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ABSTRACT

Probiotics are being useful in treatment and prevention of various gas-
trointestinal tract disorders and maintaining good health. The key mecha-
nism behind it is countering of freeradicals generated in various disorders.
Current project work focuses on isolation of lactobacilli from milk sources
and their antimicrobial and antioxidant activitieswere also assessed. More-
over, more recent methods of determining aggregation and adhesion abili-
ties were performed. These properties of probiotic strains play an impor-
tant role in elimination of pathogen from gastrointestinal tract. Antioxi-
dant, antibacterial and aggregation properties of potential probiotic iso-
|ates have been studied together for thefirst timein the current work. Two
isolates were obtained from the dairy samples, curd and cheese. Morpho-
logical and biochemical tests indicated that the isolate 1 and isolate 2
might be L.salivarius and L.acidophilus, respectively. Isolate 1 shows
better antioxidant, antibacterial and in vitro adhesion properties in com-
parison with isolates 2. Viability of these isolates was determined under
different conditions such as low pH, high NaCl concentration and high
sucrose concentration. Their survival ability under different conditions
was comparableto that of commercial probiotics. Thissignifiestheimpor-
tance of theisolates as potential probiotics. Molecular characterization of
above-mentioned isolates needs to be done. There is a lot of scope of
these studiesin Indiaasresearch inthisfield isinitsinfant stage. Indiais
also one of the largest manufacturers of dairy products. So, considering
these facts India has great potential in development of probiotics which
provide various health benefits along with normal diet.
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INTRODUCTION

Foodsarenolonger considered by consumersonly
intermsof taste and immediate nutritional needsbut
asointermsof their ability to provide specific benefits
aboveand beyond their basic nutritiona value. Func-
tiona foodshave becomeanimportant and rapidly ex-

panding segment of thefood market as processed food
manufactures seek to improve market share by pro-
moting the hed th benefitsprovided by functiond ingre-
dientsintheir products. Nutritional sciencehasbeen
expanded the knowledge of how foodsinfluence con-
sumersinrelation to specific health parameters. Func-
tional foodstargeted towardsimproving the balance
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and activity of theintestinal milieuand currently provide
thelargest segment of functiona food market. Theold-
est and still most widely used way toincreasethe num-
bers of advantageous bacteriaintheintestinal tract is
thedirect consumption of food containing livebacteria
Such bacteriaare called probioticg>52528 and haveto
date been predominantly sd ected fromthegeneraLac-
tobacillus and Bifidobacterium, both of which con-
stitute part of thenormal humanintestina or mucosal
microbiota. Figure 3.1 showsthe proposed hedlth ben-
efitsstemming from probiotic consumption.

Probicticsaredefined aslivemicrobia food supple-
ments, which beneficially influence human
healthi>617:%528, Probioti csmore el aborately nonpatho-
genic microorganismsmostly of human originwhich,
when administered in adequateamounts, confer ahedth
benefit on thehost and are ableto prevent or improve
some di seases. Probiotics may be considered asim-
ported commensa microflora. Thefirst todiscover and
to use the probiotic principle was Elie Metchnikoff
(1845-1916), the Russian microbiol ogist and Nobel
laureate. Metchnikoff isthe author of the concept of
antibiogis, i.e. suppression of growth and other life phe-
nomenaof onemicroorganism by another. Widely ac-
cepted probiotics contain different lactic acid produc-
ing bacteriaof human origin: bifidobacteria, lactobacilli
or enterococci. Currently, the concept of functional
foods, incl. probiotic food and dietary supplementsim-
pliestheir bility to beneficidly influencebody functions
inorder toimprovethe state of well-being and health
and reducetherisk of diseasg!®6:11:2526],

Theimportant areas of human physiology that are
relevant to functional food scienceaccording ILSI (In-
ternationa Life Sciencelnstitute) and FUFOSE (The
European Commiss on Concerted Action on Functiond
Food Sciencein Europe) are, bes desothers, themodu-
lation of basic metabolic processesand defenceagainst
high-grade oxidative stress. Human nutritionisclearly
associ ated with oxidative metabolism, which besides
production of energy isinvolved in anumber of vital
functionsof thehost. For example, under physiologicd
conditionsthereactive species (including peroxyl radi-
cds, nitricoxideradicd, superoxideanion) figureacru-
cid rolein primary immunedefense of the human body
by phagocytic cellsagainst harmful microorganisms®
Haliwell et d 1999).

