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ABSTRACT

Lactobacillus curvatus G6 isolated from newborn feces is capable of
producing significant amounts of antimicrobial compounds, especially
bacteriocin. Bacteriocin of Lb. curvatus G6 is active against Listeria
monocytogenes and methycilin resistant Staphylococcus aureus. The
produced bacteriocin showed stability in acidic and neutral pH with optimal
activity at pH 6.0, sensitivity to proteolytic enzyme, and heat stability at
different temperatures (from40°C to 100°C). Bacteriocin production started
at the beginning of the log phase of the bacterial growth with maximum
level after 28 hours (stationary phase). The optimum temperature for the
growth (37°C) did correspond with the temperature requirement for the
maximum bacteriocin activity. Plackett-Burman design was used to screen
factors affecting bacteriocin production by Lb. curvatus G6. Results
demonstrated that glucose seemsto be the most significant factor affecting
bacteriocin production followed by ammonium citrate and peptone.
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INTRODUCTION

Lactic acid bacteria(LAB) represent aheteroge-
neousgroup of microorganismsthat arenaturaly present
inmany foodsand in thegastrointestinal and urogenita
tract of animals¥. Some strains of LAB possessthe
potential to combat gastrointestinal pathogenic bacte-
riasuch asHelicobacter pylori, Escherichia coli and
Salmonella and spoilage organisms and food-borne
pathogens such as Listeria monocytogenes and Sa-
phylococcug?. It has been shown that these microor-
ganisms can produce antimicrobia compounds, such

as bacteriocins or bacteriocin-like inhibitory sub-
stances’Y. Bacteriocins becomeacurrent subject for
several researches. These bacteriocins are now being
explored for their potential utility in human and animal
hedl th applications, food bi opreservation and agricul-
turd uses®4. An experimenta focuson bacteriocin pro-
duction by probiotics LAB strains hasindicated that
thispotentia might play aconsiderableroleduringin
vivointeractionsoccurringinthehuman gastrointestind
tract, for instancetowards H. pylori. Whereas bacte-
riocinsinfood are degraded by the proteol ytic enzymes
of the stomach, probiotic bacteriamay leadtoin situ
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production of bacteriocinsin the gastrointesting tract(>
51

Bacteriocinsareribosomaly synthes zed peptides,
and thisfact createsthe possibility of improving their
characteristicsto enhancetheir activity and spectraof
action. Production of bacteriocinsby LAB isgrowth
associated: it usudly occursthroughout thegrowth phase
and stopped at the end of the exponential phase (or
sometimesbeforetheend of growth)i® 7, but theyield
of bacteriocin per unit biomassisaffected by several
factors and the most important are media (carbohy-
drate and nitrogen sources, cations) and fermentation
conditions(pH, temperature, agitation and aeration and
dilutionratein continuousfermentation Bacteriocin pro-
ductionisdeeply affected by typeand leve of thecar-
bon, nitrogen and phosphate sources, cations, surfac-
tantsandinhibitorg®®9. Different studieshave shown
that type of carbon sourceand its concentration repre-
sentsacrucial factor in optimization of bacteriocins.
Ontheother hand, somestudiesdemonstrated that a so
nitrogen sourceplaysanimportant rolein theoptimiza:
tion of bacteriocin production. Many studieshaveshown
that highest bacteriocintitresusually areobtained a pH
and temperature values|ower than the optimum ones
for growth®819, Since pH control improvesthegrowth
of LAB, it dsoresultsinimproved bacteriocin produc-
tion. However, the optimal pH for bacteriocin produc-
tionisusualy 5.5-6.0. Growth at optimal temperature
usudly resultsin optimal bacteriocin production but tem-
perature stressand growth at sub-optimal temperature
may result in anincrease of bacteriocin productionf®.
Thiswasalso observed by Lim®, when hefound that
the bacteriocin production during the growth period of
Lb. plantarumK C21 washigher at 30°C than at 37°C.
It seemsthat agitation and aeration affect bacteriocin
production. Infermentationsat pH 5.5 using glucose
mediawith Lc. lactis|O-1, maximumnisin Z concen-
tration was obtained at 320 rpm and only asmall de-
crease of nisin concentration wasobtained at 1000 rpm.
Ontheother hand agitation at >540rpmresultedinin-
hibition of growth and nisin production in xylose me-
did®. Thereisageneral practice of determining opti-
mal concentration of mediacomponentsby varying one
factor a atime. However, thismethod isextremdy time
consuming and expensivefor alarge number of vari-
ablesand may result inwrong conclus on. Experimen-
tal designtechniquespresent amorebalanced aterna-
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tiveto the one-factor-at-atime approach to fermenta-
tionimprovement. Thefactorial design of alimited set
of variablesisadvantageousinrelation to the conven-
tional method of mani pulation of asingle parameter per
trid, asthelatter approach frequently failstolocatethe
optimal conditionsfor the process, because of itsfail-
ureto consider the effect of possibleinteractionsbe-
tween factorgt12,

