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The antilisterial activity of edible films that contained 4% w/v sodium caseinate, 30% w/v
glycerol, dry-based, and different amounts of antimicrobial substances (AM) produced by
Streptococcus sp. ABMX, a lactic acid bacterium isolated from Mexican Pozol, was characterised.
The AM were incorporated into the films as concentrated supernatant of culture broths, giving
concentrations expressed as gentamicin, for the control-film, treatment 1 (T1), T2, T3 and T4
of 0, 0.5, 0.7, 0.9 and 1.25 mggentamicin/gfilm, respectively. Listeria monocytogenes was grown in
Oxford agar in contact with the tested films, at 35°C during 72 h, rendering the following ranges
for the colony growth kinetic parameters: 19<colony lag phase, λc (h)<∞; 0<maximum specific
colony growth rate, µc-max(h-1)<0.74, and 0<maximum biomass accumulation [proportional to
the maximum value (colony growth area at any time)/(initial colony growth area) ≡ (A/A0)
(dimensionless)]<460. There were important differences among treatments, being the L.
max
monocytogenes growth more affected as the AM concentration increased within the films. Best
antilisterial results were obtained in T4 condition, where L. monocytogenes could not grow.
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Introduction
The use of both biobased edible films and coatings
has been proposed as reliable alternatives to reduce
the deterioration rate of processed foods which
would be driven by oxygen and vapour interchange,
biochemical reactions and microbiological growth,
among other factors (Bourtoom, 2008). Regarding
microorganisms, they are very important since can
affect the quality of foods by inducing changes in
flavour, colour, odours and texture due to spoilage
organisms; even, food can play the role of vector
for pathogens (v. gr., Escherichia coli, Salmonella
spp., Listeria monocytogenes and Staphylococcus
aureus) or the produced toxins, with the consequent
great health concern and economic implications
*Corresponding author.
Email: norberto@uaeh.edu.mx
Tel.: +52 (771) 7172000, ext 2425

for the companies. In this sense, the food industry
is interested in the availability of food packaging
materials with convenient mechanical and gas
transfer properties, biodegradability, eatable and
harmlessness, as well as incorporating additional
functions like the antimicrobial activity. This is
the case of the biopolymer-based edible films
incorporating the antimicrobial activity from different
sources, being these the polymers themselves like
chitosan (Fernández-Saiz, 2012), plant/fruit extracts
(Deng and Zhao, 2011; Ponce et al., 2008), whole
microorganisms (Gialamas et al., 2010), microbial
products like bacteriocins (Cao-Hoang et al., 2010)
or combinations among them (Razavi-Rohani et
al., 2011; Basch et al., 2012). There are reports
concerning the elaboration and characterization of
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edible films, based on different biopolymers, which
incorporates bacteriocins to give the antimicrobial
function to the system, also testing the antimicrobial
activity against different indicator microorganisms
(Bastarrachea et al., 2010). Specifically, concerning
investigations on the use of functional-edible films
with activity against L. monocytogenes, there are an
important number of published papers, where most
of the research groups did evaluate the antilisterial
effects in terms of the variations in the concentrations
of listeria-colony forming units (i.e., CFU/g, CFU/
mL or CFU/cm2) (Ko et al., 2001; Kristo et al.,
2008; Cao-Hoang et al., 2010) or by measuring the
inhibition zones of the bacterium growth in diffusion
assays in agar (Li et al., 2006; Jin and Zhang, 2008;
Min et al., 2010; Pintado et al., 2010; Bastarrachea et
al., 2010), depending on the treatments in different
systems. Nonetheless, according to our knowledge
there are no reports where the antilisterial effects
of functional-edible films are evaluated in terms of
the impacts on the growth kinetic parameters of L.
monocytogenes, and more specifically within the
solid culture which is a frequent and very important
case for many food systems (i.e., cheese (Cao-Hoang
et al., 2010); frankfurters (Ercolini et al., 2006);
poultry (Min et al., 2010), among others).
Based on the previous information, the
present work deals with the characterization of
the antimicrobial activity of edible films against
L. monocytogenes as indicator microorganism,
through microphotographic-recording of the L.
monocytogenes surface-colony growth in Oxford
agar plates in depth contact with the films, evaluating
the antimicrobial effects in terms of the colonygrowth kinetic parameters (i.e., colony lag phase,
maximum specific colony growth rate, and maximum
biomass concentration). The films were elaborated
based on sodium caseinate with the incorporation of
antimicrobial substances produced by a lactic acid
bacterium (LAB, Streptococcus sp. ABMX) isolated
from a Mexican traditional fermented food (i.e., Pozol
from maize; Díaz-Ruiz et al., 2003). Many efforts are
necessary to have a really strong ecosystem-friendly
food-packaging material industry which can work
together with the petroleum based plastic industry,
that besides continue supplying a great extent of
the food packaging materials required in the food
industry (Marsh and Bugusu, 2007; US-EPA, 2012).
Materials and Methods
Specimens
A lactic acid bacterium (LAB-ABMX) previously

