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Abstract

The aim of the present study was to assess the antibiotic susceptibility profile of Pediococcus strains from diverse sources.
From a total of 115 dairy and non-dairy samples, 40 Pediococcus strains were isolated. Their biochemical and molecular
characterization confirmed them as P. pentosaceus and P. acidilactici. All the 40 identified isolates were evaluated for
antibiotic susceptibility using disc diffusion assay against a total of 20 antibiotics. The isolates exhibited varied range of
responses towards the antibiotics depending on the strain type, source and location of isolation. All the isolates were either
sensitive or intermediate resistant to amoxycillin, erythromycin, ceftriaxone, cloxacillin, cefoperazone, penicillin, netillin,
gentamycin and chloramphenicol. Resistance towards vancomycin and nalidixic acid was exhibited by most of the isolates.
A total of 16 strains belonging to dosa batter (n =4; n=number of isolates), fermented vegetables (n=4), fermented grape
juice (n=4), idly batter (n=3) and the only isolate from butter milk exhibited sensitivity/intermediate towards 80-90%
of the studied antibiotics. No considerable difference in susceptibility pattern was observed between the two Pediococcus
species, i.e., P. pentosaceus and P. acidilactici. Overall, the maximum resistance was exhibited by isolates belonging to
silage (Sil-2; 50%) followed by cow milk (PD-41), dosa batter (8-PD) and human isolate (PD-45) which showed resistance
towards 40% of studied antibiotics. The susceptibility profiling of Pediococcus strains will be helpful in their safer selection
for future food and feed applications.
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Introduction

Lactic acid bacteria (LAB) are industrially important micro-
organisms because of long and safe history of their use for
the production of numerous fermented and functional foods
(Leroy and De Vuyst 2004; Rhee et al. 2011). Beside oth-
ers, Pediococcus is one of the important LAB which divide
alternatively in two perpendicular directions in a single
plane to form peculiar tetrads. They are characterized as
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Gram-positive, catalase negative, non-motile, chemo-
organotrophs and homofermentative (Singla et al. 2018).
Pediococcus pentosaceus and P. acidilactici are among the
two most widely occurring species in food and dairy envi-
ronments (Banwo et al. 2013). Several technological aspects
such as antimicrobial activity, phytase activity, galactose
fermentation ability, exopolysaccharide (EPS) production,
and flavor production make these cultures industrially use-
ful microbes. Pediocin, the anti-listerian antimicrobial pep-
tide produced by this particular genus is the most exploited
trait allowing this organism to be used as a bio-preservative
in food and dairy industry (Papagianni and Anastasiadou
2009). Beyond technological importance, strains of pedio-
cocci also act as safe probiotics (Singla et al. 2017). Due
to this techno-functionality, pediococci are used either as
starter, non-starter or adjunct probiotic cultures in vegeta-
bles, meat, sausages, silage, milk and milk products (Gurira
and Buys 2005; Papagianni and Anastasiadou 2009; Yuk-
sekdag and Aslim 2010; Garsa et al. 2014; Porto et al. 2017).
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Resistance to antibiotics is an emerging food safety con-
cern and the potential of bacteria to transfer the antibiotic
resistance genes to pathogenic or commensal bacteria cannot
be neglected. Hence, antibiotic sensitivity profiling of bacte-
rial strains intended for their use as starter or probiotic cul-
tures is considered as an important part of safety assessment
(Sharma et al. 2014, 2016). European Food Safety Authority
(EFSA) recommends that bacterial strains harboring trans-
ferable antibiotic resistance genes (acquired resistance)
should not be used in animal feeds, fermented and probiotic
foods for human use (EFSA 2007). Pediococci are mainly
found to be susceptible to clinically important antibiotics,
and no acquired resistance to these antimicrobials has been
reported (Danielsen et al. 2007; Klare et al. 2007) and is
also for multidrug resistivity (Cao et al. 2016; Gupta and
Sharma 2017). Vancomycin resistance is widespread among
pediococci, but fortunately, it is considered as intrinsic due
to a modified precursor ending in D-Ala-D-lactate (Banwo
et al. 2013). Similarly, resistance to aminoglycosides such as
kanamycin, gentamicin and streptomycin is also an intrinsic
property among Pediococcus spp. (Hummel et al. 2007).
Penicillin, chloramphenicol and erythromycin are usually
active antibiotics against Pediococcus spp. (Danielsen et al.
2007). Pediococci are generally considered as safe with
regard to antibiotic susceptibility, yet each and every newly
isolated strain should be well-assessed for antibiotic suscep-
tibility prior to their applications in food and dairy products.

