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Growth ability, microbial activity and susceptibility to antimicrobials of
two strains of Pediococcus pentosaceus, candidates to probiotic
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The objective of this study was to evaluate growth
ability, antimicrobial activity and susceptibility
to antimicrobials of two strains of Pediococcus
pentosaceus (LB-12 and LB-25), candidates to
probiotic. Four trials were performed with randomized
designs and three repetitions. Strain growth in a MRS
medium at 37 °C had a similar performance, and from
6h of culture, they reached the stationary stage. Their
growth speeds were around 0.5 h!' and duplication
times were 1.3 h. Both were able to grow and decrease
pH of a medium were fructans of Agave fourcroydes
were used as energy source, although its concentration
decreased regarding the MRS medium. In addition,
strains inhibited the growth of evaluated pathogenic
bacteria, with a high antimicrobial action of LB-25
against Salmonella enterica subsp. enterica serovar
Typhimurium ATCC 14028 and Listeria monocytogenes
ATCC 1531. Candidates to probiotic were sensitive to
G penicillin, florfenicol, chloramphenicol, amoxicillin
clavulanic acid and doxycycline. At the same time,
were resistant to trimethoprine-sulfamethoxazole,
cephalexin, tetracycline, vancomycin, nalidixic
acid, oxalinic acid, enrofloxacin and flumequine,
streptomycin, kanamycin and gentamicin. It can be
concluded that P. pentosaceus LB-12 and LB-25, in
vitro, have an antimicrobial activity against pathogens,
are susceptible to antimicrobials and have a proper
growth ability in a MRS medium, and when fructans
are used as energy source, which favors their inclusion
in symbiotic and probiotic formulations for animal
production.

Key words: lactic bacteria, additives, microbial
growth

Lactic acid bacteria, mainly those of Lactobacillus
genus, are among the microorganisms that are
more studied and used as probiotic candidates or

El objetivo de este trabajo fue evaluar la capacidad de
crecimiento, actividad antimicrobiana y susceptibilidad
a antimicrobianos de dos cepas de Pediococcus
pentosaceus (LB-12 y LB-25) candidatas a probidtico.
Se realizaron cuatro ensayos con disefios aleatorizados
y tres repeticiones. El crecimiento de las cepas en caldo
MRS a 37 °C tuvo un comportamiento similar y a partir
de las 6 h de cultivo alcanzaron la fase estacionaria. Sus
velocidades de crecimiento fueron aproximadamente de
0.5 h'y los tiempos de duplicacion de 1,3 h. Ambas fueron
capaces de crecer y disminuir el pH de un medio de cultivo
donde se empleo fructanos de Agave fourcroydes como
fuente energética, aunque su concentracion disminuyé con
respecto al medio MRS. También, las cepas inhibieron
el crecimiento de las bacterias patdogenas evaluadas, con
mayor accion antimicrobiana de LB-25 frente Salmonella
enterica subsp. enterica serovar Typhimurium ATCC
14028 y Listeria monocytogenes ATCC 1531. Las
candidatas a probiotico fueron sensibles a penicilina G,
florfenicol, cloranfenicol, amoxicilina acido clavulanico
y doxiciclina. A su vez, fueron resistentes al trimetoprina-
sulfametoxazol, cefalexina, tetraciclina, vancomicina,
acido nalidixico, acido oxalinico, enrofloxacina y
flumequine, estreptomicina, kanamicina y gentamicina.
Se concluye que P. pentosaceus LB-12 y LB-25, in vitro,
ejercen actividad antimicrobiana contra patdogenos,
son susceptibles a antimicrobianos y poseen adecuada
capacidad de crecimiento en medio MRS y cuando
se emplean fructanos como fuente energética, lo que
posibilitaria su inclusion en formulaciones probidticas y
simbidticas para la produccion animal.

Palabras clave: bacterias lacticas, aditivos,
crecimiento microbiano

Las bacterias acido lacticas, fundamentalmente
las del género Lactobacillus, se encuentran entre los
microorganismos que mas se estudian y utilizan como
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are included in probiotic products and functional
feeds (Saura-Calixto and Gofii 2005 and Boyle et
al. 2006). Strains of Streptococcus, Enterococcus,
Pediococcus, Leuconostoc, Bacillus, Bifidobacterium,
Propionibacterium, Escherichia coli (non-pathogenic
strains), Aspergillus and yeasts (Bajagai ef al. 2016)
are also used.

Garcia-Hernandez et al. (2016) isolated, identified
and characterized lactic bacteria, of bird orgin,
as probiotic candidate. These authors found that
Lactobacillus pentosus LB-31 was the most promising
strain and evaluated its potentialities in an essay with
broilers. However, other identified strains in the study,
like Pediococcus pentosaceus (LB-12 and LB-25), could
be evaluated or included in multispecies probiotics, that
encourage the beneficial effects of cultures of individual
strains, as well as symbiotic formulations (Bomba et al.
2002 and Bajagai et al. 2016).

