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Abstracts: The study aimed to isolate and characterize bacteriocin-producing Enterococcus species from
Ethiopian traditional fermented foods and beverages. The bacteriocin bioassay was tested against food-borne
pathogens at various temperatures, pH, solvents, additives, and enzymes. A solvent extraction method was
established to concentrate bacteriocins from Enterococcus species. The study found that crude extracts with
proteinase K, pepsin, and trypsin deactivated antimicrobial activity, confirming their proteinaceous nature.
Organic solvents were more effective at extracting bacteriocins from CFS, with chloroform alone and in
combination providing rapid and efficient recovery. The optimal bacteriocin production and strong inhibition
activity were achieved at 37°C with a pH range of 5.5 to 6.5 incubated for 16-18 hours. The six Enterococcus
faecium species were the best bacteriocin-producing isolates. Optimizing bacteriocin production and changing
environmental growing circumstances can enhance the application of bacteriocins as food preservation agents.
Traditional fermented products are potential sources of bacteriocin-producing LAB.

Keywords: antimicrobial activity; bacteriocin producing lactic acid bacteria; bacteriocins; Ethiopian; solvent
extraction and traditional fermented products

1. INTRODCUTION

Foodborne diseases (FBDs) have been a comprehensive concern; their prevention and control
require multidisciplinary approaches that involve search for human beneficial natural products like
probiotics in order to combat pathogens and their associated health risks (Sivapalasingam et al.,
2004). Despite the use of modern food preservation methods, the rate of food-related illness continues
to rise and is a major cause of death, particularly in nations with inadequate systems in place to
monitor food safety (Amit et al., 2017). Due to the consumption of contaminated foods including
contaminated canned food, meat, poultry, and fermented dairy products, more than 75% of the
world's population currently suffers from food-related diseases (Akhtar et al., 2013). As a result, food
safety is a current global concern that has an immediate link to human health and is gravely
threatened by pathogenic microbes during transportation, storage, and production time (Parada &
Aguilera, 2007).

Furthermore, due to consumers' preferences towards minimally processed foods with no
additives or chemical preservatives, the world is shifting its attention toward the application of
natural preservatives, including bacteriocin and bacteriocin producing bacteria, as promising natural
food preservatives (Molognoni et al.,, 2019; Santos et al., 2018; J. Yang et al.,, 2014). Studies on
bacteriocins producing lactic acid bacteria (LAB) were widely investigated due to their potential
application as bio-preservatives in the food industry as many strains have been given “generally
recognized as safe” (GRAS) status (O’Sullivan et al., 2002). The preservative effect of LAB is due to
the production of antimicrobial substances, including organic acids, hydrogen peroxide, diacetyl,
bacteriocins, and bacteriocin-like antimicrobial substances (Freitas et al., 2015; Sanlibaba et al., 2015).
Among these antimicrobial components, bacteriocins have received more attention in recent years
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because of their potential application in the food industry as natural preservatives targeting multi-
drug-resistant pathogens (J. Yang et al., 2014).

The most dominant lactic acid bacteria that produce bacteriocins and bacteriocins like
substances, including Lactococcus lactis, Pediococcus pentosaceus and Enterococcus faecium, were isolated
and characterized from various traditional fermented foods and beverages. Some species of
bacteriocin-producing Enferococcus isolated from various traditional fermented foods and beverages
showed potential antagonistic activities against L. Monocytogenes, B. cereus and S. aureus, including
multidrug resistant strains such as methicillin-resistant S. aureus. Enterococcus faecium isolated from
traditional fermented dairy products are reported to have potential antagonistic activity against both
gram-positive and gram-negative bacterial pathogens (do Nascimento et al., 2010; Fugaban et al.,
2021; Vimont et al., 2017).

Although many Ethiopian traditional fermented foods, condiments, and beverages potentially
contain probiotic Enterococcus species capable of producing various antimicrobial substances of
industrial use, there are no research reports undertaken focusing on isolation and characterization of
bacteriocin producing Enterococcus species. Hence, it is necessary to isolate, screen and characterize
bacteriocins producing Enterococcus species to determine optimal growth conditions for bacteriocin
productionand  application the product as bio-preservative (Santos et al., 2018; Weaver & Lawton,
2007). Bacteriocins-producing capability of Enterococcus species made them important not only for
food preservation but also for treating certain multi drug resistant pathogens. Therefore, this study
was conducted to isolate, screen and characterize bacitracin producing Enferococcus faecium from
Ethiopian traditional fermented foods and beverages; and to characterize their antimicrobial
substances Produced by E. faecium isolates.

2. MATERIAL AND METHODS

2.1. Bacterial growth conditions

The bacteria used in this research are among the LAB isolated in previous study (Table 1). They
were found in traditionally fermented foods and drinks from Ethiopia, and they may be probiotic
LAB. In MRS agar, all probiotic isolates were grown. Additionally, the Ethiopian Public Health
Institute (EPHI), in Addis Abeba, Ethiopia, provided some food-borne pathogens (Table 1).

Table 1. Sources of Enterococcus species and test pathogenic bacteria used in the study.