Previous studies (Ruiz-Moyano et al. 2010; Cao et al.
2016) have also reported the susceptibility pattern of Pedio-
coccus spp., but a comprehensive evaluation of a large num-
ber (40) of Pediococcus strains of diverse origins against
as many as 20 antibiotics is scarce. Therefore, the present
study was focused on isolating and characterizing Pediococ-
cus spp. from dairy and non-dairy sources, and assessing
their antibiotic susceptibility pattern. Thus, the outcome of
the present investigation will enable the selection of Pedio-
coccus strains for their future intended applications.

Materials and methods
Isolation and characterization of Pediococcus spp.

A total of 115 samples comprising fermented batter of dosa,
idli, kadhi, jalebi, raabdi, uttapam; pickles; dairy products
including cow milk, buffalo milk, cheese, curd and cream
were collected from hostels of Indian Council of Agricul-
tural research-National Dairy Research Institute (ICAR-
NDRI), Karnal, Institute’s Experimental Dairy Plant, local
market, household preparations, rural and urban areas of
Karnal, and also from Delhi, Hisar and Jind, India. Silage
samples were collected from cattle yard, ICAR-NDRI,
Karnal; human feces and human milk, from voluntaries
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of ICAR-NDRI, Karnal; fermented vegetables (cabbage
and carrot) and fermented grape juices were prepared in
our laboratory. Samples were collected in sterile sample
bottles (HiMedia, Mumbai, India). Serial dilutions of the
processed samples were prepared in normal saline (0.85%
NaCl). Appropriate dilutions were pour plated using de
Mann Rogosa Sharpe (MRS) agar medium and incubated
at 37 °C for 48-72 h. Typical smooth, round, grayish-white
colonies were randomly picked up, transferred to MRS broth
and incubated at 37 °C for 18—24 h. After incubation, all
the isolates were examined under microscope (100x) for
morphology.

Gram-positive cocci in pairs/tetrads were further sub-
jected to a series of physiological tests. Catalase, pseudo-
catalase, oxidase, arginine hydrolysis, hetero-fermentation
tests, growth at different temperatures (30, 37, 42 and
50 °C), growth at different pH values (4.2, 6.5, 8.5 and
9.6) and growth at different salt concentrations (4, 6.5, 10
and 15% NaCl) were conducted for the preliminary char-
acterization of the isolates. Hetero-fermentation test was
performed in MRS broth with immersed inverted Durham’s
tubes (Muller 1990). For pseudocatalase test, active cultures
were streaked on low glucose agar plates and incubated at
37 °C for 48-72 h. Plates were then flooded with 5 mL of
3% hydrogen peroxide (Sigma-Aldrich, USA). The pres-
ence of effervescence indicated positive for pseudocatalase
activity (Felton et al. 1953). Oxidase test was performed by
rubbing the activated cultures on oxidase disc (HiMedia,
India). Development of purple blue color indicated a positive
reaction. Hydrolysis of arginine was examined by inocu-
lating the active cultures in arginine broth and incubated
at 37 °C for 24-48 h. Release of ammonia from arginine
was tested by adding 1 mL of Nessler’s reagent (HiMedia,
India). Appearance of orange-brown to brick-red color was
considered positive for arginine hydrolysis (Hitchener et al.
1982). Putative Pediococcus isolates based on morphology
and physiological examination were biochemically identified
by carbohydrate fermentation pattern using APi 50CH test
kits (bioMerieux, France; Singla et al. 2018).

Molecular confirmation of isolated Pediococcus
strains

Biochemically identified Pediococcus isolates were further
subjected to molecular characterization by polymerase chain
reaction (PCR). DNA was extracted following the proto-
col of Pospiech and Neumann (1995). Extracted DNA was
electrophoresed in 0.8% (w/v) agarose gel and was visual-
ized with ultraviolet (UV) illumination. The isolated DNA
of each strain was used to perform PCR using genus and
species-specific forward and reverse oligonucleotide prim-
ers (Table 1) purchased from Sigma-Aldrich (Pfannebecker
and Frohlich 2008). First, the genus-specific PCR was
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Table 1 Genus and species-specific primers and PCR cycling conditions for identification of Pediococcus spp

Organism Primers Primer sequence (5-3) PCR cycle conditions Amplicon Reference
size (bp)
Genus Pediococcus Pedio23S_F —-GAACTCGTGTACGTTGAAAAG  95°C/5 min, 94 °C/30 s, 69.5 °C/30 s, 701 Pfannebecker
TGCTGA- 72 °C/30 s, 72°C/5 min, 32 cycles and
Frohlich
2008
Pedio23S_R —-GCGTCCCTCCATTGTTCAAAC
AAG-
P. pentosaceus PPE23S_F -CCAGGTTGAAGGTGCAGT 95 °C/15 min, 94 °C/30 s, 66°C/1 min, 1647
AAAAT- 72°C/1 min, 72 °C/10 min, 22 cycles
P23S_R —CTGTCTCGCAGTCAAGCTC-
P. acidilactici PAC23S_F -GTTTCGGAGGAGGCGCAA- 95 °C/15 min, 94 °C/30 s, 66°C/1 min, 213
72°C/1 min, 72 °C/10 min, 22 cycles
P23S_R —CTGTCTCGCAGTCAAGCTC-

performed. After the confirmation of Pediococcus genus,
PCR was carried out for species level identification. The
sequences of primers and the corresponding PCR cycles
are given in Table 1. PCR was performed in thermocycler
(Eppendorf Master cycler, Germany) and the amplified prod-
ucts were separated on 1-2% (w/v) agarose gel depending on
the product size in electrophoretic unit (Thermo Scientific,
Schwerte, Germany). Subsequently, gels were examined
using gel Doc system (Alpha Innotech Corp, Santa Clara,
C, USA) and photographed using AlphaView SA software.

