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Seafood processing industry is one of the major food industries in India. Nearly 190,000 tonnes of crustaceans particularly shrimps are processed annually in these export oriented industries. Export of frozen shrimps during the period 2000 – 01 was 110,000 tonnes valued at Rs 44,820 million. These shrimp processing industries generate large quantities of shrimp waste in the form of head and body carapace. These byproducts are valuable source of proteins (35 – 40% DWB), chitin (10 –15% DWB), minerals and natural carotenoids. At present they are being used in small quantities as shrimp meal for aquaculture and poultry diets and for production of chitin/chitosan. However a considerable quantity of this valuable byproduct is being wasted, resulting in not only the loss of valuable components but also environmental pollution.

Studies on efficient utilization of shrimp industry byproducts have been concentrated on recovery of protein and chitin from the waste. Not much attention has been given towards recovery of other valuable marketable products like carotenoids. There is a great demand for natural carotenoids as a replacement for currently used synthetic carotenoids in foods and feeds. The studies on characterization of carotenoids in crustaceans are restricted to species from temperate waters. The scientific data on quantitative and qualitative distribution of carotenoids in crustaceans from Indian waters is lacking. There is a need for development of suitable methods for recovery of carotenoids from the byproducts of shrimps form Indian waters and evaluating their suitability as coloring ingredients in food and feed.

In view of the above, studies were carried out to determine the yield and chemical composition of body components from 4 species of shallow water shrimps namely Penaeus monodon, P indicus, Metapenaeus dobsoni, Parapenaeopsis stylifera, two species of deep sea shrimps namely Solonocera indica and Aristeus alcocki, one species of fresh water prawn Macrobrachium rosenbergii, one species of crab each from marine water (Charybdis cruciata) and fresh water (Potamon potamon). Total carotenoid content in different body components was determined. The qualitative distribution of carotenoids was determined by identifying the major carotenoids by thin layer chromatography (TLC), absorption spectra and by high performance liquid chromatography (HPLC). Carotenoid esters from the extracts of different body components were analyzed for fatty acid profile by gas chromatography (GC).

In order to recover the carotenoids from the shrimp waste, extractability of carotenoids in different organic solvents and solvent mixtures was evaluated and the conditions for solvent extraction were optimized by a statistically designed experiment. Studies were also carried out on extractability of carotenoids in different vegetable oils. The optimized conditions for oil extraction of carotenoids were established. The effect of hydrolysis of waste with different proteases prior to extraction in oil on the yield was studied and the hydrolysis and extraction conditions were optimized. 

The effect of antioxidants and storage in different packaging conditions on the stability of recovered carotenoids was evaluated. The suitability of recovered carotenoids as colorants in fish products was assessed by incorporation of carotenoids in fish sausages. The pigmentation efficiency of carotenoids in ornamental fishes was evaluated by fish feeding experiments.

The whole write up is divided into three parts:

Part I includes introduction, review of literature, structure of carotenoids, scope and objectives of investigation. The introduction includes a brief account of fish production in India, processing and export of seafoods, waste generation in Indian shrimp industries, utilization of waste and the need for the study. The literature review covers published reports on classification, function and distribution of carotenoids, occurrence of carotenoids in various aquatic animals, role of carotenoids in aquaculture, effect of processing on carotenoids in aquatic food products and recovery of carotenoids from crustacean waste. Scope and objectives covers, the need for the study, major objectives and program of work.

Part II deals with the actual investigation work and is divided into 6 chapters, each containing a brief introduction, design of experiments, results and discussion. Results of each chapter are supported by suitable statistical analysis.

Chapter 1 covers the details on yield and chemical composition of different body components from different species of shrimps, prawn and crabs.

Chapter 2 deals with qualitative and quantitative distribution of carotenoids in different body components of crustaceans studied.

Chapter 3 includes studies on recovery of carotenoids from shrimp waste by solvent extraction. The extractability of shrimp waste carotenoids in different organic solvents and solvent mixtures and optimization of solvent extraction condition are included in this chapter.

Chapter 4 presents oil extraction process for carotenoids, which includes selection of suitable vegetable oil for extraction, optimization of conditions for oil extraction and effect of enzymatic hydrolysis of shrimp waste on yield of oil recoverable carotenoids.

Chapter 5 covers studies on effect of different antioxidants and packaging systems on stability of solvent extracted and oil extracted carotenoids.

Chapter 6 includes the details of study on use of recovered carotenoids as colorants in fish sausages and as pigment source in ornamental fish diets.

Part III covers summary and conclusion of the investigation and bibliography.

The salient findings of the investigation are

· Yield of waste (head and carapace) was higher in deep-sea shrimps (62 – 66%) than in shallow water shrimps (48 – 56%). The yield of waste in fresh water prawn was 60%. Content of crude protein (8.2 – 10.2%), true protein (6.3 – 9.7%), fat (1.1 – 8.1%) was higher in head than in carapace (7.8 – 9.5% crude protein, 5.2 – 8.2% true protein, 0.75 – 2.0% fat), while ash (4.0 – 6.5%) and chitin content (3.3 – 4.4%) were lower in head than in carapace (4.9 – 9.0% ash, 4.4 – 6.3% chitin).