Bacteria of Pediococcus genus are presented in the
shape of coccus (tetrads) and are anaerobial, Gram
positive, not mobile, non-sporulated, facultative
and negative catalase (Porto ef al. 2017). According
to these authors, Pediococcus pentosaceus and
Pediococcus acidilactici are the main species used
in probiotic supplements for animals and humans, as
well as in the production of bacteriocins (pediocin)
and inoculum in fermentative processes to avoid
contaminations. Nevertheless, to be considered
as probiotics, they must fulfill the requirements
published by FAO and WHO (2002), as well as
demonstrate their efficiency, which depends on the
strain or strains used, among other factors (Yang et
al. 2009 and Endo and Gueimonde 2016).

Among the in vitro characteristics to be evaluated,
generally, for selecting probiotic strains, are the
tolerance to low pH, high concentrations of biliary salts,
growth ability of candidates, antimicrobial activity and
susceptibility to antimicrobials. Determination of these
last characteristics is the objective of this study, with the
evaluation of two strains of Pediococcus pentosaceus
(LB-12 y LB-25) and their growth ability with the use
of fructans of Agave fourcroydes (Garcia-Curbelo et
al. 2015a, 2015b) as energy source in a cultivation
medium, which could favor the generation of symbiotic
futures.

Materials and Methods

Four trials were conducted for studying growth
dynamics of lactic bacteria strains in a MRS (Man,
Rogosa and Sharpe) medium, their growth ability
in the presence of fructans of Agave fourcroydes
(FRUCTOICA) as energy source of the medium
and their antimicrobial activity and susceptibility to
antimicrobials.

Bacteria characteristics. Strains used belonged to
Pediococcus pentosaceus LB-12 and LB-25, of bird
origin, from the Banco de Microorganismos para la
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candidatos probidticos o se incluyen en productos
probidticos y alimentos funcionales (Saura-Calixto
y Goii 2005 y Boyle et al. 2006). También se
emplean cepas de Streptococcus, Enterococcus,
Pediococcus, Leuconostoc, Bacillus, Bifidobacterium,
Propionibacterium, Escherichia coli (cepas no
patdgenas), Aspergillus y levaduras (Bajagai ef al. 2016).

Garcia-Hernandez et al. (2016) aislaron, identificaron
y caracterizaron bacterias lacticas, de origen aviar, como
candidatas a probiotico. Estos autores encontraron que
Lactobacillus pentosus 1LB-31 fue la cepa mas promisoria
y evaluaron sus potencialidades en un ensayo con pollos
de ceba. Sin embargo, otras cepas identificadas en el
estudio, como Pediococcus pentosaceus (LB-12 y LB-25),
se pudieran evaluar o incluir en probidticos multiespecies,
que potencien los efectos benéficos de cultivos de cepas
individuales, asi como en formulaciones simbidticas
(Bomba et al. 2002 y Bajagai et al. 2016).

Las bacterias del género Pediococcus se presentan
en forma de cocos (tétradas) y son anaerobias Gram
positivas, no moviles, no esporuladas, catalasa negativa
y facultativas (Porto et al. 2017). Segun estos autores,
Pediococcus pentosaceus y Pediococcus acidilactici
son las principales especies utilizadas en suplementos
probidticos para animales y humanos, asi como en la
produccion de bacteriocinas (pediocina) e indculo en los
procesos fermentativos para evitar contaminaciones. No
obstante, para ser considerados como probio6ticos deben
cumplir con los requisitos publicados por FAO y WHO
(2002), asi como demostrar su eficacia, que depende
de la cepa o cepas que se empleen, entre otros factores
(Yang et al. 2009 y Endo y Gueimonde 2016).

Entre las caracteristicas in vitro que se evaluan,
generalmente, para seleccionar cepas probidticas se
encuentran la tolerancia a bajos pH, altas concentraciones
de sales biliares, capacidad de crecimiento de los
candidatos, actividad antimicrobiana y susceptibilidad
a antimicrobianos. La determinacion de estas ultimas
caracteristicas constituye el objetivo de este trabajo al
estudiar dos cepas de Pediococcus pentosaceus (LB-12
y LB-25) y evaluar su capacidad de crecimiento con la
utilizacion de fructanos de Agave fourcroydes (Garcia-
Curbelo ef al. 2015a, 2015b) como fuente de energia
en un medio de cultivo, que posibilitaria la generacion
de futuros simbidticos.

Materiales y Métodos

Se realizaron cuatro ensayos para estudiar la dinamica
de crecimiento de las cepas de bacterias lacticas en el
medio MRS (Man, Rogosa y Sharpe), su capacidad
de crecimiento en presencia de fructanos de Agave
fourcroydes (FRUCTOICA) como fuente energética
del medio de cultivo y su actividad antimicrobiana y
susceptibilidad a antimicrobianos.