Ontheother hand, aprolonged excess of reactive
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speciesishighly damaging for the host biomolecules
and cells, resulting in imbalance of the functional
antioxidative network of the organism and leadingto
substantia escalation of pathologica inflammationY.
From various studies Lactobacillus sp, expressed
strong antimicrobid activity against Gram-positiveand
Gram-negetive entero and uropathogens??’. Thecells
and cell lysatesof Lactobacillusstrain possessed sub-
stantial antioxidative potency!2151827.2930 |n an animal
experiment Lactobacillus strain suppressed theexces-
sive oxidative stress reaction caused by Salmonella
infectioninintestina mucosaand thusimproved the gut
mucosa antioxidativestatus™!. Lactic acid bacteriaare
able to degrade the superoxide anion and hydrogen
peroxide*,

Thebacteriocins produced by LAB havebeen ex-
tensvely studied and classified into threemain groups.
() lantibiotics, smdl peptides (<5 kDa), which arechar-
acterized by the presence of lanthionine and/or
methyllanthionine residues in the polypeptide; (I1)
nonlantibiotic, low-molecularweight (<10 kDa), heat-
stablepeptides; and (111) nonlantibiotic, large (>30kDa),
heat-labile peptides. Class || bacteriocins can be sub-
dividedinto (11A) Listeriaactive peptides, (11B) two
peptide bacteriocins, (11C) Sec-dependent bacterio-
cins, and (11D) class|I bacteriocinsthat do not belong
to theother subgroups. In thisstudy, bacteriocin assay
was performed from the supernatant of i solated |lacto-
bacillus culture. Aggregation and adhesi on properties
wererecently being studied for probiotic Lactobacil-
lus sp. and pathogenic sp. Thisrecent studieswill fur-
ther hepinexaminingtheroleof probioticindimina
tion pathogenfromintestine,

EXPERIMENTAL

Bacteriaobtained from culturecollection

Pureculturesof different Lactobacillusspecieswere
obtained from the Microbia Type Culture Collection,
Institute of Microbia Technology, Chandigarh, India.
Thelistsof strainsordered wereasfollows:

e MTCC Code 447: Lactobacillus acidophilus
e MTCC Code 1325: Lactobacillus plantarum
e MTCC Code 3042: Lactobacillus lactis

Pathogenicstrains

e MTCC Code 737 : Saphylococcus aureus
e MTCC Code 435 : Saphylococcus epidermidis
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e MTCC Code442 : Sreptococcus pyogenes
Commercial probiotic: Lactobacillus acidophilus (Zydus
cadilla).

| solation of lactobacillus spp.

This project aimed at isolating potential novel
probiotics from household samples of curd, yogurt,
unpasteurized milk and human feces. Thefollowing out-
line hasbeen used for isolating Lactobacillusspp. from
fermented food products:

e Dairy samples collected were transferred to MRS Broth
which favors growth of lactic acid bacteria over fastidious
organism.

e Moreover, use of specialized media such as Rogosa SL
has been used to isolate lactobacilli species.

e The bacterial suspension from above step was streaked
and sub cultured weekly onto MRS agar with decreasing

pH (from pH6.2 to pH 4.3) to obtain pure culture.

For the above steps aerobic conditionswas main-
tained for theremovd of obligate anaerobes. The pure
culture obtai ned was then subjected to anaerobic con-
ditionfor theremoval of obligate aerobes. Pure colo-
niesobtained werethen tested for the presenceof Lac-
tobacillus sp. Isolate Lactobacillus was gram posi-
tive, rod shaped, fermentative bacteria

Biochemical characterization
Microscopic examination

The microscopic examinationsinvolve gram char-
acter study, sporestaining, motility study.

Biochemical tests

Pure cultures of isolated bacteriaweregrownin
MRS broth at 37°C. 24-48 hours old cultures were
used for following biochemical tests.

Fer mentation test

24 hour old culturewasinoculated Hugh Leifson
sugar brothswith bromocresol purpleasanindicator.
Thecultureswereincubated overnight at 37°C to check
for acid production. The colour changefrom purpleto
ydlow indicatesthe production of acid.

Lacticacid differentiation test

24 hour old culturewasinoculatedin Lactic acid
differential broth with bromocresol greenasanindica
tor. Lactic acid differentiation broth isused for differ-
entiation of homofermentative and heterofermentative
lactic acid bacteria
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Catalaseactivity

Many bacteria possess enzymesthat can protect
themsel ves agai nst reective super oxideswhichwases-
timated by adding 3% hydrogen peroxideto theculture
of MRS agar. Positivetest isindicated by appearance
of effervescence on adding 3% hydrogen peroxide.

Anti-oxidativetest
Resistance of lactobacilli to H,O,

Strainsof Lactobacilli were grown on MRS agar
for 24 h. Theovernight cultures of L.plantarumand
isolated strain Lactobacillus salivariuswere suspended
at thelevd of 10’ CFU/ml inisotonic salineand incu-
bated with 0.4 mM hydrogen peroxide (30 wt.% solu-
tioninwater) at 37°C. At 60-min time intervals, the
removed aliquotswere plated onto MRS (HiMedia)
platesand the number of viable cellswas estimated by
using the semi-quantitative method of Buchmeier et
al.. Theincubation of MRS agar for the cultivation of
lactobacilli wasperformed at 37°C for 48 h.