Sources of isolates Designation/code Identity

EPHI* ATCC@25922 Escherichia. Coli

EPHI ATCC@25923 Staphylococcus aureus
EPHI ATCC@7644 Listeria monocytogens
EPHI ATCC@27853 Pseudomonas auroginoasa
EPHI ATCC@13311 Salmonella Typhimurium
EPHI ATCC@ 14053 Candida albicans

Borde JULAB-Br40 Enterococcus faecium
Borde JULAB-Br39 Enterococcus faecium
Ergo JULAB-E23 Enterococcus faecium
Ergo JULAB-E36 Enterococcus faecium
Cabbage-Shamita JULAB-543 Enterococcus faecium
Cabbage -—Shamita JULAB-536 Enterococcus faecium

*EPHI, Ethiopian Public Health Institute.
2.2. Preliminary screening of bacteriocins producers

2.2.1. Agar Well Diffusion method

Bacteriocin activity was confirmed through an agar well diffusion test. Bacteriocin producer cells
were grown in MRS broth for 18 hours at 37°C. After centrifugation, cell-free supernatant was added
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to indicator bacteria on seeded plates. The zone of inhibition around the well was considered a
positive sample (Goh & Philip, 2015).

2.2.2. Antagonistic activity of crude bacteriocins

Enterococcus species were inoculated in MRS media and incubated at 37°C for 16-18 hours. The
cell-free supernatant was collected, and the pH was adjusted to 6.5-7.0 with 1IN NaOH to neutralize
acids and remove inhibition activity. Catalase enzyme was used to rule out hydrogen peroxide
inhibitory activity. Crude bacteriocins were tested against food-borne pathogens on Muller Hinton
Agar plates. A 24 hour-old broth culture was swabbed and the cultural supernatant was placed in
wells and incubated at 37°C for 24 hours. The zone of inhibition was measured and recorded in
millimeters after complete incubation(Erb et al., 2006; Ogunbanwo et al., 2003).

2.3. Evaluating bacteriocins extraction methods

2.3.1. Convectional bacteriocins extraction

To extract bacteriocins, 200 ml of LAB culture was adjusted to pH 6.5 with a 1 M NaOH solution,
stirred for 30 minutes, and heated at 70 °C. LAB cells were harvested, washed twice, and re-
suspended in 50 mL of 100 mM NaCl at pH 2.0. The cell suspension was centrifuged, and the cell-
free supernatant was adjusted to pH 6.5 with a 1 M NaOH solution. The bacteriocin extract was
filtrated through a 0.2-m pore-size cellulose acetate, and their bioactivity against selected human
pathogens was tested (Wray et al., 2018).

2.3.2. Ammonium sulphate precipitation.

The cell-free supernatant was precipitated with 60-80% ammonium sulfate and stirred
overnight. Proteins were precipitated by adding ammonium sulfate to 40% saturation and stirring
for 24 hours. The precipitate was collected and re-suspended in Tris-buffer, pH 7. Additional
precipitations were performed for 40-60% and 60-80% ammonium sulfate saturation. The 0-40%
fraction was dissolved in Tris buffer, dried, and re-suspended in Tris buffer, pH 7, and assayed for
bacteriocin activity (Burianek & Yousef, 2000;Zommiti, Bouffartigues, et al., 2018).

2.4. Bacteriocin extraction using solvents

2.4.1. Solvent extraction

The MRS broth was inoculated with 1% of an overnight bacteriocin-producing Enterococcus
species, and incubated at 37 C for 16-18 hours. The culture was centrifuged, and the cell-free
supernatant was stirred with organic solvents (1:1, v/v), like Methanol, Petroleum ether, chloroform,
and isopropanol, and with their combinations of two or three (2:1, V/V). The culture supernatant fluid
was acidified with acetic acid and extracted with chloroform and methanol(Ivy et al., 2022; Vimont
et al., 2017).

2.4.2. Ethyl acetate extraction

The solvent extraction method was employed to extract bacteriocins from selected strains.
Bacteria were inoculated into MRS broth and incubated at 37°C for 24 hours. . In 500ml
separating funnel, equal volume of bacterial cell and ethyl acetate were added and the culture broth
was shaken vigorously for 10 minutes. The upper organic layer containing bacteriocins recovered,
while the rest part was separately separated to the new container. The solvent was removed under
vacuum using a rotary evaporator. The dry extract was dissolved in methanol, adjusted to pH 7, and
treated with 5 mg/ml catalase to remove hydrogen peroxide antagonistic activity. The extract was
filtered through a 0.20um membrane filter, and the filtered supernatant was stored in glass vials
(Barale et al., 2022; Muhammad et al., 2017).
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2.4.3. Butanol Extraction

To extract bacteriocins using butanol, 50 ml of n-butanol and 5g NaCl were mixed with cell-free
supernatant of bacteriocin producing LAB. The mixture was centrifuged for 10 minutes, evaporated
at 45 °C, and re-suspended in saline (50ml, 9g/L). The partially purified crude bacteriocins were used
to determine their characteristics and antagonistic activities against foodborne pathogens (Elyass et
al., 2015).

2.4.4. Petroleum ether extraction

The study used petroleum ether for bacteriocins extraction by inoculating LAB into MRS broth
and incubating at 37°C for 24 hours. The culture broth was transferred to a separating funnel,
previous inoculated with petroleum ether. The separating funnel was shaken for 10 minutes, and the
content settled into two distinct layers. The upper organic layer contained bacteriocins, and the rest
of the broth culture was separated. The solvent was removed under vacuum using a rotary
evaporator. The dried extract was dissolved in methanol, adjusted to pH 7.00 with 1M NaOH, and
treated with 5 mg/ml catalase to remove antagonistic activity from hydrogen peroxide. The extract
was filtered through a 0.20um pore size membrane and evaluated for bacteriocins activity (Yang et
al., 2012).

