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ABSTRACT
The problem of increased resistance of bacteria to antibiotics and the increasing demand for safe foods has enhanced the interest in replacing antibiotics

by natural products (biopreservatives). In this study the antagonistic effect of lactic acid bacteria (LAB) producing-bacteriocins on nine target organisms
was studied using the agar-well diffusion assay (AWDA). LAB was isolated from Sudanese fresh sausages, intestines of different animals, saliva, cheese
and cucumber in MRS broth and on MRS agar media. The target organisms studied were Salmonella sp, S. typhi, Staphylococcus aureus, Bacillus
subtilis, B. cereus, B. stearothermophilus, B. pantotheticus, Escherichia coli, and Pediococcus strain BFE 2306. Only 16 LAB isolates of 30 produced
clear inhibition zones. These LAB isolates were identified as Enterococcus faecalis (3 isolates), Enterococcus avium, Pediococcus pentosaceus (3
isolates), P. domanosus, Lactobacillus murinus (2 isolates), L. gasseri (2 isolates), L. acidophilus, L. plantarum, L. alimentarius, and L. casi subsp.
Rhamanosus. Crude bacteriocins and pellets of Enterococcus faecalis, Pediococcos pentosaceus and Lactobacillus murinus exhibited the strongest
antimicrobial activity ranging between 40 and 1280 AU/ml, while most supernatants of bacteriocin-producers did not show antimicrobial activity against
all indicator organisms (0.00-640 AU/ml). Sudanese products of animal sources can be a rich source for bacteriocins-producing LAB and can be used

as biopreservatives.
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INTRODUCTION

Lactic acid bacteria (LAB) is a biological tool for biopreservation and extending the shelf life of different food products
(Deegan, 2005). The use of LAB in food processing can reduce the use of chemical preservatives, improves food palatability,
and nutritional quality by increasing protein and vitamins availability. Also they produce detoxifying agents and inhibitory
compounds e.g. CO», organic acids, ethanol, hydrogen peroxides and bacteriocins (Oyewole, 1997; Holzapfel, 2002; Hansen,
2002; Chelule, 2010). Bacteriocins are produced by prokaryotic and eukaryotic organisms (Papagianni, 2003). They are
proteinaceous compounds which have antagonistic effect against not only closely related species but also spoilage and food-
borne pathogens (Carolissen-Mackay, 1997; Aymerich, 2000; Leroy, 2004). These peptides are very important in food and feed,
since sufficient amount can inhibit or kill pathogenic microorganisms that compete for the same nutritive demand (Deegan,
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2005). They can be produced by gram-positive and gram-negative bacteria (De Vuyst and Vandamme, 1994; Jack, 1995). Jack,
(1995) reported that Bacillus sp. B. subtilis, B. thringiensis, B. stearothermophilus, B. licheniformis, B. magaterium, B.
thermoleovorans, B. cereus and B. coagulans may also produce bacteriocins. A colicin, warnerin and coagulin are bacteriocins
produced by Escherichia coli, Staphylococcus warneri (FM10, FM20, and FM30) and Bacillus coagulance respectively.
Bacteriocincs of LAB have a considerable attention nowadays because they are classified as “generally recognized as safe”
(GRAS) and the possibility to be used as biopreservatives in food processing is growing (Carr, 2002; Patil, 2007). Different
types of baceriocins are widely used in food industry e.g. nicin from Lactococcus lactis subsp. lactis (Rodriguez, 1996; Moreno,
2000) and pediocin from Pediococcus pentosaceus (Moreno, 2006). Different strains of enterococci are capable of producing
enterocins which are active against Listeria monocytogenes, Staphylococcus aureus, and Clostridium spp. (Floriano, 1998; Franz,
1999; Gelsomino, 2001). Bacteriocins-producing LAB can be isolated from different types of food products such as dairy
products (Foulqui¢ Moreno, 2006; Leroy, 2003), sausages (Cintas, 1997; Herranz, 2001), fish (Ben Embarek, 1994) and
vegetables (Floriano, 1998; Bennik, 1998). Many Sudanese products are highly rich in hurdle lactic acid bacteria (LAB) that can
be used as biopreservatives. Different strains of lactic acid bacteria (LAB) were recorded as part of traditional fermented milk
products, but the knowledge of their health benefits and species properties need more explaining (Salih, 2011). Abdulla and
Osman (2010) suggested that Sudanese dairy products may be a rich source of LAB. They found that the dominant species of
LAB were Lactobacillus xylosus, Lactococtcus lactis sub cremoris, Lactobacillus delbruccki, and Pediococcus cerviacae.
Several studies were carried out on different Sudanese products (e.g. meat, fish, dairy, vegetables, and cereal products) focusing
on their microbial load, however the technology and microbiology of these products require more studies. This research was
conducted to study the antimicrobial activity of bacteriocin-producing LAB against spoilage and pathogenic microorganisms.