Antibiotic sensitivity assay

Disc diffusion method was used to obtain antibiograms of
isolated Pediococcus strains following the modified stand-
ard Kirby—Bauer procedure (Rojo-Bezares et al. 2000).
Antibiotic susceptibility pattern of isolated pediococci
was assessed using commercially available antibiotic discs
(HiMedia, Mumbai, India) having 20 antibiotics including
amikacin (30 pg), ampicillin (10 pg), amoxycillin (10 pg),
cefadroxil (30 ug), cefoperazone (75 pg), ceftazidime
(30 pg), ceftriaxone (30 pg), chloramphenicol (30 pg), cip-
rofloxacin (5 pg), cloxacillin (1 pg), co-trimoxazole (25 pg),
erythromycin (15 pg), gentamicin (10 pg), nalidixic acid
(10 pg), netillin (10 pg), nitrofurantoin (300 pg), norfloxacin
(10 pg), penicillin (10 units), tobramycin (10 pg) and vanco-
mycin (30 pg). MRS agar plates were prepared and overlaid
with 50 mL of MRS soft agar tempered at 45 °C and seeded
with 100 pL of active Pediococcus cultures (cell density @
108 cfu/mL). Plates were allowed to stand at room tempera-
ture for 15-20 min and then the antibiotic discs were dis-
pensed onto the seeded agar plates under aseptic conditions.
Inhibition zone diameters (mm) were measured using anti-
biotic zone scale after incubation at 37 °C for 24 h. Results
were expressed in terms of resistant (R), intermediate resist-
ant (IR) or susceptible (S) with zone diameter of <14, 15-19

and >20 mm, respectively, as per recommended standards
given by Clinical and Laboratory Standards Institute (CLSI
2012) described by Charteris et al. (2000).

Results and discussion
Isolation and identification of Pediococcus spp.

A total 40 Pediococcus strains were isolated from 115 dif-
ferent dairy and non-dairy samples (Table 2). The sample-
wise distribution of pediococci in our study were as follows:
dosa batter (n=14; n=number of Pediococcus isolates),
idli batter (n=7), fermented vegetables (cabbage: n=35;
carrot: n=2), fermented grape juice (n=4), pickle (n=2),
silage (n=2), cow milk (n=1), buffalo milk (n=1), butter
milk (n=1) and human feces (n=1). Out of 40 isolates,
36 belonged to non-dairy sources, while 3 were from dairy
environment and one from human fecal sample (Table 2).
Pediococci mainly inhabit fermentable sugar-rich niches
such as plant materials and fermented food products includ-
ing idli, dosa, fermented vegetable, pickle, silage, kimchi,
etc. (Cai et al. 1999; Kleinschmit and Kung 2006; Vidhyasa-
gar and Jeevaratnam 2012; Belhadj et al. 2014; Monika et al.
2017; Narayanan et al. 2017). The relatively lesser occur-
rence of pediococci in milk and milk products like in our
study may be due to their poor growth in milk (Somkuti and
Steinberg 2010). Isolation of few pediococci has also been
reported from human sources (Uymaz et al. 2009; Osmana-
gaoglu et al. 2010).

All the isolates were Gram-positive cocci occurring in
pairs and tetrads, catalase and oxidase negative and homo-
fermentative, displaying the feature of pediococci (Table 2;
Simpson and Taguchi 1995). As pediococci are the only
LAB that divide alternatively in two perpendicular direc-
tions in a single plane to form tetrads, morphological