Total antioxidativeactivity

Thetotal antioxidativeactivity (TAA) of thestan-
dard gtrain L.plantarumandisolated strain L.salivarius
was assessed by using the linolenic acid test (SRL,
Mumbai)(LA test).

Thistest evaluatesthe ability of thesampletoin-
hibit linolenic acid oxidation™?!. Thestandard of lino-
lenic acid in 96% ethanol (1:100) wasdiluted iniso-
tonicsaine(1:125). Tothe0.4ml linolenic acid, diluted
inisotonic saline, are added 0.01% sodium dodecyl
sulphate and the sampl e (0.045 ml of lactobacilli cell
lysatesor cells). Theincubation was started by adding
0.1mM FeSO, and the mixturewasincubated at 37°C
for 60 min. Then thereaction wasinterrupted by add-
ing 0.25% butylated hydroxytoluene(MERCK,
Mumbai), the mixturewastreated with 0.5 ml acetate
buffer (pH 3.5) consisting of acetic acid glacial and so-
dium acetatetrihydrate, and heated with freshly pre-
pared 1% thiobarbituric acid solution (S-D FINE,
Mumbai)(TBA) at 80°C for 40 min.

After cooling, themixturewas acidified by adding
0.5ml cold 5 M HCI, extracted with 1.7 ml cold 1-
butanol and centrifuged at 3000xg for 10 min and ab-
sorbance of butanol fraction wasmeasured. The TAA
of samplewasexpressed astheinhibition by sampleof
LA-standard peroxidation as follows: [1-(A534
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(sample)/A534 (LA ascontrol)]x100. Thehigher nu-
merical value (%) of TAA indicatesthehigher TAA of
the sample. Peroxidation of LA-standard in theiso-
tonic saline (without sampl es) served asacontrol.

Antimicrobial activity
Antagonisticactivity

Antagonitic activity of isolated Lactobacillussp.
and various standard strains such as Lactobacillus
plantarum MTCC 1325 and Lactococcus lactis
MTCC 3042 against Spyogenes MTCC 442, Sa-
phylococcus epidermidisM TCC 435, Saphyl ococ-
cus aureus MTCC 737, and was assessed using a
streak line procedure?®, A singleline of lactobacilli
culture, grownin MRSbroth for 48 h, was seeded in
themiddleof amodified MRS agar plate. Target bac-
teria were seeded in duplicate perpendicular to the
stresk lineof lactobacilli. Thewidth of thezoneof inhi-
bition (mm) of thetarget bacteriaextending from the
culturelineof lactobacilli was measured.

Bacteriocin production assay

Bacteriocin activity wastested by agar-well diffu-
siontests®7. Culture supernatantsof overnight grown
isolateswereadjustedto pH 7.0. Lawnsof each patho-
genic organismwere prepared by inoculating 1001 of
freshly grown cdllsin 35 ml of soft nutrient agar at 40°C
and werethen poured into plates. The plateswereal-
lowedto solidify for 15 mininadrying hood, and were
thenincubated anaerobicdly for 4hat 37°C. Two wells
were punched inthe agar, and the bottom of thewells
was sedl ed with adrop of soft agar. Ten microliters of
theisolate supernatant were dropped into thewells.
The plateswereincubated anaerobically at 37°C for at
least 18 h and were subsequently examined for azone
of growthinhibition.

Adhesion and aggregation propertiesof probiotic
and pathogen strains

Bacterial adhesion to hydrocarbons

Thebacterial adhesion to hydrocarbons (BATH)
test was performed according tol?? with some modifi-
cations. Cellswerewashed once with phosphate-buff-
ered saline (PBS:130 mM sodium chloride, 10 mM
sodium phosphate, pH 7.2) and resuspendedinthesame
buffer to an absorbance (A, of about 0.25+0.05in
order to standardize the number of bacteria (10”108
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CFU/ ml) and then an equal volume of xylene was
added. Xylene was chosen as an apolar solvent be-
causeit reflectscel surface hydrophobicity and hydro-
philicity™. The two-phase system was thoroughly
mixed by vortexing for 5 min. Theagueous phasewas
removed after 1 h of incubation at room temperature
and its absorbance at 600 nm was measured. Thein-
fluence of the bacterid viability onthe hydrophobicity
abilitieswasanayzed. For this purpose heet-inactivated
bacterial suspensionswaskept at 98°C for 10 min and
the BATH test was carried out as described above.
Affinity to hydrocarbons (hydrophaobicity) wasreported
asadhes on percentage according to theformula: [(A-
A)/A]x100, where A, and A is the absorbances be-
foreand after extraction with organic sol vents, respec-
tively. Hydrophobicity wasca culated from threerepli-
cates asthe percentage decreasein the optical density
of theoriginal bacteria suspension dueto cellsparti-
tioningintoahydrocarbon layer.