isolated by the group of C. Wacher, FQ-UNAM,
Mexico, from Pozol, a Mexican traditional fermented
beverage. This gram positive-LAB was analysed
by the 16S rDNA sequence methodology to be
identified (Escalante et al., 2001). Amplification of
16S gene was done by colony PCR, using pF27 (5’AGAGTTTGATCMTGGCTCAG-3’) and pR1492
(5’-TACGGYTACCTTGTTACGACTT-3’) primers.
Amplified DNA was purified with PureLink PCR
kit (Invitrogen) and sequenced in both strands using
amplification primers. After discarding low quality
bases at both ends, forward and reverse strands were
aligned to obtain a 1436 bp consensus sequence
that was submitted to GeneBank. The sequence was
submitted to the classifier application (Wang et al.,
2007). 16S homologous sequences were retrieved
from GeneBank (http://www.ncbi.nlm.nih.gov/) and
SILVA (http://www.arb-silva.de/) databases. The
final dataset comprised 48 16S sequences (Table 1).
An alignment considering RNA secondary structure
was constructed with Aligner at SILVA. The bestfit model of nucleotide substitution was selected
with jModelTest 2 (Darriba et al., 2012). The
selected model was used for Maximum Likelihood
phylogenetic reconstruction using PhyML (Guindon
and Gascuel, 2003; Tamura et al., 2011). Robustness
of the phylogeny was assessed by the bootstrap
method with 100 pseudoreplications.
On the other hand, previous work (TaveraMontes, 2010) have shown that LAB-ABMX strain
is a bacterium that consistently exhibits important
antimicrobial activity against some pathogenic
microorganisms in plaque assays, being L.
monocytogenes one of them. The LAB-ABMX strain
was conserved at -70°C in blends of 20% glycerol
and 80% LAB-ABMX-culture broth in BHI (Fluka),
24 h old, 35°C. L. monocytogenes (culture collection
FQ-UNAM) was used as the indicator organism. It
was conserved at -70°C in blends of 20% glycerol
and 80% listeria-culture broth in BHI (Fluka), 24 h
old, 35°C.
Production of antimicrobial activity-concentrated
supernatant from culture broth (AMC)
A volume of 50 μL was taken from a LAB-ABMX
conservation vial to be inoculated into 5 mL of MRS
broth (BD Difco) and incubated during 42 h at 30°C.
Then, this culture broth was used to inoculate fresh
MRS (inoculation ratio, 1%) which was then incubated
at 30°C in orbital agitation fashion (130 rpm) during
24 h. Thereafter, the culture broth was centrifuged
(5,000 rpm, 4°C, 30 min) to separate the cells. The
supernatant was collected; then pH adjusted to 6.57.0, and concentrated into a vacuum concentrator
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Table 1. Sequences used for phylogenetic reconstruction
of a lactic acid bacterium (LAB-ABMX) isolated from
Pozol, a Mexican traditional fermented food
Species/strain

