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ABSTRACT

The antibacterial activity of partially purified lsgeriocin produced by lactic acid bacteria isolatiedm raw goat’s
milk was assessed and characterized. From thirtjated strains, the produced bacteriocin Bgdiococcus
acidilacticci (BL20)and Streptococcus thermophil(BL16) has manifested amaximum antibacterial activity
against the investigateBacillus cereus and Staphylococcus aureus ATCC 2583 investigation of the produced
bacteriocin byPediococcus acidilacticci (BL20) indicated theialsility after heat treatment, whereas, the activity
of the produced bacteriocin (8treptococcus thermophilus (BL1M8as decreased after the heating and completely
inhibited at 121°C. The maximum antibacterial aityiof the both produced bacteriocins was obtaibggpH range

of 4-7 and affected by the adding of trypsine. predlucedbacteriocins by the selected producing bacteriaewer
observed in the early logarithmic growth phageirthermore,the investigated produced bacteriocins on the
bacterial growth indicated two mechanisms effettictv has manifested a bacteriostatic by Staphylogs@ureus
ATCC 25932 and bactericidial by Pediococcus acititai BL 20.The technological properties and tkabdity of
bacteriocins may lead for application as biopresgive agents to control pathogens and spoiling &aatin
different food products.

Keywords: Streptococcus thermophilus, Pediococcus acidilaitiStaphylococcus aureuatcc 25932, Heat
Resistance, Bacteriocins, Bio-Preservative Agents.

INTRODUCTION

Lactic acid bacteria(LAB)are found in a plethoran@fhes, including plant material, fermented daiggetable and
meat products, and sour dough breads. Foods feethéytLAB are rendered more adapted for longeregpvasion
and have improved textures, flavors and tasteg Hg.primaryantibacteriakffect exerted by LAB is the production
of lactic acid and reduction of pH [2]. In additiobAB produce various antimicrobial compounds, wh@an be
classified as low-molecular-mass(LMM) compounds sashhydrogen peroxide §8,),carbon dioxide (Cg),
diacetyl (2,3-butanedione),uncharacterized compsunand high molecular-mass (HMM) compounds like
bacteriocins [3-6]. All of which can antagonize tirewth of some spoilage and pathogenic bacteaddfr].

Among HMM compounds, bacteriocins have attractagtest interest in food industry due to their Apation al
potentiality in food preservation. Bacteriocinsaslomally synthesized were extracellular releaseddbive peptides
or peptide complexes (usually30-60 aminoacids),ctvinduced a bactericidal or bacteriostatffeet on other
(usually closely related) species [8]. In all cagbe producing cell exhibits specific immunity tetaction of its
own bacteriocin. They are generally consideredctaafithe cytoplasmic membrane and dissipate tbespmotive
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force through the formation of pores in the phodipids bilayer [9]. Nisin was the best defined ahé nly
purified bacteriocin produced by LAB that has beppraved for use in food products[10]. The traced af the
present work was the isolation and the screeroh@ large range of lactic acid bacteria fromwmilk taken
from cows and goats, which manifested antagausvity against pathogenic strains suchBscereus, St.
aureus ATCC25932.E. coliand Ps. aeruginosaATCC 27853. Furthermore, the study of bactegiawth of St.
aureusATCC 25932, which was responsible nosocomial id@s in hospitals, in the absence and in the pie=se
of the produced bacteriocins 8ythermophilus (BL16andP.acidilactici (BL20)indicated a considerable biomass
reduction accompanied with unbalanced growth.

MATERIALS AND METHODS

Milk sample collection

Thirteen raw goat’s milk samples were collectecclly from dairy farms of Saida and Sidi Bel Abl{@égeria).
For the sample collection, the udder of goat washed twice with sterilized water and disinfectedhwr0%
ethanol. Furthermore, a volume of 100 ml of milenfr each goat was collected aseptically in steritlds. The
samples were transported immediately under refiigmr (4°C) to the laboratory for further analysis.