Spectophotometry autoaggr egation assays

Autoaggregation abilitieswere determined as de-
scribed by asthe autoaggregation percentage. Briefly,
cellsof overnight cultureswere prepared asdescribed
above. Absorbance (A600nm) was adjusted to
0.25+0.05 in order to standardize the number of bac-
teria (107-10°8 CFU/ ml). Then the bacterial suspen-
sionswereincubated in aliquotsat 20 and 37°C and
was monitored during different times(0,2,16,20,24 h).
Autoaggregation percentagewoul d be expressed as.[ 1-
A upper suspension/A totd bacteria suspension]x100.

Coaggr egation assaysof pathogenswith probiotic
strains

The coaggregation test was performed asdescribed
earlier™®, Briefly, bacteria suspensionswere prepared
asdescribed for autoaggregation anaysis. Equal vol-
umes of cells (500ul) of the different probiotic and
pathogen strainswere mixed and incubated at 20 and
37°C without agitation. The absorbances (A, nm) of
the mixturesdescribed abovewere monitored during 4
h of incubation. Absorbance was determined for the
mixture and for the bacteria suspensionsalone. The
standard deviations derived from the coaggregation
values of threeindependent experiments should not
exceed 10% of the mean value. Coaggregation was
cd culated| (A pat+A probio)/2-(Amix)/(Apat+Aprobio)
/2] x100, where Apat and Aprobio represent A, of
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the separate bacterial suspensionsin control tubesand
Amix representsthe absorbance of the mixed bacterial
suspension at different timestested. In addition, the
coaggregation (%) was calculated according to the
equation described by®17 as [(Apat+Aprobio)-
(Amix)/(Apat+A probio)]x100, whereApat+Aprobio
represent A, of themixed bacterial suspensions. at
timeO0minand Amix representsA  , of the mixed bac-
terid suspensionat different times.

Viability and stability tests

Sability towardssomehar sh conditionsin carrier
foods

Viability of isolatesin high sucrose concentrations

To determinethe survival of freecultureisolates
with high sucrose concentrations, sterile sucrose solu-
tion at concentrations of 10% was added to test tubes
containing isolates approximately 108-10° cfu/g. The
sampleswasenumerated immediately (0time) andthen
stored at 5°C for weeks. Theviable countsof isolates
were determined at weekly interval s by sampling the
contentsof individua tubes. Thecommercid probiotic
Lactobacillusacidophilus (ZC) wastaken asstandard.

Viability of isolatesin high NaCl concentrations

Toevauaethesurviva of freecel cultureisolates
with high NaCl solutions, serile sodium chloridesolu-
tionsat concentrations of 3% NaCl wasadded to test
tubes contai ning i sol ates approximately 10%10° cfu/g
and then plated immediately (time 0) on MRS agar.
TheNaCl solutions containingisolateswerethen stored
at 5°C for weeks. The viable counts of isolates were
determined weekly by sampling the contents of indi-
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vidua tubes. Thecommercia probiotic Lactobacillus
acidophilus(ZC) wastaken as standard.

Viability of isolatesin low pH.

Solutionsof 37%HC! indouble-ditilled water were
adjusted to pH levelsof 2.5. Sterile double-distilled
water (pH 6.3-6.5) served as the control. The solu-
tionswas prepared in 100 ml volumes, sterilized, and
stored at room temperature.

Stored solutions of each pH wasthoroughly mixed
and transferred into steriletest tubes containing free
cultureisolates containing approximately 108 10° cfu/g.
isolateswasthen plated immediately (timeQ0) on MRS
agar. The pH solutions containing L.acidophilus(ZC)
and isolates wasthen incubated at 37°C followed by
intermittent plating after 1, 2, 3weeks. Enumeration of
L.acidophilus(ZC) and isolates after each storagein-
terva swasaccomplished usng MRS agar. Theplates
wereinverted and incubated at 37°C. Following incu-
bati on, colony forming unitswere counted and recorded.
The experiment was performed with two replicates.

Satistical analysis

Mean+SEM values were calculated for antibacte-
rial and antioxidant assay. Mean+S.D values were cal-
culated for adhesion, aggregation and viability test. A
value of p<0.05was considered to besignificant. All
statistical analysiswere performed using Graph Pad
PrismVerson5

RESULTS

1. Isolation of Lactobacillus spp.

TABLE 1: Variousparameter sfor isolation of Lactobacillusspp.