Theaim of the present study wasto characterize
and determinethe antimicrobial spectrum of abacte-
riocin produced by the Lactobacillus curvatus G6iso-
late and to select thefactorsaffecting culture conditions
for bacteriocins production using the Plackett-Burman
design.

MATERIALAND METHODS

Bacterial strainsand cultureconditions

Lactobacillus curvatus G6 used inthisstudy was
previoudy isolated andidentified from newborn feces™.
Isolate was grown at 37°C in Man Rogosa Sharpe
(MRS) broth (Biokar Diagnostics, France). Indicator
strainsused for determining antimicrobid activity were
grown on nutrient agar. Theantimicrobial activity and
bacteriocin assay wererealized on Muller-Hinton agar.

Deter mination of bacteriocin activity

Lb. curvatus G6 was grown in MRS broth (pH
6.5) inoculated with 1% of an overnight cultureand
incubated overnight at 37°C for 24 h. After incubation,
cellswereremoved by centrifugation (6000xg for 20
minat 4°C). The cell-free supernatant was sterilized by
filteringthrough a0.22 um Millipore filter. The antimi-
crobid activity wasdetermined usingthewd | diffusion
method (WDM)4, Theindicator bacteriawere cul-
tured on nutrient agar for 24 h at 37°C, and used to
preparecell suspensionsin9 ml normal saline. Twenty
ml of Muller Hinton agar cooled to 45°C was mixed
with 110ul of the indicator strain suspension, pooled in
aPetri dish and incubated aerobically for 2 to 4h at
37°C. A 6 mm wells were made and were filled with
100ul of the supernatants. Plates were incubated at 37°C
for 24 h. Inhibition zones were determined by measur-
ing the diameter of the clear zones around the well.
Bacteriocin activity was assayed asfollow; theantimi-
crobial effect of organic acidswaseliminated by ad-
justing the pH to 6.5 with NaOH 5N. Inhibitory effect
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of hydrogen peroxidewasd iminated by the addition of
1mg/ml catalase. The catal ase-treated sampleswere
incubated for 2 hat 37°C, after incubation the treated
and neutralized cdll-free supernatantswere then tested
for antagonistic activity againgt indicator bacteriaby the
WDM, Bacteriocin activity was expressed in arbi-
trary units (AU/ml). OneAU wasdefined astherecip-
rocal of thehighestlevel of dilutionresultinginaclear
zoneof growthinhibition®. Zoneof 1 mm and above
was considered asinhibition.

Effect of temperature, pH and enzymeson bacte-
riocin activity

In order to characterize the produced bacteriocin,
theeffect of temperature, pH and hydrolytic enzymes
wasstudied. Theeffect of temperature on the bacterio-
cin stability wastested by heating the cell-free superna-
tant samples of Lb. curvatus G6 at 40, 60, 80 and
100°C. Residual activity was determined after 15, 30
and 60 min by the WDM usingmethycilinres stant Sa-
phylococcus aureus (MRSA) asindicator organism.
For pH effect, cdl-free supernatant of an overnight cul-
ture of Lb. curvatus G6 was adjusted topH 2.0t012.0
with HCI 1N or NaOH 5N. After 4 h of incubation at
room temperature, the sampleswerereadjusted to pH
6.5 and the activity wasdetermined by the WDM using
MRSA asindicator organism. To determinethe effect
the enzymatic treatment, supernatant wastreated with
thefollowing enzymesat afinad concentration of 1 mg/
ml: lipase (Sigma), trypsine (Sigma), a-chymotrypsin
(Merck), pronase E (Merck), a- amylase (Fluka).
Samplesand the control s (consisted of only cell-free
supernatant and tris-HCI buffer) were incubated at
37°C for 2 h and heated in boiling water for 5 min to
inactivatetheenzymes. Theremaining activity wasde-
termined by the WDM using the MRSA asindicator
organism.