MATERIALS AND METHODS

Collection of samples

Nine different sources [sausages, intestines of chicken, pigeons, sheep and cattle, saliva, cheese, cleaned sheep intestines
(locally called musarn mejrure) and cucumber] (Table 1) were used as sources for the isolation of bactriocin-producing LAB.
All samples were purchased from retail markets in Khartoum state except saliva. The samples were collected aseptically and
immediately transported ice-cooled in an insulated ice container to the laboratory for microbial analysis.

Indicator microorganisms

The selected microorganisms used for the determination of antagonistic activity of LAB were Salmonella, S. typhi,
Staphylococcus aureus, Bacillus subtilis, B. cereus, B. stearothermophilus, B. pantotheticus, Escherichia coli, and Pediococcus
strain BFE 2306. These organisms were obtained from the department of Veterinary Microbiology, Faculty of Veterinary
Sciences, University of Khartoum. LAB BFE 2306 was kindely provided by Dr. Nuha Elkhatim, Food and Biochemistry
Department, Faculty of Agriculture University of Khartoum.

Screening for bacteriocin producing LAB.

Ten grams of each source (Table 1) were aseptically weighed and hand mixed well in 100 ml de Man Regosa and Sharp
(MRS-Hi-media Laboratories Pvt. Ltd., India) broth for the enrichment of any resident LAB (de Man, 1960). The mixture was
incubated at 37°C for 24 hrs. The broth was then serially diluted and enumerated by the pour plate method. The plates were
anaerobically incubated at 37 °C for 48 hours using anaerobic jars with gas generating kits (Oxoid BR 0038b) till colonies were
visible. Then the plates were overlaid with MRS soft agar (0.75% agar) seeded with 0.5 ml active broth of indicator organisms
and was overlaid with the MRS soft agar medium and allowed to set. The plates were then incubated aerobically at 37°C for 24
hours to allow the colonies to develop. Colonies showing zones of inhibition were considered as potential bacteriocin producers.

The inhibitory activity of 30 LAB isolates was confirmed by spot-on-lawn assay as described by Schillinger and Licke
(1989), Lewus, (1991), and Van Reenen, (1998). Overnight cultures of LAB isolates to be tested were spotted (5ul) onto the
surface of MRS agar medium (4 spots in each) and incubated anaerobically at 37°C for 24 h to allow colonies to develop. Each
plate was overlaid with 7 ml soft agar (0.75%) seeded with 0.5 ml of overnight cultures of the indicator organisms. The plates
were incubated at 37 °C for 24 h and clear zones around the spots were observed. The inhibitory reaction was scored as positive
if the width of the clear zone around the colonies of LAB isolates was 5 mm or larger (Ogunbanwo 2003; Lade 2005).
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Isolation, Purification and presumptive identification of bacteriocins producers:

The 16 LAB isolates which produced clear inhibition zone with diameter 5mm or larger were isolated, purified and identified
depending on their morphological, cultural and biochemical characterization (Sneath, 1986, Harrigan, 1998; Holt 1998; Barrow
and Fealthman, 1993; Axelesson, 2004 and Salminen, 2004).

