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ABSTRACT

The dairy industry throughout the world is facing the problem of disposal
and reutilization of surplus whey. The present work is done to produce a
valuable industrial product like lactic acid from the whey with the use of
Lactobacillus plantarumMTCC 2621. The effect of various environmen-
tal conditionswas studied to maximize the lactic acid content. The pH 6.0
and 6.5 and temperature of 37°C showed the maximum production of lactic
acid i.e. 1,40,000 mg/l. 60gnVI D-glucose concentration shows the maxi-
mum growth of L. plantarumi.e. 1,72,000 cells/m?. The best working sample
size, inoculum size and the incubation temperature for L. plantarum to
produce lactic acid werefound to be 50ml, 10% (v/v) and 48h. Theimmobi-
lized cellsworked best upto 3 cycle and theresults are compared to those
of free cellsand the valuesfound out to be 8,00,000 mg/I and 1,08,000 mg/
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INTRODUCTION

Thedairy industry representsamajor part of food
industry and contributessignificant liquid waste, whose
disposal requireslargeamount of capital investment.
Whey isthewatery portion or serumthat separatesfrom
curd during conventional cheesemaking or casain manu-
facturing. Thedisposal of whey ismajor problem for
thediary industry which demands s mpleand economi-
cal solution. Sincelactoseisthemajor component of
whey s0lids, numerousbiotechnol ogicd processeshave
been devel oped to utilize whey to make useful prod-
uctsof industrial importancesuch aslactic acid. Lactic
acid (2-hydroxypropanoic acid), also known as milk
acidisaversatileorganic acid, whichfindsmajor appli-

cationinfood, cosmetics, pharmaceuticalsand chemi-
cd industriesand receive attention for use asmonomer
for the production of biodegradablepoly (lactic acid).
Dueto disadvantagesof funga fermentationlikepatho-
genic, tediousto use, low aeration, productivity rate
and masstransfer limitationswe have opted for Lactic
Acid Bacteriawhich are Gram positive, acid tolerant,
non-sporul ating, non-respiring rod or cocci. Lactoba-
cillus plantarum produces both theisomersof lactic
acid, highlacticacidyidd, thecompleteconversonrate,
tolerance of low pH conditionsand high cell growth
rate. Lactobacillus helveticus strain was used for the
continous fermentation of lactic acid in cheesewhey
yeast extract permeate medium. The best lactic acid
productivity of 9.7g/l/hat adilutionrateof 0.352/hwas
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TABLE 1: Increasein lactic acid content with decreasing
samplesizeof whey

Sr. Sample Lactic acid content %age
no. Size (ml) I nitial Final increased
1 50 4,000  1,45,000 3.625
2 100 4,000  1,39,000 0.98
3 150 4,000 98,000 0.58
4 200 4,000 60,000 0.20
5 250 4,000 50,000 0.10
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Figurel: Increased lactic acid content of whey with increase
ininoculum size

observed®. Theeffect of various concentrations of yeast
extract and lactomine on the growth of Lactobacillus
helviticusand enhancing | actic acid production from
cheesewhey under optimized pH and temperaturewas
studied@. Lactic acid was produced from cheesewhey
and corn steep liquor using Lactobacillus spi®. The
resultshaveshownthat cell recyclerepeated batch fer-
mentation, lactic acid productivity was maximized to

6.34g/l/h.

MATERIALSAND METHODS

Procurement and Maintenance of Microorganism
Lactobacillus plantarumMTCC 2621 was procured
fromIMTECH, Chandigarh. It wasmaintainedon MRS
(deMann RogosaSharpe) Santsand Incubated at 37°C
for 48 hr and subcultured aseptically at regul ar inter-
vds.

Physico-chemical characterisation of whey sample
from Verka Milk Plant (Patiala) was done (APHA,
1995). Theresultsof characterization areasfollows:
color (pale yellow), odour (unpleasant), pH (3.27),
Temperature (30°C), moisture content (93.5%) and
Chemical characteristicsinclude BOD (350000mg/l),
COD (1,05000mg/l), Totd solids (72000mg/l), Total

dissolved solids (56000mg/l), TSS (16000mg/l), Total
Sugars (21000mg/l), Lactose content (45000mg/l) was
estimated by reduction of picric acid to the mahogany
red picramic acidinan akalinemedium. Lacticacid
content (4000mg/1) was determined®. Lacticacidin
the presence of sul phuric acid gets converted into ac-
etal dehyde, react with p-hydroxydiphenyl solutionforms
aviolet colored complex.