Dynamicsof bacteriocin production

The growth and the production of bacteriocin by
Lb. curvatus G6 through 48 h was carried out. 100 ml
MRS broth wasinoculated with an 18 h-old culture (1
%, vIV) of Lb. curvatus G6 and incubated at 37°C for
48 h. Bacteria growth (OD at 660nm), changesin cul-
turepH, and antimicrobid activity of bacteriocin againgt
MRSA weredetermined at timeinterval. TheWDM
was used and the activity expressed asAU/ml asde-
scribed previoudly.

Optimum temper atur eof bacteriocin production

MRShbrothin Erlenmeyer flaskswasinoculated with
an 18 h-old culture (1 %, v/v) of Lb. curvatus G6 and
incubated at different temperatures: 30, 37 and 40°C.
Sampleswere collected after 24 h and examined for
bacteriocin production (AU/ml) asdescribed eaxrlier.

Screening of factors affecting production using
Plackett-Burman design

In order to determinewhich nutrientsand physical
conditionsaffect bacteriocin production, ascreening ex-
periment was applied using afractional two-level fac-
toria design according to Plackett and Burmani*”. For
Screening purposes, variousmedium componentsaswell
asenvironmentd factorshave been evduated. Thedif-
ferent factorswere preparedintwo levels: -1 for low
level and +1 for high level (TABLE 1), based on
Plackett-Burman Satistical design. Thisisatwo-level
fractionfactorial designthat dlowstheinvestigation of
n-1variablesin at |east n experiments. Seven indepen-
dent variableswere screened in 08 combinations. All
tridsweredonein 100 ml Erlenmeyer flask containing
50 ml of the medium. Each Erlenmeyer flask wasin-
oculated with 1% v/v of an 18 hbacterid culture (A660
=0.58 corresponding to approximately 24x10” CFU/
ml) grown on MRS medium. After 24 hours of incuba-
tion, cellswereremoved by centrifugation at 6000 rpm
for 20 min. The supernatants were neutralized with
NaOH 5N and filtered through a0.22 pm Millipore
filter. The WDM was used and the activity was ex-
pressed asAU/ml asdescribed previoudly.

Themain effect and statistical t-valueof each vari-
ablewerecd culated. Thecalculated effect can beposi-
tive, negativeor neutra depending ontheoveral influ-
enceof the variable upon themeasured response. Also,
thevariables gnificancewas determined by using prob-
ability tabledepending on Pvaue, thevariableswhich
have more significant effectswere used for further op-
timization. Plackett-Burman experimental designis
based on thefirst order modd:

Y=p,+ X ixi

whereY istheresponse (bacteriocin production), B, is
themodel intercept at center point and Pi is the variable
coefficient for theindependent variable and xi arethe
independent variables. Thevaues of the coefficients
were calculated by data regression using Microsoft
Excel 7.0 software. Themodel describesno interac-
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tion among factorsand isused to screen and evaluate
theimportant factorsthat i nfluence bacteriocin produc-
tion. Thevariableswhose confidenceleve swerehigher
than 95% were cons dered to significantly influencethe
measured responses.

Satistical analysisof thedata

The datawere subjected to multiplelinear regres-
sionsusing MICROSOFT EXCEL 2007 to estimatet
-vaue, P-vaueand confidenceleve. Thesignificance
level (P-value) was determined using the Studentst -
test. Thet -test for any individud effect dlowsan evau-
ation of the probability of finding the observed effect
purely by chance. If thisprobability issufficiently smal,

TABLE 1: Mediacomponentsand test levelsfor Plackett—
Burman experiment

Variable ey Ie\I/_eIO\?il) |ev|1|lg(21)
Glucose (g/l) X1 0.25 0.5
Beef extract (g/l) X2 0.25 0.5
Y east extract (¢/l) X3 0.125 0.25
Peptone (g/l) X4 0.25 0.5
Tween (g/l) X5 0.025 0.05
Ammonium citrate (g/l) X6 0.05 0.1
pH X7 55 6.5

theideathat the effect was caused by varying thelevel
of thevariableunder test isaccepted. Confidenceleve
isan expression of the P-valuein percent.