Accession number

Streptococcus agalactiae

HV111801

Streptococcus alactolyticus

EU728776

Streptococcus anginosus SK52

AFIM01000033

Streptococcus anginosus 1_2_62CV

ADME01000009

Streptococcus australis ATCC 700641

AEQR01000024

Streptococcus bovis MPR1

AY324610

Streptococcus bovis MPR2

AY324611

Streptococcus cristatus ATCC 51100

AEVC01000028

Streptococcus equinus W29

AB563245

Streptococcus equinus W2

AB563226

Streptococcus gallolyticus UCN34

FN597254

Streptococcus hyointestinalis

EU728763

Streptococcus infantarius infantarius ATCC
BAA-102

ABJK02000017

Streptococcus infantarius infantarius CJ18

CP003295

Streptococcus infantis ATCC 700779

AEVD01000030

Streptococcus lutetiensis clone PP060

JN713319

Streptococcus lutetiensis strain 844

EU16347

Streptococcus macedonicus

Z94012

Streptococcus pasteurianus ATCC 43144

AP012054

Streptococcus pasteurianus 035

JN581989

Streptococcus peroris ATCC 700780

AEVF01000016

Streptococcus pyogenes ATCC 10782

AEEO01000001

Streptococcus pyogenes MGAS10394

CP000003

Streptococcus salivarius M18

AGBV01000004

Streptococcus salivarius 57.I

CP002888

Streptococcus sanguinis SK340

AFQB01000012

Streptococcus sanguinis SK355

AFFN01000033

Streptococcus suis ST1

CP002651

Streptococcus suis D12

CP002644

Streptococcus thermophilus LMD-9

CP000419

Streptococcus thermophilus ND03

CP002340

Streptococcus urinalis 2285-97

AEUZ02000001

Streptococcus vestibularis

AY188353

Streptococcus sinensis strain HKU4

AF432856

Streptococcus pneumoniae

AF003930

Streptococcus constellatus strain ATCC27823

AF104676

Streptococcus anginosus strain ATCC33397

AF104678

Streptococcus gordonii

AF003931

Streptococcus ursoris

AB501126

Streptococcus dentapri

AB469560

Streptococcus dentirousetti

AB259061

Streptococcus phocae

AJ621053

Streptococcus dysgalactiae ATCC 43078

AB002485

Streptococcus iniae ATCC29178

AF335572

Streptococcus mutans ATCC 25175

AY188348

Streptococcus orisuis

AB182324

Enterococcus avium

AF133535

(BÜCHI R-215) until 75% of the present water was
evaporated. Finally, the concentrated supernatant
(AMC) was pasteurised at 110°C with vapour during
10 min, and stored at -20°C until use.
Determination of the antimicrobial activity
Prior to define the examined AMC concentrations
within films, it was characterised the AMC antilisterial