2.4.5. Chloroform extraction.

A MRS broth was inoculated with 1% of an overnight culture of bacteriocin-producing LAB and
incubated for 18 hours at 37 °C. Cell-free supernatants were recovered after centrifugation at 8,000
rpm for 20 min. at 4 °C. Chloroform was added to the cell-free supernatants, stirred vigorously, and
centrifuged at 8,000 rpm for 20 minutes. The sediment and solids at the interface were recovered by
carefully pouring off the top aqueous layer and holding back floating interfacial precipitates. Tris-
buffer was used to re-suspend the contents of the bottles, and the mixtures were combined in a test
tube. The sediments were separated from the remaining chloroform and medium. The pellet was
transferred to a small aluminum pan for drying in a chemical hood overnight. A second extraction
with chloroform yielded minimal amounts of material at the interface and did not add any
antimicrobial activity to the sample. A portion of the powder was suspended in a 1 ml Tris buffer
and held overnight in the refrigerator to rehydrate and dissolve particles (Ahmed et al., 2016;
Sasidharan et al., 2011; Xie et al., 2021).

2.5. Physic-chemical characterization of bacteriocins

The crude bacteriocins extracted from all LAB isolates with strong inhibition zone was
characterized with respect to stability to temperature, pH, and enzymes and others parameters.

2.5.1. Effect of Temperature

In order to test the effect of temperature (heat resistance), 10 ml of crude bacteriocin preparation
was exposed for 15 minutes to various heat treatments: 40°C, 60°C, 80C and 100°C, respectively.
Residual bacteriocins activity was detected against selected pathogenic bacteria at each of these
temperatures by using agar-well diffusion assay (Ogunbanwo et al., 2004).

2.5.1.1. Effect of pH

The sensitivity of crude bacteriocins to different pH values was tested by adjusting the
bacteriocins' pH to 6.5, 8.5, and 12. The cell-free supernatant was adjusted with hydrochloric acid and
sodium hydroxide, and incubated for 4 hours at room temperature. Residual activity against selected
pathogenic bacteria was determined using agar-well diffusion assay. Treatment control, organism
control and media control was kept (Kelleher et al., 2003).
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2.5.1.2. Effect of enzymes

Effect of enzymes was tested on the antagonistic activity of crude bacteriocins preparation by
treatment with amylase, lipase, and protease each at a final concentration of 1mg per ml. It was then
incubated at room temperature for 2 hours and residual activity of bacteriocins was assayed along
with bacteriocins and salts (Yamada et al., 1983).

2.5.1.3. Effect of solvents

Sensitivity of bacteriocins to different solvents concentration was investigated by the addition
of 50% volume of methanol, ethanol, acetone and ethyl acetate (Ammor et al., 2005). Samples with
and without of solvents was incubated for 12 h at 37°C and the residual activity was determined by
the well diffusion assay.

2.5.1.4. Effect of surfactants

Surfactant sensitivity of bacteriocins was investigated by the addition of 1% (final volume) SDS,
CTAB, Triton-X 100, Tween 80 and Tween 20 (Ammor et al., 2005) to cell free supernatant. Samples
with and without of surfactants were incubated for 12 h at 37°C and residual activity was determined
by well diffusion method.

2.6. Optimization for enhanced bacteriocins production

2.6.1. Media selection for bacteriocins optimization

To identify the potential media for bacteriocins production and optimization commercially
available media such as Nutrient Broth, Tryptone Soy Broth, Brine Heart Infusion Broth and MRS
Broth and other were prepared in laboratory to optimize carbon to nitrogen ratio. About 100 ml of
broth was prepared in 250 ml conical flask and 10% of inoculum was added, and then kept without
agitation for 16 h at 35°C. The fermented broth was centrifuged and analyzed for antimicrobial
potential of bacteriocins.

2.6.2. Effect of carbon sources on bacteriocins production

In order to evaluate the effect of carbon sources on the growth of bacteriocins producing lactic
acid bacteria and bacteriocins production, 2% dextrose, glucose, maltose, fructose, sucrose, starch and
lactose were supplemented in MRS broth and were incubated at 37°C for 48 hours. The cell biomass
and bacteriocins activities were determined(Ellis, 2001).

2.6.3. Effect of nitrogen sources bacteriocins production

To evaluate the effect of different nitrogen on the growth of bacteriocins producing lactic acid
bacteria and bacteriocins production, MRS broth was supplemented with 2% nitrogenous
compounds (meat extract, yeast extract, tryptone and bacteriological peptone) and were incubated at
37°C for48 hours. The cell biomass and bacteriocins activities were determined (Nelson ef al., 2001).

2.6.4. Effect of Incubation Period on Bacteriocins Production

The effect of incubation period on the production of bacteriocins was carried out. Media was
incubated for different periods like 16h, 18 h, 24h, 32h and 37h, respectively. Finally, to determine the
efficiency of bacteriocins, after each activity the bacteriocins antimicrobial activity was carried out.

