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ABSTRACT

The marine fishery industry is an activity of great economic importance in India. Industrial fish processing operations generate
a significant amount of wastes, which contains long-chain fatty acids. The crude fish oil from the waste parts of marine fish is considered
to be alternative source of low-cost feedstock for biodiesel production. The aim of the present study is to utilize the discarded fish
wastes for generation of biodiesel. The experimental result shows that the microwave lipid extraction has approximately 50% more
efficiency as compare to conventional method. The transesterification of the extracted lipid from discarded fish-waste material shows
efficient conversion into biodiesel through microwave. The Gas chromatography—mass spectrometry analysis shows the presence of
good quantity of palmitoleic acid, palmitic acid, oleic acid and eicosapentaenoic acid which is essential biodiesel components.
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INTRODUCTION

The world is on the brick of energy crisis due to depletion of fossil fuels. The energy and environmental concern spurred the
development of low-cost renewable and sustainable fuel resources (Yahyaee et al., 2013). Currently, biodiesel is considered as next
generation renewable and sustainable fuel produced from plants or animal lipids (Jaiswal and Pandey, 2014). Non-edible resource can
provide an alternative source without competing food uses (Karmakar et al., 2010). India is the 2nd largest producer of fish in the world
contributing to 5.43% of global fish production due to longest marine coastline of 8,118 kilometres. The fish market and fish processing
industry generates enormous quantities of discarded fish waste approximately 1/3rd part such as head, viscera, tail, skin, liver, eyes,
fins etc. which is considered as loss. The marine fish oil extracted from discard part of marine fish identified as abundant, cheap potential
source of biodiesel (Patil et al., 2013). In recent years, researchers have tested microwave energy; a non-conventional heating method
for extraction and transesterification of lipids from various feedstocks (Shakinaz et al., 2010). The application of microwave irradiation
offers a fast, easy route to enhance the reaction rate for synthesis of Fatty acids methyl esters (FAMES) with reduced time and solvent
utilization, using homogenous or heterogeneous catalysis either in batch or continuous system (Hernando et al., 2007). It can be
combining to perform single-step extractive transesterification reaction involving appropriate ratio of lipid, solvent and catalyst for
biodiesel production (Sharma et al., 2014). In this study, discarded fish waste was utilized as low-cost feedstock for biodiesel production.
Conventional and microwave irradiation method of lipid extraction were studied for its efficiency. The extracted lipids from fish waste
were used for microwave-assisted transesterification in the presence of KOH catalyst and methanol as a green conversion approach.
MATERIALS AND METHODS

Fish waste collection and chemicals the discarded part of freshwater and marine fishes such as viscera, head, skin, lung, tail,
scales etc. was collected separately from Goubert fish market, Pondicherry. The used chemicals for lipid extraction and
transesterification were laboratory and analytical grade procured from HiMedia Laboratories.
Conventional and microwave-assisted lipid extraction

The discarded fish waste was dried under solar air heater at 55-60°C and ground into powdered form. Lipid extraction was
done by conventional solvent and microwave assisted method. In the conventional solvent method, chloroform, methanol and distilled
water (1:2:0.8) mixed with biomass for 24 hours (Bligh and Dyer, 1959). Microwave-assisted lipid extraction was carried out for 10
min at 80°C. The solvent containing lipid was filtered through Whatman filter paper no. 1 and lipid layer separated by using separating
funnel and solvents evaporated by rotatory evaporator. The crude lipid content was calculated in % dry cell weight for extraction
efficiency.

Microwave-assisted transesterification reaction the closed microwave heating system (Microwave synthesis reactor - Anton
Par Monowave 300) was used for conversion of crude fish lipids into fatty acid methyl esters (Gude et al., 2013). Reaction condition of
transeserification reactions were 6:1 methanol to lipid ratio at 65°C for 10min. in the presence of 1.5 wt. % KOH catalyst with magnetic
stirrer bar which allows continuous stirring. Biodiesel was separated from glycerol mixture by centrifugation for 10 min. at 200 rpm
and washing step used with hot water for purification.
Analysis of biodiesel and calorific value: Biodiesel was analyzed for fatty acid methyl esters content with the help of instrument GC-
MS (Model - Clarus 580) and calorific value was estimated by instrument IKA500 Bomb calorimeter.
RESULTS AND DISCUSSION

In the experiment, discarded marine and freshwater fish-waste was utilized as renewable, cost effective sources for biodiesel
production. The result shows that conventional solvent lipid extraction (Bligh and Dyer method) from freshwater and marine fish waste
was 6.8% and 12.6% of dry cell weight respectively. Microwave heating system for freshwater and marine fish waste lipid extraction
was 9.4% and 18.2% respectively which is approximately 30-50% more efficient as compare to the conventional method with less time
duration and solvent utilization. Apart from lipid extraction, microwave-assisted transesterification reaction in the presence of KOH
catalyst for 10 min. at 65°C shows attractive result into FAMES conversion as a cleaner and greener method with high efficiency.
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Figure.1.GC-MS analysis of biodiesel produced from fish waste lipids

Fatty acid methyl esters analysis by GC-MS shows the presence of palmitoleic acid methyl ester (C-16:1), palmitic acid methyl
ester (C-16:0), oleic acid methyl ester (C-18:1), Stearic acid methyl ester (C-18:1) and eicosapentaenoic acid methyl ester (C-20:5) in
the fish biodiesel (Figure). The calorific value of fish biodiesel was 37.270 MJ/Kg. The results encourage the utilization of discarded
fish waste for biofuel and other value added by-product production instead of dumping and microwave technology shows highly
efficient greener processing.
CONCLUSION

The present study indicates that instead of dumping, utilization of discarded fish waste as a low cost feedstock is a better option
for biofuel production and also as health supplement. Results show that marine fish waste contains more lipids compare to freshwater
fish waste. Microwave lipid extraction was nearly 30-50% more efficient as compare to conventional. Microwave assisted
transesterification of lipid shows cleaner and greener method in terms of energy and solvent utilization with reduced time and efficient
reaction rate. The GC-MS analysis shows the presence of methyl ester of palmitoleic acid, palmitic acid, oleic acid, stearic acid and
ecosapentaenoic acid which is essential component of biodiesel.
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