Preparation of whey using different sources 100ml
of procured milk sample was being processed with
lemon juice, curd, tomato juice ascorbic acid and citric
acid for the production of whey. Theresultsrevealed
that more production of whey was produced by ascor-
bicacidi.e. 84ml at therate of 1.6gm/100ml of milk.
Next being thecitric acid, which produce 78ml of whey
at rate of 2.0gm/100ml of milk. Lemonjuice, curd &
tomato juice produced 78ml, 47.70ml & 26.53ml of
whey at rate of 2ml/100ml, 15.0ml/100ml & 37.7ml/
100ml of milk respectively.

RESULTSAND DISCUSSION

Optimization of carbon sour cesupplementation

Theeffect of D-glucoseat different concentrations
(60g/1, 80g/l and 110gm/I) on growth of L. plantarum
was studied. In the observations, the cell number
counted for different concentrationsof D-Glucosewere
172000 cells/m3, 16500 cells/m? and 15000 cells/m?®
respectively. A uniform decreased inthecell density was
recorded with increasein D-Glucose concentration. It
wasinferred from theresultsthat highest cell number
wasobserved at |ow glucose concentration dueto maxi-
mum glucose conversiont®. Supplementation of whey
withlower concentrationsof nutrientsgrestly enhances
fermentation of L.helveticusbut higher concentrations
diminishthecdl concentration asaresult of toxicity!”.

Effect of samplesizeon lacticacid production

Different samplevolumes (50ml, 100ml, 150ml,
200ml, and 250ml) wereinoculated with 10ml inocu-
lum. Sampleswereincubated and | actic acid content
was estimated. Asseen from the Table 1 theinitia lac-
tic acid content of whey was4000mg/| and after pro-
ngwith L.plantarumthe maximum lacticacid con-
tent of 145000mg/l was observed for 50ml sampleand
goesondecreasingwithincreasein samplesize.
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TABLE 2: Increased lacticacid production in whey with vary-
ingincubationtime

TABLE 3: Comparativelacticacid production with free &
immobilized L. plantarum.

Sr. Incubation  Lactic acid content % Lactic acid %
: — _ Cell system — :
No. time(hours) [nitial Final Increase Initial Final Increase
1 0 3,200 4,000 0.08 Free Cells 3,000 1,38,000 1.08
2 12 3,200 6,400 0.32 Immobilized cells 1% cycle 3,000 8,00,000 7.7
3 24 3,200 8,900 0.57 2" 3,000 8,00,000 7.7
4 36 3,200  1,00,000 0.68 3 3,000 8,00,000 7.7
5 48 3,200  1,38,000 1.06 4" 3,000 7,80,000 7.0
6 60 3,200  1,24,000 0.92
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Figure?2: Increased lacticacid content of whey with temper a-
tureasfunction

Effect of inoculum sizeon lacticacid production

Theeffect of varyinginoculum size(2.5-2.0%) on
lactic acid productioninwhey sampleispresentedin
figure 1. Theincreasein lactic acid content of whey
effluent with increasein starter culturewasrecorded
upto an inoculum concentration of 10% (v/v) i.e.
138000mg/I whereaswith 15% (v/v) and 20% (v/v),
no marked change was observed.

Effect of incubation timefor lacticacid production

Fromthe TABLE 2it wasfoundthat thelacticacid
content of whey increased with anincreaseinincuba-
tion time upto 48 hour and showed maximum i.e.
138000mg/l. A dight decreasein lactic acid content was
observed at 60 hoursincubation time. Thismight be
dueto cdl lyses, consequent rel ease of toxinsand deple-
tionof nutrientsintothemedium®. Maximum lacticacid
production of 13.5g/15.2g starch utilized at 48 hour
incubation timewas observed®.