2.7. Data analysis

All experiments were carried out in triplicate. The data is displayed as mean standard deviation.
A one-way ANOVA was employed to evaluate statistical differences, followed by Tukey's multiple
comparison test at P< 0.05 was used to determine whether a difference was significant.
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3. Results

3.1. Evaluating bacteriocins producing potential

In this study, 60 Enterococcus species were identified based on morphology, biochemistry, and
physiological features, and out of the total isolates, six of them were screened for bacteriocin-
producing ability and antagonistic activity against foodborne pathogens. All of the isolates showed
strong inhibition zones ranging from 13mm to 35mm. As the result, all six Enterococcus faecium
showed strong inhibitory action against Escherichia coli, Staphylococcus aurous, Salmonella
Typhimurium, Pseudomonas aeuroginosa, and Candida albicans.  Emnterococcus faecium JULAB-Br39
showed the highest inhibition zone with the diameter of inhibition zone 20.50, 21.00 and 20.17 mm
against, Escherichia coli, Pseudomonas aeuroginosa and Salmonella Typhimurium, respectively. The
inhibition zone showed significant variation at P<0.05. Generally, Enterococcus faecium JULAB-E23,
JULAB-Br39, and JULAB-S36, were the potential bacteriocin-producing candidate showed the
highest inhibition zone against all selected food borne pathogens (Table 2). For the final confirmation,
proteinaceous nature of the bacteriocins confirmed by evaluating their sensitivity to photolytic
enzymes. Hence, bacteriocins of six Enterococcus faecium exhibited complete inactivation of
antimicrobial activity after the treatment of bacteriocins with proteinase K confirming its
proteinaceous nature.

Table 2. Antimicrobial activity of putative bacteriocins producing Enterococcus species against food
borne pathogens.

S/N LAB E.coli S.aurues L.monocytogenes P.auroginosa ; himurium C.albicans
isolates ATCC®25922 ATCC®25923 ATCC®7644 ATCC®27853 ApT CC®13311 ATCC®14053
1) JULABBE23  13.50+0.714 16.00+1.41bc  35.31+0.442 20.50+0.71be 18.88+0.18abc 16.13+0.184
2) JULABBr39 20.50+0.71a 17.50+0.71ab 20.26+0.374de 21.25+0.352 20.17+0.71a 15.50+0.71¢f
3) JULABBR40  17.75+0.35b 17.50+0.712b  28.32:+0.45b¢ 16.13+0.18¢ 15.13+0.18¢ 24.38+0.53¢d
4) JULABE36 18.50+0.71 18.00+0.002 28.25+0.35b¢ 13.25+0.35de 20.17+0.71a 21.50+0.71¢
5) JULABS36 20.25+0.352 17.50+0.71b  25.25+0.35¢ 16.13+0.18¢ 19.13+0.184b 19.26+0.37de
6) JULABS43 17.93+0.11b 15.50+0.7¢< 20.13+0.18de 14.13+0.18de 18.13+0.18abe 30.26+0.372
Tetracycline  18.75+1.06b 17.50+0.712b  18.38+0.534 14.13+0.18de 20.13+0.182 25.26+0.37¢d

Mean values denoted by the same letter within a column are not significantly different at p<0.05.
3.2. Antimicrobial activity of bacteriocins crude extract

3.2.1. Determination of antimicrobial substance

Based on the basic properties of the protein to determine whether an antimicrobial substance is
anatural protein. Antimicrobial compounds produced by Enterococcus faeium inhibited by proteolytic
enzymes such as pepsin, trypsin, and proteinase K (Table 3). The mean values of the inhibition zone
resulted due to suspected bacteriocin producing Enterococcus faecium showed a significance variation
at p<0.05(Table 3).

Table 3. Antimicrobial activity of crude bacteriocins produced by Enterococcus faecium (after Organic
acids and Hydrogen peroxides treatments).

Diameter of inhibition zone (mm)

L.
SIN LABisolates E.coli ATCC@25922 S.aurues ATCC@25923 L -Monocytogenes

ATCC@7644
1) JULABE36 18.5+0.00% 18.55+0.00° 17.00+0.00¢
2) JULABE23 20.5+0.182 18.4+0.18 18.22+0.18¢

3) JULABS43 14.75+0.35¢ 17.05+0.71b¢ 24.00+0.71bc
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4) JULABS36 14.5+0.18¢ 17.5+0.18bc 25.25+0.37b¢
5) JULABBR40 18.93+0.18 18.00+0.18P 27.00+£0.530
6) JULABBR39 19.00+0.712 20.22+0.182 36.00+0.182

Note: Mean values denoted by the same letter within a column are not significantly different at p< 0.05.

3.2.2. Preparation of bacteriocin crude extract

The diameter of the inhibition zone of the crude extract of bacteriocin obtained by ammonium
sulfate precipitation was less than 18 mm (Table 4). The antibacterial ability of the crude extract
gradually increased in the increase in ammonium sulfate concentration. The diameter of the
inhibition zone reached the maximum when 80% ammonium sulfate and pH 7-phosphate buffer
solution was reconstituted.

Table 4. Antimicrobial activity of bacteriocin extracted by ammonium sulfate.

i;ocl::@zwzz i?gge@fzsws L.monocytogenes ATCC@7644

S/N  LAB isolates 40% 50% 60% 80% 40% 50% 60% 80% 40% 50% 60% 80%
1.00 JULABBR39 - _ * Rk _ * wRAA _ _ * .
2.00 JULABBRA40 - - * i - * *ohkk _ _ * *ohokk
3.00 JULABE23 - - * o - — * okt _ _ * otk
4.00 JULABE36 - _ * Fokokk _ _ * . _ _ * okt
5.00 JULABS36 - _ * *nx _ _ * e _ _ * .
6.00 JULABS43 - _ * *nx _ _ * e _ _ * .