activity by the well-diffusion assay (MendozaMendoza, 2012; Tavera-Montes, 2010). Taking into
account that listeria species are frequently inhibited
by gentamicin, especially those strains isolated from
food samples (Zamora et al., 2006), it was firstly
determined the listeria growth inhibition as a function
of gentamicin concentration (Eq. 1) by well-diffusion
assays in BHI-agar plates.
(1)
In Eq. 1, y = ∆(listeria-growth-inhibition radius),
mm, and x = (gentamicin mass), mg; a, b and c are
regression parameters. The experimental data were
fitted to the model (Eq. 1) by non-linear regression
using the SigmaPlot 11.0 software package.
Thereafter, when tested the antilisterial activity of
AMC samples, the recorded growth inhibition radius
was correlated to the corresponding gentamicin mass
that yielded the same extent of listeria inhibition,
based on Eq. 1 (i.e., the AMC antilisterial activity
was expressed as gentamicin concentration).
AMC-film elaboration
Each 100 mL-basal filmogenic solution
contained 4 g sodium caseinate (Lacbase tonat ENUS Lactoprot) and 1.2 mL glycerol (ACS, Reactivos
Química Meyer) as plasticizer. The caseinate was
dissolved in water with constant agitation at lab
temperature during 1 h. Then, glycerol was added
until homogenization. At this point the previously
defined volumes of AMC were added to give the
desired final antimicrobial concentrations in the
tested films, involving four treatments: T1, 1.6; T2,
2.24; T3, 2.88 and T4, 3.84 mLAMC per 20 mL of
filmogenic solution. Each filmogenic solution was
homogenized at 11,000 rpm during 5 min (PolytronAggregate Luzerrerstrasse 147 CH-6014 Littau/
luzern); then they were subjected to a reduced pressure
to eliminate air bubbles in a vacuum chamber during
30 min. After that, samples of 20 mL were casting
in 10 cm × 10 cm moulds, to be dried in a chamber
with a HEPA filtered air flow during 24 h (Purifier®
Delta® Series Class II, Type A2 LABCONCO). Then,
the films were turned out to be conditioned within
a desiccator during 48 h at 50-55% RH and 25°C.
The final average thickness of the films was 0.09 mm
(standard deviation, SD, 0.02 mm) measured with a
digital micrometer (Truper, Mexico) and exhibited an
oxygen-permeability, PO2, from 2.27 to 13.2 (10-14 gO2
m s-1 Pa-1 m-2) at 25°C, depending on the treatment.
The PO2 values were determined through a VAC-V2
permeability tester (Labthink, China).
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Figure 1. Maximum Likelihood phylogeny of 16S Streptococcus sequences, reconstructed using the HKY+I+G
substitution model (Tamura et al., 2011). The sequence of Enterococcus avium was used as the outgroup to root the
phylogeny. Accession numbers of the sequences used are listed in Table 1. Numbers in branches are bootstrap values.
LAB-ABMX, lactic acid bacteria tested in this study.

Determination of AMC-films’ effects on the growth of
Listeria monocytogenes in agar plates
Firstly, a 50 μL sample was taken from a listeria
conservation vial to be inoculated in 5 mL of BHI
broth and incubated during 24 h at 35°C. Then, 50
µL of this culture broth were transferred into 5 mL
of fresh BHI to be incubated during 6 h at 35°C.
Thereafter, decimal dilutions of this culture broth
were done to take 600 µL of the proper dilution that
were thoroughly spread onto the surface of Oxford
agar plates (BD Difco) giving 60 CFU per Petri dish.
Once the liquid was well absorbed into the agar, the
surface was aseptically covered with an AMC-film
(2 dishes each treatment) and incubated at 35°C. The
tested films were previously surface sterilized with
UV radiation during 24 h (12 h each side) in a safety
cabinet (Purifier® Delta® Series Class II, Type A2
LABCONCO).
In each Oxford agar plate in depth contact with
an AMC-film, the growth of five well isolatedlisteria colonies, randomly selected, was monitored
under the light microscope (Nikon Eclipse 80i),
taking photographs every two hours during 72 h to
calculate the area (A) of each monitored colony with
the software package Motic images 2000 1.3. The

Figure 2. A) Microphotograph of the gram positivelactic acid bacterium (LAB), Streptococcus sp. ABMX,
originally isolated from Mexican Pozol, which produces
antimicrobial substances that were then incorporated into
caseinate films (magnification, 1000×). B) Well-diffusion
assay showing Listeria monocytogenes growth inhibition
due to the activity of the concentrated fermentation
broth (AMC) of the tested LAB-ABMX. BHI-agar
plates incubated at 35°C during 24 h; 80 µL of AMC to
diffuse. It is shown a radii variation, ∆r, of 9.36 mm. C)
Listeria-growth-inhibition as a function of the gentamicin
mass in well-diffusion assays ( ); Best fit ( ) to Eq (1),
, R2 = 0.98.