Growth on

Standar d/_I solated Gram staining/ diferential media _H ugh-  Catalase Bacteriocin assay Homo/H etero
strain M or phology MRS Rogosa S leifson test test fermentative
. Gram positive Against Spyogenes,
Lactobacillus plantarum long slender rod + + + - Sepidermidis, Heterofermentative
MTCC 1325 ;
shaped bacillus S.aureus
Lactobacillus Gram positive
acidophilus long slender rod + + + - - Homofermentative
MTCC 447 shaped bacillus
Lactococcus lactis Gram positive Against S.pyogenes .
MTCC 3042 cocai * * Sepidermidis  Homofermentative
Isolated Lactobacillus Gram positive Against S.pyogenes,
strain from curd sample  long rod shaped + + + - S.epidermidis, Homofermentative
(Isolate 1) bacillus S.aureus
Isolated Lactobacillus Gram positive
strain from cheese long rod shaped + + + - - Homofermentative
sample (Isolate 2) bacillus

s LBioTechnology
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= = = T |
TABLE 2: Biochemical sugar test. Sandard and isolatesare - i
homofer menatativein nature
Sugars Organisms
L.acidophilusMTCC 447 |solatel Isolate 2
Gélactose + + +
Lactose + + + ) = 3 . )
Maltose + + + Figure4: Hugh Leifson test/Biochemical test. Thistest
Mannitol . + - isbased on ability of an organism to ferment sugar. On
Raffinose + + + fermentation themedium turnsyellow
Trehalose + + + L
Sorbitol + + + Antioxidativetest
Mannose + - +

Resistance to lactobacilli to H,0,

Survival of Lactobacilluscellsinthe presence of
0.4 mM hydrogen peroxidewastested. Asshownin
Figure theisolateland L2, L.plantarumMTCC 1325
strainwereviable even after 300 min.

]
E ==L 2 =
_ ;| P —dlzolite 1 —
£ 6 :
g s A\,
Figurellsolategrown on APT agar at pH 5.5.APT isa e a a0\
specialized mediawhich favor sthegrowth of Lactic acid = 3 B
bacteria. Also, low pH favor thegrowth of thesebacteria 2 ‘g\
1
o .\E—|

;
0 60 120 180 240 300 360 420
Incubation time in min.

Figure5: L2, L .plantarumMTCC 1325and | solate 1 had
resistancetoH,0, up to 360 min.

Total antioxidativeactivity

Lactobacillus plantarum MTCC 1325 and iso-
late 1 showsgood antioxidant activity. However, iso-
latel showed |essantioxidant activity ascompared stan-
dard L.plantarumMTCC 1325 strain, whileisolate 2

&y ,. Pa L T e,
Figure2: | solategrown on MRSagar at pH 5.5. MRSisa

specialized mediawhich favor sthe growth of Lactic acid L L
bacteria. Also, low pH favor thegrowth of thesebacteria had very low antioxidant activity.

TABLE 3: Invitroantioxidant ability of probioticand isolates
measur ed by thistest. Sample (n=6). M ean + SEM.

Organisms
Total antioxidativetest L.plantarum
MTCC 1325 Isolatel Isolate2
Linolenic acid oxidation 17.46+
inhibition(%) 2346+ 0.44 025 5.34+0.23

Antimicrobial activity

Positive result Negative result L.plantarumshowsantimicrobial activity against
Figure3: Catalasetest. Thistest isbased ontheabilityof ~ Spyogenes, Sepidermidis, Saureus. L.lactisshows
anorganismtodegradeH,0,inH, O and O, withthehelp  antimicrobial activity against Spyogenes. Isolated

of enzyme catalase. Positiveresult isindicated by pres- am ivariusshow activity agai idermidi
enceof bubblesduetothereleaseof O plelsalivarius activity nst Sepidermidis
2 and S. pyogenes.

zlogeCAIIO/OW Ce—
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Bacteriocin agar well assay

TABLE 4: Antagonigticactivity of probioticand isolateagaing
test organism. Sample (n=3). Mean+ SEM.

Antagonistic acivity against test

Organism organism (zone of inhibition in mm)
S.pyogenes S.epidermidis  S.aureus
'iggma’“m MTCC  196:088  193:120 14.6+0.88
L.lactisMTCC 3042 24.6+0.71 13.3+1.20 -
Isolate 1 5.6+1.20 23.0+1.20 11.6+ 0.88

Effect of pH on bacteriocin production

Activity development (zone of inhibition

E

E n“l against 5 epidermidis in  mm)

c

g™

g 15 1

- —

£ w — ——
£ IU] ‘__._'__'____ ——
-

@ ol

c

(=] is 4 45 3 a5 o as ! 5 a : ]
~ pH

Figure6: Effect of antibacterial activity against different
pH isshown in graph. At pH 6.5, maximum activity ismea-
sured againgt gandard strain S.epider midis. Sample (n=2)

Adhesion and aggregation propertiesof probiotic
and pathogen strains

Bacterial adhesion to hydrocarbons

TABLE 5: Bacterial adhesion to hydrocarbon (BATH) test
performed with xylene. Thistest evaluatesinvitroadhesion
ability of organisms. Sample(n=3). Mean +S.D.