Isolation and identification of lactic acid bactera

The bacteriocin producing strains were isolatednfrailk, by the dilution of a volume of 10 ml samplef milk in
90 ml saline solution, and the suitable serialt@ihs were plated on the MRS Agar (Fluka, Frandé),[incubated
at 30°C for 48 hours The typical colonies weredsed and purified. The short-time conservation hef pure
isolates has been achieved on a solid culture medhe obtained culture was maintained at 4°C andwed every
month.

The identification of isolates bacteriocin producistgains used in two steps was performed accortbnthe
methods of Badist al[12]. The first step was based on the coloratio@@m, the presence of the catalase and the
production of spores of isolates strains, wher#as,second step was focused on the study of th@huotmgical
analysis such as macroscopic and microscopic oatsenvand the type of fermentation. The determimabtf the
physiological and biochemical criteria of the s&dgcproducing bacteriocin strains was based orstingy of the
bacterial growth on the culture medium MRS, coritajrthe following concentration of the Nacl (2,43and 6.5%),
at pH range (4.2, 6.5, 7, 8), incubated at severaperatures (37, 40, 45, 50°C) for 5 days. Funtoee, the gas
production from glucose in MRS culture medium hagrbachieved according the described method by @akom
[13], whereas, the acetone production from gluseas done by using the Voges-Proskauer test [14.prbfile of
sugar fermentation in the API-50 CH was carried actording to the manufacturer’'s instructions (bésidux,
Marcy I'Etoile, France).The used bacteria as inicanicroorganisms for the selection bacteriocinducing
strains and the antibacterial activities were dbsdrin Table 1.

Tablel : Bacterial strains used as indicator micromanisms for bacteriocin screening

Microorganisms Media optimal growth temperature.

Gram positive bacteria
Bacillus cereus 30 °C ,18-24 hours
Staphylococcus aureus AT@6932 Nutrient agar 30 °C ,18-24 hours

Gram négative bacteria
Escherichia coli 30 °C ,18-24 hours
Pseudomonas aeruginosa ATCTZ853 30 °C ,18-24 hours

Screening of isolates for antibacterial activity

The antagonistic activity of the bacterial isolaagsinst all investigated pathogenic bacteria vedsrchined by well
diffusion method [15]. For the assay of the antagtanactivity of the selected producing bacteniosirains, the
bacterial biomass of the overnight cultures on MREBure medium was harvested by centrifugations&00 g, for
10 minutes at 4°C. The effect of lactic acid, tihtgs antimicrobial compounds, has been reducetidgadjustment
of pH-value of the supernatants of the culture medio 6.0 with of a solution of 1 N NaOH, filtereatross
cellulose acetate filter (0.2 um). For this purpaseolume of 100 pl of each overnight grown cudtur a nutrient
broth was inoculated, spread on the solid Mullemtblh culture medium with the help of spreader. érikt cork
borer of diameter 3.0 mm was used to bore wellseinter of inoculated solid culture medium of Muilléinton.
Subsequently, a volume 100 pl of culture supernathitine selected producing bacteriocin strains iwaissduced in
well. After that, plates were kept at 4°C for 2 lwand then incubated at 37°C for 24 hours. Thagamistic
activity was determined by measuring the diamet¢he formed zone of inhibition around the wellBhe bacterial
isolate showing the widest zone of inhibition agaihe target microorganism was selected for furthedies.
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Partial purification of bacteriocin

The selected producing bacteriocin strains witlighdst antagonistic activity was inoculated ovehnhig the MRS
culture medium, incubated at 37°C for 24 hours havested by centrifugation at 5000 g for 10 miawe 4°C.
The recuperated supernatant was used for the Ipadi#ication of bacteriocin. Furthermore, the gduzed
bacteriocin in the supernatant culture medium waiseted according the described methods by Jashi [

For this purpose, different concentrations of amimonsulfate were added to the crude extract. Afftert, the
supernatant was stirred on a magnetic stirrer @pd &t 4 °C overnight under agitation. The obtaipegtipitates
were collected by centrifugation at 10000 g fomiid and resuspended in a solution of 20 mmol sogihosphate
buffer, adjusted at pH-value of 6.0.The effecthaf bbtained precipitates on the antibacterial agtivas recorded
by comparison with the crude bacteriocin [15].