Note: - no inhibition zone, *=<10 mm of diameter of inhibition zone, -**=10-20 diameter of inhibition zone,

FAN

***=D0-30 diameter of inhibition zone, =30 mm.

In this study, different solvents were used to extract bacteriocins, the diameter of the inhibition
zone of the crude extract extracted with all solvents listed in Table 5. Mostly, the zone of inhibitions
of crude bacteriocins extracted with chloroform, isopropanol and ethyl acetate and above 18 mm,
indicating that all of these three solvents had good extraction effects on bacteriocin. The crude
bacteriocin extract obtained by using theses solvents reconstituted in phosphate buffer solution to
pH 7.0 had the best antimicrobial activity, which the diameter of the inhibition zone was above 28
mm. It was found that the antibacterial activity of the crude extract prepared by extraction of
chloroform, isopropanol and ethyl acetate was significantly higher than that of the ammonium sulfate
fractionation after the comparison of ammonium sulfate precipitation and organic solvent extraction.

Table 5. Antimicrobial activity of bacteriocin extracted with different organic solvents.

S/ LAB Chlorofo Iso- Ethyl Petroleum Methan Butan Ethan

N  isolates m propaly  Acetate ether ol ol ol

1) IULABBR ek P XX *% *% * *
39

2) ]ULABBR rRvRvIeS PRy SN Ex3 *3% * *
40

3) ]ULABEZ ok ok ok ok % * * *
3

4) ]ULABE3 EX XS #3454 #3434 %% * * —
6

5) ]ULAB S3 VIS e ok *% * * —
6

6) ]ULABS4 ok ok ok % * * *
3

Note: - no inhibition zone, *=<10 mm of diameter of inhibition zone, -**=10-20 diameter of inhibition zone,
***=20-30 diameter of inhibition zone, **** =>30 mm.
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3.3. Characterization of the partially purified supernatants

3.3.1. Effects of Temperature

Temperature plays a crucial role in bacteriocin activity. There was a general trend showing a
decrease in bacteriocin activity with an increase in temperature. The bacteriocin extracted from
Enterococcus faecium with JULAB23, JUALBBr39, and JULABS36, were quite active even passing
through high temperature and pressure during sterilization, indicating it is a heat-stable protein.
Generally, bacteriocin produced by many bacteriocins producers were active and outstanding range
of temperatures from 45-50°C. On the other hand, no activity was detected in autoclaved supernatant
even after 10 minutes only (Figures 1 and 2).

40°C 60°C 80°C 100°C  emmm=121°C

w
o

N
€]

=
;]

Inhibtion Zone(mm)
o S

(2]
[}
|

E. faecium E.faecium E.faecium E.faecium E.faecium E.faecium
JULABBR39 JULABBR40 JULABE23 JULABE36 JULABS36 JULABS43

Figure 1. Effects of Temperatures on the antimicrobial activity of bacteriocins producing Enterococcus

faecium.
2
E
T
=)
g 10 W pH 2.00
g 5 H pH 5.00
E 0 = u = = = = mpH7.00
i 5 Q:?’ Q-b‘Q Qj\?’ Q’pb %'b‘o %b'b pH 10.00
AR SAE S~
N F S @V @\) @\» M pH 12.00
© © é‘x $ & &
& & & & & &
o [ ‘b‘fb ‘b’e ‘b@ ‘b'@
ORI R
v

Figure 2. Effects of pH on the antimicrobial activity of bacteriocins producing Enterococcus faecium.

3.3.2. Effect of pH on the inhibitory activity

The effects of changing the pH of the supernatants to various values have exhibited dramatic
alterations, as indicated in Table 6. After the pH adjustment, the supernatant obtained from
bacteriocin-producing Enterococcus faecium had the highest inhibitory activity at pH 5.0, decreasing
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slightly at pH 7.0 and pH 3.0, and showing the most remarkable decrease at pH 9.0, which results in
a 40% reduction from the pH 5.00 values.

Table 6. Antimicrobial activity of bacteriocin producing Enterococcus faecium after MRS broth
supplemented with different carbon sources, against Listeria monocytogens .

Enterococcus  faecium MRS
Glucose  Sucrose Maltose Fructose Lactose
strains broth
31.33+04 29.67+1.7 25.00+0.8 18.00+0.8 16.00+0.8 15.67+1.7
JULABBR39
1a Oa 2ab 2c Zb Oabc
30.67+0.4 28.00+0.8 27.33+0.4 28.00+0.0 17.33x09 17.00+0.8
JULABBR40
7ab 2a 7a Oa 4a 2a
29.00+0.8 25.00+0.8 25.67+0.4 25.00+0.8 15.00+0.8 13.67+2.3
JULABE23
1ab 3ab 7ab 5b Zb 6bc
25.00+0.8 22.00+0.8 21.00+0.8 18.00+0.0 13.00+1.4 10.67+0.9
JULABE36
2b 5abc 2c Oc 1bc 4d
21.00+0.8 18.90+0.9 15.00+0.7 13.00+0.8 15.33x1.8 16.33%x1.2
JULABS36
2bc 7b 4d 2de 9b 5ab
17.50+0.4 18.33+x0.4 20.33x0.5 14.83+0.2 12.33x0.4 15.00+0.8
JULABS43
Oc 8b 2c 4d 7bd 2abc

Note: Mean values denoted by the same letter within a column are not significantly different at p< 0.05.

3.3.3. Effect of enzymes

Table 7 shows the effects of subjecting the supernatants obtained from each of the isolates to the
enzymes proteinase-k, pepsin, trypsin and a-amylase, and then using them to inhibit growth of some
selected indicator bacteria (E. coli, S. aureus and L. monocytogenes). It can be seen that no inhibition
was produced by any of the cell-free supernatants in presence of the protein-digesting enzymes
(proteinase-k and pepsin) indicating complete digestion of the inhibitory substance in the
supernatants, and asserting its proteinaceus nature; while no reduction in the inhibitory activity was
observed in the presence of the carbohydrate-degrading aamylase. No inhibitory activity was shown
in un-inoculated medium containing no enzyme (negative control).