Caracteristicas de las bacterias. Las cepas utilizadas
fueron Pediococcus pentosaceus LB-12 y LB-25, de
origen aviar, pertenecientes al Banco de Microorganismos
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Producciéon Animal (BAMIPA) of the Instituto de
Ciencia Animal (Mayabeque, Cuba). These strains were
identified by sequencing of ribosomal RNA 16S gen
and its sequences are located in the GenBank (Access
number: FR717460 and FR717465). In addition, they
were previously characterized as probiotic candidates
according to their growth ability at 24 h, lactic acid
production, tolerance to acid pH and high concentrations
of biliary salts(Garcia-Hernandez ef al. 2016). In this
study, both strains of lactic bacteria, preserved in a
MRS medium with glycerol at 15 % (v/v) and freezing
at -80 °C, were activated with two sub-cultures in MRS
medium (Oxo0id,UK) at 37 °C from 18 to24 h. From the
active culture, a suspension of each strain (LB-12 and
LB-25) was prepared in a MRS medium (pH 6.20+0.2)
with optical density (OD) at 600 nm of 0.125 equivalent
to 107 cfuemL"'. Inocula concentration was verified
through culture in agar MRS plates (Oxoid, UK).

Growth dynamics of P. pentosaceus in MRS
medium. An amount of 20 pL of each suspension
were inoculated in cells of the microplate, that
contained MRS medium (1/10, v/v). Growth was
monitored in a Microplate Spectrophotometer System
SpectraMax 340 (Molecular Devices, USA). Each
cell was considered an experimental unit. Optical
density (OD) at 600 nm was measured every 30 min.
per 12 h of incubation at 37 °C. It was verified the
failure in the fulfillment of normality assumption
by Shapiro and Wilk (1965) test for this variable,
which distribution was fitted to Gamma. Therefore,
a mixed generalized linear model was used, through
GLIMMIX procedure of the statistical package SAS
version 9.3 (SAS Institute Inc. 2013) and function of
Log link for the analysis of variance according to the
design with means repeated in the time. The model
considered time as fixed effect, intercept as random
effect and repetitions as subject. Components of
variance (CV) was the variance-covariance structure
of the best fit. The comparison of means at P < 0.05
was performed with the test of fixed range Tukey-
Kramer (Kramer 1956). From the results of OD in the
exponential stage of the culture, in each repetition, the
In OD was calculated. With these values, maximum
growth speeds of strains were determined by linear
regression and time of duplication (td) was calculated
according to the equation t (d )=In2/p (Prescott et al.
2003). Statistics of mean and standard deviation were
determined to these data.