Characterization of bacteriocin

Effect of temperature

In order to explore the effect of temperature o éxtracted bactériocin, a volume of 5 ml of suptant was
introduced in different test tubes and heatedeafdlowing temperature (60, 80, 100°C)for one nbinythe reaction
was stopped by heating at 121°C for 20 minutes umlessure. The heat-treated bacteriocin samples we
employed for antimicrobial activity assay as ddsedli earlier [16].

Effect of pH

In order to investigate the effect of pH value be extracted bacteriocin a volume of 5 ml of supamt was
introduced in different test tubes and the pH-valss adjusted from 2 to 10, by the using 1 NaOHL dfcl
solution, incubated at 37°C for 90 min and the &aatinogenic activity was assayed agaiBstcereusand
St.aureuss described earlier [16].

Effect of proteolytic enzyme

The effect of the proteolytic enzyme activity om txtracted bacteriocin has been investigated dynitubation of
supernatant containing bacteriocin, in the presericérypsine at a final concentration of 1 mg/micubated at
37°C for 1h. Enzyme reaction was stopped by heaing5°C for 10 mn [17, 18] and the antimicrobiatity
assay as described earlier [16].

Bacterial growth and bacteriocin production

In order to study the bacterial growth of the seldgroducing bacteriocin lactic acid, a volumeléfml of the
inoculated overnight culture was introduced in futmntaining 100ml of MRS broth, incubated at 30A@er that,
samples were withdrawn from the culture and usediébermination for the optical density at 660 mxtracellular
pH, and determination of the antibacterial actiyit9].

Study of Staphylococcus aureus ATCC growth in the presence othe produced bacteriocins

In order to explore the mode of action of the prmtl bacteriocins by. thermophilegBL16), P. acidilactici
(BL20), againstt. aureusATCC 25932, the viability of the treated cells le®n investigated. The bacterial growth
of St.aureuATCC25932in the absence (control) and in the preserf the produced bacteriocins ®ythermophiles
(BL16), P.acidilactici (BL20), has been assayed.For this purp&@te,aureuATCC25932 was inoculated in the
MRS culture medium with initial optical density 85 at 630 nm according the protocol described bdAini and
coworkers [26, 27].A volume of 1 ml of the recowtr&f the produced bacteriocins By thermophile¢BL16), P.
acidilactici(BL20), was added 4 hours after the onset of thetelnial growth. The obtained results (Figure 5,
6)showed a considerable inhibition of the grov@&haureusTCC25932, after the adding a volume 1 ml of the
produced bacteriocins by.thermophiludBL16), P. acidilactic(BL20), to the culture medium of the above tested
strain during early exponential growth phase, whiets explained the absence of the phenomenon tdriadysis

in the presence of the produced bacteri®dimermophiluBL16) and bacterial lysis in the presence of ttedpced
bacteriocin byP. acidilactic(BL20).

RESULTS AND DISCUSSION

Antibacterial activity

Based on the achieved morphological tests, thitjaied LAB strains from Algerian dairy milk wementified as
belonging to six groups : (1)white, round or leatér colonies; cocci, diplococcic and in chain sethermophilics
and homofermentative (PresumptiS8ethermophilus (2)white round or lenticular colonies; cocciplticoccic and
in chains; mesophilics and homofermentative (pregiva lactococci); (3) small white colonies with man
convex center; rolled up or filamentous long raaene or in chains; homofermentative (presumptherrnophilic
lactobacilli); (4) small round or lenticular whitplonies, small rods in chains; homo or heterofeatére and
arginine-positive (presumptive mesophilic lactobggi5) transparent colonies; very small rouncccioand in oval
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chains; mesophilic; heterofermentative (presumptieconostocs) and (6)smooth, round, grayish ortig¥hi
colonies; cocci in tetrads and homofermentativegpmptivePediococd).