Piedlae clodl ayao @

KACST 35l gl 22 SpTinger



3 Biotech (2018) 8:489

489 Page4of17

L®d
uroo0)  [eurey ‘ploy
smaopsopuad gy — - + + — + + + — + + + + - - - — oanisod-wielny  osnoy ‘OpPPId  91-Ad 01
1%d [eures]
uroo0) - “)eyIew [eoo|
snaopsopupd - -+ + - + 4+ + - + + + + - - - — aanisod-wein ‘oneqesod  $1-Ad 6
L®d
ur 15509 TestH ‘ploy
snaopsopuod g — - + + — + + + — + + + + - - - — oanisod-weln  -osnoy ‘9Pl €1-dAd 8
[eurey]
L%®d ‘TIAN
uroo) - ‘[eIsoy S[HI3
snaopsopuad g  — — 4+ + - + 4+ + — + + + + - - - — aAnisod-wreln oneq Ipr  01-dd L
[euresy|
L®d TIAN
uroo) - ‘qeIsoy skoq
smaopsopuod g — - + + — + + + - + + + + - - - — aanisod-wein ‘neq Ipl  8-dd 9
L®d [euIes]
ur 1990 ‘proyasnoy
snoopsomuad § — — + + — + + + — + + + + - - - — oansod-wery  ywronng  /-dd S
[eurey]
L®d TIAN
uroo) - ‘[eIsoy skoq
snaopsopuad - -+ + - + 4+ + - + + + + - - + — aanisod-wein Jopeqesod  $-dd ¥
[euIes]
L®d TIAN
Ul 1900 A1} ‘[AIsoy sKoq
snaopsopuod g — - + + — + + + — + + + + - - + - -1s0d- wein ‘opeq esod  ¢-Ad €
[euresy]
L%®d TIAN
uroo)  ‘[eIsoy SHI3
snaopsojuad §  — -+ + - + 4+ + - + + + + - - + — oAnisod-weln ‘qoneq esod  ¢-Ad C
[euresy|
L®d TIAN
ur1oo0) - ‘[eIsoy SpI3
snaopsojuad §  — - 4+ + - + 4+ + - + + + + - - - — aanisod-wein ‘qopeqesod  [-Ad I
ST O €9 v 96 S8 €9 CTv 0S ¢¥ LE 0O¢
(%)
SUOIBIIUIIUOD (D) semm NY 9soon[3
SJB[OSI J[eS JUIYIP Hd o -erodwo) juardy  -Ajo1pAy woij uon 159) ase| UONBAIISO uone[ost
paynuapy Je IMOID)  -IOYIP JB YIMOID)  -JIp Je yimoln) oumuidry  -onpoid sen) 1s9) 9SepPIX()  -BIBOOPNAsd 1S9} ase[eie)  o1doosoIonn JO 90INOS  SOIB[OS] "OU 'S

SOJB[OSI $71000001P2 JO UONEZIIOEIRYD) Z3|qel

pringer

A's

i

jallase ¢l ayao
KACST a.0141lg oglel)



Page50f17 489

3 Biotech (2018) 8:489

[euresy
‘TIAN 9®l
ur paredoid
L®d (a3eqqe0)
ur 1900)) J[qelegoa
snaowpsoywaod 'y — — + + — + + + — + + + + - - (Apream) + — oanisod-weln pajuwowrd  87-Ad 0T
L®d TestH
urpoo)  “1oNIew [BO0[
snaovsopuad y - - + + - + + 4+ - + + + + - - - — oanrsod-urern ‘oNeq Pl L2-Ad 61
L®d TestH
uroo) - “1eyIeul [eoo[
snaopsopuad g - — + + - + + + — + + + + - - - — dAnisod-weln ‘ToNeq Pl 92-Ad 81
L%®d Wed
ur o0y - “jelew [edo[
smaopsopuad g - - + + — + + + — + + + + - - + — oanisod-weln ‘Toneqesod  Sg-dd LT
L®d [euIes]
Uur 1000  ‘yedjIew [eo0[
snaopsoyuad 'y — — + + — + + + — + + + + - - (Apream) + — oanisod-weln ‘neq Ipl  vg-dd 91
L®d puif
Uur o0y ‘)oMIew [eoo[
snaovsouad § - - + + - + + 4+ - + + + + - - - — oanisod-urern ‘eneq esod  7Z-dd Sl
L®d puif
uroo) - ‘1e)Ieu [edoo[
snaopsopuad y - — + + - 4+ + + — + + + + - - - — Anisod-wern ‘oneqesoq  Ig-dd 14!
[euresy
L®d T4AN
uro0)  ‘[asoy S[HI3
snaopsopuad g — - + + — + + + — + + + + - - - — aansod-wein ‘loneqesod  0g-dd el
L%®d [euresy
Ur1900) oMW [BOO]
smaopsopuad g - - 4+ + — + + + — + + + + - - - — oansod-wein ‘Toneqesod  61-dd !
L®d [eures]
Uur 1000  ‘yadjIew [eo0[
snaopsoyuad g — - + + — + + 4+ — + + + + - - - — oanisod-wern ‘Toneq esod  81-dd 11
ST O €9 v 96 S8 €9 CTv 0S ¢F LE 0O¢
(%)
SUOIBIIUIIUOD (D) semm NY asoon[3
SaR[OSI J[BS JUSIYJIP Hd o -erodwoy juardy  -AjoIpAy wolxy uon 189 ase| UOIBAIISQO Uuore[osI
paynuapy Je IMOID)  -IOYIP JB YIMOID  -JIp Je im0l oumuisry  -onpoid sen) 1s9) 9sepIX(Q)  -BJBOOPNAsd 1S9} ase[ere)  o1doosoIorn JO 202INOS  SAIR[OS] "OU 'S

