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1            Introduction 

 Since ancient times, seafood has been considered a healthy food for humans. 
Seafood by-products also play a major role in the daily lives of humans. Focus has 
been increased to develop new seafood by-products of marine origin. There could 
be environmental and economic advantages in utilizing the by-products of marine 
animals or plants for human consumption, rather than disposing of such materials at 
sea. Figure  1.1  Gives an overview of the utilization of marine by-products.
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2        Fish By-products 

 Historically, fi sh by-products were considered to be of low value and were disposed 
of in the most convenient way. In many countries, importance is placed on the pos-
sibilities for further utilization of by-products, from aquaculture as well as tradi-
tional fi sheries, rather than the problem of their disposal. 

 In the past, fi sh deaths, which can occur for a variety of reasons, have been dis-
posed of in various ways, including by burning, discarding in the land, biogas pro-
duction, production of fi sh meal, and incorporation into pet food or food for animals. 
Finfi sh and shellfi sh waste processing is confi ned to the manufacture of meal and 
oil. The meal is used mainly for animal feeds, while the oil is used in edible oils and 
oils for industrial applications. Recent studies have identifi ed a number of biologi-
cally active compounds from fi sh muscle proteins, bones, fi ns, internal organs, col-
lagen, gelatin, and oyster and crustaceans shells (Je et al.  2005 ; Jung et al.  2006 ; 
Kim and Mendis  2006 ; Kristinsson and Rasco  2000 ; Morimura et al.  2002 ; Nagai 
and Suzuki  2000 ; Ozawa and Suzuki  2002 ; Toppe et al.  2006 ). 

2.1     Protein 

 A huge amount of protein-rich by-products from the fi sh processing industries is 
discarded every day (e.g., skin, bones, and fi ns). Recovery and alteration of the fi sh 
muscle proteins existing in the by-product materials and using them as functional 
ingredients in food systems is a very exciting and promising alternative. By devel-
oping enzyme technologies for protein recovery and modifi cation, the production 
of a broad spectrum of food ingredients and industrial products will be possible. 
There are few hydrolyzed fi sh protein foods, with the exception of East Asian 
 condiments and sauces. Fish protein hydrolysates using acid, base, endogenous 
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  Fig. 1.1    Overview of seafood by-product sources and its utilization       
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enzymes, and added bacterial or digestive proteases are manufacturing techniques. 
The functional properties of fi sh protein hydrolysates are described in this book, 
including solubility, water-holding capacity, emulsifi cation, and foam-forming abil-
ity (Fig.  1.2 ) (Kristinsson and Rasco  2000 ).

   Discarded wastes from fi sh usually consist of a considerable amount of protein. 
These fi sh wastes are nutritionally important to isolate value-added products, 
Enzymatic and chemical methods are widely used to isolate the protein (Dyer et al. 
 1950 ; Shahidi et al.  1995 ). Fish hydrolysate is the main form of seafood by- products, 
which can be used as a fi sh-based fertilizer, animal food, and human food applica-
tions. Fish protein hydrolysates possess a number of biological activities, such as 
antiproliferative, antioxidant, and inhibitory activity of angiotensin-I-converting 
enzyme (ACE), as reported in the literature (Amarowicz and Shahidi  1997 ; Jun 
et al.  2004 ; Samaranayaka and Li-Chan  2008 ; Wu et al.  2003 ). Fish protein hydro-
lysates with multiple bioactivities could be useful in formulating functional food 
products that target the reduction of the symptoms of oxidative stress, hypertension, 
and possibly dyslipidemia, all of which are common to coronary heart disease 
(Samaranayaka et al.  2010 ).  
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2.2     Peptides 

 Peptides from marine sources have been proved to have signifi cant antioxidant 
activity with no cytotoxicity (Kim et al.  2007 ; Liu et al.  2010 ; Qian et al.  2008 ; 
Rajapakse et al.  2005 ; Sampath Kumar et al.  2011 ). The in vitro antioxidant activity 
of bioactive peptides purifi ed from different body parts of marine fi shes have been 
explored in recent years (Naqash and Nazeer  2010 ,  2011 ). Several reviews have 
been completed related to fi sh peptides for antioxidant, antihypertensive, antiprolif-
erative, and anticoagulant properties (Kim and Wijesekara  2010 ; Kim et al.  2007 ; 
Najafi an and Babji  2012 ; Rajanbabu and Chen  2011 ). Fish peptides can be isolated 
using the following techniques: liquid extraction (Urakova et al.  2012 ) and micro-
bial fermentation of proteins (Kim and Wijesekara  2010 ).  

2.3     Collagen and Gelatin 

 Food and pharmaceutical industries all over the world are witnessing an increasing 
demand for collagen and gelatin. Mammalian gelatins (porcine and bovine) are the 
most popular and widely used. However, fi sh gelatin reportedly possesses similar 
characteristics to porcine gelatin, and may, thus, be considered as an alternative to 
mammalian gelatin for use in food products. The production and utilization of fi sh 
gelatin not only satisfi es the needs of consumers, but also serves as a means to uti-
lize some of the by-products of the fi shing industry (Karim and Bhat  2009 ). The 
major protein constituent of the skin, bone, swim bladder, and scales of fi shes 
resembles, in many ways, the more widely studied collagen of mammals (Eastoe 
 1957 ; Giraud-Guille et al.  2000 ). Type I collagen has also been extracted from the 
skin, bones, fi ns, and scales of freshwater and marine fi shes. 