% Of adhesion to hydrocarbons
Heat

M icroorganism Viable inactivated Viable

Literature lab culture Literature
standard standard

Staphylococcus aureus

MTCC 737 54.6+15.8 66.044.5 57.7+11.34

Lactobacillus plantarum

MTCC 1325 442+18.7 58.3£5.13 55.2+10.3

Lactobacillus acidophilus

MTCC 447 42.9+12.4 43.2+1.13 70.4+10.4

Isolate 1 135+5.0  36.3+4.0 15.0+6.2

Isolate 2 42.9+12.4 45.0+33 70.4+104

Spectophotometry autoaggr egation assays

——————y FULL PAPER

Coaggr egation assaysof pathogenswith probiotic
strains

TABLE 7: Coaggr egation assaysof pathogenswith probiotic
strainsand isolates. Sample (n=3). Mean +S.D.
Co-aggregation (%)

P';)b'ptlc Pathogen strain Literature Our lab
rain
standard  culture
Lactobacillus plantarum Staphyl ococcus
MTCC 1325 aureus 22+5  216+47
Lactobacillus Staphylococcus
acidophilusMTCC 447 aureus 590£5.6 620£3.6
Isolate 1 Saphylococeus 539,36 60,6166
aureus
Isolate 2 Staphylococeus g4, 56 530166
aureus

Viability and stability tests
Sability tosomeharsh conditionsin carrier foods
Viability of isolatesin high sucrose concentrations

" —_—l1
12
—_ i-..,___ —fl=lzolate 1
n ey
HE., a "‘kx‘_ lzalaze 2
E . \'%
g =
H S,
B % . '
I=ithat Coemt 2t 1wk }'waeks 1 ivians Time

Figure7: Survival of L1, Lactobacillusacidophilus(ZC)
and isolatesin 10% sucrosesolution. I solate1and 2 has
survival ability lessthan L1, L actobacillus acidophilus
(Z2C). sample(n=2). Mean +S.D

Viability of isolatesin high NaCl concentrations

o4 ——L1
E in _:H_:':—h '\ el Iz la o 1
:‘g L] i Izolaze 2
2 o H"‘-\\_
] T

-

ishthal Coamt 24h 1 'Awak 1 Maath

Time
Figure8: Survival of L1, Lactobacillusacidophilusand
isolatesin 3% NaCl solution. I solate 1 and 2 hassurvival
ability lessthan L 1, L actobacillusacidophilus(ZC), acom-
mer cial probiotic. Sample(n=2). Mean+S.D

2 Winaes

TABLE 6: Autoaggregation (%) of variousstandard strainsand isolatesat different timeintervalsat 37°C. Sample (n=3).

Mean=+S.D.
% Autoaggregation(37°C)
Microorganism - 2h - 16h - 24h
Literature Lab culture Literature Lab culture Literature Lab culture
stantard stantard stantard

Saphylococcus aureus MTCC 737 11.3£0.5 10.9£3.4 31.3+3.7 29.6+3.5 58.4+ 6.0 54.3+2 .4
Lactobacillus plantarum MTCC 1325 21.7+5.5 24.7+1.4 475+3.3 459+14 76.4+ 8.3 78.9+3.3
Lactobacillus acidophilus MTCC 447 8.4+0.7 79+34 12.6+2.7 11.4+£2.4 335+5.5 34.9+1.4
Isolate 1 89+2.7 74+13 152+ 1.9 14.9+3.4 545+ 6.3 53.446.7
Isolate 2 8.4+0.7 7.4+0.6 12.6+£2.7 13.9+2.4 12.6+2.7 10.9+2.2
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Viability of isolatesin low pH

13

43 —4=L1
= iz ﬁl_:”‘:‘“-u-.._ e [spiate 1 _
‘-g.. i l _‘H‘-’:“::\_ Isoiate 2
% s
- s

mitinl Counk 1 z 3
Time in weeks
Figure9: Survival of Lactobacillusacidophilusand iso-
latesat pH 2.5. Isolate 1 and 2 hassurvival ability lessthan
Lactobacillusacidophilus(ZC), acommercial probiotic
under smilar condition. Sample(n=2). Mean+S.D

DISCUSSION

Twoisolateswere obtained fromthedairy samples,
curd and cheese. Theorganismsaregram positive, cata
lase negative, non-sporeforming rod shaped bacilli.
Bothisolates have complex nutrient requirementsand
thus, may be considered to be fastidious organisms
(TABLE1). Isolateswereresistant tolow pHi.e4.5
and could begrown inthe presenceof surfactantssuch
asTween 80. MRS and APT mediawere utilized for
thecultivation of isolatesasthese mediaare specific for
fastidious organisms(figure 1 and figure 2). But, con-
tamination of themediawith other fastidiousorganisms
occurred dueto the non-specific nature of the media.
Therefore, agpeciaized medium, viz. RogosaSL, con-
taining high levelsof acetateand citrate, whichinhibit
the growth of other fastidious organisms, wasused to
grow them (TABLE 1). Closdly rel ated speciessuch as
Streptococci and Carnobacteriumalso, remaininhib-
itedinthismedium. Thisconfirmed thefact that theiso-
lated organismswerelactobacilli.

