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ABSTRACT

Lactobacilli have the property of converting lactose and othgass to lactic acid through fermentation. So
whey water, the greenish translucent liquid richeictose, vitamins, proteins and mineral saltsaioled as

a by-product after the precipitation of cheese banused as a substrate taactobacilli for lactic acid
production which otherwise is a serious environmkpbllutant when disposed without pre-treatmegt. 1
isolates of Lactic acid producing bacteisalated from various biological sources were idamd in whey
water (1% inoculum) and kept at 37°C in the shaktea speed of 150 revolutions per minute for 36 h.
Lactic acid production was estimated after 36 h #ma strains 4a, 12a and 15b showed lactic acid
production of which 12a produced the highest cotteéinn. The amount of Lactic acid produced by 12a
was 0.62 g [* under unadjusted condition which is comparablereviously reported strains in enriched
medium. So the lactic acid production by strain $&es further investigated to find the effect of phd
temperature on the production efficiency. Lactiddgaroduction was also checked in Luria-Bertanitbro
and whey water was found to be the medium of chimicerolonged lactic acid production.

Keywords: Lactobacilli, Lactic Acid, Whey Water, Biological Oxygen Demand

1. INTRODUCTION

Lactobacilli are gram positive (Abedon, 1998), non
spore forming cocci, coccobacilli or rods. Sincesth
organisms have the property of producing lactid &@m
lactose and other carbon sources through fermentati
they are classified as Lactic Acid Bacteria (LAB)L the
members of this group can grow anaerobically amy th
can also tolerate oxygen due to the presence efexipe
dismutase which detoxifies the free radicals anttédhe
name aero tolerant anaerobes. LABS obtain eneggy fr
the metabolism of sugars. So they are present ionly
environments containing sugar like in the oral gavhe
intestinal tract and the vagina (Dicksal., 2000). They
produce antimicrobial peptides called Bacterioaitsch

help this group of organisms to kill the harmful
microorganisms around the environment. Lactic acid
bacteria have anti-inflammatory and anti-canceiviagt
(Chenet al., 2009). Few of theéactobacilli are pathogenic
to animals. In humanStreptococcus pneumoniae causes
lobar pneumonia, otitis media and meningitis (Aguand
Collins, 1993); some viridans and nonhemolytic oral
streptococci play a role in dental caries (Tet<tl., 2006).
LAB produce organic (acetic and lactic) acid which
inhibits the growth of many bacteria especially
pathogenic gram negative bacteria. The antimictobia
activity occurs through the diffusion of lactic molles
into microbial cells until equilibrium is reachedh
accordance with the pH gradient, causing membrane
disruption, inhibition of essential metabolic reans,
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stress on intracellular pH homeostasis and accuionla
of toxic anions and ultimately death of microbialls
(Brul and Coote, 1999). Besides the anti-microbial
activity Lactic acid also has wider applicationsfaod,
cosmetic, pharmaceutical and chemical

Pastry, (19) Buttermilk, (20) Mango pickle, (21)ilth
pickle, (22) Pickle filler, (23)Solanum tuberosum, (24)
Solanum lycopersicum, (25) Malus domestica. (Juice),
(26) Musa acuminata (rotten), (27) Grapes (rotten), (28)

industriesMangifera indica (rotten), (29) Solanum melongena

because of the increasing market demand for the(rotten), (30)Allium cepa, (31) Oreochromis niloticus

naturally produced lactic acid (i.e., 130,000-180,0
tonnes/year) (Mirasol, 1999). The fact that 10%acfic
acid produced is by synthetic means from Lactdaitit
would be better to recycle the industrial wastks Whey
water which are rich in lactose for Lactic acid gwotion
which otherwise pollutes the environment.

Whey water, the greenish translucent liquid olgdin
after the precipitation of cheese is a very goaga® of
lactose, proteins, vitamins and minerals whichuim tis
responsible for the foul smell generated during
decomposition of it upon discharge (Mukhopadhgtzal .,
2003). Every year f0tonnes of whey water is produced
and for 1 Kg of cheese produced 9 litres of whelews
obtained as effluent (Zafar and Owais, 2006). \Winésn
whey water is disposed to the environment withaet p
treatment, it pollutes the water bodies by incragthe

biological oxygen demand in the range of 38,000 to
46,000 ppm as opposed to 200 ppm in case of sewag
(Marwaha and Kennedy, 1988; Mawson, 1994). About 1,