· The yield of meat in crabs was 28.8 – 29.7% and that of shell was 34.4 – 35.7%. Chitin content was higher in marine crab shell (8.2%) than in fresh water crab shell (4.4%).

· Total carotenoid content varied between species and body components. Highest carotenoid content was observed in head of deep-sea shrimp A alcocki (185.3 (g/g) and marine shrimp P stylifera (153.1 (g/g). High levels of carotenoids were also observed in carapace of A alcocki (117.4 (g/g), S indica (116.0 (g/g) and P stylifera (104.7 (g/g). Low levels of carotenoids were observed in shrimp P indicus and fresh water prawn   M rosenbergii and crabs.

· The major carotenoids in shrimps, fresh water prawn and marine crab was astaxanthin and its esters. (-Carotene and zeaxanthin was at low levels in these species. Zeaxanthin was the major carotenoid in fresh water crab.

· The carotenoid esters from the crustaceans studied contained palmitic (C16:0), palmitoleic (C16:1), heptadecanoic (C17:0), stearic (C18:0) and oleic (C18:1) as major fatty acids.

· A 50 : 50 mixture of isopropyl alcohol and hexane was found to give higher carotenoid yield from shrimp waste  compared to individual solvents, namely acetone, methanol, ethanol, isopropyl alcohol, ethyl acetate, ethyl methyl ketone, petroleum ether, hexane or 50 : 50 mixture of acetone and hexane .

· The optimized conditions for solvent extraction of carotenoids were 60% hexane in solvent mixture, solvent mixture to waste ratio of 5 : 1 in each extraction and 3 numbers of extractions. A regression equation for predicting the carotenoid yield as a function of three processing variable (hexane % in solvent mixture, solvent level to waste and number of extractions) was derived by statistical analysis.

· Extractability of shrimp waste carotenoids was higher in refined sunflower oil compared to groundnut oil, gingelly oil, mustard oil, soybean oil, coconut oil and rice bran oil and the carotenoid content in oil could be increased by repeated use of pigmented oil for extraction of carotenoids from fresh waste for 3 times.

· The pigments in waste can be recovered in oil by mixing the sunflower oil with waste in a ratio of 2 : 1 (oil : waste), heating the mixture at 70°C for 150 min, centrifuging the treated waste and recovering the pigmented oil by phase separation. A regression equation was arrived at to predict the carotenoid yield as a function of oil level to waste, temperature and time of heating waste in oil.

· The oil extraction yield of carotenoids can be increased by hydrolysis of waste with protease prior to oil extraction and bacterial protease alcalase was found to be better than plant protease papain or animal protease trypsin for hydrolysis.

· Optimum oil extraction yield can be obtained by hydrolysis of waste with 0.75% (of waste) of alcalase at 37°C for 150 min, adding sunflower oil to the hydrolysed waste in a ratio of 2 : 1 (oil : waste), heating at 70°C for 90 min and recovering the pigmented oil. A regression equation was derived to predict the carotenoid yield at different levels of processing variables namely, enzyme concentration, incubation time and heating time in oil. By using the hydrolysed waste for carotenoid recovery, heating time can be reduced from 150 min to 90 min to get optimum yield. 

· Solvent extracted carotenoids can be stored by mixing with carriers such as sodium alginate or cornstarch. Addition of antioxidants and storing the pigmented carrier in light barrier packaging materials such as metallised polyester were found to reduce the degradation of the pigment. Tertiarybutyl hydroxyquinone (TBHQ) at a level of 200 ppm was found to be more effective antioxidant than (-tocopherol (200 ppm) for stabilization of pigments against oxidative degradation.

· In order to reduce the degradation of oil extracted carotenoids during storage, antioxidants, preferably TBHQ (200 ppm) should be added to the pigmented oil and stored in amber colored bottles.

· The addition of recovered carotenoids in fish sausage formulation at a level of 5 – 10 ppm improved the color and flavor of the product. The added carotenoids were stable during thermal processing of sausage.

· The addition of carotenoids in diets for ornamental fish koi carp (Cyprinus carpio koi) enhanced the skin coloration and total carotenoid content in the body.

The studies indicated that the waste (head and carapace) yield from the shrimps and prawn was in the range of 48 – 66%. The waste contains high levels of carotenoid and could be used as a source of natural carotenoids. Carotenoids in the waste can be better recovered by extracting with a mixture of isopropyl alcohol and hexane than the use of a polar solvent alone. Carotenoids can also be extracted using sunflower oil after hydrolyzing the waste with protease. To stabilize the carotenoids against degradation during storage, the addition of antioxidants and storing in light barrier materials can be adopted. The recovered carotenoids can be used as colorants in fish products and as pigment source in diets for ornamental fishes.
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