(ponunuoo) zsjqey

\/

lase ¢lloll .
e e O) Springer



3 Biotech (2018) 8:489

[eurey]
‘TIAN ‘qel
ur paredoid
L®d (o8eqqe0)
ur 1900)) J[qe1egoa
snaopsoyuod g — — + + + + + - + + + - aanisod-wrern pajwowd  y¢-Add 9T
[eurey]
‘TIAN ‘qel
ur paredaid
L®d (1o11e9)
ur 19900 J[qeladoa
snaopsojuad — - 4+ + + + 4+ - + + + - aanisod-wern pajuswIdy  ¢¢-ad ST
[eurey]
‘TYAN ‘qel
ur paredaxd
1%d (Jo1reo)
ur 1900D) 91qe1asan
snaopsopad 'y — — + + + + 4+ - + + + - aanisod-weIn pawowe  ze-dd v
[eurey]
‘TIAN ‘qel
ur poredoxd
I»d (o8erqqe0)
ul 19900 9[qe1a8aA
snaopsoad g — - + + + + 4+ - + + + - anisod-we1n) pawowired  1¢-dd €T
[eurey]
‘TIAN ‘qel
ur paredoxd
L®d (98eqqeo)
ur 1900)) J[qe1edoa
snaopsojuad g — — 4+ + + + + - 4+ + + - aanisod-wern padwRg  0¢-ad (44
[eurey|
‘TIAN ‘qel
ur paredoid
L®d (a3eqqe)
ur 1900)) J[qeregoa
snaopsojuad g — — 4+ + + + + - + + + - aAnisod-wrern pawowe  67-Ad 1
ST O €9 v 96 S8 €9 CTv 0S ¢F LE 0O¢
(%)
SUOIBIIUIIUOD (D) semm 9soon[3
SJB[OSI J[BS JUIYIP Hd o  -erodwso) Juaioy wolj uon UONeAIdSqO uone[osI
paynuapy Je IMOID)  -IOYIP JB YIMOID)  -JIp I8 JIMOID) -onpoid sen -ejeoopnasd 159} aseeje)  91dodsoIdIA JO 90INOS  SOIB[OS] "OU 'S

489 Page6of17

(ponunuod) zsjqel

; @ Springer

| ayao

KACSTa,061lg roglel)

jellate ¢

1)



Page70f17 489

3 Biotech (2018) 8:489

eurey]
L®d TIAN
uroo0) - ‘rasoy skoq
smaovsopuad g — — + + — + + + — + + + + - - - — aanisod-wein ‘oneqesod  dd-8 G¢
[eurey]
I®d  TIAN woy
ur 1900D) SOLIBJUN[OA
vy - — + + — + + + + + + + + - - - — oanisod-weln  ‘seo9yuewInHg - SH-dd €
L®d [euresy
ur1o00) - ‘jeyIeW [BO0[
snaopsopuod g — - + + — + + + - + + + + - - + — oansod-weln  ‘yjworeyng  H-dd €€
L®d [euIes]
ur 1990 prek oaped
smaopsopuad gy — - + + — + + + - + + + + - - - — oanisod-wre1n N mo)  [H-dd €
[eurey]
‘TIAN ‘qel
12d ur paredaxd
ur 19000 ‘@omn[ oderd
smaovsopuod g — - + + — + + + — + + + + - - - — oanisod-weln pawowe  6¢-Ad 1€
L®d ed
Uur o0y - ‘1oMIew [BO0[
smaopsopuad g — - + + — + + + — + + + + - - - — aanisod-wein ‘Joneqesod  8¢-Ad 0€
[eurey]
‘TIAN ‘qel
1d ur poredoxd
ur 19000 ‘o[ odes3
snaopsopuad g —  —  + + - + 4+ + — + + + + - - - — anisod-wrern pajowRg  L€-Ad 6C
[euresy|
‘TIAN ‘qel
1%d ur paredaxd
ur 1900)) ‘oom[ ader3
smaopsopuod g — - + + — + + + — + + + + - - - — aanisod-weln pauowidd  9¢-dd 87
[eurey]
‘TIAN ‘qel
1»d ur paredaid
ur 1900)) ‘oomn[ ode1d
snaopsopuod gy — - 4+ + — + + + — + + + + - - - — oanisod-wein pajuow  Se-Ad LT
ST O €9 v 96 S8 €9 CTv 0S ¢F LE 0O¢
(%)
SUOIBIIUIIUOD (D) semm NY asoon[3
SJB[OSI J[eS JUIYIP Hd o -erodwoy juardy  -AjoIpAy woij uon 159) ase| UOBAIISO uone[ost
paynuapy Je IMOID)  -IOYIP JB YIMOID  -JIp Je im0l oumuisry  -onpoid sen) 1s9) 9sepIX(Q)  -BJBOOPNAsd 1S9} ase[ere)  o1doosoIorn JO 90INOS  SOIB[OS] "OU 'S