Effect of temperatureon L. plantarum for lactic
acid formation

Theéeffect of temperature was monitored between
20°C-45°C for the potential of bacteria cellstoin-
creasethelactic acid concentration and theresultsare

pH

Figure3: Effect of pH on production of lacticacid content

presented infigure 2. The maximum efficiency of L.
plantarumwasachieved at 37°C. Theoptimal lactic
acid production obtained was 1,40,000 mg/I, similar
resultswere given by someresearchersat 37°Cfor L.
casel & L. rhamnosus®. However some workers
havereported 15°C & 45°C for maximum activity of
Lactic acid bacterid™. Thehigher efficienciesat higher
temperature than the optimal could bedueto their in-
hibitory effect on RNA and protein synthesisresulting
in poor growth. Maximum lactose converson (95.62%)
tolacticacid (33.73g/l) at pH 6.5, temperature 37°C
andinoculum size 2%(v/v) of 20 hour old culture (Lac-
tobacillus casei) under stationery conditionswith an
incubation of 36 hourswas achieved2.

Effect of pH on theL acticacid production

The pH of thewhey samplewas adjusted between
3.0-7.5to evduate theeffect of hydrogenion concen-
tration on the production of lactic acid. Themaximum
efficiency had beenreported at pH at 6 and 6.5, which
was accordance with astudy conducted by research-
ersto show theeffect of pH ontheactivity of lacticacid
bacterid®¥. Theother pH values showed lower lactic
acid production. Inanother study 60% of thelacticacid
isproduced from 25 to 45% of sugar fermented at pH
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6.5. After thispH, thelactic acid content fall s, asshown
infigure 3, which may be attributed to the production
of other acidslikeformic, lactic acid and ethyl alco-
hol®3, Similarly, pH 6.5 wasfound to be optimal for
maximum lactic acid production of 32.93g/I™. Lactic
acid concentrations up to 35¢g/l was obtained at pH of
6.0 using aLactococcuslactisstrain®. Themaximum
lactic acid production obtai ned by bacteria cellsat pH
6.0 & 6.5was 1,40,000 mg/l (Figure 3).

Comparativelacticacid production by free& im-
mobilized cellsof L. plantarum

Theresultsin TABLE 3 reveded that immobiliza-
tionincreasestheefficiency L. plantarumto produce
lacticacid. Theimmobilized cellsshow 8% lecticacid
production ascompared to 1.38% lactic acid produc-
tion by freecells. Four cyclesof useof immobilization
had beenimplored. The beads show samelactic acid
production efficiency uptothreecycles. After 3rd cycle
therewasdrop inlactic acid production which can be
duetotheinitiation of degeneration of cellswithtime,
deformation or lossof hardnessof beads™¥. A highlac-
toseconversion (94.37%) tolactic acid (32.95¢g/) was
achieved with the devel oped immobilized sysemupto
16th cycle. L. helveticuscellsimmobilizedin calcium
aginatebeadsshowed higher lacticacid productionrates
than freecel 9%,

CONCLUSIONS

To dothe present research work, one sugar utiliz-
ing bacteria, Lactobacillus plantarumMTCC 2621,
was procured from IMTECH, Chandigarh. ThepH of
whey sample was 3.27 while the temperature was
dightly higher than atmaospheric temperaturei.e. 30°C.
It had very high BOD and COD values (35,000 and
1,05,000 mg/l). Thetotd sugar, lactoseand lactic acid
content obtained were 21,000, 45,000 and 4.000 mg/
I, respectively. Thewhey was produced at |aboratory
scaleusingdifferent sourceslikelemonjuice, curd, to-
matojuice, ascorbicacid and citricacid at different con-
centrations. Among theseascorbic acid @ 0.2gm/100ml
milk was considered to be most suitableone. Theopti-
mized pH and temperature of 6.0-6.5and 37°C showed
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the maximum production of lacticacidi.e. 1,40,000
mg/l. D-glucose concentration (60gnvl)showsthe maxi-
mum growth of L. plantarumi.e. 1,72,000 cells/m*
The best working sample size, inoculum sizeand the
incubation timefor L. plantarumto producelacticacid
werefound to be 50ml, 10% (v/v) and 48hours. The
beadsinocul ated worked best upto 3rd cycleand the
results are compared to those of free cellswhichwas
found to be 7,70,000 mg/l and 1,08,000 mg/| respec-
tivey.
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