Table 7. Effects of enzymes on the potency of antimicrobial activity of bacteriocins produced by
Enterococcus faecium isolated from Ethiopian traditional fermented foods and beverages.

Proteinas o
S/ LAB Pepsin Trypsin eK amvla Enzyme-free cell
N isolates (5mg/1ml) (5mg/1ml) ( se y supernatants
5mg/1ml)
JULABBR
1 - - - + +
39
5 JULABBR i i . N
40
3 JULABE2 i i N .
3
4 JULABE3 i i N N
6
5 JULABS3 i i . N

6
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JULABS4
3

- - - + +

Note: -=no inhibition, += positive inhibition.

3.3.4. Effects of surfactants and additives of the antimicrobial activity of bacteriocins

The antimicrobial activity of bacteriocin producing Enferococcus faecium were evaluated by
treating with different organic compounds, the antagonistic activity of bacteriocin like inhibitor
substance remain active. However, the antibacterial effect was reduced to some extent when
methanol was added to supernatants possibly because the surface structure of various antimicrobial
agents caused intolerance to methanol. In addition, CES of bacteriocin producing Enterococcus faecium
were treated with additives, such as sodium citrate, potassium and tween, to verify the effect of food
additives and other chemicals on the antibacterial components of bacteriocin producing lactic acid
bacteria LAB (Table 6). Hence, CFS of the bacteriocins producers showed stable antimicrobial activity
against the indicator bacteria treated when treated with sodium citrate and potassium. However,
after Tween-80 was added, the antimicrobial activity remarkably differed and relatively reduced its
potential antimicrobial activity.

3.4. Bacteriocins production

The bacteriocin production started during the late log phase and early stationary phase,
however, the bacteriocin concentration level decreased in period of stationary phase. This is may be
due to the partial degradation or adsorption of on produced cells. Regarding to the physico-
chemical property of bacteriocins, which tolerate a wide range of temperatures and pH, but it was
inactivated at pH 2 and 10. The activity of bacteriocin was not lost after treatments with surfactants
and most of the organic solvents.

To determine the maximum bacteriocins production, the antimicrobial activity of bacteriocins
producing Enterococcus faecium was evaluated using four different media, and then modified MRS
broth results the maximum antimicrobial activity followed by Brain Heart infusion broth and
Tryptosa soya broth, while nutrient broth produce the least antimicrobial activity. To evaluate the
media potency, the antimicrobial activity of bacteriocin producing Enterococcus faecium was tested
against S.aurues (Figure 3).

30

— 25
£
< 20
c
o
N 15 nE
5 - - B MRS broth
£ 10 Nz I
E . I . - M BHI broth
oy
= 5 TS broth

0 N broth

) Q > © ‘)
> » 9% %) % e
ng‘b Q’ng v?,‘o ng Q;—) Q;’—)
\a s N N N N
N N4 S S S S
> > <& < < <
& & N N NS N
& & K,bef’ K,bczf’ K,bef“ K,beP
<</$(b <</$(b & % & &

Figure 3. Effects of different media composition for the optimum antimicrobial activity of bacteriocin
producing Enterococcus faecium isolated from Ethiopian traditional fermented foods and beverages.
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3.5. Effects of carbon  sources on antimicrobial activity of Enterococcus faecium

In this study, the effect of the carbon source, on the antimicrobial activity of bacteriocin
producing Enterococcus faecium was determined using MRS media supplemented with 2% of different
carbon sources (glucose, lactose, fructose, Maltose, and sucrose) as proposed by (Todorov, 2009).
The strongest antimicrobial activity of bacteriocin producing Enterococcus faecium was observed in
the MRS media supplemented with glucose, sucrose and maltose after their inhibitory activity tested
against L.monocytogens (Table 6).

3.6. Effects of Nitrogen sources on antimicrobial activity of Enterococcus faecium

Similarly, the effects of nitrogen sources on the antimicrobial activity of Enterococcus faecium was
investigated, hence the MRS broth supplemented with yeast and meat extract produced potential
antagonistic effects against Listeria monocytogenes followed by tyrptone, while MRS broth
supplemented with peptone produced the least inhibition results (Figure 4).

35.00
2 30.00
£ 25.00
2
S 20.00
& 15.00 m Yeast Extract
E 10.00 B Meat Extract
=
= 5.00 Tryptone
0.00 Peptone
» o
‘b?’\ ‘gb@‘ ?&Q} ?&@ ?g)%% ?37% B MRS broth
» » )\ 5 v \5
P SR
o R & o " o

Qj\@@ @&QQJ @&0@ @&0‘@ @

Figure 4. Effects of nitrogen sources on antimicrobial activity of bacteriocin producing Enterococcus
faecium after MRS broth supplemented with different carbon sources, against Listeria monocytogenes.