(ponunuoo) zsjqey

\/

lase ¢lloll .
e e O) Springer



3 Biotech (2018) 8:489

489 Page8of17

SPENRY, PUe SIed [Pd +

L®d [eures]
urmd0)  TYAN ‘prek
snaopsoyuad g — — + + — + + + — + + + + - - + — oamisod-weln  9[ed ‘93RS 1S ov
L®d [eures]
urmde)  TIAN ‘prek
snaovsojuod y — - + + - + + + — + + + + - - + — oanisod-weln  9[ed ‘93eIS I-I'S 6€
[eurey]
L®d TIAN
uroo0)  ‘[Asoy SHI3
snaopsojuad §  — -+ 4+ - + 4+ + - + + + + - - + — oansod-wrern ‘opeq Pl Ad-Th 8¢
[eurey]
L%®d TIAN
ur1o00)  ‘[AIsoy SHI3
snaopsojuad g — -+ 4+ - + 4+ + - + + + + - - + — oansod-wreln ‘Ppeq Pl Ad-ST LE
[euresy
L®d TIAN
uroo) - ‘eIsoy skoq
snaowsojuad y - - + + - + + 4+ - + + + + - - + — oanmsod-wery  ‘repeqesod  dd-vl 9¢
ST O €9 v 96 S8 €9 Tv 0S5 ¥ LE 0O¢
(%)
SUOIBIIUIIUOD (D) semm NY asoon[3
SaR[OSI J[BS JUSIYJIP Hd o -erodwoy juardy  -Ajo1pAy woly uon 159 ase| UOIBAIISQO uore[osI
paynuapy Je IMOID)  -IOYIP JB YIMOID  -JIp Je yimoln) oumuisry  -onpoid sen) 1s9) 9SepPIX(Q)  -BIBOOPNIsd 1S9} ase[ee)  o1doosoIorn JO 22INOS  SAIR[OS] “OU 'S

(ponunuod) zsjqel

pringer

I@m@S

KACSTa,061lg roglel)

jellate ¢

1)



3 Biotech (2018) 8:489

Page90of17 489

characterization plays a significant role in their easy identifi-
cation at very early stage of isolation procedure (Singla et al.
2017). Pediococcus spp. exhibit variations in physiological
and biochemical characteristics which can be used for their
identification purpose (Papagianni and Anastasiadou 2009).
All the strains were positive for arginine hydrolysis. Ten
isolates (PD-2, PD-3, PD-4, PD-25, PD-44, 14-PD, 25-PD,
42-PD, Sil-1 and Sil-2) were pseudocatalase positive; while
other two isolates (PD-24 and PD-28) exhibited weak reac-
tion (Table 2). Strain specific pseudocatalase activity in
low carbohydrate media has been reported in pediococci
(Korasapati 1998). All the isolates showed appreciable
growth at 30, 37 and 42 °C temperature, while only one
isolate (PD-45) could grow at 50 °C. All the strains were
capable to grow at pH 4.2, 6.5 and 8.5, and 4 and 6.5% NaCl,
but not at pH 9.6, and 10% NaCl (Table 2). The isolates
were further characterized for sugar fermentation using the
analytical profile index (API). Thirty-nine isolates were bio-
chemically (APi 50CH kit) identified as P. pentosaceus and
one (PD-45) belonged to P. acidilactici (Table S1; Singla
et al. 2018). Pediococcus pentosaceus and P. acidilactici
are the two most common and industrially important spe-
cies (Danielsen et al. 2007). Phylogenetically, they are very
closely related to each other. Physiologically, fermentation
of maltose and growth at 50 °C is the key differentiating
characteristics among these species which is in agreement
with the present investigation, where only P. acidilactici
(PD-45; human fecal isolate) could grow at 50 °C and not
able to ferment maltose (Table 2; Holzapfel et al. 2006).

All the Pediococcus isolates yielded 701 bp amplicon
while performing genus-specific PCR (Fig. S1). Species
identity was also confirmed at molecular level using species-
specific primers. Thirty-nine isolates resulted into 1647 bp
product, while one isolate (PD-45) yielded 213 bp amplicon
(Fig. S2; Pfannebecker and Frohlich 2008), which confirmed
their identity as P. pentosaceus and P. acidilactici, respec-
tively, as similar with biochemical identification (Table 2;
Fig. S2). All the 40 identified cultures were deposited in
National Collection of Dairy cultures (NCDC)-ICAR NDRI,
Karnal having accession numbers NCDC 867-906.

