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ABSTRACT

Lactobacillus acidophilus NCIM 2909 has been found to produce acidic
lipase during submerged fermentati on. Production was optimized by vary-
ing several process parameters and solid substrate fermentation (SSF) was
carried out using different oil cakes. Highest activity of lipase after 48h
was attained with GOC: Mineral medium (35.7 kU/I) under conditions of
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70% initial moisture content, 2.5ml inoculum sizeand 35°C incubation tem-

perature. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Lipolyticactivity isanimportant and ubiquitousen-
zymatic activity. Bacterid lipases, ingenerd, areextra
cdlular enzymes, which arecommerciadly and industri-
aly important™™. Mogt studieson lipolytic enzymespro-
duction by bacteria, fungi and yeasts have been per-
formed in submerged cultures; however, thereareonly
afew reportson lipase synthesisin solid state cultures.
Inrecent yearsincreasing attention hasbeen paidtothe
conversion of processing industry wastesin lipase by
solid state culture’. But several physicochemical and
biological factorssuch aspH of themedium, tempera-
ture, and period of incubation, age, size, and type of
inoculums, nature of substrate and type of micro-or-
ganismwill determinethegrowth of organismand en-
zymeproduction. Lipolyticactivitiesof severd probiotic
strainswere observed in many works34 but utilization
of oil cakesby employing lactic acid bacteriawas not

reported sofar. Moreover vary littleinformationisavail-
ableinregardto thefactors affecting the maximum en-
zymeforitsgpplicationinindustrial scaleand thepresent
work dealswithit.

EXPERIMENTAL

Submer ged fer mentation

Flaskscontaining mineral solution (0.7% Na,HPO,
0.3% KH,PO, 0.1%NHA4CI, 0.5% NaCl) supple-
mented with 0.2%(w/v) glucose, peptone substrateswas
inoculated with actively growing 1% inoculum (1x10°
cfu/ml) of L.acidophiluscultureand incubated at 35°C
for 18h. An optimized medium was prepared by vary-
ing carbon, nitrogen substratesalong with lipid induc-
ers. After 18hincubationtime, diquotsof samplescol-
lected were centrifuged at 10,000rpm for 10 minutes
and the supernatant obtained, used as enzyme source
for estimation of lipaseactivity.
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Solid substratefer mentation

Different oil cakesused in thisstudy [ Coconut Oil
Cake (COC), Groundnut Oil Cake (GnOC), Gingelly
Oil Cake (GOC)] weredried in oven at 80°C (24hr)
for determining dry weight and finely groundedina
blender to obtain an even particlesize. 10g of different
solid substratestaken in 250ml Erlenmeyer flaskswere
moistened with4ml of either water or mineral medium
and distilled water was added to adjust the required
initidl moistureleve . SSFwasd so carried out to study
theeffect of variousphys co-chemicd parameters, viz
initial moisture content of the substrate (60%, 65%,
70%, 75%), incubationtime (12, 24, 36, 48 h), incu-
bation temperature (30, 35, 40, 45°C), inoculum size
(2.0,1.5,2.0, 2.5, 3.0ml) for optimized production of
lipase. Unless otherwise mentioned, SSFwas carried
out with2ml of L.acidophilusculture (1x10°cfu/ml)
onall oil cakeswith the 60% initial moisture content
andincubated a 35xC temperaturefor 48h under gatic
conditions. At theend of SSF, sterilized distilled water
with 0.1% Tween 80, added to theflasksand kept in
shaking incubator (250 rpm) for one hour. Contents of
theflaskswere centrifuged and supernatant collected
for protease assay. Duplicatesweremaintained for all
the experimentsand enzyme assaying wasdoneintrip-
licae.

Enzymeassay

A titrimetric method wasfollowed for lipase activ-
ity estimation®. Oneunit of lipaseactivity isdefined as
theamount of enzymerequired to liberate one umol
equivaent fatty acid per minuteand enzymeactivity was
expressed inkU/I for al the assays.