Growth of P. pentosaceus in a culture medium
with FRUCTOICA as an energy source. A completely
randomized design was used with a 2x2 factorial
arrangement and three repetitions per treatment. Factors
were lactic strains (LB-12 and B-25) and culture media
(2). MRS (Oxoid, UK, pH 6.31 + 0.02) medium was
used as control cultivation medium and MRS medium.
Glucose was replaced by prebiotic FRUCTOICA
(pH 5.74 £ 0.02). It was sterilized by filtration and
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para la Produccion Animal (BAMIPA) del Instituto de
Ciencia Animal (Mayabeque, Cuba). Estas cepas se
identificaron por secuenciacion del gen 16S ARN
ribosomal y sus secuencias se encuentran depositadas
en el GenBank (numeros de acceso: FR717460 y
FR717465). Ademas, se caracterizaron previamente
como candidatas a probidtico segiin su capacidad de
crecimiento a las 24 h, produccién de acido lactico
y tolerancia a pH dacidos y altas concentraciones de
sales biliares (Garcia-Hernandez et al. 2016). En este
estudio, ambas cepas de bacterias lacticas, conservadas
en caldo MRS con glicerol al 15 % (v/v) y congelacion a
-80 °C, se activaron con dos sub-cultivos en caldo MRS
(Oxo0id,UK) a 37 °C de 18-24 h. A partir del cultivo
activo, se preparo6 una suspension de cada cepa (LB-12y
LB-25) en caldo MRS (pH 6.20+0.2) con densidad éptica
(DO) a 600 nm de 0.125 equivalente a 107 ufcemL". La
concentracion de los indculos se comprobo mediante la
siembra en placas de agar MRS (Oxoid, UK).
Dinamica de crecimiento de P. pentosaceus en
medio MRS. Se inocularon 20 uL de cada suspension
en celdas de una microplaca, que contenian caldo
MRS (1/10, v/v). El crecimiento se monitore6 en un
Microplate Spectrophotometer System SpectraMax 340
(Molecular Devices, USA). Cada celda se considerd
una unidad experimental. La densidad o6ptica (DO) a
600 nm se midi6 cada 30 min. por 12 h de incubacion a
37 °C. Se constato el no cumplimiento del supuesto de
normalidad por la docima Shapiro y Wilk (1965) para
esta variable, cuya distribucion se ajusto a la Gamma.
Por esto se empled un modelo lineal generalizado mixto
mediante el procedimiento GLIMMIX del paquete
estadistico SAS version 9.3 (SAS Institute Inc. 2013) y
funcion de enlace Log para el andlisis de varianza seglin
disefio con medidas repetidas en el tiempo. El modelo
consider6 el tiempo como efecto fijo, el intercepto
como aleatorio y las repeticiones como “subject”. La
estructura de varianza-covarianza de mejor ajuste fue
la de componentes de la varianza (CV). Se utiliz6 para
la comparaciéon de medias a P < 0.05 la décima de
rango fijo Tukey-Kramer (Kramer 1956). A partir de los
resultados de DO en la fase exponencial del cultivo, en
cada repeticion, se calculo el In DO. Con estos valores
se determinaron las velocidades méximas de crecimiento
de las cepas por regresion lineal y se calcul6 el tiempo
de duplicacion (td) seglin la ecuacion t (d )=In2/p
(Prescott et al. 2003). A estos datos se les determinaron
los estadigrafos media y desviacion estandar.
Crecimiento de P. pentosaceus en un medio de cultivo
con FRUCTOICA como fuente energética. Se utilizod
un disefio completamente aleatoriazado con arreglo
factorial 2 x 2 y tres repeticiones por tratamiento. Los
factores fueron las cepas lacticas (LB-12 y B-25) y los
medios de cultivo (2). Se utilizé caldo MRS (Oxoid,
UK, pH 6.31 £ 0.02) como medio de cultivo control y
caldo MRS. Se sustituy6 la glucosa por el prebiodtico
FRUCTOICA (pH 5.74 £+ 0.02). Este se esterilizo por
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later added to the sterilization of culture media, at
a concentration of 20 geL'. As experimental units,
tubes with culture media were used according to
experimental treatments. They were inoculated with
bacterial suspensions at a rate of 1/10 (v/v) to obtain
an initial concentration of 10° cfuemL!, which was
confirmed through a culture in agar MRS plates. Tubes
were incubated at 37 °C for 24 h. After this time, 1 mL
was taken from each repetition to determine growth
ability (cfusmL") and pH of the remaining culture was
measured with a digital pH meter Professional Meter-
PP-25 (precision & 0.01 units). Concentration of viable
microorganisms (cfuemL') was determined by visual
counting of colonies in agar MRS. For this, samples
were dissolved consecutively in a saline solution
(0.85 %, w/v) and it was cultivated in agar MRS plates,
which were later incubated at 37 °C from 24 to 72 h.

Antimicrobial activity. Antimicrobial activity
of lactic bacteria (producers) was determined by
triplicate, according to the double layer method (Tagg
et al. 1976). Pathogenic bacteria Salmonella enterica
subsp. enterica serovar Typhimurium ATCC 14028,
Shigella sonnei ATCC 11060, Escherichia coli ATCC
4238, Enterococcus faecalis ATCC 19433, Listeria
monocytogenes ATCC 15313 and Shigella flexneri
(clinical isolate belonging to LEFM/ICB/UFMG)
were used as indicators. For the assay, 5 puL of each
active culture was deposited on MRS agar plates and
incubated at 37 °C for 24 h. After incubation, the
producing bacteria were exposed to chloroform for
20-30 min. Residual chloroform was let to evaporate
and plates were covered with the pathogenic cultures.
These indicator bacteria were also activated with two
subcultures in 5 mL of BHI (Brain Heart Infusion,
Oxoid, UK) medium, incubated at 37 ° C for 24 h.
An amount of 10 pL of pathogenic cultures were
added in tubes with 3.5 mL of semi-solid BHI
(0.75 % agar, w/v), homogenized and poured into the
plates treated with chloroform. After solidification,
plates were incubated at 37 °C for 24 h and the presence
or absence of inhibition halos was observed. Inhibition
halos indicated antimicrobial activity of strains and
their reading was performed with a digital vernier
caliper (Mitutoyo Corporation, Kawasaki, Japan).
The diameter of bacteria culture was subtracted from
the value of halos and differences among means were
determined.

Data of microbial growth in a medium with
FRUCTOICA and the assay of antimicrobial activity
were processed with the statistical package InfoStat
version 2012 (Di Rienzo et al. 2012). The multiple
comparison test of Duncan (1955) and the t-student
were used, when necessary, to determine differences
among means at P <0.05. In the case of microorganism
counting, data did not follow the normal distribution, so
they were transformed according to logX.