Antibiotic susceptibility

All the 40 Pediococcus strains were screened for their anti-
biotic sensitivity using disc diffusion soft agar overlay assay.
Based on the inhibition zone, varied range of responses by
tested Pediococcus cultures from different sources was
observed against different antibiotics (Tables 3, 4; Fig. S3).
All the strains also showed variations in terms of the degree
of resistance towards the same antibiotic (Tables 3, 4). Lac-
tic acid bacteria are generally considered as safe, but due to
their high consumption, there is a need to put sufficient safe-
guards to protect the consumers from any adverse effects.

The safety of these strains is becoming prerequisite with
antibiotic resistance as an emerging issue (Hummel et al.
2007). FAO/WHO guidelines have strongly recommended
antibiotic susceptibility pattern of every probiotic strain
prior to their consumption or applications in food (FAO/
WHO 2002).

All the studied 40 isolates irrespective of their source
of isolation, location and species were completely sensitive
to penicillin, chloramphenicol and erythromycin (Tables 3,
4). Earlier studies also supported that these antibiotics are
usually active against Pediococcus spp. (Temmerman et al.
2003; Ruiz-Moyano et al. 2010; Ribeiro et al. 2014). Con-
trary to this, resistance to erythromycin by Pediococcus
spp. although at very low frequency has also been reported
(Danielsen et al. 2007). Uymaz et al. (2009) reported that a
human isolate P. pentosaceus BH105 was sensitive to peni-
cillin and chloramphenicol while resistant towards erythro-
mycin. Most of the isolates in our study exhibited sensitiv-
ity towards cell-wall inhibitor p-lactam group of antibiotics
(penicillin: 100%, amoxycillin: 92.5%, cloxacillin: 90%,
ampicillin: 67.5%; Table 3) and protein synthesis inhibi-
tors, aminoglycosides (netillin: 90%, tobramycin: 82.5%,
gentamicin: 87.5% and amikacin: 72.5%; Table 3). None of
the isolate from any source was completely resistant towards
amoxycillin and cloxacillin; however, 3 (PD-26: idly batter;
PD-41: cow milk; PD-44: buffalo milk) and 4 (PD-1 and
PD-19: dosa batter; PD-44: buffalo milk; Sil-2: silage) iso-
lates were intermediate resistant towards these antibiotics,
respectively. Isolates belonging to butter milk, fermented
vegetables and fermented grape juice were sensitive to
ampicillin (Table 3). Sensitivity towards ampicillin (Ven-
kateshwari et al. 2010), amoxycillin (Ribeiro et al. 2014)
and penicillin (Mandal et al. 2011) from diverse sources
has been well-reported. No isolate was completely resist-
ant towards netillin and gentamycin; however, two isolates
from dosa batter (PD-3 and 8-PD), one from silage (Sil-2)
and the only isolate from butter milk (PD-7) showed resist-
ance towards tobramycin. Only 12.5% of total isolates (3
from dosa batter: PD-1, PD-4, 8-PD, and both isolates from
silage) were resistant towards amikacin (Table 3). Sensitiv-
ity towards these antibiotics is well-reported (Venkatesh-
wari et al. 2010; Cao et al. 2016). A low level of resistance
was exhibited against tobramycin (10% isolates) and ami-
kacin (12.5% isolates) (Table 3). Although at a low level,
the resistance towards aminoglycosides may not be a threat
as it is considered intrinsic in LAB including pediococci
(Charteris et al. 2001).

The class cephalosporin disrupts the synthesis of pep-
tidoglycan layer of bacterial cell walls. A varied response
was exhibited by the isolates towards this group of antibiot-
ics. None of the isolates was completely resistant towards
ceftriaxone and cefoperazone. Interestingly, at a very low
frequency, intermediate resistivity against these antibiotics
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Aminoglycosides

p-lactams

Antibiotics (concentration)

Quinolones

Isolates

Table 3 (continued)

S. no.
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42-PD

14

16 20

19

22

21

22

26

16

P. pentosaceus

Sil-1

39

14 19 11

18 21 19

19

22

P. pentosaceus

Sil-2

40

Nx norfloxacin, CIP ciprofloxacin, NA nalidixic acid, Amx amoxycillin, Amp ampicillin, Cox cloxacillin, P penicillin, NET netillin, TOB tobramycin, GEN gentamicin, Ak amikacin

Zero (0) represents no zone of inhibition

was shown by silage isolates only (Table 4). Comparatively,
higher resistance towards cefadroxil (52.5% isolates) and
ceftazidime (32.5% isolates) was observed. Isolates from
the dosa batter exhibited the maximum variations (sensitiv-
ity, intermediate resistivity and complete resistance) against
cefadroxil and ceftazidime. Similar to our study (PD-45:
human fecal isolate), Uymaz et al. (2009) also reported
sensitivity towards ceftriaxone, while the human isolate
P. pentosaceus strain BH105 showed resistance against
ceftazidime.

