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obtain purified PUFA concentrates. The present report
highlights a method for enrichment of EPA and AA
from sardine oil in one-step hydrolysis by Bacillus
licheniformis MTCC 6824 lipase, and further
concentrating the fatty acids by urea fractionation.

The lipase produced by Bacillus licheniformis
MTCC 6824 was chromatographically purified to
homogeneity by ammonium sulphate (70%) and
ethanol/ether (1:1), followed by anion exchange and
gel exclusion chromatography using Tris-HCI buffer
(pH 8.0). The purified lipase was employed to evaluate
its catalytic efficiency for hydrolysis reaction to enrich

� 5-PUFAs, viz., arachidonic acid (AA) and
eicosapentaenoic acid (EPA) content of triglycerides
in sardine oil. Sardine oil was hydrolyzed by purified
lipase (300 LU) under inert atmosphere of N

2
. The

glycerides were recovered by extraction with hexane.
Pure triglycerides from the hexane residue were
obtained by alumina column chromatography using
n-hexane/diethyl ether (90/10, v/v) as eluant. The
free fatty acids were further concentrated by urea-
fractionation at different temperatures 40C and urea/
fatty acid ratio of 4:1. Free fatty acids were derivatized
to their methyl esters by trans-esterification reaction
for gas liquid chromatographic (GLC) and gas
chrpmatographic-mass spectroscopic (GC/MS)
analysis.

The lipase was purified from 48h Bacillus
licheniformis MTCC 6824 culture supernatant with a

specific activity of 520.28 LU/mg. Lipase exhibited
optimum activity at 450C and pH 8.0. The enzyme
exhibited 81.9% of the residual activity after 60 min of
incubation at 450C, and 69.3% after 2 h. Polyhydric
alcohol, sorbitol was found to be an effective stabilizer
of the enzyme, with about 98.6%  of residual activity
after 45 min, and 81.2% after 2 h of incubation. A
combination of Ca2+ and sorbitol induced a synergistic
effect on the activity of lipase with a significantly high
residual activity (100%) even after 45 min, as compared
to 91.5% when incubated with Ca2+ alone. The enzyme
exhibited hydrolytic resistance towards ester bonds
of �5-PUFAs with respect to the presence of a �5
olefinic double bond as compared with those of other
fatty acids, and proved effective for increasing the
concentration of EPA and AA from sardine oil. Utilizing
this fatty acid speficity, EPA and AA from sardine oil
were enriched by lipase-mediated hydrolysis followed
by urea-fractionation at 40C. The purified lipase
produced highest degree of hydrolysis for SFAs and
MUFAs (81.5 and 72.3% from their initial content in
sardine oil) after 9 h. Lipase catalyzed hydrolysis of
sardine oil followed by urea adduction with methanol
provided free fatty acids with 55.38% EPA and 5.80%
AA, respectively after complexation of saturated and
less unsaturated fatty acids. Combination of enzymatic
hydrolysis with urea complexation is a promising
method to obtain highly concentrated EPA and AA from
sardine oil.

Chlorophytan seaweeds, popularly known as
green algae, identified in both intertidal and

deep water regions of the seas, are of immense
bioactive value. A wide range of antimicrobial
compounds from green algae, viz., terpenses,
polyphenolic compounds and steroids have been
detected from various parts of the world. Ulva fasciata,
a green alga belonging to the family Ulvaceae
commonly known as "sea lettuce" that grows in
seashore of south India and coastal regions of Asia-
Pacific and Arabian Sea. Rapid development of

antibiotic resistance by many pathogens, along with
the toxicity of some of the currently used antibiotics
prompts the search for, and development of novel anti-
microbial agents from renewable sources. This report
focuses upon extraction, purification and structural
elucidation of antibacterial terpenoids from Ulva
fasciata.

Ulva fasciata was harvested from an exposed
interidal rocky shore in Vizhinjam, and its thalli were
air-drid. The dichloromethanic extract of air-drid aerial
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parts of this macroalga was fractioned by column
chromatography using a step gradient of hexane/ethyl
acetate to yield different compounds. The invitro
antibacterial activity of the biomolecules was tested
against marine aquacultural pathogens, Vibrio
parahaemolyticus and V. harveyi by the disc-diffusion
method and minimum inhibitory concentration,
following established procedures.

Chromatography of the dichloromathane-soluble
fraction on neutral alumina using increasing
concentrations of ethyl acetate/hexane as eluents
yielded labdane diterpenoids and guaiane
sesquiterpenoids. Structures of these secondary
metabolites were established using spectroscopic

analysis, especially, mass spectroscopy and
extensive nuclear magnetic resonance spectroscopic
techniques, including proton and carbon nuclear
magnetic resonance spectroscopy, two dimensional
nuclear overhauser effect correlation spectroscopy,
heteronuclear multiple quantum coherence, and
heteronuclear multiple bond coherence techniques.
The metabolities were found to contain unsual carbon
skeletons that are previously undescribed. The
antimicrobial assay showed that the compounds
labda-14-ene 3a, 8α -diol and labda -14ene-8α-
hydroxy-3-one were inhibitory to the growth of Vibrio
parahaemolyticus with minimum inhibitory
concentrations (MICs) of 30 ug/ml by the former, and
40 ug/ml by the latter, respectively.

Polyunsaturated fatty acid enrichment from sardine oil by urea-
fractionation and argentation chromatography

Fish and crustaceans cannot synthesize n3 and
n6 long chain polyunsaturated fatty acids (LC-

PUFAs) de novo from precursor molecules. Of these,
eicosapentaenoic acid (EPA), docosahexanoic acid
(DHA), and arachidonic acid (AA) are essential in the
diet of a majority of marine finfish and crustaceans,
especially for the larvae and broodstock. PUFAs are
widely available in a large variety of marine organisms
like microalgae, polychaetes, finfish and shellfish, but
fish oil is easily available, cheap, and contain
considerable amount of PUFAs. Crude sardine oil has
about 33.26% PUFA and the present study highlights
a method for purification of sardine fatty acids with the
goal to get a PUFA concentrate for ultimate use in
marine fish and crustacean broodstock and larval diets.
PUFA concentrates have been prepared from sardine
oil by urea fractionation and liquid column
chromatography of the urea-concentrate using AgNO3-
impregnated neutral alumina as stationary phase. The
purity of different fractions and recovery levels were
studied in detail using gas liquid chromatography
(GLC) and gas chromatography-mass spectrometry
(GC-MS).

PUFA, derived from sardine oil (50g) was

concentrated by urea-fractionation of saponified free
fatty acids using methanol at different temperatures
(2, 4 and 60C) and urea/fatty acid ratios (2:1, 3:1, and
4:1) to recover concentrated PUFAs. The fatty acids
were extracted with n-hexane (3 X 100 ml) to cause
the phase separation of urea and concentrated
PUFAs. Further purification of the concentrated
PUFAs was accomplished by argentation neutral
alumina column chromatography. The methyl esters
of fatty acids were fractionated using 5-50% diethyl
ether / n-hexane as eluants. The EPA was purified
by passing through the column along with 50%
diethyl ether / n-hexane. Free fatty acids were
transesterified into their methyl esters by reaction
with a methylating mixture before GLC/GC-MS
analysis.

Most of the saturated and monounsaturated
fatty acids were removed during urea complexation
resulting in relatively high level of PUFA (69.22+_
4.94%). The highest concentration of EPA (purity
47.78%) was obtained using a urea/fatty acid ratio
of 4:1 at the crystallization temperature of 40C, with
recovery of > 95%. The purity and yield were relatively
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