RESULTSAND DISCUSSION

Bacteriocin production by Lb. curvatusG6

Cell fee supernatant of Lb. curvatus G6 showed
antimicrobial activity against several bacteriasuch as
MRSA, B. subtilis, E. coli ATCC28484, pathogenic
Klebsiella sp. 111 and L. monocytogenes. When the
neutralized cell-free supernatant wastreated with cata-
lase(Img/ml) thestrain confirmeditsactivity only against
threeindicator strains (L. monocytogenes, MRSA and
B. subtilis) (TABLE 2). Thetreated cell-free superna-
tantseffectively inhibited B. subtiliswithamaximum
inhibitory activity (1667 AU/ml), MRSA (1500AU/
ml) and L. monocytogenes (1000 AU/ml). The neu-
tralized cell-free supernatant exposed to the action of
catal aseinhibited the growth of theindicator strains(L.
monocytogenes, MRSA and B. subtilis) which gives
evidencethat theinhibitory activity isdueto the pro-
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duction of bacteriocing*®. Bacteriocins produced by
LAB haveabroad antimicrobia spectrum against many
food-borne pathogenic and spoil age bacteria. Bacte-
riocins have bactericidal or bacteriostatic activity to-
wardsclosaly related Gram-positive bacteria. Thean-
timicrobid spectrum frequently ind udes spoilageorgan-
isms and food-borne pathogens such as L.
monocytogenes and Saphylococcus. The activity
against Gram-negative bacteria such as E. coli and
Salmonel la hasbeen shown, but usudly only whenthe
integrity of theouter membrane hasbeen compromised,
for exampleafter osmotic shock or low pH treatment,
inthe presence of adetergent or achelating agent, or
after apulsed electric chock or high-pressure treat-
ment(229, Singh and Prakashi®® found that, severa LAB
strainsisolated from cottage cheese are capableof in-
hibiting pathogenic microorganismsin thefood envi-
ronment and display crucial antimicrobial properties
with respect to food preservation and safety.

Effect of temperature, pH and enzymeson bacte-
riocin activity

Based ontheresults showed in Figure 1 bacterio-
cin produced by Lb. curvatus G6 was considered to
be heat stable, asthe activity remained constant after
heating at 100°C for 60 min (Figure 1). Ogunbanwo et
al 2! recorded during the characterization of bacterio-
cin produced by Lb. plantarum F1 and Lb. brevis
OGL1, that bacteriocin produced by Lb. brevis OG1
was cons dered to bethemost hest stable, asthe activ-

TABLE 2 : Antimicrobial activity of supernatant of Lb.
curvatus G6 against someindicator strains

Indicator B. Klebsiella L.
: MRSA : ATCC
strains subtilis 28404 sp. 111  monocytogenes

CFS + + + + +
Neutralized
CES + + - + +
Neutralized
CFStreated + + - - +
with catalase

ity remained congtant after heating at 121°C for 60 min-
utes, but declined thereafter, whilebacteriocin produced
by Lb. plantarum F1 activity remained constant after
heating at 121°C for 10 min followed by subsequent
decline. Other resultswere obtained by Belguesmiaet
a [Zthrough acharacterization of enterocin S37: abac-
teriocin produced by Enterococcus faecalis S37, iso-
lated from poultry feces. Theresultsshowed that, the
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stability of antibacterial activity of enterocin S37 re-
mained i ntact after heating treatments (80°C for 1h and
90°C for 15 min). Figure 2 showed that the antimicro-
bia activity of Lb. curvatus G6 wassignificantly influ-
enced by pH; it was observed that theresidual activity
wasstableintherangeof pH 6.0to pH 10.0 with maxi-
mum activity a pH 6.0. Kumar et al .2 showed that the
antimicrobia property of enterocin LR/6, abacteriocin
from EnterococcusfaeciumLR/6, remained unaffected
inthepH rangeof 2-6. At pH 7 and 8, the activity was
reduced by 20%. This property has been considered
highly useful for their application asfood preservative.

Thebacteriocin of Lb. curvatus G6 was exposed
to the action of variousenzymes (lipase, trypsine, a-
chymotrypsin, pronase E and a-amylase). Complete
inactivation or significant reductionin activity wasob-
served after treatment of the cell-free supernatant with
chymotrypsine, trypsineand pronasewhich confirmed
the proteinaceous nature of the active agent. Theother
enzymes (amylaseand lipase) did not causeinactiva-
tion. Thisconfirmed that carbohydrateand lipid moi-
eliesif existingwerenot required for theinhibitory ac-
tivity. Itiswell established now that al thebacteriocins
areof proteinaceous nature, or at least contain apep-
tidewhichisresponsiblefor their bactericidd function.
However, their sensitivity to the proteol ytic enzymesis
variabl€?¥. [vanova et a.[* observed that trypsine,
chymotryps neand rennin had no effect on bacteriocin
produced by Lc. lactis subsp.lactisb14.

