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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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Bio-enriched feed for false clown fish Amphiprion ocellaris

The development, production, and use of cost-
effective aquatic feeds, whether in the form of live

natural food organisms or manufactured compound
aquafeeds, is central to the successful operation of all
intensive aquaculture systems, including the production
of marine ornamentals. A 49 day feeding trial was
conducted using two test diets (bio-enriched feed with
carotene and bio-enriched feed without carotene) and a
control diet in the hatchery produced 90 days old
juveniles of false clown fish Amphiprion ocellaris. Mixed
oil cakes and wheat flour (soybean meal: wheat flour:
groundnut oilcake: sesame oil cake; 4:3:2:1) fermented
for 72 h using a phytase producing bacterial strain
Bacillus licheniformis MTCC 6824 isolated from
mangrove swamp was used for bio-enrichment. The
crude protein and crude fat contents of the diets was
42 and 9% respectively. Feeding experiments were
carried out in 45 L cylindro-conical fiber glass tanks
with a continuous aeration and a hiding pot for the fish.
Three replicates of each treatment and control were
set up for the trial. Tanks had an artificial light source
on for 8 hours and off for 16 hours per day. Complete
water changes were done at weekly intervals, and water
quality parameters like pH and temperature were
checked daily. The control diet was a commercial
ornamental diet (Alini, Fish Food manufactured by
Tropical Industry), purchased from a local aquarist.
Feeding to satiation was conducted by first offering a
predetermined amout of food. If the food had been
consumed entirely in five to ten minutes, additional feed
was provided. If residual feed remained, feeding was
terminated for that particular feeding and the amount of
food provided during the next feeding was decreased.
The goal was to provide the minimum amount of food
necessary. The treatment with diets containing B-
carotene gave better growth (3.63 ± 0.3 cm; 0.63 ±

0.04g) and colour retention than the control diet (2.64 ±
0.4 cm; 0.44 ± 0.2 g) and that with no cartotene (2.83 ±
0.1 cm; 0.35 ± g). No mortality was observed during
the feeding trial in any of the treatments. Cent percent
survival was observed during the feeding trial.

Fermented raw materials as fishmeal substitutes
in aquafeeds

Partial replacement of dietary fishmeal protein
with bacterial (Bacillus coagulans) fermented soybean
meal or mixed oil cakes for Penaeus monodon
juveniles as well as post larvae were found to be
successful after the feeding trials under laboratory
conditions. The fermented soybean meal (FSBM)
obtained after 48 h and bacterial fermented ingredient
mix (BFI) after 36 h had better nutritional profile than
unfermented raw materials. Biological parameters
calculated to evaluate the quality of diets include,
weight gain, feed conversion ratio (FCR), protein
efficiency ratio (PER), apparent net protein utilization
(ANPU, %) growth rate (GR, %), apparent dry matter
digestibility and apparent nutrient digestibility of protein
and lipid).

Feeding Trial I (50 days)

Five experimental shrimp diets with crude protein
level of 35% were formulated by replacing 20, 40,
60, 80 and 100% of fishmeal with fermented soybean
meal and a 25% fishmeal based diet was formulated
as control. The feed evaluations were conducted in
circular plastic containers containing 35 L of 20 ppt
water, provided with continuous aeration. P. monodon
(PL30 of mean weight 0.01 G ± 0.06) post larvae were
obtained from a local shrimp hatchery at Cochin. The
shrimp were fed daily at the rate of 12 g 100-1g body
weight throughout the trial and the daily ration divided
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low at crystallization temperatures of 2 and 60C, and
urea fatty acid ratios of 2:1 and 3:1. Argentation
neutral alumina column chromatography resulted in
EPA of high purity (99.6%) with an overall recovery
of 41.24% using 50% diethyl ether/n-hexane as

eluting solvent. The present study thus enabled to
develop a process of purification for achieving
concentrated PUFA (78.35%) using a urea/fatty acid
ratio of 4:1 at the crystallization temperature of 40C,
with recovery of > 80%.