A values were considered to be proportional to the
present listeria biomass per colony at each sampling
time. Then, the following growth kinetic parameters
of L. monocytogenes-colonies were determined: a)
colony lag phase (λc, h) (time when the colonies were
first observed). b) Maximum specific colony growth
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Table 2. Kinetic parameters of the Listeria
monocytogenes colony growth in Oxford medium, during
the evaluation of the antimicrobial activity of caseinate
films which contained antimicrobial substances (AM)
produced by Streptococcus sp. ABMX, a lactic acid
bacterium isolated from Mexican Pozol.

Figure 3. Light microphotographs of a Listeria
monocytogenes colony growing in Oxford agar with no
film at different incubation times: a) 24 h (magnification,
100×), b) 33 h (magnification, 100×) and c) 52 h
(magnification, 40×). The colony growth kinetics would
be determined on the basis of the colony-size evolution.

rate (µc-max, h-1) which is the maximum value of the
function (Eq. 2),

Treatmenta Colony lag
phase, λc (h)
B-SP
19
B-CP
19
T1
35
T2
35
T3
44
T4b
-

Maximum specific colony
growth rate, µc-max (h-1)
0.77 (0.07) ca d
0.74 (0.08)a
0.16 (0.05)b
0.10 (0.02)c
0.09 (0.03)c
-

Maximum biomass accumulation per colony [proportional to
maximum (A/A0) value ((A/A0)max, dimensionless)]
1592.6 (684.1)a
459.8(172.7)b
9.1 (3.3)c
3.3 (0.6)d
3.0 (0.6)d
-

Key: (B-SP) plaque with no film. Plaques with film: (B-CP) film with no AM; T1 (0.5
mggentamicin/gfilm); T2 (0.7 mggentamicin/gfilm); T3 (0.9 mggentamicin/gfilm) and T4 (1.25 mggentamicin/
gfilm).
b
T4 treatment did not present any listeria colony growth during the experiments.
c
Standard deviation is indicated in parenthesis.
d
Different letters (a, b, c and d) in columns indicate significant differences among
treatments, based on a t0 test statistic, on means of normal distributions, variance
unknown, α = 0.05 (Montgomery, 2001)
a

(2)
in the exponential growth region of the plot
, where A0 is the corresponding A
value to a colony when it is first observed, and t
is time (h). c) The maximum listerial biomass that
was accumulated within each monitored colony was
considered to be proportional to the corresponding
maximum (A/A0) value recorded (i.e., (A/A0)max,
dimensionless).
Results and Discussions
Firstly, the 16S sequence of the LAB-ABMX
strain, a bacterium isolated from Mexican Pozol, was
classified as belonging to the Streptococcus genus by
classifier (Wang et al., 2007) with 100% probability.
Homologous 16S sequences were retrieved and used
to reconstruct a Maximum Likelihood phylogeny
(Figure 1). The position of LAB-ABMX in this
tree is well supported by bootstrap analysis and
indicates LAB-ABMX strain might belong to S.
lutetiensis species. However, the branch length of
LAB-ABMX also leaves open the possibility that this
strain would represent a new species or subspecies
for which additional research would be carried out.
That is why we do refer to the used LAB specimen as
Streptococcus sp. ABMX.
Furthermore,
the
obtained
concentrated
supernatants of culture broth fermentations (AMC)
conducted by Streptococcus sp. ABMX in BHI
exhibited important antilisterial activity involving
growth inhibition zones till ∆r = 9.36 mm beyond
the well diameter in 24 h old-cultures of L.
monocytogenes in BHI agar at 35°C (Figure 2 B);
in fact, it was found that 1 mL AMC has the same
inhibitory effect against listeria as 0.3125 mggentamicin
according to the observed growth inhibition of listeria

Figure 4. Aspect of the growth of Listeria monocytogenes
in Oxford agar at 35°C and different times, in contact
with caseinate films that incorporate antimicrobial
substances (AM) produced by Streptococcus sp. ABMX
isolated from Mexican Pozol. Treatment key: (B-SP),
plaque with no film; (B-CP), film with no AM; (T3) and
(T4), films with 0.9 and 1.25 mggentamicin/gfilm, respectively.