The thirty isolates were screened for their ant&mnactivity against pathogenic bacteria suchBascereus,
St.aureusATCC 25932 E.coliand Ps. aeruginossATCC 27853by the using well diffusion method. Eiggulates
has manifested an excellent antagonistic activggiresst the tested Gram positive (Figure 1). Furtizee, the
isolates did not show any antagonistic activityiagiathe investigated Gram negative bacteria ssdb. a&oli and
Ps. aeruginosa 27853Fimilar results have been obtained ®ythermophilus TAsolated from dairy product of
Algerian Raib [12].Subsequently, all isolates mesiéd antagonistic activity with diameter of inkidm zone
greater than 8 mm were used for further studie$ fuacterial growth at different temperatures, ptues, salt
condition, gas production from glucose and sugamémtation profile. The obtained results from thevipus
screening showed th#&.acidilacticci (BL20)and S.thermophilugBL16) (Table 2) has manifested an excellent
antagonistic activity againd.cereusCIP 6624,B.subtilis ATCC 6633,E. coli CIP 35218. The both isolated,
selected strains were used for further investigatio

30 +

25 -

20 A

15 -
B S. aureus

M B. cereus

inhibition zone diameter (mm)

BL1 BL5 BL16 BL17 BL18 BL19 BL20 BL21

isolated strain

Figure 1: The obtained diameter of zone inhibitiorby St. aureus ATCC 25932 and B. cereusin the presence the isolated, selected
antagonistic lactic acid bacteria

Partial purification of bacteriocin

The extracted bacteriocin &f. acidilacticci (BL20) andS.thermophilugBL16) from the supernatant of the used
MRS culture medium was partial purified with ammani sulphate. The obtained results have indicatetl ttie
antagonistic activity bacteria against pathogeanictéria has been considerably augmented. The hightgonistic
activity of P.acidilacticci (BL20) andS.thermophilugBL16) was obtained by the precipitation of theteaocin
with (30—40%) of ammonium sulphataturationFigure 2) where the diameter of inhibition was increaseantt@

to 23 mm.Joshi and co-workers has reportedttthe producetbacteriocin bylLactobacillus isolated from carrot
fermentation, was precipitated from cell free sup#ant by the using (20- 30 %) ammonium sulphateraton
[15].

Characterization of bacteriocin

Effect of temperature

The obtained results showed that the antagonistivity of the produced bacteriocin t§.thermophilugBL16)
againstStaphylococcus auredsTCC25932 was stable after heat treatment at aaeayre of 60°C for 10 minutes
(Figure 3),whereas, the activity has decreased tifeetreatment at a temperature of 80°C for 10murthermore,
the antagonistic activity has decreased drasticligr heating at 100°C and 121°C for20 minutes dhtained
results of the antagonistic activity of the prodibacteriocin are similar to the effect to thermbp produced by
S.thermophilug1].
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The antagonistic activity of the produced bacteridzy P.acidilactici (BL20) againstSt.aureuATCC25932 was
decreased after treatment at (60, 80,100°C) fanit) where the diameters of inhibition zones we8es10.95mm,
15+0.45mm, 12.4+0.57mm respectively. Similar reshiive been reported for pediocin producedPégliococcus
CAPEA[22].

Table 2: lllustration of the physiological and biohemical characteristics of the isolated, selectedagonistic strains

Physiological and biochemical characteristicg Isolated strains
BL16 | BL20
Production of gaz + +
Growth at : 37°C
40°C
45°C
50°C
Growth atpH: 4.2
6.5
7
8
Growth at different concentration of NaCl:
2%
3%
4% -
6.5% -
VP -
NO; -
ORTP -
ADH -
ESC -
Sugar Fermentation
Glucose + +
Arabinose + +
Mannose - +
Manitol - -
Maltose - -

ZzZz+ |+ + ++
+ o+ o+ 4+ o+

S5

+ +
+ 4+ + +

[

 +

w
o

]
wu

]
o
|

mBl16
EBL20

inhibition zone diameter (mm)
= =
o u

Ll
|

supernatent 20-33 30-40 40-50

ammonium sulfate (%)

Figure 2: Display of the antagonistic activity of the produced bactépcin by P. acidilacticci (BL20) and S.thermophilus (BL16), purified
by (30—40%)ammonium sulphate saturation
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Figure 3: Effect of temperature on the antagonisti@activity of the produced bacteriocins byS.thermophilus (BL16) and P.acidilactici
(BL20) againstSt. aureus ATCC 25932
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Figure 4: Effect of pH on antagonistic activity ofproduced bacteriocinsbyS.thermophilus(BL16) and P.acidilactici(BL20) against
St.aureus ATCC25932.