50, 000 tonnes of cottage cheese and 2 milliongsmuf
whey (with about 1,30,000 tones of milk nutrierdsg
produced annually in India (Dernired al., 2005). These
were some of the facts that led to the formationhef

niloticus (intestine), (32) Heteropneutes fossilis.
(intestine), (33)us scrofa domesticus (flesh), (34)Sus
scrofa domesticus (intestine), (35Puntius sp. (intestine),
(36) Gallus domedticus(flesh), (37) Gallusdomesticus
(intestine), (38)Capra hircus (meat), (39)Capra hircus
(intestine), (40) Long grass, (41) Grass (shodd) Bitter
gourd grass, (43) Curry leaves, (44) Tomato leaves.
Small portion of each samples were mixed with
sterile Phosphate Buffer Saline (PBS). The leafpdasm
were sonicated in 5 mL PBS for 14 min at maximum
frequency (not to lyse the cells). The samples were
serially diluted to ¥10°® dilution and 50 pL of each of
the samples were spread in LB agar plates containin
0.4% CaCQ The Petri plates were kept in inverted
position for overnight incubation at 37°C. The liact
acid bacteria were demarcated by having a cleaiong.

g.z. Starter Culture

16 Lactobacilli strains from glycerol stock were
inoculated in 2 mL Luria-Bertani medium and allowted
grow for 24 h at 37°C in a shaker which runs apees
of 150 revolutions per minute.

Environmental protection Act-1986 by the Government 2.3, Preparation of Whey Medium

of India making it obligatory to pre treat the dair
effluent (whey) before discharging into the envirant.

This study concentrates on the isolation of Laaticl
Bacteria from various biological sources and sdregn
the 16 strains for lactic acid production in botthé&y
water and Luria-Bertani (LB) broth and immobilisitige
strains with higher lactic acid production for the
continuous generation of lactic acid.

2. MATERIALSAND METHODS

2.1. Screening of Lactic Acid Bacteria

For screening, total numbers of LAB colonies were
counted after overnight incubation of samples indgar
plates containing 0.4% CaG@t 37°C. List of samples
collected were as follows: (1) Milk, (2) Cheese), FBuit
Juice, (4) Sambar, (5) Chutni, (6) Sweet yoghur), (
Sour yoghurt, (8) Country Liquor, (9) Idli Battef10)
Labeo rohita (intestine), (11)Raiamas bola. (intestine),
(12) Catla catla (intestine), (13Penaeus indicus (Flesh),
(14) Probiotic (prowel), (15) Probiotic (Laviest)16)
Probiotic (Binifit), (17) Packet Milk (pasteurized(18)
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Whey medium was prepared by boiling the milk and
then precipitating the casein in the milk by addaitgic
acid (for 250 mL of milk, lime juice obtained froone
lemon was used). The whey water obtained by thihade
was purified by centrifuging it at 16000 g for 1Gnm
followed by filtering through a 0.45 p filter. 2 mtf the
pure whey water was transferred into sterile tubegle
laminar flow hood. The pH of the whey media wasveen
4.5-5.0 and no nutrient supplements were addedmiHuka
was now ready for inoculation of isolated strains.

2.4. Preparation of LB Medium

LB medium was prepared by adding 1% Tryptone,
0.5% yeast extract and 0.5% sodium chloride in wate
with pH of 7.5 and autoclaved at 121°C for 15 min.

2.5. Inoculation of Culture

Each tube containing whey medium and LB medium
was inoculated with the 16 strains (1% inoculum)
separately and allowed to grow for 36 h in the cafse
whey water and 24 h in the case of LB at 37°C shaker
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which runs at a speed of 150 revolutions per minifter 2.10. Optimisation of pH and Temperature for
respective period of incubation, the cultures wialen the Screened Strain
out and the Lactic acid test was performed.

2.10.1. Effect of pH

2.6. Lactic Acid Test o ) _
For optimising the pH the fermentation medium
Lactic acid was measured by modifirker and  (whey water) was adjusted to five different pH (%,
Summerson (1941) method. Lactic acid was first 6.0, 6.5, 6.8) and kept in 37°C shaker which runa a
oxidised with strong Sulphuric acid solution to speed of 150 revolutions per minute and the Laatid
acetaldehyde and then it was coupled with p-hydroxyproduction was checked for each pH after 12 h. The
diphenyl in the presence of cupric ions to yielpuaple  optimised pH was maintained for further work.
compound. The absorbance of purple compound was 11 Effect of Temperature
measured using spectrophotometer at 560 nm. ladiail ] ) o )
material the protein content must be first preatpitl prior _ Whey water with adjusted pH was maintained at five
to measuring the Lactic acid concentration. different temperatures (30, 35, 37, 40 and 45°C) by
keeping them in the respective shakers running at a

2.7. Preparation of Protein Free Supernatant speed of 150 rpm and the lactic acid production was
) ) estimated after 12 h.
The sample was made protein free by treating the

supernatant which was obtained after centrifugation2.12. Continuous Generation of Lactic Acid in
(16000 g for 10 min) with 100 pL of 100% Whey Water and LB Broth

Trichloroacetic acid for each 1 mL of sample. Thiss
followed by incubation in ice for 30 min and
centrifugation at 16000 g for 5 min for collectiaf
protein free supernatant.

