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ABSTRACT

The present investigation dealt with conversion of marine microalgal oil
from Nannochloropsis oculata, to biodiesel, using immobilized lipase
along with methyl acetate as acyl acceptor. Lipase, aversatile biocatalyst
in biotechnological process, was isolated from Burkholderia cepacia
MTCC4684. The crude extract of enzyme was entrapped in alginate beads.
Using immobilized lipase the biodiesel conversion (%) was evaluated by
optimizing the process parameters. The conditions yielding maximum
conversion were 3g immobilized lipase, 1:12 oil to methyl acetate ratio,
35°C, 6% water, 60 h reaction time and agitation rate of 400rpm. The
immobilized beads retained their stability even after repeated uses of 20
cycles. The optimal conditions gave 95.36% of biodiesel conversion. The
fatty acids predominantly constituting FAME (Fatty acid methyl esters),
analysed using GC-MS, werelauric (C12:0), pamitic (C16:0), stearic (C18:0),
oleic (C18:1), linoleic (C18:2) and arachidic (C20:0) acids. Dueto high
content of oleic acid, biodiesel could be resistant to oxidation and stored
for alonger period. This study is, thus an ecofriendly “green process”,
involving reusable and potential immobilized biocatalyst for biodiesel
production. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Theworldisenteringinto aperiod of decliningfos-
sl fuel resourcesand their uses associated with accu-
mulation of greenhouse gasesin the atmosphereleads
globa warming¥. Biodiesdl (monoakyl estersof long
chainfatty acids) isapotentia biofuel whichisrenew-
abl e biodegradabl e, non-toxic, having no net carbon
dioxideand free from sulphur?4. Microagal biomass
has become one of the emerging source of biodiesel-

convertiblelipids®, becauserecent research hasproved
that ail production frommicroa gaeisclearly superior
tothat of terrestria plants such aspalm, rapeseed, soy-
bean or jatropha. Generally, the doubling time of
microagal biomassiswithin 24 h, achievinglargebio-
massyieldg®9.

Currently biodiesdl isbeing produced by acid and
akali transesterification by converting triglyceridesto
fatty acid methyl esterswithin shorter period”8. De-
meritsof such methodsincludehighenergy input, imi-
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nation of sdlt, difficulty in recycling glycerol, soapfor-
mation and need waste water treatment(®%,

To overcomethisproblem, recently enzymatic pro-
duction of biodiesal has become an alternative for
biodiesd production dueto easy recovery of byproduct
glycerol, sdt and catalyst can be avoided, waste water
treatment isnot required, high productionyield under
milder conditions and ecofriendly process*¢1€l, One
such enzymeused in biodiesel productionislipases.
Lipases(triacylglycerol acylhydrolase, EC 3.1.1.3) are
produced by microorganisms, plantsand animals, out
of whichmicroorganismsarehighly suitablefor thelarge
sca e productionl*9,

However, the enzymatic production of biodiesd is
not yet commercidized dueto high cost of enzyme. The
problem can be overcome by immobilization of lipase
by repeated use®?2, Use of lipase for producing
biodiesd inasolvent free systemisnowadaysfocused
worldwide, since systemsare advantageous over sol-
vent aided transesterification by avoiding separation,
toxicity, flammability and high cost of organic solvents.

Inthe present investigation, the acyl acceptor used
ismethyl acetatesinceit did not produceglycerol rather
producestriacetylglycerol which do not inactivateli-
pase. Anextensiveliterature survey reveal ed that there
was no study yet reported on use of methyl acetate as
acyl acceptor to interesterify marinemicroalgal oil for
biodiesd synthesisusinglipaseenzyme.

