and Zamfir, 
2014; Li et al., 2015).  
Characterization of exopolysaccharides

Measurement of total sugar content: The es-
timation of the total sugar present in the EPS frac-
tions was done by using phenol–sulphuric acid ac-
cording to the method of Dubois et al. (1956). The 
standard used was D-glucose. This experiment was 
carried out in triplicate.

Measurement of reducing power: This was 
done in triplicate. The method described by Liang et 
al. (2016) was followed. The diluted EPS solution 
(0.5 ml) was mixed with 0.5 ml of sodium phosphate 
buffer (0.2 M, pH 7.2) and 0.5 ml of 1% potassium 
ferric cyanide. This was incubated in a water bath 
for 20 min at 50oC. The solution was allowed to 
cool rapidly, and 0.5 ml of 10% trichloroacetic acid 
was added and mixed. It was centrifuged for 1 min 
at 13000 rpm, and 1.5 ml of the supernatant was 
transferred to 0.2 ml of 0.1% ferric chloride, mixed, 
and allowed to stand for 10 min, after which the ab-
sorbance was measured at 700 nm.

Gas Chromatography-Mass Spectrometry 
(GC-MS) analysis: EPS hydrolysis and composi-
tion were analyzed by GC-MS. Separation of alditol 
acetates was carried out on a 30 m x 0.25 mm ID x 
0.25 μm film thickness column DB 5 MS (Agilent), 
which was attached to the GC (GCMS-QP 2010 
SHIMADZU) equipment with a flame ionization 
detector and a split injector, the temperature of the 
column was maintained at 200oC and 240oC, respec-
tively. Hydrogen served as the carrier gas at a 1.40 
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were further identified by a molecular method using 
16S rRNA gene sequencing. The alignment of com-
plementary sequences was done using the BLAST 
search and isolates 14 and 10 were identified as L. 
citreum strain Sourdough- N12 (with 99% similar-
ity) and L. brevis strain gp105 (with 94% similari-
ty), respectively. 
Table 1. Screening of lactic acid bacteria for exo-
polysaccharide production

Isolates Visual 
appearance 
(mucoid) 

Ropy 
polysaccharide 
production

Capsule 
formation

1 ND + ND
2 + + ND
3 ND + ND
4 ND + ND
5 + + ND
6 ND + ND
7 ND + ND
8 ND + ND
9 ND ++ +

10 + ++ +
11 ND + ND
12 ND ++ +
13 ND + +
14 + + +
15 ND + ND
16 ND ++ ND
17 ND + ND
18 + + ND

ND: Not detected, +: low ropy polysaccharide, ++: me-
dium ropy polysaccharide

Characterization of exopolysaccharides
Total Sugar Content (TSC): The amount of 

sugar in the EPS fractions is shown in Fig. 1. EPS 
from L. brevis and L. citreum had relatively higher 
values of TSC compared to other isolates. 

The glucose content in the polysaccharide 
also accounts for differential structural composition 
and glycoside bonding. The standard (D-glucose) 
showed a higher level of TSC than the EPS, which 
may be due to lower levels of monosaccharides in 
EPS, which are not only made of sugar molecules 
but a complex structure that involves other com-
pounds like fatty acids. 

Reducing power assays: The antioxidant ac-
tivity of EPS was assessed based on their capability 
to reduce ferric (III) to ferrous (II) in a redox-linked 
colorimetric reaction. The reducing potential of 

provided a different level of mucoid appearance 
and ropy polysaccharide production as shown in 
Table 1. In the visual screening, 5 out of the 18 iso-
lates showed a glistening and slimy appearance. All 
18 isolates produced ropy polysaccharides but not 
all produced capsules. The rate of ropy polysaccha-
ride production by the isolates varied and did not 
correlate with colonies being mucoid. In compari-
son, Lactococcus spp. (isolate 9) was non-mucoid 
but produced ropy strands at a medium level (++). 
Meanwhile, L. brevis (isolate 10), a mucoid isolate, 
also produced ropy strands at a medium level (++), 
and L. citreum (isolate 14), a mucoid isolate, pro-
duced ropy strands at a low level (+).  However, 
as discussed by Chun-lei et al. (2014), not all mu-
coid colonies showing glistening and slimy appear-
ance can produce EPS. In the past, it was known 
that only mucoid strains produced EPS. It has been 
proved over the years that non-mucoid strains also 
produce EPS and this was our observation in this 
study. Cerantola et al. (2000) reported that mucoid 
and non-mucoid strains of Burkholderia cepacia 
produced EPS exhibiting the same structural fea-
tures. Among the 18 isolates, 5 tested positive for 
capsule formation (Table 1). 