Extraction of crude bacteriocins samples

LAB isolates which produced inhibition zone (16 isolates) were seeded in 100 ml MRS broth individually and incubated at
30°C for 72 h anaerobiacally (Oxoid gas generating kits). Then the broth was heated at 80°C for 20 minutes in a water bath to
kill living cells, and were then desorbed at pH 2-2.5 using sterile 0.1 N NaCl (YYang, 1992, Vera Pingitore, 2007). The cultures
were then centrifuged at 10000 rpm for 20 min to obtain supernatants of crude bacteriocins. Crude bacteriocins obtained were
adjusted to pH 6.5 using sterilized 1M NaOH or HCI (Daba, 1991; Todorov and Dicks, 2005). This was followed by filtration
of the supernatants through a 0.2 pm pore-size cellulose acetate filter.

Partial purification of crude bacteriocins extracts

Crude bacteriocins were treated with 40 % ammonium sulphate (NH4), SO4), and the mixtures were stirred for 1 hour at
49C, and were then centrifuged at 10,000 rpm for 20 minutes (Vera Pringitore, 2007) and supernatants were decanted. The pellets
and surface pellicle were dissolved in 10 ml sterile ultra pure water. Bacteriocins activity was carried out and the titer was
determined for both pellets and the supernatants.

Antagonistic activity of bacteriocins

The agar well diffusion assay (AWDA) was used to determine the antagonistic effect of bacteriocin-producing LAB against
indicator organisms (Schillinger and Liicke, 1989, and Takahiro, 1991). MRS and nutrient agar media were used for culturing
LAB 2306 and the other indicator organisms respectively. Fifteen ml of molten agar (MRS for LAB 2306 as an indicator and
NA for other indicator organisms) were first seeded with 1 ml (10-5cfu/g) of overnight cultures of indicator organisms grown
separately in sterile Petri dishes, and after solidification were dried for 15 minutes under a sterilized hood. Wells of uniform
diameter (8 mm) were bored in the agar using sterile micropipette tips. Two-fold serial dilutions were conducted to dilute
supernatants of each isolate (Graciela, 1995). Aliquots of 50 pl from each bacteriocin dilution were placed in the wells. The
plates were incubated anaerobically (using Oxiod gas generating Kits ) overnight at 30°C for lactic acid bacteria and aerobically
at 37°C for non-lactic acid bacteria. Diameters of inhibition zones around the wells were recorded (Rammelsberg and Radler,
1990) and the antimicrobial activity of bacteriocin producers were determined. as the reciprocal of the highest dilution showing
inhibition of the indicator organisms multiplied by 100 to express it in arbitrary units of activity per ml (Au ml) (Graciela,
1995).

RESULTS AND DISCUSSION

Sources, type of sources and codes of LAB isolates are shown in Table 1. Thirty presumptive bacteriocin producers were
obtained from the investigated sausage samples and other sources. Sixteen isolates of LAB out of 30 isolates produced clear
zones of inhibition (5mm) against the indicator organisms; and were therefore selected as potential bacteriocin producers. Table
2 revealed that the identified isolates (16 isolates) were Enterococcus faecalis (N1, N5, and N6), E. avium (N2), Pediococcus
pentosaceus (N10, N14, and N16), P. domanosus (N9), Lactobacillus murinus (N13 and N15), Lactobacillus gasseri (N4 and
N7), Lactobacillus acidophilus (N3), Lactobacillus plantarum (N8), Lactobacillus alimentarius (N12), and Lactobacillus casi
subsp. rhamanosus (N11). Pinto, (2007) and Swetwiwathana, 2008 reported that Lactobacillus, Pediococcus, and Enterococcus
spp. have the ability to produce bacteriocins that inhibit or kill gram-positive and gram-negative bacteria. Enterococcus faecium
and Pediococcus acidilactici were found to play an important role as probiotics (Salminen, 1998). Lactobacillus gasseri has been
known to produce the bacteriocin gassericin. Tahara, (1997) isolated L. gasseri JCM 2124 which produces at least two
bacteriocins, named gassericin B2 and B3. Callewaert, (2008) and Sparo, (2008) found that bacteriocins from Enterococcus
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Table 1. Presumptive bacteriocin producers isolated from sausages and other