2.5 litres of whey water and LB medium containing
5% inoculum of isolate 12a were taken in respective
bioreactors packed with corrugated sheets. Theimsdt
were allowed to grow for 18 h inside the bioreactor
2.8. Treatment with Copper and Calcium before being drained and kept dry for immobilizatio

) ~ for 6 h. After 6 h, fresh whey water and LB weraled

Treatment with copper sulphate and calcium to the respective. Lactic acid production was ceeck
hydroxide is done to remove any interfering mateda  every 24 h and the whole process were repeated till
mL of the protein free supernatant obtained by thethere was a decline in lactic acid production.
above method was diluted to 9 mL with distilled amat 213, Strain Ch terizati
and 1 mL of 20% copper sulphate was added to this™ rain Lharacterization
followed by addition of 1gm of calcium hydroxide. The isolate capable of producing lactic acid from
The mixture was shaken vigorously. The above whey water was characterized at length as pereearli
mixture was allowed to stand at room temperature fo reports (Nandt al., 2007). It was further characterized at
atleast half an hour with occasional shaking fokow the molecular level (16S rDNA) as per the methqubred

by centrifugation at 160009 for 10 min. earlier (Chaudhuri and Thakur, 2006). The partial
sequences obtained were subjected to Blast analygithe
2.9. Colour Development novel sequences were submitted to GenBank.

To 1 mL of supernatant obtained after centrifugatio
0.05 mL of 4% copper sulphate solution and 6 mL of
concentrated sulphuric acid were addeod with cootisu Out of the forty four different samples that were
mixing. The mixture was boiled in 100°C water bth  tested for probable sources of lactic acid bactexa all
5 min followed by placing in cold water. After caug were identified as potential sources of these biacté
0.1 mL of alkaline solution of p-hydroxy diphenylasr ~ comparison of the percentage of LAB obtained fromn t
added and the tubes were placed in 30°C waterfbath different sources can help us designate the sources
30 min. The tubes were again placed in 100°C wgagy ~ 2ccording to the percentage of LAB obtained anccéen
for 90 sec to dissolve the excess reagents. Theeabo the sources were classified as the most potentiatces

luti h led and the absorb K of LAB (from which >80% of LAB was isolated);
solution was then cooled and the absorbance Was tak atential sources of LAB (from which >60% of LAB

at 560 nm. The cqncentration of lactic aci_d prodhmas. was isolated); probable sources of LAB (from which
estimated by using known concentration of sodium>40% of LAB were isolated); least probable sourogs
lactate as standard. LAB (from which <40% of LAB were isolated).

3.RESULTS
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@ Time (days)
= 700
5 5 288 Fig. 2. Comparison of lactic acid production by isolate I2a
‘§ £ ;"188 Luria Bertani and whey water
2 2 200 _ .
© w7 b I . In LB all the Lactobacillus strains had produced
Tt 3z235S %% lactic acid of which isolate 10b had produced 0.§23"
E£225C%% and isolate 12a had produced 0.634 ¢ (Fig. 1a).
=2E85 8% g Among the 16 strains checked 3 strains isolatech fro
N 16 Strains sambar (4b), Catla catla-intestine (12a), Probiotic-
) Laviest (15b) have produced Lactic acid after 36fh
which the production was too low in the sambaristra
~ ggg (4b). The concentration of Lactic acid produced by
T 00 Catla-catla strain (12a) and Probiotic-Laviest strain
=600 - (15b) were 6.9 mM (0.62 gt) and 2.5 mM (0.23 g
5 igg ] L™). Since 12a had produced higher amount compared to
;E 300 4 15b (ig. 1b), it had been screened for optimisation and
3 200 - continuous generation of lactic acid.
5 100 Since isolate 12a had produced lactic acid in hé&h
o ' b ' and Whey water, it was screened for optimization of
5 5.5 6 6.5 6.8 . . . .
pH lactic acid production in whey water and also fbe t
© continuous generation of lactic acid both in LB and
_ Whey water in a packed bed bioreactor.
g 1000 1 Isolate 12a produced more amount of lactic acidnwhe
s 800 - the whey water pH was adjusted to F:(1c) and it was
Z 600 | optimised for further work. The concentration ottie
E 400 - acid produced was 0.761g™'L Whey water culture
3 200 | maintained at 37°CHg. 1d) had produced higher amount
,§ B o of lactic acid compared to the other temperaturesthe

amount of lactic acid produced was 0.761 pg'mL
30 35 37 40 45

Temperature (°C) 3.1.Immobilisation for Continuous Generation
() of Lactic Acid
Fig. 1. Lactic acid production by bacterial isolates.l@gtic acid . -

production in LB after 24 h of growth by the 15 LAB . On first day whey Water_ (1'333 9 ]IJ produc_ed
isolates namely 1b, 3b, 4b, 5b, 6b, 7b, 9b, 10m, 12a,  higher concentration of |allCtIC acid compared toiaur
13b, 14, 15b, 16, 17 as per the source of isolation Bertani broth (0.540 g L) but on the second day
mentioned in the materials and method; (b) Scrgeafn  production was higher in LB (3.495 g} compared
Lactic acid production by 16 selected strains @, 4b, to whey water (1.494 g —E)_ LB medium produced