MATERIALSAND METHODS

Culturecondition

Nannochloropsis oculata was obtained from
CMPFRI, Tuticorin, Tamilnadu, Indiaand cultivatedin
25 L photobioreactor (PBR) using sterileWalne me-
dium. Thefiltered sterilized seawater wasenriched with
required quantity of Walne’s medium containing (gL™2):
NaH,PO,-2H,0, 20.0; Na,EDTA, 4.0; H.BO,, 33.6;
MnCl.-4H,0, 0.36; FeCl 6H,0, 13.0; vitamin B,
0.001, vitamin B, 0.02; and NaSiO,, 6.6. Thetrace
metal solution contained (g L™): ZnSO,-7H,0, 4.4,
CoCl, -6H,0, 2.0; (NH,),M0.,0,, -H,O, 0.9; and
CuSO,'5H,0, 2.0. Themedium was adjusted to pH 8
and autoclaved at 121° C for 20 min. Thefilter steril-
ized vitaminswere added after cooling. Mixing was
provided by sparging air from the bottom of the PBR
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and lightingwas supplied by cool-whitefluorescent light
withanintengty of 50001ux under 12/12light/dark cycle
for 15 days.

Harvesting of cellsand oil extraction

After theculture reached stationary phase, thebio-
masswas harvested by centrifugation at 8500 rpm for
10mintoget thick dgd paste. Thenthemicroagd paste
wasrinsed with distilled water toremoveresdua sats
andthendriedinhot air ovenat 60° Cfor 8 hr. Dried
biomasswas subjected to oil extraction by Bligh and
Dyer (1959) with dlight modification?3. In brief, the
biomass suspens on wasmixed with chloroform: metha
nol (1:2) retio, vortex it for few minutesand incubated
onicefor 10 minutes. Then, chloroform was added
followed by addition of 1M HCI and again vortexed it
for few minutes. Finally thewhol e suspension was cen-
trifuged at maximum speed for 2 minutes. Bottom layer
containing lipid wastransferred into fresh previoudly
weighed beaker. Chloroform was added to reextract
thelipidfrom the aqueous sample. The solvent system
was evaporated using rotary evaporator at 30° C.

Fermentation of lipase production using
BurkholderiacepaciaM TCC4684

Thelipaseproductionwascarried out in 250ml Er-
lenmeyer flask using 100 ml basal medium containing
1%oliveail, 0.2% CaCl,-2H,0, 0.01% MgSO,-7H.0,
0.04% FeCl.-6H,0 and 5% NaCl. The contentswere
incubated for 48 h at 37°C at 200 rpm. The pH was
maintained at 7. After incubation, theculturewas cen-
trifugeat 10,000 rpmfor 10 min at 4°C. The superna-
tant of crudelipase was quantified using lipase assay
and used for immobilization.

Immobilisation of crudelipase

Crudelipase (6ml) wasmixed with 14ml of sodium
aginate solution (2%). Themixer wasdrippedinto cold
sterile 0.2 M CaCl,, using sterile syringe from acon-
stant distance and wascured at 4° C for 1 h. Thebeads
were hardened by suspending it againinafresh CaCl,
solutionfor 24 h at 4°C with gentle agitation. Afterim-
mobilization, the beadswere separated by filtration and
washed with 25mM phosphate buffer (pH 6.0) todimi-
nate excess calcium chloride and enzyme. Then the
beadswere preserved using 0.9 % NaCl solution for
future useg?,

Hn Tudian Jounual
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Lipaseassay and protein deter mination

Lipaseactivity wasdetermined for freeand immo-
bilized enzymesaccording to Burkert et al (2004) and
Padihlaet al (2012)1?52", Theolive oil emulsion was
prepared by mixing 25ml of oliveoil and 75ml of 7%
Arabic gum solution in ahomogenizer for 5 min at
500rpm. Thereaction mixture containing 5ml of emul-
sion, 2ml of 20mM phosphate buffer (pH 7.0) and 1ml
of the culture supernatant was incubated at 37°C for
30mininorbital shaker. Thereactionwas stopped by
addition of 15ml of acetone-ethanol (1:1v/v), andthe
titration of liberated fatty acidswas donewith 0.05N
NaOH. Oneunit of lipase activity wasdefined asthe
amount of enzyme, whichliberated 1 pmol of fatty acid
per minute. The protein content in the crude enzyme
was determined by Lowry et al (1951) withBSA asa
standard®.