Effect of the pH value on theAntagonistic activity

The obtained results showed a considerable reducfiche antagonistic activity of the produced beaotin of
S.thermophiluBL16) againstSt. aureusATCC25932 at pH values of 4 and 7. Furthermore,pHeoptimum for
antagonistic activity of the produced bacteriociaswat pH values between5 and 6(Figure 4).Howeve, t
antagonistic activity of the produced bacteriogimPhacidilactci(BL20) againsSt.aureuATCC25932 was stable at
pH value between 4-7. Similar results have beenorted for bacteriocin produced bl lactis D53,
Pediococcusq@3, 24].

Effect of proteolytic enzymes
The obtained results showed a considerable loisecintagonistic activity againBtcereusand St. aureusATCC
25932 after treatment with trypsin. The sensitivafythe produced bacteriocin 8.thermophilugBL16) trypsin

222
Scholar Research Library



B. Abbouniet al Der Pharmacia Lettre, 2015, 7 (10):217-225

indicated their protein nature. The sensitivitytloé analyzed substances to the treatment with qigtiee enzymes
confirmed their protein nature.
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— 0,4
£ |
S | s\ it BL1E
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=z Vv bacteriocin
(]
o 0,2 —l—witnout
bacteriocir
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0 4 8 12 24
time (h)

Figure 5: The mode of action of the produced bactécin by S. thermophilus(BL16) on the growth of St. aureus ATCC 25932
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Figure 6: The mode of action of the produced bactécin by P.acidilactici (BL20) on the growth of S. aureus ATCC 25932

Study of Staphylococcus aureus ATCC growth in the presence othe produced bacteriocins
In analogy to $hermophilugBL16), a maximum antagonistic activity Bfacidilactici(BL20) was observed at the

beginning of the stationary phase followed by astamnt level as was the case with thermophilin Swiere the
production was directly related to the growth phaise highest concentrations were achieved in &nly stationary
phase [21]. The early studies on cells Rof pentosaceust logarithmic and stationary phase showed that th
production of pediocin is very high during the &mary phase. This physiological behavior is obsdrin other
bacteriocins such as nisin and ACCEL pediocin [25].

In conclusionthe produced bacteriocins I8/thermophilu8L16), P.acidilactici (BL20), has induced unbalanced
growth and furthermore the arrest of the cell cygi@aureu8TCC25932, in comparison with the untreated biomass
(balanced growth).In Previously studies, Bhunia aodworkers [28] has reported that the mode ofoacof
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pediocin AcH by produced fror®.acidilactici H againstL. plantarum NCDO 955manifested a considerable
reduction the bacterial biomass after the addintp@furified bacteriocin.

Application of bactériocins in food preservationyntzeneficial in several aspects [29,30], to deseethe risks of
food poisoning, to decrease cross contaminatioioad chain and to improve shelf life of foods puots, food
protection during temperature abuse episodes; dsereconomic losses due to food spoilage. Therdfteee may
also be a potential market for bacteriocins asrabtubstitutes for chemical preservatives andhénpreservation of
functional foods and nutraceuticals [31].

CONCLUSION

The obtained results in this study showed thatptteelucedbacteriocin fromS. thermophilesnd P. acidilactici,
isolated from Algerian raw goat’s milk manifestediale spectrum of antagonistic activity agaiSstaureusATCC
25932.

The technological properties indicated that thedpoed bacteriocins possess some important potdotiate as
biopreservative agents to control pathogens andirspdacteria in food productas such or in combination with
other preservation methods. Since the lactic aeithéntation is employed mostly for development afdpcts,
especially for enhancer flavor and taste of then@arted productd-urthermore, it would be of interest to find out
which functional group is responsible for thaetagonistic activity of thproducedbacteriocin fromS. thermophiles
andP. acidilacticiand also whether any of them is a novel compourld avitagonisticactivity which would make

it a promising candidate for the production of revtimicrobials.
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