Susceptibility to antimicrobials. Susceptibility
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filtracion y se adiciond posterior a la esterilizacion de los
medios de cultivo, a concentracion de 20 geL!. Como
unidades experimentales se utilizaron tubos con los
medios de cultivo segun los tratamientos experimentales.
Estos se inocularon con las suspensiones bacterianas
a razén de 1/10 (v/v) para obtener una concentracion
inicial de 10° ufcemL"!, que se comprobo mediante la
siembra en placas de agar MRS. Los tubos se incubaron
a 37 °C durante 24 h. Después de este tiempo, se tomo
1 mL de cada repeticion para determinar la capacidad
de crecimiento (ufcemL") y se midi6 el pH del cultivo
restante en pHmetro digital Sartorius Profesional Meter-
PP-25 (precision £+ 0.01 unidades). La concentracion de
microorganismos viables (ufcemL™') se determind por
conteo visual de colonias en agar MRS. Para esto, las
muestras se diluyeron de forma seriada en solucion salina
(0.85 %, p/v) y se sembraron en placas de agar MRS,
que posteriormente se incubaron a 37 °C de 24 a 72 h.

Actividad antimicrobiana. La actividad antimicrobiana
de las bacterias lacticas (productoras) se determind por
triplicado, segin el método de doble capa (Tagg et al.
1976). Se utilizaron como indicadoras las bacterias
patogenas Salmonella enterica subsp. enterica serovar
Typhimurium ATCC 14028, Shigella sonnei ATCC
11060, Escherichia coli ATCC 4238, Enterococcus
faecalis ATCC 19433, Listeria monocytogenes ATCC
15313 y Shigella flexneri (aislado clinico perteneciente
a LEFM/ICB/UFMGQ). Para el ensayo, se depositaron 5
uL de cada cultivo activo en placas de agar MRS y se
incubaron a 37 °C por 24 h. Después de la incubacion,
las bacterias productoras se expusieron a cloroformo
por 20-30 min. El cloroformo residual se dej6 evaporar
y las placas se cubrieron con los cultivos patégenos.
Estas bacterias indicadoras, también, se activaron con
dos subcultivos en 5 mL de caldo BHI (Brain Heart
Infusion, Oxoid, UK), incubados a 37 °C por 24 h. Se
adicionaron 10 pL de los cultivos patdogenos en tubos
con 3,5 mL de BHI semisoélido (0,75 % de agar, p/v), se
homogenizaron y se vertieron en las placas tratadas con
cloroformo. Después de su solidificacion, las placas se
incubaron a 37 °C por 24 h y se observo la presencia o no
de halos de inhibicion. Los halos de inhibicion indicaron
la actividad antimicrobiana de las cepas y su lectura se
realizé con un pie de rey digital (Mitutoyo Corporation,
Kawasaki, Japon). Al valor de los halos se le resté el
diametro del cultivo de las bacterias y se determinaron
las diferencias entre medias.

Los datos del crecimiento microbiano en un medio con
FRUCTOICA y del ensayo de actividad antimicrobiana
se procesaron con el paquete estadistico InfoStat version
2012 (Di Rienzo et al. 2012). La décima de comparacion
multiple de Duncan (1955) y la t-student se utilizaron,
en los casos necesarios, para discriminar diferencias
entre medias a P < 0.05. En el caso de los conteos de
microorganismos, los datos no siguieron la distribucion
normal por lo que se transformaron segtin logX.

Susceptibilidad a antimicrobianos. La susceptibilidad
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was determined by the agar diffusion method with
the use of antimicrobial discs, according to the
guidelines of the Clinical and Laboratory Standards
Institute (CLSI 2012). The antimicrobials Ampicillin
(10 pg), Chloramphenicol (30 pg), Clindamycin
(2 pg), Erythromycin (15 pg), Gentamicin
(10 pg), Kanamycin (30 pg), Nalidixic acid
(30 pg), Streptomycin (10 pg), Tetracycline (30 pg),
Trimethoprim-sulfamethoxazole (1.25/23.75 pg) and
Vancomycin (30 ng), were evaluated, which were
selected according to the recommendations of the
European Food Safety Authority (FEEDAP 2012).
Active strains were cultivated in MRS medium incubated
at 37 °C from 18 to 24 h. The test was carried out by
duplicate and other lactic bacteria of Lactococcus
and Lactobacillus genus, previously isolated and
characterized, were used as controls (Pérez-Sanchez
et al. 2011 and Garcia-Hernandez et al. 2016). The
presence or absence of inhibition halos was considered
as sensitivity or resistance, respectively.

