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ABSTRACT KEYWORDS
Whey istheliquid remaining after the separation of milk fat and casein from Whey;
whole milk, its disposal, isamajor problem for the dairy industry, which Lactose;
demands simple and economical solutions. The bioconversion Lactic acid bacteria;
of lactose present in whey to valuable products has been actively explored. Lacticacid;
Production of lactic acid through lactic acid bacteria could be a process- Immobilization.

ing route for whey lactose and various attempts have been made in this
direction. Immobilized cell technology has also been applied to
whey fermentation processes, to improve the economics of the process. A
fermentative means of lactic acid production has advantages over chemi-
cal synthesis, as desirable optically pure lactic acid could be produced,
and the demand for optically pure lactic acid has increased considerably
because of its use in the production of poly(lactic acid), a biodegradable
polymer, and other industrial applications. In our experiment lactic acid
production by immobilized Lactobacillus cells has been studied for that
the cellswereimmobilized in al ginate beads and the effect of variationsin
different parameters on product formation and productivity was investi-
gated. Repeated batch fermentations were performed with lactobacillus
cells (L. acidophilus) cells immobilized in 24-29 mm alginate beads to
investigate the possibility of reusing the gel beads. The fermentation was
carried out for 48 hoursin four batchesin normal medium aswell aswhey
medium . At the end of each run, the beads were washed with sterile physi-
ologica sdlineand transferred to fresh medium. Alginateimmobilized cells
were reused successfully for 3 continuous runs without marked activity
loss. The highest lactic acid (31.605 g/l) was obtained using whey as sub-
strate in the third run. © 2011 Trade ScienceInc. - INDIA

INTRODUCTION for lacticacid production. It containsapproximately (w/

V) 5% lactose, 1% protein, 0.4 % fat, and some min-

Whey isamajor by-product of thedairy industry  eras. It hasahigh biochemica oxygen demand (BOD)
which hasproved to servesasaninexpensvemedium  content (40,000-60,000 ppm) which represents seri-
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ousdisposal problems. Thedisposa of whey, isama-
jor problem for thedairy industry, which demandssmple
and economical solutions. The bioconversion of lac-
tose present in whey to valuable products has been
actively explored. Since whey and whey permeates
contain significant quantitiesof lactose, aninteresting
way to upgradethiseffluent could beasasubstratefor
fermentation. Production of lactic acid through lactic
acid bacteriacould beaprocessing routefor whey lac-
tose and various attempts have been madein thisdi-
rection. Immobilised cell technol ogy hasa so been ap-
plied to whey fermentati on processes, to improvethe
economicsof the process. A fermentativemeansof lactic
acid production hasadvantages over chemica synthe-
ss, asdesirableopticaly purelactic acid could be pro-
duced, and the demand for optically purelactic acid
hasincreased considerably because of itsusein the
production of poly (lactic acid), abiodegradable poly-
mer, and other industria applicationg®. Immohilization
of wholecelshasbeenwidely used for lactic acid pro-
duction sinceimmobilization exhibitsmany advantages
like relative ease of product separation, reuse of
biocatdysts, high volumetric productivity, improved pro-
cess control and reduced susceptibility of cellsto con-
tamination Theentrgpment of cdllsin calcium aginate
gel beadsisthe most widely used method for viable
lactic acid bacteriaimmobilization duetoitssmplicity,
nontoxicity, mild gelation conditionsand ease of use®.
Immobilized cell technology has been widely ap-
pliedinavariety of research andindustrid gpplications.
While numerousimmoilizationtechniqueshave been
described, entrapment within synthetic or natural poly-
mersremainsamong the most popular duetoitsease
and smplicity, low cost and gentleformulation condi-
tionsensuring high retention of cell viability.
Immobilization makesit possibleto maintain the
cellsinastableand viable state and also provides a
means of continuous fermentation. It isnatural that
organismsinanimmobilized statewill experiencedif-
ferent pH, product concentration in their immediate
environment ascompared to the bulk solution which
may have some effect on the metabolism of the bacte-
riaand hence on the overall process. Therefore, in-
formation on the physiology of themicroorganismina
modified environment isan essentia prerequisiteto
run afermentation under optimal conditions®, Immo-
bili zation commonly isaccomplished using ahigh mo-
lecular hydrophilic polymeric gel such asalginate, car-
rageenan, agarose, etc. In these cases, the cellsare
immobilized by entrapment in the pertinent gel by a
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drop-forming procedure, When traditional fermenta
tions are compared with the microbial conversions
usingimmobilized cells, the productivity obtainedin
thelatter isconsiderably higher, obvioudly partly due
to high cell density and immobilization-induced cellu-
lar or genetic modifications. Neverthel ess, afew criti-
cd parameterssuch asthe cost of immobilization, mass
transport limitations, applicability to aspecific end-
product, etc. are to be carefully examined before
choosing any particular methodol ogy!™. Presently sugar
contai ning substances(may it be dairy waste) are used
for lactic acid production. So whey can bealow cost
substrate for production of lactic acid asit contains
lactoseand utilizing biotechnol ogical sartegiesfor lactic
acid production from whey can servedual purpose, ie
production of valuable product lactic acid and ad-
dressingwhey disposa environmenta problem. Sothe
work was carried out to optimizethe process and to
find efficient way to convert whey to lactic acid.
From!Z,