Homo/hetero fermentative nature of organismswas
determined by growing them on Lecticacid differentia-
tion broth (TABLE 1). Carbohydrate metabolism leads
to the production of lactic acid, CO,, and acetateand/
or ethanol. Thehomolactic speciesof lactobacilli utilize
hexose by the glycolytic pathway and the
heterofermentative by the 6-phosphogl uconate path-
way. Homofermentative organismsproducelactic acid
and CO, asend products of carbohydrate fermenta-
tion process whereas heterofermentative organisms
produce neutra end products. A highlevd of lacticacid

BioTechnology —

production makesthe pH acidic that turnsbromocre-
s0l greentoyelow. Theisolated | actobacilli werefound
to be homofermentative. Specieslevd identification of
theisolateswas performed using various biochemica
sugar tests(TABLE 2). Unusua pathwaysof carbohy-
drate metabolism are present in somegroup of lacto-
bacilli whichformthebasisof thesugar differentiation
tests. Utilization of unusud sugarssuch asraffinoseand
trehal osereflectsthe presence of different metabolic
enzymesintheisolated bacteria Sugar biochemicd tests
indicated that the isolate 1 and isolate 2 might be
L.salivariusand L.acidophilus, respectively.

Isolate 1 shows better antioxidant properties as
comparedtoisolate 2 (TABLE 3). Themgor findings
of thisstudy areasfollows: Isolate 1 (compared with
thenon-antioxidativestrain L.lactisMTCC 3042) sur-
vived longer in 0.4 mM hydrogen peroxidemilieu, pos-
sessed the ability to multiply inamedium containing
abundant superoxideradicas, and hadincreasedresis-
tanceto hydroxyl radicals (figure5). Thelatter phe-
nomenon was proportional to the concentration of hy-
drogen peroxide (i.e. the higher concentration of hy-
drogen peroxidethelower thesurvival). The standard
strain L.plantarum (MTCC 1325) showed compa-
rableresistanceto 0.4 mM H,0O, (figure5). Although
theresi stance of the antioxidative strainswas not com-
parablewiththat of Styphimurium (thelatter wasre-
Sistant to 0.4 mM hydrogen peroxidekilling even after
48 hand resistant to 1.0 mM hydrogen peroxide after
24 h, datanot shown), theantioxidative strains have
significantly increased res stanceto harsh mediacom-
pared withthe non-antioxidative strain.

Evidently, thehightotd antioxidativeactivity (TAA)
of theisol ated antioxidative speciesisoneof therea
sonsfor their increased resistanceto ROS. Kaizu et .
(1993) found severd other strains of different species
of lactobecilli with ardatively high antioxidative ability
compared with the current work. Linand Chang®1%17
asofound that someintestinal lactic acid bacteria, in-
hibiting linolenic acid oxidation, reveal ed significant
antioxidetiveactivity.

Theaerobic growth conditions are very important
as one of the purposes was to establish the mecha
nismsby which theisolated lactobacilli possessROS
eliminating effects. If thereismoreoxygenin medium,
therewill be more oxygen freeradica sgenerated and

Hn Tudian Jounual



BTAIJ, 2(2) August 2008

Aliabbas Ahmed Saleh and Sarika Sinha 83

——————y FULL PAPER

theantioxidativeactivity of thelactobacilli can beevau-
ated moreprecisdly. Thus, the Sgnificant antioxidative
activity isthebas sfor theincreased res stance of some
lactobacilli strainsto toxic oxidative compounds and
helpssomeisolates of Lactobacillus spp. to serveas
defengvecomponentsinintestina microbia ecosystem.
Such antioxidative strains, with desirable properties,
may be promising materia sfor both gpplied microbiol-
ogy and scientific food industry, considering the fact
that human microbiota have to betolerant to endog-
enous and exogenous oxidative stress.

L.plantarum (M TCC 1325) showsinhibitory ac-
tivity against Spyogenes(MTCC 442), Sepidermidis
(MTCC 435) and Saureus (MTCC 737), while
L.lactis(MTCC 3042) showsinhibitory activity against
Spyogenesand S.epidermidis. Isolate 1 show maxi-
mum inhibitory activity against Sepidermidis(MTCC
435) as compared to the standard strains used, i.e.,
Lactobacillus plantarum (MTCC 1325) and
Lactoccocuslactis(MTCC 3042) (TABLE 4).