Results and Discussion

Growth dynamics of P. pentosaceus (LB-12 and
LB-25) in MRS medium at 37 °C are shown in figure 1.
Both strains had a similar performance and apparently,
their adaptation phases are inferior to 0.5 h. From this
time until approximately 4.0 h, the exponential stage
was observed. Later, a deceleration phase and after
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se determino por el método de difusion en agar con el
uso de discos de antimicrobianos, segin la guia del
Clinical and Laboratory Standards Institute (CLSI
2012). Se evaluaron los antimicrobianos Ampicilina
(10 pg), Cloranfenicol (30 pg), Clindamicina (2 pg),
Eritromicina (15 pg), Gentamicina (10 pg), Kanamicina
(30 pg), Acido Nalidixico (30 pg), Estreptomicina
(10 pg), Tetraciclina (30 pg), Trimetoprim-sulfametoxazol
(1,25/23,75 pg) y Vancomicina (30 pg), que se
seleccionaron de acuerdo con las recomendaciones de
European Food Safety Authority (FEEDAP 2012). Las
cepas activas se cultivaron en caldo MRS incubados a
37 °C de 18 a 24 h. El ensayo se realiz6 por duplicado
y otras bacterias lacticas de los géneros Lactococcus y
Lactobacillus, aisladas y caracterizadas previamente se
utilizaron como controles (Pérez-Sanchez ef al. 2011 y
Garcia-Hernandez et al. 2016). La presencia o ausencia
de halos de inhibicion se considerd como sensibilidad o
resistencia, respectivamente.

Resultados y Discusion

Las dinamicas de crecimiento de P. pentosaceus
(LB-12 y LB-25) en caldo MRS a 37 °C se muestran en
la figura 1. Ambas cepas tuvieron un comportamiento
similar y al parecer sus fases de adaptacion son inferiores
a 0.5 h. A partir de este tiempo hasta aproximadamente
las 4.0 h se observo la fase exponencial, posteriormente
una fase de desaceleracion y después de las 6 h de cultivo
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Figure 1. Growth dynamics of P. pentosaceus, strains LB-12 (A) and LB-25 (B), in MRS medium at 37 °C.
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6 h of cultivation, they reached the stationary stage.
Table 1 shows growth characteristics of bacteria. The
maximum growth speeds of strains were 0.5 h ! and
duplication times of 1.3 h, which is in correspondence
with reports for lactic acid bacteria (Schepers et al.
2002).
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alcanzaron la fase estacionaria. Las caracteristicas del
crecimiento de las bacterias se presentan en la tabla 1.
Las velocidades maximas de crecimiento de las cepas
fueron de 0.5 h'! y los tiempos de duplicaciéon de 1.3 h,
lo que esta en correspondencia con lo informado para
las bacterias lacticas (Schepers et al. 2002).

Table 1. Growth characteristics of strains LB-12 and LB-25
in MRS medium at 37 °C.

Growth characteristics

Maximum speed of
growth, h!

Duplication time, h

RZ

Strains
. LB-25
0.54 0.53
(0.12) (0.02)
1.32 1.31
(0.32) (0.04)
0.99 0.99

() Standard deviation values

Table 2 shows microbial concentration and pH
values at 24 h of fermentation at 37 °C in MRS media
and in MRS with FRUCTOICA (MRS-F) as energy
source. There was interaction for these two indicators
and it was observed that the two strains grew in
the culture medium where glucose was replaced by
fructans of 4. fourcroydes up to concentrations of 10’
and 10® cfuemL!, with values lower than the control.
The lowest concentration was obtained for strain
LB-25 in the medium with fructans. Apparently, both
strains are able to synthesize the enzymatic complex
fructosyltransferase, which allows it to use the energy
source, although they showed different performances
in the presence of fructans. These variations could be
associated to physiological characteristics of each strain
under study despite coming from the same microbial
species. In addition, it must be taken into account that
these fructans have complex structures (Garcia-Curbelo
et al. 2015b) that are more difficult to degrade, so
perhaps Pediococci would need better fermentation

Enlatabla 2 se presenta la concentraciéon microbiana
y los valores de pH a las 24 h de fermentacion a 37 °C
en los medios MRS y MRS con FRUCTOICA (MRS-F)
como fuente energética. Hubo interaccion para estos dos
indicadores y se observa que las dos cepas crecieron en
el medio de cultivo donde se sustituyo la glucosa por
fructanos de A4. fourcroydes hasta concentraciones de
107y 10% ufcemL!, con valores inferiores al control. La
menor concentracion se obtuvo para la cepa LB-25 en el
medio con fructanos. Al parecer ambas cepas son capaces
de sintetizar el complejo enzimatico fructosiltransferasa,
lo que le permite utilizar la fuente energética, aunque
presentaron comportamientos diferentes en presencia de
los fructanos. Estas variaciones pudieran estar asociadas
a las caracteristicas fisiologicas de cada cepa en estudio
apesar de ser de la misma especie microbiana. Ademas,
se debe tener en cuenta que estos fructanos tienen
estructuras complejas (Garcia-Curbelo et al. 2015b)
que son mas dificiles de degradar, por lo que quizas
los pediococos necesitarian mejores condiciones de