L actic acid fermentation

Thelactic acid bacteriabel ong totwo main groups
—the homofermenters and the heterofermenters. The
pathways of lactic acid production differ for the two.
Homofermentersproducemainly lacticacid, viathegly-
colytic  (Embden-Meyerhof)  pathway).
Heterofermentersproducelactic acid plusappreciable
amountsof ethanol, acetateand carbon dioxide, viathe
6-phosphoglucanate/phosphoketol ase pathway. The
glycolytic pathway isused by all lactic acid bacteria
except leuconostocs, group 111 lactobacilli, oenococci
andweissdlas. Normal conditionsrequired for thispath-
way areexcesssugar and limited oxygen'™. givesanin-
depth account of the biochemical pathwaysfor both
homo- and hetero-fermenters.

Homolacticfer mentation

Thefermentation of 1 mole of glucoseyieldstwo
molesof lacticacid;

Heter olactic fer mentation

Thefermentation of 1 moleof glucoseyields1 mole
each of lactic acid, ethanol and carbon dioxide;
MATERIALSAND METHODS

In the study lactobacillus cellswere cultured on
M RS broth medium beforeimmobilization. Thenthe

CsH120 5=l 2 CH;CHOHCOOH
Glucose lactic acid
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TABLES.1: Major lacticacid bacteriain fermented plant products.

Homofer menter

Facultative homofer menter

Obligate heter ofer menter

Enterococcus faecium
Enterococcus faecalis
Lactobacillus acidophilus
Lactobacillus lactis
Lactobacillus delbrueckii
Lactobacilluseichmannii
Lactobacillus salivarius
Sreptococcus bovis
Sreptococcus thermophilus
Pediococcus acidilactici
Pedicoccus damnosus
Pediococcus pentocacus

Lactobacillus casel

Lactobacillus sake

Lactobacillus bavaricus

Lactobacillus coryniformis
Lactobacillus curvatus
Lactobacillus plantarum

Lactobacillus brevis
Lactobacillus buchneri
Lactobacillus cellobiosus
Lactobacillus confusus
Lactobacillus coprophilus
Lactobacillus fermentatum
Lactobacillus sanfrancisco
Leuconostoc dextranicum
Leuconostoc mesenteroides
Leuconostoc paramesenteroides

lactic acid production by cultured lactobecilli cellswere
assayed using titrimetric method (with thehelp of 05M
sodium hydroxide and 05 M hydrochloric acid,