All the Pediococcus strains except the only isolate from
butter milk, and PD-36 (fermented grape juice) were resist-
ant towards co-trimoxazole (sulphonamide; inhibitor of
nucleic acid synthesis). Mandal et al. (2011) demonstrated
the gene location of co-trimoxazole resistance on chromo-
somes which reflects intrinsic resistance towards this antibi-
otic. Gupta and Sharma (2017) also reported co-trimoxazole
resistance by P. acidilactici strain Ch-2. In tune with the
previous study (Sukumar and Ghosh 2010), the current study
also revealed that all the isolates were resistant towards nali-
dixic acid, a member of quinolones which interferes with
bacterial DNA synthesis. However, 37.5 and 30% isolates
showed resistance towards norfloxacin and ciprofloxacin
(quinolones), respectively (Table 4). The maximum vari-
ability (sensitivity, intermediate resistivity and complete
resistance) was displayed by dosa and idly batter isolates
towards norfloxacin and ciprofloxacin.

Except an isolate PD-39 (fermented grape juice), all the
strains were highly resistant to vancomycin. Vancomycin
is the representative of glycopeptide class of antibiotics
which is active against most of the Gram-positive bacteria.
Vancomycin resistance is of major concern, as vancomycin
is considered as one of the last antibiotics in the treatment
of multidrug-resistant pathogens (Bernardeau et al. 2008).
Reports also favored the widespread vancomycin resistance
among LAB, but fortunately, it is non-transferable in case
of pediococci (Toomey et al. 2010; Banwo et al. 2013). A
high level of glycopeptide resistance has been reported for
Pediococcus and other LAB (Zarazaga et al. 1999). Intrinsic
resistance of LAB to several antibiotics might be considered
advantageous as such resistance could be helpful for sustain-
able utilization of the strains in human intestine to maintain
the equilibrium of intestinal microbiota during antibiotic
therapy (Ketema et al. 2010).

With regard to antibiotic susceptibility, no considerable/
remarkable difference was observed between the two studied
Pediococcus species, i.e., P. pentosaceus and P. acidilactici
(Tables 3, 4). A total 16 strains belonging to dosa batter
(4; PD-20, PD-21, PD-25, PD-38), fermented vegetables
(4; PD-30, PD-31, PD-33, PD-34), fermented grape juice
(4; PD-35, PD-36, PD-37, PD-39), idly batter (3; PD-8,
PD-27, 42-PD) and butter milk (PD-7) exhibited sensitiv-
ity/intermediate resistance towards 80-90% of the studied
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Table 4 (continued)

Antibiotics (concentration)

Isolates

S. No.

Glycopeptides Sulfonamides Azolidione Others
Cot (25 pg)

Macrolides
E (15 pg)

Cephalosporins
CFR (30 pg)

C (30 pg)

NIT (300 pg)

VA (30 ug)

CPZ(75ug)  Caz (30 ug)

CTR (30 ug)

37

22

30 23 32

28

P. pentosaceus
25-PD

37

33

23

17 30 24 22 30

P. pentosaceus
42-PD

38

28

29

24 18 12

20

P. pentosaceus

Sil-1

39

30

18 17 11 25

14

P. pentosaceus

Sil-2

40

CFR cefadroxil, CTR ceftriaxone, CPZ cefoperazone, Caz ceftazidime, E erythromycin, VA vancomycin, Cot Co-Trimoxazole, NIT nitrofurantoin, C chloramphenicol

Zero (0) represents no zone of inhibition

antibiotics. Among them, six strains (PD-7, PD-8, PD-20,
PD-25, PD-31 and PD-34) were sensitive/intermediate
resistant towards 80%; while eight strains (PD-21, PD-27,
PD-30, PD-33, PD-35, PD-37, PD-38 and 42-PD) to 85%,
and two strains (fermented grape juice; PD-36 and PD-39)
to as many as 90% of antibiotics (Tables 3, 4). Overall, the
maximum resistance was exhibited by isolates belonging to
silage (Sil-2; 50%) followed by cow milk (PD-41), dosa bat-
ter (8-PD) and human isolate (PD-45) which showed resist-
ance towards 40% of studied antibiotics (Tables 3, 4).

Conclusions

The increased use of LAB as starter, adjunct and non-starter
for their application in food products necessitates their safety
check. In this regard, the performance of antimicrobial sus-
ceptibility testing might be considered as an essential selec-
tion criterion for starter as well as probiotic cultures. The
results of the present study demonstrated varied responses
of susceptibility among Pediococcus isolates depending on
the strain type, source and location of isolations as well as
tested antibiotics. The fact that Pediococcus strains gave dif-
ferent responses to the assayed antibiotics demonstrates the
importance of individually testing strains for their intended
application. Despite this, from the safety point of view, if
a bacterial strain exhibits resistance to antimicrobials by
phenotypic methods, it should be further evaluated for the
molecular mechanisms.
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