Optimization of enzymeinter esterification process
by solvent free system

Theenzymatic interesterification reaction wascar-
ried outin 20 ml screw cap glassvia. No solvent was
added inthisreaction. Thecompaosition of reaction mix-
turewas5gof microdgd ail, 2g of immobilized enzyme
and methyl acetate. Theoil to acyl acceptor (methyl
acetate) wasoptimized rangingfrom 1:2, 1:4, 1:6, 1:8,
1:10, 1:12 and 1:14. The effect of temperature was
studied at variousintervasof 20, 25, 30, 35 and 40°C.
To sudy theeffect of water, enzymaticinteresterification
wascarried out by adding water at the concentration of
0,2,4,6,8,10and 12 weight % of thetotal reaction
mixture. Thereaction wasalowed for 48h at constant
speed of 200 rpm. Thebiodiesd yield was calculated
accordingto Umdu et al (2009)/:

Biodiesel yield (Weight %) =

Amount of biodiesel (g) in upper mixture

10
Amount of microalgal oil (g) x 100

GC analysisof fatty acid methyl esters

Fatty acid methyl ester composition of biodiesd pro-
duced from Nannochloropsis oculata oil wasandysed
by Gas Chromatography-Mass Spectrometry (GC-

MS-QP 2010, Shimadzu) fitted with VF-5M S capil -
lary column (30mm length, 0.25mm diameter and

0.25um film thickness). The column temperature of each
runwas started at 70° C for 3 min, then raised to 300°
C and maintained at 300° C for 9 min. GC conditions
were: column oven temperature-70° C, injector tem-
perature-240°C, injection mode split, split ratio-10,
flow control mode-linear vel ocity, column flow-1.51ml/
min, carrier gas- helium (99.9995% purity) and injec-
tion volume-1pul. MS conditions were: ion source tem-
perature-200° C, interface temperature-240° C, scan
range-40-1000m/z, solvent cut time-5 min, MS start
time-5min, endtime-35minandionization-El (-70eV)
and scan speed-2000.

RESULTSAND DISCUSSION

Effect of enzymeloading

Effect of enzyme loading was|earnt to enhance
transesterificationintherangeof 1-4g. Figure 1 showed
that theincreasing enzymeloading resultedin biodiesd
yield increment when theimmobilized beads reached
3g. Themethyl ester yield was decreased at higher en-
zyme concentration. This is in agreement with
Jegannathan et al (2010) found that higher dosage of
immohilized lipaseresultslower yid d of biodiesd®. This
isdueto that the surplusamount of enzyme may aggre-
gatewhich might haveled to reductionin lipase activ-
ityld.

35

30
25
20
15
10
0
1 2 3 4

Amount of immobilised lipase (g)

w

Biodiesel yield (%)

Figurel1: Effect of immobilized lipaseloading on biodiesel
yield (%). Reaction conditions: 1:4 oil/methyl acetate molar
ratio, 30°C, 200 rpm and 48h

Effect of oil and methyl acetatemolar ratio

Effect of oil and methyl acetateratiowas studied
and found that 1:12 molar ratio of oil to methyl acetate
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gave maximum fatty acid methyl estersyied of 69.24%
at 48 hintheabsence of any solvents, similar towith
previous study done by Ognjanovic et al 2009, But
the biodiesel yield was declined whenthe molar ratio
wasraised to 1:14 (Figure 2), whichisdueto the ex-
cessive amount of methyl acetate that diluted theoil
resultingin poor yield of fatty acid methyl esterd®. The
conventional short chain a cohols such asethanol and
methanol inactivatelipasewhen exceeding 1:3 molar
ratio. In support of this, Shimadaet a (1999) reported
that inactivation of immobilized lipase Novozym 435
from C. antarctica occurred at the molar ratio of 1:5
of plant oil and methanol®Y. In addition, during
methanolic transesterification themain by product is
glycerol that ishydrophilic and insolublein oil resulted
indecreaseinthereactivity of immobilized lipasedue
to masstransfer resistance®%>%1, Methyl acetate pro-
ducestriacetylglycerol instead of glycerol whichdo not
inactivatelipasd®2.
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2 4 6 8 10 12 14

Molar ratio of methyl acetate to microalgal oil
Figure2: Effect of molar ratio of methyl acetateto microalgal
oil on biodiesel yield (%). Reaction conditions: 3g
immobilized lipase, 30°C, 200 rpm and 48h

Biodiesel vield (%)