Sources

Isolates serial No  Isolates code  Source Type of sources
1 N1 Sausages (Butcher- Khartoum market-Kh.S.B ) *AS

2 N2 Sausages (Butcher —Khartoum North market-KN.S.B) ~ *AS

3 N3 Sausages (Butcher —O market-O.B) *AS

4 N4 Sheep Intestine (Shl) *AS

5 N5 Sheep Intestine (Shl) *AS

6 N6 Cattle Intestine (Cl) *AS

7 N7 Cattle Intestine (CI) *AS

8 N8 Saliva (Sa) *HS

9 N9 Pigeon Intestine (PI) *AS

10 N10 Pigeon Intestine (PI) *AS

11 N11 Cheese (Cheese) *AS

12 N12 Intestine used for sausages filling (Int. S.F) *AS

13 N13 Intestine used for sausages filling (Int. S.F) *AS

14 N14 Chicken Intestine (Chl) *AS

15 N15 Chicken Intestine (Chl) *AS

16 N16 Cucumber (Cu) ***NAS

* AS. Animal Source.
** HS. Human Source.
*** NAS. None Animal Source.

Table 2. Presumptive identification of LAB isolated from sausages and other sources as bacteriocin producers
E £ Growt =<=. £E. & £ £ o =g
7] 0 E 4 '-g ¢ h at = _5 = _5 = = g § 3 [} g - £ ® @ S t
= o 8 ¢ o 15C s{sis1:s12 5 &£ ¢ £ © £ 8 £ E -§§Species
coc ©o38 & @: It O 25 2< 2« E s > S S = S S S S BT
2z 23 & 07 Z< 45°C O« 02 O BGc < < & 8 & & & X = = =
1 N1 Cocci - + + o+ o+ - + + + \Y% + + + + + - + - + E. faecalis
W
2 N2 Cocci - - + o+ - - w W o+ - + + - + + - + - - E. avium
3 N3 Rod - + - + + - + + + - + + + + - + - - L.
acidophilus
4 N4 Rod - - -+ 4+ - + + + - + + + + + - + - + L. gasseri
5 N5 Cocci - + + o+ o+ - + + + VvV + + + + + - + - + E. faecalis
W
6 N6 Cocci - + + o+ o+ - + + + \Y + + + + + - + - + E. feacalis
W
7 N7 Rod - - -+ 4+ - + + + - + + + + + - + - + L. gasseri
8 N8 Rod - - + + + - + + - + + + + + + - + - + L.
plantarum
9 N9 tetrad - - + - - - + - - - + - + + + - - + P.
e domanosus
10 N10 tetrad - - + o+ o+ - + + - - + + - - - - + - - P.
e pentosaceu
s
11 N11 Rod - - + o+ o+ + + + + + + + + + + + + L. casi sub
rhamnosus
12 N12 Rod - - + - + - + + + + + - - + + - + - + L.
alimentariu
s
13 N13 Rod - - + o+ o+ - + + + + + + + + + - + + + L. murinus
14 N14 tetrad - - + o+ o+ - + + - - + + - - - - + - - P.
e pentosaceu
s
15 N15 Rod - - + + + - + + + + + + + + + - + + + L. murinus
16 N16 tetrad - - + o+ o+ - + + - - + + - - - - + - - P.
e pentosaceu
s
Legend:
(-)Negative Reaction. (w)Weak reaction.
(+) Positive reaction. (vw) Very weak reaction

faecalis and other enterococci species can be used as biopreservatives of food or as probiotics. Crude bacteriocin activity of
LAB against target microorganisms is presented in Table 3. Crude bacteriocins of Enterococcus faecalis (N1), Pediococcos
pentosaceus (N14) and Lactobacillus murinus (N13) exhibited a wide range (40-1280 AU/ ml) and the strongest antimicrobial
activity on both gram-positive and garma-negative bacteria. The effect of bacteriocin producers on gram-negative bacteria
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Salmonella sp., Salmonella typhi and E coli was either week or not detected. The same effect was observed on bacteriocins
activity of supernatants of LAB against gram-negative bacteria (Table 4). Gram-negative bacteria are resistant to bacteriocins of
lactic acid bacteria due to the effective barrier function of the outer membrane that is not found in gram-positive bacteria (Stevens,
1991).However, Audisio, (2001) and Pantev, (2003) claimed that enterocin or enterococcin obtained from enterococci have an
antimicrobial activity against gram-negative bacteria such as E. coli and Salmonella pullorum.