Enzymecharacterization

Theeffect of pH and temperatureon lipaseenzyme
activity and stability was studied by using different pH
buffers[(Glycine-HCI Buffer (pH 2.0-4.0), Sodium
phosphate buffer (pH 5.0 - 8.0), Glycine sodium hy-
droxidebuffer (pH 9.0-10.0)] and temperature condi-
tions(25-60°C).

RESULTSAND DISCUSSION

Oneof themajor draw backsintheindustrial ap-
plications of enzymesfrom lactic acid bacteriaisthe
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Figurel: Effect of incubation timeand initial moistur e con-
tent on lipaseactivity (kU/l) using GOC: mineral mediumin
SSF

low productivity, thereforeitisessentid toinvestigate
theroutesfor maximizing enzyme production both by
submerged and SSF. Asthe medium requirement var-
Ies between organi sms, here optimization of medium
was carried out for attaining maximum lipase activity
under submerged conditions(TABLE 1). Glucose, pep-
toneand oliveoil gave maximum production of lipase
(8.2kU/1,9.1kU/N 8.6 kU/) followed by lactose, yeast
extractandpamoil (7.6 kU/I, 7.2 kU/l ,6.3kU/I). Our
resultsarein accordancewith someother reportswhere,
for production of extracellular lipases, glucoseasa
carbon source“® and peptone as nitrogen source” can
be considered asbest for lipase production. But here
thepresenceof lipidinducer gavehighest activity com-
pared to sole carbon source utilization.

In SSF experiments, instead of adding water aone
as moistening medium, adequate amounts of mineral
solutionimproved thelipaseyied extensvely. A com-
bination of GOC: Mineral medium (70%initia mois-
ture) followed by COC: Minera medium (65%initia
moigiure) after 48h representshighest activities(TABLE
2). Lipaseproductionin GOC: Minerad medium (70%
initial moisture) was started after 24h and increased
sharply toamaximum vaue of 30.3kU/I (considered
as 100% activity) after 48h (Figure 1). Thisenzyme
activity wasalmost 3- fold higher than submerged fer-
mentation whereonly 9.1 kU/| isthe maximum enzyme
activity. A very lower relative activity (40.3%) wasob-
served for COC at 65%initia moisturewherewater is
moi stening medium. Thisvauewasincreasedto 72.9%
if minera solutionwasadded. For GnOC: minerd me-
diumaso (65%initid moisture) a70.3% relativeactiv-
ity was observed. Present study indicated that lower
moisturelevel wouldimprovethe enzymeactivity and
Isdependent on combination of substratesa ong with
different saltsand nutrients. Whereashigher moisture
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TABLE 1: Production of lipase by L .acidophilususing different carbon, nitrogen and lipid sour cesin submer ged fer mentation

Enzyme activity

Enzyme activity Enzyme activity

Carbon source (KU/)* Nitr ogen sour ce (KU/N)* Lipid inducer (KUM*

Chitin 3.73+0.68 Ammonium phosphate 2.65+0.51 Coconut ail 4.42+0.36
Glucose 8.26+0.65 Ammonium sulphate 2.81+0.43 Ground nut ail 3.85+0.41
Gum arabic 2.93+0.75 Casain 4.75+0.32 Gingdlly ail 4.83+0.52
Lactose 7.62+0.86 Peptone 9.12+0.34 Oliveail 8.66+0.32
Starch 4.35+0.47 Y east extract 7.16+0.15 Palm ail 6.35+0.28
Sucrose 5.26+0.37 Urea 1.87+0.25 Tween 80 2.33+0.16

*All the values are expressed in Mean + SD

TABLE 2 : Effect of initial moisture content (%) in Sub-
strate; water and Substrate: miner al medium combinations
on lipaseactivity (kU/)
Initial moisture
content (%)

60% 65% 70% 75%

Substrate: water

cocC 10.6+3.112.2+2.913.4+3.416.8+3.1

GnOC 9.8+4.315.5+1.612.1+2.611.3+2.1

GOC 11.4+3.718.6+1.315.4+2.714.5+2.1
Substrate: mineral medium

coC 18.6+1.722.1+1.517.8+1.616.7+2.