Effect of temperature

To study the effect of temperature on enzymatic
biodiesel processthe range studied was between 20to
40°C with aninterval of 5°C. Thetemperaturewasnot
exceeded more than 40°C, because sodium alginate
dissolvesat higher temperature. Tran et al (2012) re-
ported that the FAM E production decreased when the
temperature increased to 50°C for fresh water
microalgae C.vulgaris ESP-31 by enzymatic
transesterification™!. However, most of theenzymatic
reaction does not require higher temperature®. Inthe
current findings, 35°C gavethehighest yield of 75.82
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20 25 30 35 40

Temperature (°C)

Figure 3 : Effect of temperature on biodiesel yield (%).
Reaction conditions: 3gimmobilized lipase, 1:12 oil/methyl
acetatemolar ratio, 200 r pm and 48h

Biodiesel yield (%)

% (Figure 3) thereby reducing the energy consumption
since higher temperature had not beenimplemented.

Effect of water

For thebiocatayst medi ated transeterificationwater
act asakey factor for enhancing thelipase activity and
unmasking theactivesitesof lipaseby increasinginter-
facia areaof oil water dropletg>222234, Usually lipase
activity rlieson theavailability for interfacia ared™!.
Li and Yan (2010) reported that exceeding water con-
tent over 7 % of total volume of reaction mixtureleads
to decrease in the formation of FAME. But in our
study, thereisno decrease of methyl estersuntil 8%
water content wasachieved, whichwasdueto thefor-
mation of triacylglycerol that did not disturb thelipase
activity. Thehighest yield of biodiesel wasobtained as
87.34%. When thewater content reached beyond 8%

100 4
90

80
70 4
6
5 <
a0 -
30 -
2 {
10 -

o 4

0 2 4 6 8 10 12

Amount of water (%
A t of water (%)

Biodiesel vield (%)
o O O O O © o

Figure4: Effect of water on biodiesel yield (% ). Reaction
conditions: 3gimmobilized lipase, 1:12 oil/methyl acetate
molar ratio, 35°C, 200rpm and 48h
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theyield wasreduced (Figure4), whichisdueto the
excessof water content that reducethetransesterification
reaction rate®39, asaresult of excesswater floodson
poresof immobilised supporting materid whichinhibit
the enzyme moveto thereaction mediumi®4.

Effect of reaction timeon biodiesel yield

Effect of reactiontimewasinvestigatedintherange
of 12-72 h. The optimized reactiontimefor conversion
of microagal oil to FAME by immobilized biocata yst
wasobserved as60 hyieding 92.72% efficiency (Fig-
ure5). Beyond themaximal reaction at 60 h adecrease
inFAME wasobtained. Thisisduetotheincreasein
thewater concentration during transesterification, which
might trigger thehydrolysisof biodiesdl@.

100
90

80
70
60 -
50
40 |
30
20
10
0 -
12 24 36 48 60 72

Reaction time (h)

Figure 5 : Effect of reaction time on biodiesel yield (%).
Reaction conditions: 3gimmobilized lipase, 1:12 oil/methyl
acetatemolar ratio, 8% water (w/w) 35°C, 200rpm and 48h

Effect of mixing on biodiesd yield

Study of agitationisoneof thesignificant param-
etersinimmobilized enzymdictransesterification. Inthe
immobilization reaction sysemthereactantshaveto get
transferred from the bulk liquid tothe external surface
of particleand theninto theinterior poresof catayst*".
Effect of mixing on biodiesd productionwasconducted
between 100 to 400 rpm with theinterval of 200rpm.
Figure 6 showsthemethyl ester productionratetotheir
respective speed of agitation. The maximumyield of
biodiesel wasfound 95.36% at 400 rpm thus agitation
enhancestherateof reaction. Agitation reducesthemass
transfer resistance between oil and acyl acceptor and
immobilized lipase at the catalyzinginterface, thusen-
hancing thereactionrate. In the other hand, whenthe
speed reached beyond 200 the biodiesd yield was de-
creased. Thisisdueto the damageof immobilized beads

Biodiesel yield (%)

100
S0

80
70
60
50
40
30
20
10

0

100 200 300 400 500

Agitation rate (1pm)