 Marine organisms such as fi sh and shellfi sh are rich sources of structurally 
diverse bioactive nitrogenous components. Based on the emerging evidence of 
potential health benefi ts, fi sh-derived peptides show signifi cant promise as func-
tional food ingredients. Bioactivities including antihypertensive, antioxidant, anti-
microbial, anticoagulant, antidiabetic, anticancer, immunostimulatory, calcium 
binding, hypocholesteremic, and appetite suppression have been reported. Fish and 
shellfi sh waste components contain signifi cant levels of high quality protein [10–
23 % (w/w)], which represents a source for biofunctional peptide mining (Harnedy 
and FitzGerald  2012 ).  

2.4     Fish Oil 

 On the basis of increasing global fi sh meal and fi sh oil costs, it is predicted that 
dietary fi sh meal and fi sh oil inclusion levels within compound aquafeeds will 
decrease in the long term, with fi sh meal and fi sh oil usage increasingly being 
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targeted for use as a high value specialty feed ingredient for use within higher 
value starter, fi nisher, and broodstock feeds, and by so doing, extending the supply 
of these much sought after and limited feed ingredient commodities (Fig.  1.3 ) 
(Tacon and Metian  2008 ).

   Fish oils are used in a variety of markets, including industrial uses, food, feed, 
and aquaculture and nutraceutical applications. The aquaculture market requires 
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oils with low levels of oxidation, low levels of contaminants, and consistent quality. 
The nutraceutical market wants oils low in oxidation and contaminants, but also 
with high levels of omega-3 fatty acids. This market pays premiums for high levels 
of omega-3 and wild salmon oil might be able to command a premium in that mar-
ket if only because of the name. However, the omega-3 content of salmon oil might 
present problems. Recently, the nutritional oil companies have revised their defi ni-
tion of omega-3 to include the sum of C18:3, C18:4, C20:4, C20:5, C21:5, C22:5, 
and C22:6 all n-3 fatty acids.   

3     Crustaceans By-products 

3.1     Chitin and Chitosan 

 Chitin is the second most important natural polymer in the world. The main sources 
exploited are two marine crustaceans, shrimp and crabs. Chitin, poly 
(β-(1 → 4)- N -acetyl- d -glucosamine), is a natural polysaccharide of major impor-
tance, fi rst identifi ed in 1884. This biopolymer is synthesized by an enormous num-
ber of living organisms, and considering the amount of chitin produced annually over 
the world, it is the most abundant polymer after cellulose. Chitin occurs in nature as 
ordered crystalline microfi brils forming structural components in the exoskeleton of 
arthropods or in the cell walls of fungi and yeast (Alishahi and Aïder  2012 ; Andres 
et al.  2007 ; Cheng et al.  2005 ; Gérente et al.  2010 ,  2007 ; Goosey and Kellner  2012 ; 
Kim et al.  2008 ; Krajewska  2005 ; Kwok and McKay  2010 ; No et al.  2007 ; Rinaudo 
 2006 ; Rong et al.  2010 ; Senevirathne and Kim  2012 ; Shahidi and Abuzaytoun  2005 ; 
Wang et al.  2011 ). Chitin and chitosan produced have also been characterized with 
Fourier transform infrared spectroscopy (FTIR) (Limam et al.  2011 ).  

3.2     Application of Chitin and Chitosan 

 Chitin and its deacetylated derivative, chitosan, are non-toxic, antibacterial, biode-
gradable, and biocompatible biopolymers. Due to these properties, they are widely 
used for biomedical applications, such as tissue engineering scaffolds, drug deliv-
ery, wound dressings, separation membranes and antibacterial coatings, stent coat-
ings, and sensors. Wound dressing is one of the most promising medical applications 
for chitin and chitosan. The adhesive nature of chitin and chitosan, together with 
their antifungal and bactericidal character, and their permeability to oxygen, is a 
very important property associated with the treatment of wounds and burns. 
Different derivatives of chitin and chitosan have been prepared for this purpose in 
the form of hydrogels, fi bers, membranes, scaffolds, and sponges (Jayakumar et al. 
 2011 ). Electrospinning has been found to be a novel technique to produce chitin and 
chitosan nanofi bers (Jayakumar et al.  2010a ,  b .   
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4     Seaweed By-products and Their Applications 

 Seaweeds are consumed by coastal populations, particularly Asians (Japan, China, 
Korea, Taiwan, Singapore, Thailand, Cambodia, Vietnam, Indonesia, and Malaysia). 
Seaweeds are also harvested or cultivated for the extraction of alginate, agar, and 
carrageenan, which are gelatinous substances (hydrocolloids). Alginates are com-
monly used in wound dressings, tissue engineering, and drug delivery (Li et al. 
 2005 ; Paul and Sharma  2004 ; Tønnesen and Karlsen  2002 ).  

5     Organization of This Book’s Chapters 

 This book exposes knowledge on the view of processing, methods, and application 
of seafood by-products. The fi rst part of the book includes an introduction to seafood 
by-products. The second part introduces statistics and methods involved in seafood 
by-products and illustrates trends in the use of seafood processing by- products in 
Europe and South Asia. The third part of the book explains in detail fi sheries by-
products, starting from protein, gelatin, soy sauce, enzymes, and lipids. The fourth 
part of the book deals with by-products of marine animals, bacteria, crustaceans, and 
algae. In this part, uses of seafood by-product in the animal seed industry, uses of 
lactic acid bacteria, chitosan products, chitosan from crustaceans, microalgae for 
biofuel production, and bioactive compounds from marine algae are explained. The 
fi fth part of the book deals with the biological and biomedical applications, including 
the application of fi sh collagen in dental and hard tissue regeneration, food industry 
and human nutrition, antidiabetic and obesity effects of seafood by-products, 
 bioluminescence, and bioactive marine algal and their therapeutics, and, fi nally, the 
functional properties of ascidians by-products for medicinal and nutritional value.     
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