5b, 6b, 7b, 9b, 10a, 10b, 11b, 12a, 13b, 14, 151 7) in ; : . . e
whey water after 36 h of growth: (c) Effect of pH lactic higher concentration of lactic acid within a short

acid production by isolate 12a in whey water af@h of duration but for prolonged production of lactic déci
growth; (d) Effect of Temperature on lactic agidduction ~ Whey water would be a better carbon source for LAB
by isolate 12a in whey water after 12 h of growth isolate 12akKig. 2).
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3.2. Strain Characterization Catla catla strain (12a) had produced 0.62 @ lof
lactic acid after 36 h even at a pH of 4.63 anchuit

positive cocci (at 100X magnification of AxiostaluB, any nutrient supplem_e nts. Aiter adjustm_g the pl-_dj an
Zeiss). But at the molecular level it was closest t (€mperature, the strain produced 0.761 g &f lactic
Bacillus sp @acillus sp. strain SRCkk.01) with the acid after 12 h. But.actobacillus caes had produced
following taxonomic identity: Firmicutes; Bacilli; 33.73 g L* of lactic acid after an incubation period of 36
Bacillales; Bacillaceae; Bacillus. The GenBank h with added nutrient supplements like yeast ektrac
accession number of its partial 16S rDNA sequesce i Magnesium sulphate, calcium carbonate under opuis
GQ979935. It lacks capsule, endospore, DNase,djpas process parameters.

protease, catalase and lecithinase formation. @f th  [actic acid production was observed only in pH 5.0
antibiotics tested [Ampicillin (A, 10ug), Cephadroxil  and this is due to the ability of this particularas 12a
(Cq, 30ug), Chloramphenicol (C, 3@g), Cloxacillin  to survive under acidic conditions. A pH range @¥-6.5
(Cx, 10ug), Cephotaxime (Ce, 3@y), Ceftazidime (Ca, has been optimised fdr. caesi. However, in the case of
30 ug), Ciprofloxacin (Cf, 5 pg), Doxycycline L. helveticus the optimised pH was 5.5. Lactic acid
Hydrochloride (Do, 30ug), Gentamicin (G, 10ug),  production was observed at 30°C, 35°C, 37°C but the
Metronidazole (Mt, 4pug), Neomycin (N, 30pg),  production was high at 37°C and this is the optmlis
Norfloxacin (Nx, 10ug), Polymyxin B (Pb, 100 units), temperature for this isolate 12a. The optimal tenaipee
Rifampicin (R, 15pg), Roxithromycin (Ro, 30ug),  for Lactobacillus varies between 20-45°C.

Tetracycline (T, 30pg), Trimethoprin (Tr, 30ug), In 2.5 L bioreactor both whey water and LB has
Vancomycin (Va, 30ug)], the strain was sensitive to started producing lactic acid after 24 h. In wheatev
Chloramphenicol, ~ Ampicillin, Roxithromycin and the production was higher on the fourth day (3.69 g
Cloxacillin. The minimum inhibitory concentratiororf L™ and then its shows a zig-zag pattern and this
metals like copper, lead, nickel and chromium in could be due to the shedding of Bio-film. In LB the
solution was 6mM, 7mM, 2mM and 1mM respectively. highest production was observed on the second day
It could grow in a temperature range of 20 to 3Wih (3,495 g %) and then it started declining and this
optimum growth at 20°C. The optimum pH for growth 0 could be due to accumulation of toxins and by

the cell was 6 to 7.5. It could grow equally well i  products. Thus whey water can be utilised for the
presence and absence of light. It could utilize thecontinuous generation of lactic acid.

following carbohydrate sources: maltose, fructose,
dextrose, galactose, sucrose, mannose, riboselingscu 5. CONCLUSION
D-arabinose, citrate and malonate.

This strain (12a) was oxidase positive as wellrasng

The potential of using this isolate for bioremeidiat
4. DISCUSSION of dairy waste (whey water) could be explored and

) ) _exploited in future. This would ensure conversian o
We observed that the various milk products and milk waste product into a by product with immense

itself has the maximum content of lactic acid bdate  commercial application.
Though pastry and buttermilk are also milk products

but LAB could not be found may be because these are 6. ACKNOWLEDGEMENT
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