Figure6: Effect of agitation on biodiesel yield (% ). Reaction
conditions: 3gimmabilized lipase, 1:12 oil/methyl acetate
molar ratio, 8% water (w/w) 35°C and 60h

Biodiesel yield (%)

leads to inactivation of lipase by mechanical agita-
tiont133,

Reusability of immobilized enzyme

One of themost meritoriousfeatures of immobi-
lized enzymeisitsreusability nature. Reusability of en-
zymeistheimportant parameter to decidepossibilities
of industria scaleenzymatic biodiesel production(®l,
Stability and reusability of immobilized lipasefrom ma:
rine B.subtiliswasinvestigated in thissection. No ma-
jor lossof lipase activity was observed even after im-
mobilized enzymebeadswere used for 20 cycles (Fig-
ure7).Asprevioudy reported by Du et d (2004), there
was no enzymeloss even after 100 cyclesof repeated
usageinthe presence of methyl acetate®!. When short
chaind cohols(methanol and ethanol) wereused asacyl
acceptors, remova of glycerol fromimmobilized lipase

96
o, 4

94 VHM
ooy

92
90
88
86
84
82
80

Biodiesel yield (%)

123 456 7 8 910111213141516171819 20

Figure7: Reusability and stability of immobilized lipase on
biodiesdl yield (%). Reaction conditions: 3g immabilized
lipase, 1:12 oil/methyl acetatemolar ratio, 8% water (w/w)
35°C, 400 rpm and 60h
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must be carried out using largeamount of hydrophilic
solventswhichisacost effective process and inhibit
lipase activity. Thus, the current study indicatesthat
immobilized lipasecan beusad for many repeated cycles
for biodiesd productionfrommicroagd oil withmethyl
acetate asacyl acceptor which will minimizethe cost
factor intheoverall process.

Fatty acid methyl ester composition of microalgal
biodiesdl

TABLE 1showsthesix fatty acidsarefoundinthe
Nannochloropsisoculata biodiesd. Theresults showed
that lauricacid (C12:0), palmitic acid (C16:0), stearic
acid (C18:0), oleicacid (C18:1), linoleicacid (C18:2)
andArachidic acid (C20:0) aremgjor fatty acidsinthe
Nannochloropsisoculata oil. Moreover, palmitic acid
and oleic acid are predominant in the FAME content
synthes sed by enzymaticinteresterification. Fenget a
(2011) reported that high content of oleicacidisrela
tively suitablefor biodiesd . Many researchersreported
that the biodiesel cannot be stored for alonger period
because of itsoxidative sengtivity, but thehighlevelsof
oleic acid content make FAME highly stableto oxida
tion“, Since Nannochloropsis ocul ata contain more
amount of oleicacid than the other fatty acids(TABLE
1), henceitispromising sourcefor biodiesd production.

TABLE 1 : Fatty acid profile of marine microalgae
Nannochloropsisoculata FAM Es

Lipid

Common M olecular

i 0,
number  Name Chemical name Structure %
. Lauric .
C12:.0 acid Dodecanoic acid CioH4O,  9.86
. Palmitic Hexadecanoic
Ci16.0 acid acid CiHz0,  19.39
. Stearic Octadecanoic
C18:.0 acid acid CigHzO,  10.76
O-
C18:1 Oleicacid Octadecadienoic CigH3,0O, 35.22
acid
Linoleic 9,12-
Cci18:2 . Octadecadienoic CisH305 8.15
acid X
acid
coo0  AENIC Eiosnoicacid  CoHiO; 1662

CONCLUSION

Deterioration of fossil fuels had led the

biotechnol ogiststo search for alternativefuels, which
arerenewable, harmlessand biodegradable. Microdgd
biodiesd was, henceareplacement of petroleum fuels.
Immobilised lipase from Burkholderia cepacia was
utilised to generate biodiesdl by converting microa ga
oil. The conditionsfor better interesterification were
optimised and obtained ahigher yield of 95.36%. Due
to high content of oleic acid, thebiodiesel producedis
highly stable, resisting oxidation and thusitsshelf life
could also be prolonging. Thisstudy, thusinvolved an
Inexpensiveand effective process of interesterification
with reusableimmobilised biocatalyst to generate envi-
ronmentd friendly biodiesd.
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