CsH120~— CH;CHOHCOOH+ C,HsOH+ CO,
Glucose lactic acid+ ethanol + garbon
ioxide

phenolpthelein asindicator). After thevaluesarere-
corded lactobacillus cellswereimmobilized and cul-
tured inwhey,(whey isawaste product of dairy indus-
try)

Theimmobilization procedurewas carried out by
using 2% sodiumaginateand 50 mM calcium chloride
solution. After thereaction, bead formed | actobacillus
cellswerethen transferred to medium containing whey
assubgtrate and after two daysof culturethelacticacid
production was assayed us ng titrimetric method. The
beadswere again collected by filtering the media, the
filtered beadswere collected and washed with saline
water and transferred to fresh medium. Inthisway cul-
turesweredonein three batchestransferring sameim-
mobilized lactobacilluscelsand assayed for lacticacid
production. So acomparative sudy wasmade on lac-
tic acid production by lactobacilluscellsusng norma
culture medium and whey as culture medium. All the
culturevessel swere kept in theincubator maintaining
45candinan anaerobic condition. Strictly aseptic and
derileconditionsweremaintained during theentirecul -
ture processand inocul ation was performed mainly un-
der laminar airflow hood.

Preparation of starter culture(MRSbroth)
The predetermined quantity i.e. 5515 gm MRS

broth wasdissolved in 500ml distilled water and vol -
umewas made upto 1000 ml with distilled water.

Method for immobilization of lactobacilluscdls-

For immobilization of lactobacilluscels10ml of 2%
sodium dginatesolution was madeand mixed with 10ml
of lactobacillusculturemedium. Again 200ml of 50mM
cacium chloride solution wastaken in abeaker. After
that with the help of aburette, the mixture of alginate
and culturemediacontaining lactobadilli cdlswaspoured
drop wiseinto the calcium chloridesolution carefully.
The beaker was shaken for sometimeuntill the beads
containing lactobacilluswereformed.

Method for culture of immobilized lactobacillus
cells

Immobilized lactobacilli cellswereculturedin both
normal medium and medium contai ning whey as sub-
strate. The cultures were kept in the incubator for 2
daysat 45C. Assay for lactic acid production was car-
ried out using 05M sodium hydroxide solutionand 05
M hydrochloric acid solution, and phenolphthaleinas
indicator, until the pink colour discharged. Theburette
readingswere noted and | actic acid production were
caculated.

Assay of lacticacid

Theculturesflaskscontaininglactobadilluscdlswere
filtered and filtratewerekept for further titration proce-
dure. assay was carried out for lactic acid production
using 05M sodium hydroxide, 05 M hydrochloricacid,
and phenol pthelein asindicator. 10 ml of filtratewas
taken and 40 ml of 05M NaOH sol ution was mixed.
Pink col our appearsupon addition of phenolphthaein
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indicator asthemediumisdtill dkaine. Itisthentitrated
with 05M HCI solution. Burette readings were noted
carefully. Eachml of 1M NaOH isequivaent to 009008
gm of C3H603“,

RESULTS

Theproduction of lacticacid by lactobacilluscells
in normal culturemedium

Thelacticacid production by lactobacilluscellsare
estimated by cultivating themin medium containing lac-
tose at optimum condition of 45.C for 48hoursin four
batches. (for each batch of culture, optimum culture
conditioni.e. temperatureand p™ weremaintained) The
cultureswere maintained by transferring afew drop of
the cultureto afresh culture propagation mediaThe
resultswereasfollows-

Theproduction of lacticacid by immobilized lacto-
bacilluscedlsin normal culturemedium

Thelactobacilluscellsimmobilizedinsodiumagi-
nate beadswere cultured in medium containing lactose
at optimum condition of 45.C for 48 hoursin four
batchesand their lactic acid production was estimated
in each batch. Thisisdone by filtering the beads con-
taining lactobacillusfromtheold mediumandtransferred
them into anew medium. Theresultswereasfollows-

Theproduction of lacticacid by freelactobacillus
cellsin whey asculturemedium-
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Figurel: Result of lacticacid productionin normal culture

medium

Thelacticacid production by lactobacilluscellsas
estimated by cultivating theminwhey medium at opti-
mum condition of 45.C for 48.. hoursin four batches.
In each batch after 48 hoursthe assaying of lactic acid
productionisdone Theresultswereasfollows.