Dynamicsof bacteriocin production
Growth and bacteriocin production by Lb.
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Figurel: Effect of temperatureon activity of bacteriocin
produced by Lb. curvatus G6.

curvatus G6 wasmonitored during 48 hoursof growth
in MRS broth. Production of bacteriocin started after
4h of incubation at the beginning of thelog phase of
the bacteria growth (Figure 3), and increased gradu-
ally with bacterial growth till it reached its maximal

level (2416.66 AU/ml) after about 30h of incubation
(in stationary phase). The bacteria growth increased
during the same period of incubation and remained
moreor lessconstant after 32 h. Thisresult suggests
that bacteriocin production isgrowth associated. Sev-
eral Authorshave noted that bacteriocin productionis
dependent on biomass concentration. The optimal

level of plantaricin ST194BZ, produced by Lb.

plantarum ST194BZ, was obtai ned in growth media
that supported high biomass production, such as
MRS?, After about 30 h of incubation adecreasein
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Figure2: Effect of pH on bacteriocin activity produced by Lb.
curvatus G6.
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Figure 3: Monitoring of bacteriocin production from Lb.

curvatus G6in MRSmedium at 37°C during 48 h.
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bacteriocin production to 2250 AU/ml was observed.
Thedecreasein activity of bacteriocinsat the end of
the monitored period could be explained by the deg-
radation of the bacteriocin by extracellular proteoly-
sis enzymes produced by the producer organismin
the medium™, similar decreases have also been
observed for bacteriocin produced by Enterococcus
faecium ST311L D27, During the period of growth
the pH of the medium decreased from 6.5 to about
4.6 especially inthe 10 first hours. The decrease of
pH isduethe production of acids such aslactic acid.
From ametabolic point of view, thistrend would bea
characteristic of primary metabolite production as
observed for severa bacteriocins such asbacteriocin
produced by Lb. acidophilus La-14!281,

Optimum temper atur efor bacteriocin production

Figure4 showstheeffect of different temperatures
(30, 37 and 40°C) on bacteriocin production by Lb.
curvatus G6. The optimum temperaturefor the pro-
duction of bacteriocinswas 37°C, but the inhibitory
activity wasdetected when theisolate wasincubated at
30and40°C, which suggests that growth temperature,
playsanimportant rolein bacteriocin production. Growth
temperature and bacteriocin production are often cor-
rel ated asreported for severd bacteriocin®!, Matarages
et a B'found that the optimum temperaturefor the pro-

37°C 40°C

0
30°C

1200+

[y
o
o
o
I,

800
600+
400+
200+

(AU/ml)

Bacteriocins activity

Temperature (°C)
Figure4: Effect of temperatureon bacteriocinsproduction

duction of bacteriocins produced by Leuconostoc
mesenteroidesL124 and Lb. curvatusL 442 was 25°C
and waslower than that of growth (30°C).

Plackett-Burman design

In order to enhance Lb. curvatusbacteriocin pro-
duction, experimentswere designed to select factors
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affecting thisproduction using Plackett-Burman experi-
mental design. TABLE 3 presentsthe Plackett-Bur-
man designfor 7 culture variablesand their correspond-
ing responseintermsof bacteriocin production (Figure
5). TABLE 4 showstheregression anaysisof the ef-

TABLE 3: Plackett-Burman design for bacteriocin produc-
tion by Lb. curvatusG6

Bacteriocin

Trials X1 X2 X3 X4 X5 X6 X7

(UA/ml)
1 -1 +1  +1 -1 +1 +1 -1 0
2 -1 -1 +1 +1 -1 +1 +1 0
3 +1 -1 -1 +1 +1 -1 +1 1250
4 +1 +1 -1 -1 +1 +1 -1 1666.66
5 -1 +1 +1 -1 -1 +1 +1 0
6 +1 -1 +1 +1 -1 -1 +1 1083.33
7 +1 +1 -1 +1 +1 -1 -1 1083.33
8 -1 -1 -1 -1 -1 -1 -1 1250
500 4,
300 -
« 100 -
3]
2
@
| =
w -100 -
=
A~ 2 )
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Figure5: Effect of differ ent factor son bacteriocin produc-
tion Lb. curvatus G6 asscreened with Plackett—Burman de-
sign

TABLE 4: Theregression analysisof theeffect of each vari-
ablealongwith thecoefficient, t and P value.