4. Discussion

In this study, six Enterococcus faecium were identified and characterized from cabbage, shamita,
borde, and ergo, for their bacteriocin producincing capacity. Bacteriocin-producing Enterococcus
faecium demonstrated antimicrobial activity against Escherichia coli, Staphylococcus aureus, Listeria
monocytogenes, Pseudomonas auroginosa, Salmonella Typhimurium, and Candida albicans. Therefore, all
six Enterococcus faecium showed the strong and potential antagonistic activity against all selected food
borne pathogens. Similar to this result, Balla et al. (2000) demonstrated that Enterococcus faecium,
convened for bacteriocin-producing capability, showed broad antagonistic activity against Listeria
monocytogenes. Besides this, Gaaloul et al. (2015) reported that antimicrobial substances produced by
Enterococcus faecium GGN7 demonstrated potential antagonistic effects against Listeria monocytogenes.
In more recent studies, bacteriocin-producing Enterococcus faecium isolated from various sources has
shown potential antimicrobial effects against several foodborne pathogens (Cocolin et al., 2007;
Ghrairi et al., 2008; Ohmomo et al., 2000; Rehaiem et al., 2010). In addition, Franzetti et al (2004);
Gaaloul et al. (2015); Hosseini et al. (2009); Quintela-Baluja et al. (2022) and Silva et al. (2018) large
numbers of bacteriocin producing Enferococcus faecium were isolated from raw milk and
fermented food origin and various food stuff and demonstrated potential bacteriocin producing
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ability. These findings confirmed that Enterococcus faecium isolated from Ethiopian traditional
fermented foods and beverages was found to be the best potential food preservative because of its
capacity to produce various antimicrobial substances, including bacteriocins.

The CFS of bacteriocin-producing Enterococcus faecium demonstrated broad antimicrobial
activity against both gram-positive pathogens (Listeria monocytogenes and Staphylococcus aureus) and
gram-negative pathogens (Salmonella Typhimurium and Escherichia coli), with inhibition zones ranging
from 13.00 to 35.31 mm. Abanoz & Kunduhoglu (2018) reported that Enterococcus faecium exhibited
inhibition zones against Listeria monocytogenes, Staphylococcus aureus, Salmonella Typhimurium, and
Escherichia coli ranging from 20 to 28 mm. This implies that Enterococcus faecium’s antimicrobial
activity may vary depending on the source, the method of isolation, and the best selection criteria
used to identify the bacteriocin-producing Enterococcus faecium.

Similarly, Perumal & Venkatesan, (2017) demonstrated that Enterococcus faecium exhibited broad
antimicrobial activity against both gram-positive bacteria (L. monocytogenes and S. aureus) and gram-
negative bacteria (Salmonella sp., S. thypi, and E. coli), with inhibition zones ranging from 13 to 18 mm.
As aresult, those Enterococcus faecium isolates were able to synthesize bacteriocin-like antimicrobial
peptides with potential antagonism against gram-positive and gram-negative bacteria (Drider et al.,
2010).

Enterococcus faecium produces antimicrobial substances that are inactivated by pepsin, trypsin,
and proteinase K, but perform well with -amylase enzyme. These peptides are considered as
bacteriocin-like substances, with a proteinase nature. Correspondingly, Ghrairi et al. (2008)
reported that the antimicrobial activity of bacteriocin producing Enterococcus faecium MMT21, remain
active after treated by pepsin, trypsin and proteinase K. Likewise, Cocolin et al. (2007), Ghrairi et al.
(2008) and Zommiti et al. (2018) reported that, bacteriocin like antimicrobial substances produced by
Enterococcus faecium MMT22, Enterococcus faecium M241 and M249, Enterococcus faecium GHB21 was
totally deactivated with the inoculation these enzymes and therefore antimicrobial substances
produced by Enterococcus faecium isolated in this study is considered as bacteriocin like
antimicrobial substances.

Bacteriocin-producing Enterococcus faecium showed stable antibacterial activity against S. aureus
at 80°C, but not at 100°C, indicating its effectiveness at high temperatures (80-100°C).This suggests
that Enterococcus faecium may be a potential candidate for food preservation at high temperatures.
Similar to these findings, bacteriocin like substance produced by Enterococcus faecium was reported
to be more stable and effectively inhibit the growth of food borne pathogens even at the high
temperature 80-100 °C  for 10-20 minutes (Du et al., 2017).

It was also discovered that the bacteriocin produced by E. faecium M241 and GHB21 remained
entirely stable following a 30-minute after heat treatment at 100 °C, although activity reduced at
higher temperatures (Abanoz & Kunduhoglu, 2018; Cocolin et al., 2007), which is quite similar to
these findings. On other hand, Ben Braiek et al. (2017) and Phumisantiphong et al. (2017), observed
that the antibacterial activity of bacteriocin-producing E. faecium EF478 and E. faecium Q1 shown
potential stability at 60 °C for 30 minutes and 60 °C for 1 hour, respectively. Therefore, based on the
thermal stability and proteinase nature of the antimicrobial substance produced by Enterococcus
faecium, these isolates be used for industrial applications as a novel and promising food preservatives,
since many food processing procedures involve a heating step (Abanoz & Kunduhoglu, 2018).

The stability of bacteriocin producing Enterococcus faecium was evaluated against S. aureus ATCC
@25923 from pH 2-12 values. All six Enterococcus faecium produced potential antimicrobial activity
after treated with different pH values. The maximum bacteriocin activity was observed at pH 5 and
7. In line to this study, Kumar et al. (2010) and Sarkar et al. (2020), reported that antimicrobial
activity of bacteriocin producing E. faecium LR/6 remain effective in between pH, 2 -7, but ,about 20
% of the inhibition activity reduced, while the pH increased to pH 8.00. Similarly, to this study,
several bacteriocin producing Enterococcus faecium showed potential antagonistic activity at wide pH
range, from 2.00 to 8.00 (Kang & Lee, 2005; Moreira et al., 2020). As a result, the effect of pH on the
antimicrobial activity of bacteriocin-producing Enterococcus faecium revealed that the antimicrobial
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peptides produced by these isolates were found to be active over a wide pH range of 2-8.500,
allowing their use as food preservatives in acidic and alkaline environments(Isleroglu et al., 2012).