All supernatants remaining after precipitation by (NH) » SO4 did not show antimicrobial effect against all indicator organisms

(Table 4).

The antimicrobial activity of most supernatants obtained from bacteriocin producers after precipitation by

(NH4)2S04, was either weak or not detected on the indicator organisms. This may be due to the complete precipitation of
bacteriocin by (NH4)2S04, or due to the low concentration of bacteriocins remaining after precipitation (Stevens, 1991). Activity
of Pellets precipitated by (NH) » SO, for all bacteriocin producers revealed a wide range against gram-positive and

Table 3. Crude Bacteriocin activity (AU/ml) against nine target organisms

Activity against target organisms

1solates 1solates Bacteriocin- Source of

serial code producers sample ES s 3 — 22 5, ®

No S50 ad8s w8 cB8. 82 H28
1 N1 E. faecalis Kh,S. B 160 1280 160 640 640 640 1280 40 1280
2 N5 E. faecalis Sh.l 40 80 0.00 1280 160 320 640 160 1280
3 N6 E. faecalis Cl 80 640 80 640 320 160 640 40 320
4 N2 E. avium KN.S.B 80 320 160 320 1280 160 1280 40 640
5 N3 L. acidophilus o.B 160 320 160 640 320 1280 1280 40 640
6 N4 L. gasseri Sh.l 80 80 0.00 40 000 0.00 000 000 160
7 N7 L. gasseri C. 40 640 80 0.00 640 640 0.00 0.00 320
8 N8 L. plantarum SP 80 160 0.00 320 160 0.00 320 0.00 1280
9 N9 P. domanosus P.1 0.00 1280 160 1280 160 160 640 0.00 640
10 N10 P. pentosaceus P. 160 1280 160 1280 1280 640 320 160 1280
11 N14 P. pentosaceus Ch.l 160 1280 160 320 1280 640 320 160 1280
12 N16 P. pentosaceus Cu 0.00 160 0.00 320 0.00 160 160 0.00 160
13 N11 L casi sub  Cheese 0.00 000 40 40 000 0.00 000 0.00 40

rhamnosus
14 N12 L. alimentarius In.S.F. 160 320 40 160 640 160 160 160 160
15 N13 L. murinus In.S.F 40 1280 40 640 320 640 1280 40 1280
16 N15 L. murinus Ch.l. 40 1280 40 640 320 640 160 40 160
Legend:

AU: Arbitrary Unit

Table 4. Bacteriocin activity (AU/ml) of supernatants after bacteriocin precipitation by ammonium sulphate [(NH4)2SO4] against target

organisms
Activity against target organisms
1solates Isolates 1solates Bacteriocin- Source of o
serial sources code producers isolates c %) = 8,2 %) =
No g2 «28 8 g58E. & S
8= 8 w o g 8 o
1 AS N1 E. faecalis Kh,S.B 0.00 80 0.00 0.00 0.00 1280 0.00 0.00 0.00
2 AS N5 E. faecalis Sh.l 0.00 80 0.00 0.00 0.00 1280 0.00 0.00 0.00
3 AS N6 E. faecalis C. 0.00 80 0.00 0.00 80 0.00 0.00 0.00 160
4 AS N2 E. avium KN.S.B 000 0.00 0.00 160 0.00 0.00 80 0.00 40
5 AS N3 L. acidophilus 0.B 0.00 80 0.00 320 80 640 80 80 320
6 AS N4 L. gasseri Sh.l 0.00 0.00 0.00 0.00 0.00 40 0.00 0.00 40
7 AS N7 L. gasseri C. 000 0.00 0.00 0.00 000 0.00 0.00 80 320
8 HS N8 L. plantarum SP 0.00 160 80 0.00 80 0.00 0.00 0.00 160
9 AS N9 P. domanosus P.I 0.00 0.00 80 40 0.00 320 0.00 80 0.00
10 AS N10 P. pentosaceus P.I 0.00 40 80 40 000 160 0.00 0.00 0.00
11 AS N14 P. pentosaceus Ch.l 0.00 1280 80 640 160 640 1280 160 320
12 NAS N16 P. pentosaceus Cu 0.00 0.00 80 160 0.00 640 000 0.00 0.00
13 AS N11 L. casi sub Cheese 000 0.00 000 0.00 000 0.00 0.00 000 0.00
rhamnosus
14 AS N12 L. alimentarius In.S.F. 000 320 320 160 40 80 40 0.00 640
15 AS N13 L. murinus In.S.F 0.00 40 0.00 0.00 0.00 320 320 0.00 80
16 AS N15 L. murinus Ch.l. 0.00 40 0.00 0.00 0.00 320 320 0.00 80
Legend:

AU: Arbitrary Unit
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Table 5. Bacteriocin activity (AU/ml) of pellets precipitated by ammonium sulphate [(NH4)2SO4] against target organisms
Activity against target organisms

Bacteriocin-producers ~ Source of isolates

1solates  1solates % ) = g 2 @ =
No Code ES o £ S 4558« & L gw
3 s w g & S o
1 N1 E. faecalis Kh,S. B 160 640 640 1280 1280 1280 1280 640 1280
2 N5 E. faecalis Sh.l 320 320 160 320 320 640 1280 160 1280
3 N6 E. faecalis C. 320 640 160 1280 1280 1280 640 160 1280
4 N2 E. avium KN.S.B 160 1280 160 640 1280 320 640 160 320
5 N3 L. acidophilus 0.B 640 1280 1280 1280 1280 640 640 640 640
6 N4 L. gasseri Sh.l 0.00 160 0.00 160 320 640 160 0.00 320
7 N7 L. gasseri C. 80 160 0.00 160 640 640 40 0.00 1280
8 N8 L. plantarum SP 0.00 40 320 640 80 40 0.00 0.00 160
9 N9 P. domanosus P.1 160 160 0.00 640 320 160 0.00 0.00 1280
10 N10 P. pentosaceus P.I 160 160 40 640 320 160 640 0.00 640
11 N14 P. pentosaceus Ch.l 80 1280 1280 1280 1280 1280 640 160 1280
12 N16 P. pentosaceus Cu 0.00 40 40 160 0.00 160 0.00 0.00 640
13 N11 L. casi sub rhamnosus Cheese 0.00 320 640 160 0.00 160 80 40 40
14 N12 L. alimentarius In.S.F. 0.00 1280 0.00 1280 640 80 1280 40 1280
15 N13 L. murinus In.S.F 40 1280 160 640 1280 1280 1280 80 1280
16 N15 L. murinus Ch.l. 40 1280 160 320 1280 1280 1280 80 1280
Legend:

AU: Arbitrary Unit

gram-negative organisms (Table 5). Pellets obtained from bacteriocins of Enterococcus faecalis (N1), Pediococcus
pentosaceus (N14); Lactobacillus murinus (N13) were the most active isolates against all indicator organisms. Their
antimicrobial activity ranged between 40 and 1280AU/ml (Table 5). It was observed that Salmonella sp. affected by most LAB
bacteriocin producers (Table 5). Partial purification or precipitation by (NH4)2S04, increases the concentration of bacteriocins,
thus increasing the activity. Ogunbanwo, (2003) reported that during the purification procedures each step resulted in a
considerable loss of protein concentration while the specific activity increased and the optimal bacteriocin recovery was achieved
by inducing ammonium sulfate and trichloroacetic acid precipitation. These results revealed that these bacteriocins could be used
as food preservatives. Results presented in Table 3, 4, and 5 showed that bacteriocin-producing LAB isolated from non-animal
sources recorded an antimicrobial activity ranging only between 0.00-320 AU/ ml against indicator organisms. These results all
together revealed that isolates from animal sources showed a better performance than non-animal sources. Similar results were
reported by Joshi, (2006).
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