They did not necessarily correlate with the 5 
mucoid isolates in all cases. The capsules appeared 
as layers around the cell surface. Lactococcus sp., 
L. brevis, Pediococcus sp., Lactobacillus sp., and 
L. citreum produced capsules which indicated the 
production of EPS in these organisms while oth-
er isolates tested negative. This means that not 
all LAB in the fermented milk can produce EPS, 
hence the need to screen for EPS-producing strains 
which will be useful for subsequent food applica-
tions. Prasad et al. (2015) in a similar study isolated 
EPS-producing LAB from raw milk and milk prod-
ucts while Ali et al. (2019) obtained EPS-produc-
ing Lactobacillus delbrueckii sub sp. bulgaricus 
from curd.
Identification of lactic acid bacteria

The five selected LAB isolates from nono 
that produced a capsule were characterized based 
on their morphology and biochemical characteris-
tics, they were gram-positive rods and cocci, cat-
alase and oxidase negative, and coupled with the 
result of the sugar fermentation they were identified 
as Lactococcus, Lactobacillus, Pediococcus, and 
Leuconostoc. Some of these LAB were also detect-
ed by previous workers in African traditional fer-
mented milk (Akanbada et al., 2014; Makut et al., 
2021). Lactic acid bacteria that produced the most 
potent antioxidants (isolates 14 and 10) in our study 
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cal scavenging method. Similarly, Yong-Ha et al. 
(2015) also observed the reductive activities of EPS 
extracted from LAB strains. Besides, the research 
conducted by Liang et al. (2016) indicated that the 
consistencies in the value of the standard are cor-
rect. Fessard et al. (2016) also reported that EPS 
extracted from Leuconostoc isolated from fruits 
demonstrated antioxidant-reducing capabilities.

Gas chromatography-mass spectrometry 
(GC-MS) analysis of exopolysaccharides: Results 
of the GC-MS analysis provided the characteriza-
tion of EPS produced by L. brevis and L. citreum. 
The difference in their chemical structure, com-
ponents, and constitution resulted in behavioural 
differences. The mass spectrometry fragmentation 
patterns generated by each peak were analyzed, 
the fragmentation pattern for peaks 5, 6 and 7 of 
L. brevis EPS, were 2.28% ‘2,5-Diiodo-9-oxabi-
cyclo[4.2.1]nonane’, 1.06% ‘9,12,15-Octadeca-
trienoic acid, 2-[(trimethyl’, and 1.34% ‘Ergos-
ta-9(11),20(22)-diene-3,6-diol (Fig. 3a). 

While L. citreum EPS with peaks 4, 5, 6, and 
7, were 2.16% ‘docosanoic acid ethyl ester’, 1.62% 
‘Ethyl 14-methyl-hexadecanoate’, 5.08% ‘6,7-Di-
bromo-Z-11-tetradecene-1-ol acetate’, and 8.22% 
‘9(11)-Dehydroergosteryl benzoate (Fig. 3b). 

Suzuki et al. (2014) described the presence of 
fatty acids; 9,12,15-Octadecatrienoic acid, 2-[(tri-
methyl, docosanoic acid ethyl ester, Ethyl 14-me-
thyl-hexadecanoate, 4-decenoic acid ethyl ester in 
exopolysaccharides, which contributes to the bile 
tolerance of the lactic acid bacteria in the gut. The 
high values of 9(11)-Dehydroergosteryl benzoate 
(8.22%) in L. citreum EPS gave it a more antioxi-
dative capability compared to its structural isomer 
‘Ergosta-9(11),20(22)-diene-3,6-diol’ (1.34%) in L. 
brevis EPS. This result is in contrast to the lower 
values obtained by Bhupathi and Subbiah (2017) in 
their study, where they demonstrated the presence 
of 1.33% 9(11)-Dehydroergosteryl benzoate and 
0.71% Ergosta-9(11),20(22)-diene-3,6-diol as anti-
oxidants, which also possess anticancer, hypogly-
cemic, hypocholesterolemia and thyroid inhibiting 
properties.
Conclusion

Exopolysaccharide-producing lactic acid 
bacteria were isolated from our traditional and 
spontaneously fermented milk, nono. EPS has a po-
tential wider application in the food industry and 
for human health. The findings of our study will be 
useful towards the development of a starter culture 
or co-culture to improve the nono diet on the Afri-
can continent.

EPS produced by L. citreum was high (Fig. 2), 
which means that the bacterium has a high capacity 
to serve as an antioxidant when supplemented in 
diets. L. brevis was the next to L. citreum in terms 
of its antioxidant capacity, which makes it the sec-
ond-best among the isolates.

Higher absorbance values indicate greater 
reducing power. The standard (ascorbic acid) had 
absorbance values constant at 0.58 with varying 
concentrations from 100 µg/ml to 500 µg/ml, while 
the L. citreum EPS had absorbance values rela-
tively constant at 1.16 with varying concentrations 
from 100 µg/ml to 500 µg/ml. The reducing poten-
tial of L. citreum EPS was found to be much high-
er than that of the standard (ascorbic acid), which 
means the organism has a high capacity to prevent 
or remove oxidative damage to a target molecule. 
Compounds with such potential can serve as good 
antioxidants that can be used in food and health 
applications due to their GRAS origin. Thus, fur-
ther analysis should be made to determine the free 
radical scavenging ability of L. citreum EPS using 
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-

Fig. 1. Total sugar content present in the EPS frac-
tions of lactic acid bacteria isolated from traditional 
fermented milk (Data are mean values of 3 different 
experiments)

Fig. 2. Reducing power potential of EPS from lac-
tic acid bacteria isolated from traditional fermented 
milk
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