It dsoinhibited Saureusand Spyogenes. Inhibi-
tory activity of isolate 1 against Saureus(MTCC 737)
and Spyogenes(MTCC 442) hasaclinicd sgnificance
astheseorganismsare potentia pathogensinwhichthe
former isthe causative agent of food poi soning. Isolate
2 doesnot show any inhibitory activity against theabove
mentioned pathogens. Bacteriocin, produced by iso-
late 1, wasphysiologically characterized at different pH
and temperature. The production of bacteriocin by the
isol ated specieswas better under weak acid conditions,
althoughit aso grew and produced bacteriocininthe
range of pH 3.0 and 9.0. The optimal production of
bacteriocinwasat pH 6.5 (figure 6). Thisshowsthat
the production of bacteriocin by theisolateswas &f -
fected by acidic pH. Production, depending on cell
dengity, started asearly as4 hand continued upto 10 h
of growth. Theactivity of the protein did not change
even after 20 h of storageat room temperature. Bacte-
riocin washighly stable during heating, and during re-
peated freezing and thawing cycles. It wasresistant to
100°C for 30 min. and 121°C for 15 min.

Cell adhesionisacomplex processinvolving con-
tact between the bacterial cell membraneand interact-
ing surfaces. Theability to adhereto epithdid cdllsand
mucosal surfaces has been suggested to be animpor-
tant property of many bacterial strains used as

probiotics. Severa researchershavereported investi-
gations on composition, structure and forces of inter-
action related to bacterid adhesion tointestinal epithe-
lial cellg81011.17.19.20l gnd mucug®. In most cases, ag-
gregation ability isrelated to cell adherence proper-
tied®1017, Bacterial aggregation between microorgan-
ismsof the same strain (autoaggregation) or between
genetically different strains (coaggregation) isof con-
Siderableimportancein several ecological niches, es-
pecially inthehuman gut, where probioticsareto be
actived, A rel ationship between autoaggregation and
adhesion ability has been reported(®10111720 for some
bifidobacteria speciesand aso, acorrelation between
adhesion ability and hydrophobicity, as measured by
microbia adhes onto hydrocarbons, hasbeen observed
in somelactobacillit®*171 but these correlations have
not been found by other authorg®Y.

The bacterial adhesionto hydrocarbons (BATH)
test hasbeen extensively used for measuring cell sur-
face hydrophobicity in lactic acid bacterid®! and
bifidobacteria'®52%, Hydrophobic cell surface was
demonstrated by high adherenceto xylene, an apolar
solvent. Theresultsof the present study have demon-
strated agreat heterogeneity in adhesion to hydrocar-
bons (assessed with xylene) among probiotic species
tested. L.plantarum(MTCC 1325) and L. acidophi-
lus (M TCC 447) both showed good adhes on proper-
ties, whiletheisol ated specieshave more adhes on per-
centage than the other strains of the same species
(TABLEDS). Thisreflectsgood cell surface hydropho-
bicity of theisolated species. High surface hydropho-
bicity isimportant for the microorganism in order to
atachitsdf tointestind surfaceand persist for longtime.
Many studieson themicrobial cell surface chemistry
have shown that the presence of (glycol-) proteinaceous
material at thecell surfaceresultsin higher hydropho-
bicity, whereashydrophilic surfacesareassociated with
the presence of polysaccharideg02023l,

To quantify cell-cell adherence, acoaggregation
assay was performed, which established coaggregation
of the probiotic strainsand i sol ateswith the potential
pathogenic organism Saureus(MTCC 737). Isolate 1
showed better coogregation as compared to the other
strains of the same species (TABLE 7). It has been
suggested that theinhibitor-or bacteriocin producing
lacti c acid bacteria, which coaggregate with pathogens,

s BioTechnology
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may constitute animportant host defense mechanism
against infection®, Coaggregation with potential gut
pathogens could, therefore, contributeto the probiotic
propertiesascribed to specificlactic acid bacteria Dif-
ferent authorshad suggested that the cellular aggrega-
tion could be positivein promoting the col onization of
beneficial microorganisms, assuggested for lactobacilli
inthe gastrointestinal (562,

Viability testswere performed under different con-
ditionssuch aslow pH, high NaCl concentration and
high sucrose concentration. Both theisol ates had bet-
ter surviving abilitiesunder these conditions(figures 7,8
and 9). High acidic and sugar concentration are nor-
mally present infood stuffs. Isol atesare better adapted
totheseconditions. Thissignifiesthat theisolatesare
res stant to different packaging environments.

CONCLUSION

| sol ates obtained from the dairy sources might be
L.salivariusand L.acidophilus, which was determined
by morphological and biochemicd tests. Specieslevel
identification needsto be confirmed by molecular char-
acterization. Isolate 1 has better in vitro antioxidant
and antibacterid abilities, whileisolate 2l acks substan-
tial antioxidant activity. Both theisolateshave compa-
rable in vitro adhesion property which makes them
promising candidates as potentia probiotics. Both the
isolates have better coaggregation with potentid patho-
gen Saureus, which signifiestheimportance of these
isolates. Viability and stability tests performed with the
isolatesunder different conditionsnormdly prevaentin
carrier foodsindicated that theisolates have compa-
rablesurviva abilities. Thisparticular project issignifi-
cant asall theinvitro study parameterswerefirst time
studied together. The current project work was suc-
cessfully completed by the isolation of potential
probioticsonwhich further invivo anima studiesmay
beperformed.
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