Table 2. Microbial concentration and pH values at 24 h of fermentation
at 37 °C in MRS medium and MRS with FRUCTOICA (MRS-F)

as energy source

Strains Culture media  *log cfuemL"! (cfu.mL™) pH
LB-12 MRS 8.37¢ 3.93¢
(2.35x10%)
MRS-F 8.13° 4.39°
(1.35x10%)
LB-25 MRS 8.42¢ 3.932
(2.66x10%)
MRS-F 7.98* 4.45¢
(9.67x107)
SE+. Sign 0.02 0.01
P=0.0008 P=0.0021

abed Means with different letters in each column differ at P<0.05 (Duncan
1955) *Data were transformed according to logl0 (X) because they do

not follow a normal distribution

() means of the colony forming units per milliliters (cfuemL")



Cuban Journal of Agricultural Science, Volume 51, Number 4, 2017.

conditions to achieve the results obtained with the
control medium, especially strain LB-25. These aspects
should be confirmed in further studies.

Table 2 shows that both strains of Pediococcus
decreased the pH of the MRS medium in more than two
units, without differences between strains. However,
in the medium with fructans, the decrease was lower,
despite the pH value of this medium before inoculation
(5.74 £ 0.02) was lower than control medium (6.31
+ 0.02). This performance depended on the strain,
because LB-25 had a lower variation of pH, which
should be related to its growth ability in this medium
with fructans and the concentration of fermentation
metabolites. In addition, it is known that the metabolic
profile of lactic acid bacteria may vary when different
sources of nutrients or culture conditions are used
(Papagianni 2012).

Nevertheless, it should be noted that the fact that
both Pediococcus grow and produce metabolites of
interest, when fructans of A. fourcroydes are used,
it would be possible to include them in symbiotic
formulations. In turn, symbiotics when added to the
diet can exert synergistic effects by improving the
survival, implantation and persistence of probiotic
candidates in the gastrointestinal tract (Anadon et al.
2016) and, consequently, decrease the populations
of pathogens.

Inhibitory activity of the candidate strains
to probiotics have an important function in the
competition with other microorganisms in the
gastrointestinal tract, for their protection against
pathogens (Abbasiliasi et al., 2017). Table 3 shows
that P. pentosaceus (LB-12 and LB-25) inhibited the
growth of pathogenic bacteria populations used as
indicators (E. coli, S. enterica subsp. enterica serovar
Typhimurium, S. flexneri, E. faecalis, S. sonnei and
L. monocytogenes). The activity against these last
two pathogens differed among strains and was higher
with LB-25. In all cases, except for LB-12 against
E. faecalis, the inhibition halos were superior to
15 mm. Results indicate that inhibition or suppression
of pathogenic microorganisms could be one of the
action mechanisms of the candidates under study.
This, in turn, could be related to their ability to produce
lactic acid (13.35 and 11.83 geL!, respectively),
previously determined by Garcia-Hernandez et al.
(2016), which consequently would contribute to
the improvement of intestinal health of the host. In
addition, it is known that several strains of this species
produce antimicrobial substances that could inhibit the
growth of pathogenic bacteria (Martino et a/. 2013 and
Yasutake et al. 2016). This subject will be the subject
of further research with strains LB-12 and LB-25.

Candidate bacteria to probiotic were sensitive to
penicillin G, florfenicol, chloramphenicol, amoxicillin
clavulanic acid and doxycycline. Likewise, they
were resistant to Trimethoprine-Sulfamethoxazole,
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fermentacion para alcanzar los resultados obtenidos con
el medio control, especialmente la cepa LB-25. Estos
aspectos se deben corroborar en estudios posteriores.

Enlatabla 2 se observa que ambas cepas de Pediococcus
disminuyeron en mas de dos unidades el pH del caldo
MRS, sin diferencias entre cepas. Sin embargo, en el
medio con fructanos la disminucion fue menor, a pesar de
que el valor de pH de este medio antes de la inoculacion
(5.74 £ 0.02) era inferior al medio control (6.31 £ 0.02).
Este comportamiento dependi6 de la cepa, pues LB-25
varié menos el pH, lo que debe estar relacionado con su
capacidad de crecimiento en este medio con fructanos y la
concentracion de metabolitos de la fermentacion. Ademas,
se conoce que el perfil metabolico de las bacterias acido
lacticas puede variar cuando se emplean diferentes fuentes
de nutrientes o condiciones de cultivo (Papagianni 2012).