GnOC 16.2+4.321.3+4.917.9+2.417.9+4.2

GOC 14.8+2.619.3+3.230.3+3.514.6+2.€

*All the values are expressed in Mean + SD

level decreases porosity, promotes devel opment of
stickiness, increasesthe chances of contamination®.

SSFwas carried out with 2ml L.acidophiluscul-
tureon GOC: Minerd mediumwiththeinitia moisture
content adjusted to 70% at 35°C for studying the ef-
fect of incubation time, temperature, inoculum sizeon
lipaseactivity. After 24 h of incubation, 17.7 kU/| of the
enzymewas produced, which exponential ly increased
to 30.3 kU/I after 48 h. Incubation beyond 48 h was
undesirableasthisresulted in decreased enzymeyields
(Figurel).

Thereason for thismight have been dueto the de-
naturation of the enzyme caused by theinteractionwith
other componentsin themedium®. Temperatureisone
of theimportant factors, which strongly affect the SSF
process. It has been reported that during microbid cul-
tivation in SSF, thetemperature of thefermenting bed
increased, which exerted harmful effectsonthemicro-
bia activity!©12, In the present study, 35°C proved to
bethebest temperature where GOC: Mineral medium
(70% initial moisture) used for theenzyme synthesis.
Incubation at higher temperature affected the enzyme

synthesiswhereonly 64% relaiveactivity wasobserved
at 45°C than at 35°C (resultsnot shown). During SSF,
alargeamount of heat isgenerated whichisdirectly
proportiona to themetabolic activitiesof microorgan-
ism912 | ower inoculum sizerequired longer timefor
the cellsto multiply to sufficient number to utilizethe
substrate and producethe desired product. A balance
between the proliferating biomassand available nutri-
ent would yield an optimum condition at which theen-
zyme synthesiswill be high. Thiswasevident asthe
strain showed increased enzyme production with the
increaseininoculumsizefromthelowest vaueof 1.0ml
and showed maximum enzyme activity (35.7 kU/I) at
2.5ml inoculum (1x10° cfu/ml). However, further in-
creaseintheinoculum sizeresulted in decreased en-
zyme synthesis, indicating that limitation of nutrients
occurred dueto theincreased microbial activity (re-
sultsnot shown).

Lipase produced by Lactobacillusacidophiluswas
optimally activeat pH 5.0. It was stableintherange of
pH 4.0-7.0 for 30 min. The optimum pH for lactoba-
cillusmay vary among species and it rangesfrom pH
5.0-7.04, Theoptimum temperaturefor lipase activ-
ity is40°C and it retained 100% activity for 30 min¥
Werasit et a.'2 showed amaximum lipase activity at
40°C for Saphyl ococcuswar mer. Temperaturemain-
tenanceduring theincubation timewill definitely affect
thelipase activity and type of enzymesourcedsoinflu-
encesitt®*¥3, Thehigher stability wasobserved at lower
temperaturesthan higher temperaturesand it ranges
form 30-45°C.

CONCLUSION

Acidophilic nature of thisenzyme could have po-
tential applicationinfood industries. In order to meet
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the requirements of food and other industries process
improvement of lipase production should me made.
Herewe havereported anovel application of oil cakes,
cultured with L.acidophiluswhichisaGRAS (Gener-
aly Recognized As Safe) organism for maximum lipase
production. L.acidophilusutilization for lipase produc-
tion showed promising results. GOC proved to bethe
best sourcefor lipase production compared to other oil
cakes. Ashioprocess usage of oil cakesisbeneficia
duetorelatively cheaper availability of theoil cakes
throughout theyear, making it even morefavorablewhen
economicsisconsidered.
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