Variables Coefficients t- Statistics P-value
Glucose 499,99 2,12132034 0,2804378
Beef extract -166,66 -0,70710678 0,60817345
Y east extract -333,33 -1,41421356 0,39182655
Tween 80 -249,99 -1,06066017 0,48126507
Ammonium citrate 124,99 0,53033009 0,68957386
pH -249,99 -1,06066017 0,48126507
Peptone 62,5 0,24187781 0,81692974

fect of each variabled ongwith the coefficient, t and P

vaue

Whentheconcentration effect va ueof thetested vari-
ablewaspositive, theinfluenceof thevarigbleswasgregter
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at thehigh concentrati on tested, and when negative, the
influence of the variableswasgreater at |low concentra:
tion. Thevariationin bacteriocin productionin different
setsranged from0to 1666.66 UA/m reiterating theim-
portance of sdection and identification of important fac-
tors, the Pareto graph wasdrawnto show theeffect of dl
variableson bacteriocin production (Figure6).

30 -
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) 5 o QX ™ & &
=) O O N
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2 A & N
@ £ ~
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Figure6: Paretochart rationalizing the effect of each vari-
ableon thebacteriocin production produced by L b.curvatus
G6

Asitisclearly shownin (Figure5), glucosehad the
ma or influence on bacteriocin production, followed by
ammonium citrateand peptone. Beef extract, yeast ex-
tract, Tween 80 and pH on the other hand, had asig-
nificant negativeinfluence. Thesevariables had confi-
dencelevel above 95% in comparison to other vari-
ablesandtherefore, were considered tobe highly sig-
nificant for bacteriocin production by Lb. curvatus G6.
Inthestudy of kumar and Srivastavd®! on screening of
factorsaffecting production of bacteriocin by Entero-
coccusfaeciumLR/6, they observed that sodium ac-
etate had the major influence on the bacteriocin pro-
duction, followed by dipotass um hydrogen phosphate,
and triammonium citrate but Tween 80 and tryptone
had asignificant negativeinfluence. Intheother hand,
Han et al .Y found that Tween 80 did not significantly
affect bacteriocin production by Lb. plantarumY JG
using Plackett-Burman design. Tween 80 decreased
production of L. mesenteroides subsp. mesenteroides
bacteriocin by more than 50%2,

Figure 6 showstheranking of factorsestimatesina
Pareto chart. The Pareto chart displayed the magni-
tude of each factor estimateand it isaconvenient way
to view theresults of aPlackett-Burman design. The
polynomial mode describing the correl ation between
the 7 factorsand the bacteriocin activity could be pre-

sented asfollows:
Y oy - 791,66 + 499,99X — 166,66X,— 333,33X , + 62,5, -
249,99X, + 124,99X, —249,99X,

Themost sgnificant variablesaffecting bacteriocin
production can beused for further studieson the opti-
mization of bacteriocin production, whilevariables of
negativesgnificant effect will benot diminated but used
indl tridsat their low level (-1), becauseif they do not
affect bacteriocin productionthey can affect bacteria
growth. Asit mentioned by Parenteand Ricciardi® the
opti mi zation of growth conditions doesnot necessarily
result inoptimization of bacteriocin production. Todorov
and dickd?®! have recorded a good growth of L.
mesenteroides subsp. mesenteroidesin the presence
of 10% (w/v) soy milk or 10% (w/v) molasses, but
therewas no bacteriocin production.

CONCLUSIONS

According to theseresults, we can say that these
isolated strainscan have positiveimpact ontheir useas
starter culturesfor fermented foods, with aview toim-
provethequality and microbiological safety of these
products. Furthermore, dueto their inhibitory effect on
L. monocytogenes, they can aso be used more spe-
cialyto seectively inhibit food spoilageby thishigh-
risk pathogen. Finally, we suggest that further studies
could be carried out on the characterization of amino
acid and nucl eotide sequences of these antimicrobia
compounds, and al so combination between Plackett-
Burman design and other approaches of optimization
such as RSM (Response Surface M ethodol ogy) for
enhancing bacteriocin production.
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