Theproduction of lacticacid by immobilized lacto-
bacilluscellsin whey asculturemedium

Thelactobacilluscellsimmobilizedinsodiumagi-
nate beadswere cultured in medium contai ning whey
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Figure?2: Result of lactic acid production by immobilized
lactobacilluscellsin normal culturemedium

assubstrateat optimum condition of 45.C for 48 hours
infour batchesand their lactic acid production wases-
timated using titrimetric method. Theresultswereas
follows

DISCUSSION

Repeeted batch fermentationswere performed with
Lactobacilluscellsimmobilized in 2-4-29 mm algi-
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Figure3: Result of lactic acid production in whey culture
medium

nate beadsto investigatethe possibility of reusing the
gel beadsasshownintheTable: 1 Thefermentation
was carried out for 48 hoursin four batchesin normal
medium aswell aswhey medium. At theend of each
run, the beadswere washed with sterile physiological
salineand transferred to fresh medium. Alginateim-
mobilized cellswere reused successfully for 3 con-
tinuousrunswithout marked activity loss. Thehighest
lactic acid (31.605 g/l) was obtained using whey as
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Figure4: Result of lactic acid production by immobilized
lactobacilluscellsin whey asculturemedium

substratein thethird run. Shrinkage, deformationand
small cracksinthe surface of beadswere observedin
thelast run and the beads| ost their hardness and com-
pletely disrupted inthe medium at the end of 4th run.
But it was observed that theimmobilization of lacto-
bacilli cellsin sodium a ginate beads|ead to produc-
tion of lactic acid for alonger period of timeusing the
same cellsrepeatedly. Though it wasfound that lactic

acid production by immobilized cellswerelesscom-
pared to normal cellsbut it was observed for longer
productivity. Although remarkable achievementsin
higher productivity of lactic acid have been attained
sinceit wasfirst recognized morethan adecade ago,
enormouschalengeremainfor researcherstoimprove
themicrobial production of lactic acid dueto thein-
creasing demand of purelactic acid production by dif-
ferent industries such as pharmaceutical, chemical,
food, cosmetic etc, thereforeit can be envisaged that
inthe near future and further studies can be explored
using the selected methods. Asthewhol e project was
performed in laboratory scale, to unfold the amount
of lactic acid production from whey by immobilized
lactobacilluscells, suitableoptimization and scale up
technique hasto bedevel oped. Soit can be concluded
that in near futurelactic acid production fromwhey
by immobilized lactobacilli cells can beused industri-
alyfor useinvariousindustria application.

TABLE 1: Tablefor comparision of lacticacid production by nor mal lactobacilli cellsand immobilized lactobacilli cellstaking

nor mal culturemedium and whey asculture medium-

Inoculation Incubation period Culture Productivity in case of Productivity in case of
with (thr ee batches) medium immobilized cells (gm/10ml) normal cells (gm/10ml)
L actobacillus 48 hours Normal 0.2235 0.3603
medium
L actobacillus 48 hours Normal 0.2822 0.3702
medium
. Normal
Lactobacillus 48 hours medium 0.3211 0.3789
Lactobacillus 48 hours NOfT“""' 0.1732 0.1442
medium
Lactobacillus 48 hours whey 0.2927 0.2702
Lactobacillus 48 hours whey 0.3152 0.3152
Lactobacillus 48 hours whey 0.3402 0.3523
Lactobacillus 48 hours whey 0.2120 0.2212
[4] G Harry. Brittain; Analytical Profiles of
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