in presence of gentamicin in well-diffusion assays in
BHI agar (Figure 2 C). Therefore, considering the
AMC antilisterial activity, in the rest of the paper the
used AMC-quantities were expressed in milligrams
of gentamicin (i.e., 3.2 mLAMC = 1 mggentamicin).
Antilisterial activity of the AMC-films
In the present investigation it was evaluated
the antilisterial activity of edible films, based on
the assessment of the colony growth kinetics of L.
monocytogenes by recording the growth evolution
of listeria-colonies in Oxford agar without any films
as well as in depth contact with films with/without
AMC coming from the Streptococcus sp. ABMXfermented culture-broth (Figure 3). On the other
hand, Figure 4 exhibits some aspects of the colony
growth of L. monocytogenes in Oxford agar, in depth
contact with some of the tested films in the present
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Figure 5. Listeria monocytogenes-colony growth curves
in Oxford agar at 35°C, in contact with caseinate films
that incorporate antimicrobial substances (AM) produced
by Streptococcus sp. ABMX, isolated from Mexican
Pozol. Key: ( ) plaque with no film. Plaques with film:
( ) film with no AM; ( ) T1 (0.5 mggentamicin/gfilm); ( )
T2 (0.7 mggentamicin/gfilm) and ( ) T3 (0.9 mggentamicin/gfilm).
T4 did not exhibit any listeria growth. The error bars
represent the standard deviation of 10 data (5 colonies/
plaque×2 plaques each condition).

work, where there were important differences among
the effects of the four treatments examined (i.e., T1,
0.5; T2, 0.7; T3, 0.9 and T4, 1.25 mggentamicin/gfilm).
The bacterium growth was better in both Oxford
plaques with no films (i.e., B-SP) as well as with
films without any antimicrobial substances from
Streptococcus sp. ABMX (i.e., B-CP). Nonetheless,
L. monocytogenes grew with some difficulty when
AMC was incorporated within the caseinate films (v.
gr. in T3 (0.9 mggentamicin/gfilm) and T4 (1.25 mggentamicin/
gfilm) listeria had not yet exhibited any growth at t =
40 h and t = 70 h, respectively).
Figure 5 presents the colony growth curves of
L. monocytogenes in Oxford medium for all the
studied conditions in this work. It is observed that
for B-SP and B-CP conditions, L. monocytogenes
colonies exhibited a lag phase λc = 19 h, while the
corresponding values to T1 and T2 (i.e., 0.5 and 0.7
mggentamicin/gfilm, respectively) were both equal to 35 h,
whereas treatment T3 (i.e., 0.9 mggentamicin/gfilm) was
associated with a value of 45 h. Furthermore, in T4
condition (i.e., 1.25 mggentamicin/gfilm) there was not
detected any growth of the indicator bacterium during
the 72 h that the experiment lasted. In Table 2 there is
presented the kinetic parameters corresponding to L.
monocytogenes colony growth in Oxford agar for all
the conditions here studied.
The colony lag phase (λc) indicates the period
that takes listeria cells to be adapted to a certain
medium before the colony growth starts as a
consequence of the cell reproduction. According to
the obtained results, the λc value increased when the
antimicrobial concentration within films increased
too, suggesting that the presence of substances