No obstante a lo anterior, se debe resaltar que el
hecho de que ambos Pediococcus crezcan y produzcan
metabolitos de interés, cuando se empleen los fructanos
de A. fourcroydes, se posibilitaria su inclusion en
formulaciones simbioticas. A su vez, los simbioticos al
adicionarlos en la dieta pueden ejercer efectos sinérgicos
al mejorar la supervivencia, implantacion y persistencia
de los candidatos probioticos en el tracto gastrointestinal
(Anadon et al. 2016) y, consecuentemente, disminuir las
poblaciones de patogenos.

La actividad inhibitoria de las cepas candidatas a
probiodticos desempeiia una funciéon importante en la
competencia con otros microorganismos en el tracto
gastrointestinal para su proteccion frente a patdgenos
(Abbasiliasi ef al. 2017). En la tabla 3 se muestra que
P. pentosaceus (LB-12 y LB-25) inhibid el crecimiento
de las poblaciones de las bacterias patdogenas empleadas
como indicadoras (E. coli, S. enterica subsp. enterica
serovar Typhimurium, S. flexneri, E. faecalis S. sonnei
y L. monocytogenes). La actividad frente a estos dos
ultimos patogenos difiri6 entre cepas y fue mayor con
LB-25. En todos los casos, excepto para LB-12 frente
E. faecalis, los halos de inhibicidon fueron mayores a
15 mm. Los resultados indican que la inhibiciéon o
supresion de microorganismos patdégenos podria ser
uno de los mecanismos de accion de las candidatas
en estudio. Esto, a su vez, pudiera estar relacionado
con su capacidad para producir acido lactico (13,35 y
11,83 geL-!, respectivamente), previamente
determinada por Garcia-Hernandez et al. (2016), lo
que consecuentemente contribuiria a la mejora de la
salud intestinal del hospedero. Ademas, se conoce
que varias cepas de esta especie producen sustancias
antimicrobianas que pudieran inhibir el crecimiento de
las bacterias patogenas (Martino et al. 2013 y Yasutake
et al. 2016). Este tema serd objeto de investigaciones
futuras con las cepas LB-12 y LB-25.

Las bacterias candidatas a probiotico fueron sensibles a
penicilina G, florfenicol, cloranfenicol, amoxicilina 4cido
clavulanico y doxiciclina. A su vez, fueron resistentes al
Trimetoprina-Sulfametoxazol, Cefalexina, Tetraciclina,



440

Cephalexin, Tetracycline, Vancomycin and the evaluated
antibiotics of quinolone group (Nalidixic acid, Oxalinic
acid, Enrofloxacin and Flumequine) and aminoglycosides
(Streptomycin, Kanamycin and Gentamicin). This study
is considered as very important according to Ocaia et
al. (2006) and it is recommended to expand it in order to
find resistance genes (FAO and WHO 2002). In addition,
due to the importance of guaranteeing the safety of the
use of Pediococcus strains in probiotic formulations,
researches should be carried out to demonstrate their
status of security, absence of resistance to acquired
antibiotics and virulence factors, as well as cell viability
in the products ( Porto et al. 2017). These aspects will
also be taken into account in subsequent researches.

Cuban Journal of Agricultural Science, Volume 51, Number 4, 2017.

Vancomicina y a los antibidticos evaluados del grupo
de las quinolonas (Acido nalidixico, Acido oxalinico,
Enrofloxacina y Flumequine) y los aminoglucésidos
(Estreptomicina, Kanamicina y Gentamicina). Este
estudio se considera de gran importancia segun Ocafia et
al. (2006) y se recomienda ampliarlo para hallar genes
de resistencia (FAO y WHO 2002). Ademas, debido a la
importancia de garantizar la seguridad del uso de cepas
de Pediococcus en formulaciones probioticas se deben
realizar investigacones que demuestren su estatus de
inocuidad, ausencia de resistencia a antibioticos adquirida
y factores de virulencia, asi como la viabilidad celular en
los productos (Porto et al. 2017). Estos aspectos también
se tendran en cuenta en investigaciones posteriores.

Table 3. Antimicrobial activity of P. pentosaceus LB-12 and LB-25 in front of pathogenic

bacteria

Pathogenic bacteria Lacti? Ant'in}icrobial SE P Value
bacteria activity, mm

E. coli ATCC 4238 LB-12 21.72 1.15 0.7268
LB-25 21.11

S. typhimurium ATCC 14028 LB-12 29.14 0.54 0.0547
LB-25 31.19

S. flexneri LEFM LB-12 27.28 1.14 0.4495
LB-25 28.63

S. sonnei ATCC 11060 LB-12 15.26 1.89 0.0211
LB-25 25.09

L. monocytogenes ATCC 15313 LB-12 26.37 1.29 0.0045
LB-25 36.86

E. faecalis ATCC 19433 LB-12 13.31 2.44 0.5811
LB-25 15.38

It is concluded that P. pentosaceus (LB-12 and
LB-25) strains show, in vitro, potential as candidates
for probiotic for their use in probiotic and symbiotic
formulations intended for animal production.
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