In this study, the effects of different surfactants and food additives on bacteriocin efficiency
was evaluated , the antibacterial activity of bacteriocin producing Enterococcus faecium remain active
having active antagonistic activity against S. aureus after treated with different food additive and
surfactants. Similarly, several researchers reported that, the CFS of bacteriocin produced by
Enterococcus faecium treated with organic solvents, detergents demonstrated potential antimicrobial
activity (Rajeswari et al., 2010; Rehaiem et al., 2010; Santos et al., 2018).

Furthermore, the resistance of bacteriocin-producing Enterococcus faecium to organic solvents,
surfactants, and detergents facilitates the widespread use of antimicrobial substances, by allowing
the isolates to retain structural and functional properties during various purification processes. As a
result, bacteriocin stability under conditions such as organic solvents, surfactants, and detergents,
acid resistance, and heat stability is highly beneficial and enables their application in food processing
and preservation of various foods and drinks(V. Kumar et al., 2016; Rushdy & Gomaa, 2013).

The study evaluated various media for bacteriocin production, finding that Enterococcus
faecium cultivated with Modified MRS broth and BHI broth achieved the best antimicrobial activity.
MRS medium contains carbon and nitrogen sources, while BHI is a general-purpose nutrient medium
suitable for various microorganisms. Growth kinetics showed that BHI broth with an initial pH of 7.4
was ideal for LAB growth, resulting in potential antimicrobial activity. This finding is more consistent
with the research reported by, as the researcher reported that, the highest bacteriocin antimicrobial
was obtained when the Enterococcus faecium were incubated in MRS broth at 32°C  for 16-24h,
while BHI medium was suitable for bacteriocin production pH 7.4(Gutiérrez-Cortés et al., 2018;
Todorov, 2009; Weine & Kim, 2019; Zhang et al., 2018). Therefore, modified MRS broth and BHI broth
supplemented with different carbon and nitrogen sources are the most suitable media for bacteriocin
production.

In this study, ammonium sulfate precipitation and solvent extraction methods developed to
recovery bacteriocin production efficiency from E.faecium. Accordingly, various techniques,
ammonium sulfate precipitation, chloroform, ethyl acetate, isopropanol, petroleum, methanol and
ethanol based solvent extraction were used to recovery bacteriocin producing potential of E.faecium.
Hence, the bacteriocin precipitated by 40 and 60 % w/v ammonium sulphate showed less effective
antagonistic activities as compared to antimicrobial activity precipitated by 80% ammonium
sulphate. Similarly, Barale et al. (2022) and Xu et al. (2009) reported that the antimicrobial activity
of bacteriocin is greater when it precipitates at a higher concentration of ammonium sulfate than
when it precipitates at a lower percent or concentration, because the higher concentration recovers
the bacteriocin (up to 80% ammonium sulfate efficiency).

The recovery of bacteriocin from E. faecium using various solvents was found to be most
promising for extracting bacteriocin-like compounds with high antibacterial activity. Chloroform and
its mixture showed the greatest recovery, followed by isopropanol and ethyl acetate. These solvents
are believed to be capable of extracting antimicrobial peptides from MRS broth of putative
bacteriocin-producing E. faecium. Inline to this result, Barale et al (2022) found that chloroform and
ethyl acetate were the most effective solvents for extracting bacteriocin and lipo-peptides.
Furthermore, the authors demonstrated that, methanol was the best solvent for extracting
bacteriocin with good antimicrobial activity against B. cereus NCIM 2703, S. aureus NCIM 2654, and
B. cereus ATCC 10,876 with zones of inhibition of 24 mm, 22 mm, and 14 mm, respectively (Barale et
al., 2022). As aresult, itis obvious that combining two or more approaches might be used to efficiently
purify and recover bacteriocin from bacteriocin-producing lactic acid bacteria isolated from diverse
traditional fermented foods and beverages.

Ethiopian traditional fermented beverages and dairy products are rich sources of potent
bacteriocin-producing strains. Six Enterococcus faecium isolates, JULABBr39, JULABBr40, JULABBS36,
JULABS43, JULABE23, and JULABE36, were isolated from Ethiopian fermented foods. These isolates
produce heat-stable, pH resistant bacteriocin-like substances, and exhibit potential antagonism
against Gram-positive and Gram-negative bacteria. These isolates have a wide activity spectrum
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against various bacteria, including Escherichia coli, Staphylococcus aureus, Listeria monocytogenes,
Pseudomonas auroginoasa, Salmonella Typhimurium, and Candida albicans

Based on these fascinating properties, the bacteriocin-producing Enterococcus faecium strains
isolated in this study could be a promising candidate to be employed as a potential food preservative,
particularly due to their stability, ability to withstand some extreme conditions that may be
encountered while preparing some processed foods, and ability to inhibit some pathogenic and/or
spoilage bacteria. However, for further it needs some detail study and research focusing on isolation
characterization of bacteriocin and other active peptides using completely genomic sequencing to
identify the types, as well as the position of cluster genes and encode gene responsible for bacteriocin
produced by Enterococcus faecium, as well as determination of antibactiotic resistance gene
identification, in order to qualify Enterococcus faecium and their bacteriocins as a safe bio preservative.
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