produced by Streptococcus sp. ABMX, can hinder
the listeria reproduction at least during 72 h at the
tested conditions. In the cases where no AMC was
present in the films (i.e., B-SP and B-CP conditions),
λc values were the minimum (i.e., 19 h). On the other
hand, λc was the maximum (λc→ ∞) when the AM
concentration was the maximum as well (i.e., T4
treatment, 1.25 mggentamicin/gfilm).
Concerning the results for L. monocytogenesmaximum specific colony-growth rate (µc-max) it
is observed a tendency for this kinetic parameter
to decrease when the antimicrobial substances
concentration does increase within the caseinate
films. The µc-max values for the conditions B-SP and
B-CP were 0.77 and 0.74 h-1, respectively, without
significant differences. Nonetheless, the mean µc-max
value when no AMC was present (i.e., (0.77+0.74)/2
= 0.76 h-1) was notably higher than the corresponding
ones calculated for T1, T2 and T3, being several
times greater (i.e., (0.76/0.16) = 4.72, (0.76/0.10) =
7.55 and (0.76/0.09) = 8.39 times, that of T1, T2 and
T3 µc-max values, respectively). The determination
of the µc-max value is of high importance because it
indicates how fast the listeria colonies are growing
as a result of the cell reproduction rate depending
on the environmental conditions. In this work,
the maximum µc-max value was exhibited in B-SP
condition (i.e., 0.77 h-1), and the minimum one
was calculated in T3 treatment (i.e., 0.1 h-1) where
the antimicrobial substances concentration was 0.9
mggentamicin/gfilm. Moreover, as it has been previously
mentioned, at higher AM concentrations there was no
listeria-colony growth (i.e., T4=1.25 mggentamicin/gfilm).
In this sense, conditions in T4 treatment would be in
such a way that no growth of listeria was allowed;
even, they would be killed due to the actual AM
concentration in T4 films.
Afterwards, the L. monocytogenes-maximum
concentration was estimated for all tested conditions,
considering that this kinetic parameter is proportional
to the dimensionless value (A/A0)max. Both the
maximum and minimum values for the parameter (A/
A0)max determined in this work, were 1593 and 3 (-)
corresponding to B-SP condition and T3 treatment,
respectively (without considering T4, where
there was no listeria growth), involving important
differences among (A/A0)max values for the studied
treatments. The (A/A0)max value for B-SP condition
was (1593/460) = 3.5 times the corresponding one
for the B-CP condition, and this important difference
would be due to oxygen limitations in the B-CP
condition for the listeria growth, where molecules
of molecular oxygen, in order to reach the Oxford
agar-film interface, should travel across the film, 0.09
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mm in length of a solid material (i.e., the film) with a
low oxygen permeability value (i.e., PO2 = 4.24×10-14
gO2/(s Pa m2)) from the high oxygen partial pressure
zone (i.e., gas space within the Petri dishes) to the
low oxygen partial pressure region (i.e., Oxford agarfilm interface) where listeria is growing. At the end,
listeria grew more efficiently in B-SP condition where
there was no oxygen transfer resistance due to any
caseinate film. In the past some authors have reported
the direct relationship between oxygen availability and
listeria growth. Noriega et al. (2008) have found that
L. innocua, growing in BHI broth at 25°C, achieved
2.5×109 CFU/mL in aerobic conditions in a period of
24 h, in contrast with the 1×109 CFU/mL obtained
in anoxic conditions in the same time, involving a
ratio of 2.5/1 = 2.5 which is relatively similar to the
value 3.5 that was here obtained in solid processes
that lasted 72 h.
Furthermore, the (A/A0)max value for B-CP
condition was notably higher than the corresponding
ones determined for T1, T2 and T3, being (459.8/9.1) =
50.5, (459.8/3.3) = 139.3 and (459.8/3) = 153.3 times,
respectively. Taking into account that both thickness
and PO2 values of the films were approximately
constant among them, consequently there would be
similar conditions concerning the oxygen availability
for the L. monocytogenes development among the film
systems studied. Having this in mind, the observed
differences among (A/A0)max values in the tested films
would rely on the presence of antilisterial substances
produced by Streptococcus sp. ABMX.
On the other hand, taking into account that the
AMC used for film formulations was previously
subjected to both pH adjustment and heat treatment, it
would be hypothesized that the AMC’s antimicrobial
activity does not rely on the action of organic acids
(i.e., lactic acid) nor enzymes, and it would be
explained by the presence of certain bacteriocins
or similar heat resistant substances produced by the
bacterium Streptococcus sp. ABMX. In this sense,
some bacteriocins like those of Class II, Subclase
IIa, are in fact thermostable peptides with the specific
conserved N-terminal sequence Tyr-Gly-AsnGly-Val-X-Cys, where X denotes any amino acid.
Usually, they contain from 37 (i.e., leucocin A and
mesentericin Y105) to 48 (i.e., carnobacteriocin B2
and enterocin SE-K4) amino acids and exhibit high
activity against Listeria spp. (De Vuyst and Leroy,
2007; Stoyanova et al., 2012). Furthermore, some
authors have already found that members of the
Streptococcus genus are able to produce pediocinlike molecules (Heng et al., 2007). In this sense,
nowadays our group is conducting some experiments
to separate and identify the biochemical nature of
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the antimicrobial substances present in AMC from
Streptococcus sp. ABMX.
As it was already mention, in the literature
authors have tested different approaches to evaluate
the antimicrobial activity of bacteriocin-added-edible
films against L. monocytogenes. For example, Li et
al. (2006) reported the antimicrobial effects of konjac
glucomannan films with chitosan and nisin, against
some indicator bacteria, including L. monocytogenes,
by measuring the diameters of inhibition zones
induced by film-disks (103 IUnisin/gfilm) placed on plates
previously inoculated with the tested bacterium.
After 1 day incubation at 37°C, they reported listeria
inhibition zones ranging from 19 to 34 mm. On the
other hand, Kristo et al. (2008) examined the effects
of caseinate films with one of three antimicrobials
agents, including nisin (0.05 and 0.50 mg/film),
against L. monocytogenes. The films were placed
on listeria surface inoculated Tryptose soy agar-3%
NaCl plates and incubated at 10°C for 10 days. These
authors aseptically removed the agar to determine the
listeria viable count (CFU/cm2), founding lag phase
values up to 5 days with maximum listeria counts of
5.5 log CFU/cm2 at the end. In contrast, their controls
did not exhibit any lag phase and achieved 8.5 log
CFU/cm2 at 10 days. It is evident the effectiveness
of edible-films with bacteriocins to affect the
listeria development in different extents in many
investigations (Ko et al., 2001; Padgetti et al., 2000;
Sanjurjo et al., 2006; Kristo et al., 2008; Basch et al.,
2012). Nevertheless, none of these authors did present
their microbiological data on the basis of the listeria
growth kinetics effects in response to the presence
of edible films with antilisterial substances, involving
solid-solid interface applications (i.e., film-agar
interface, film-meat interface, film-food interface,
etc.). This is in fact the main interest of the present
contribution. Furthermore, the antilisterial activity
of caseinate films with antimicrobial substances
produced by Streptococcus sp. ABMX studied in the
present work was outstanding. Moreover, it was used
a concentrated culture-broth supernatant (AMC) with
no further purification processing. At the present
time, our group is also studying the antilisterial effects
of caseinate films with antimicrobials produced by
Streptococcus sp. ABMX, at lower temperatures
(4°C) as well as in certain processed foods previously
inoculated with the indicator bacterium.
Conclusion
It is first published the characterisation of the
antimicrobial effects of edible caseinate films added
with culture broth of Streptococcus sp. ABMX,
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against Listeria monocytogenes growing within the
film-Oxford agar interface at 35°C, on the basis of
the effects on the listeria colony growth kinetics
which did exhibit important changes in response
to the specific treatment. The determination of all
kinetic parameters (colony lag phase, λc; maximum
specific colony growth rate, µc-max, and maximum
biomass accumulation [proportional to (A/A0)max])
was useful to estimate the magnitude of the inhibitory
effects against L. monocytogenes. As a general
tendency, when the antimicrobial substances (AM)
concentration increased, the λc value increased too,
whereas both values of µc-max and (A/A0)max decreased.
Besides, the used antimicrobial substances produced
by Streptococcus sp. ABMX, isolated from Mexican
Pozol, exhibited good antilisterial activity which was
effectively incorporated into the edible films tested in
this investigation.
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