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Introduction

Historically. fish has always been an important [ood source and even today it is
one of the most traded commodities in international markets. Currently. fish contributes
around 16.6% to the total animal protein supply and 6.5% of all proteins consumed by
humans world-wide. In parallel with the increasing global demand for seatood, there
arc growing concerns about the sustainability and management of the fishing industry,
Recent studies have anly discussed wastage i gencral terms and suggest that waste
could be as large as USS$ 50 billion cach year due 0 poor management of scafood
resources. However. if appropriate management changes are undertaken, losses [rom
the fishery scctor can be reduced i a sustainablic way. Diflerent types and quantities of
fish waste are produced throughout the food supply chain. commencing with capture
and ending with consumption. Wasles are produced at diflerent points in the value
chain, viz. through by-catch, onboard processing. transport. storage. retailers, and
consumers. Fish waste generation beging during wild catching. with by-catch or
unintentional catch of marine species being discarded. It is estimated that globally
around 17.9 to 39.5 million tonnes of whole fish 1s discarded cach year by commercial
fishing operations. Following capturc, processing is the main stage in the food supply
chamn where maximum waste gets generated. During processing. only the fillets are
preserved and the remainder of the fish is thrown away as waste. Global fish waste
generation is estimated to be in excess of 100 mMT and in the Indian scenario it 1s >4
mM'. Itis estimated that [ish processing waste after filleting accounts for approximately
75% ol the total fish weight. About 30% of the total fish weight remains as waste in the
form of skins and bones during preparation of fish fillets (Table 1). Bio-conversion of
these wastes is an environmental friendly and profitable option for the utilization. Some
viable options for generating wealth from waste are discussed in this chapter.
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Value addition options and Table 1. Waste generation in industrial
opportunities fish processing in India

venerally two different :
Generally iy dt_”‘: €Nl products Waste generated (%)
methods. mass transformation and

. Shrimp products
sorting. have been developed to b

. _ i e aceere (PD; PUD. HEete 3 50
improve the economic value ot tish
wastes. Mass transformation Fishfillets 70
involves the conversion of fish waste  Fish steaks 3
into a single product. Typical Whole and gutted fish 10
s of transformed fish was s R z
%\ample% of tlamw_ 1 _d f‘l‘ﬂh. w Sl ~urtlefish ings 50
include fishmeal, fish oil. fertilizers, Cuttlefish whol 10
; uttlefish w ]
and hydrolysates such as protein SALOLe )
hydrolysate. Alternatively, sorting Cuttlefish fillets 50
involves utilizing various fish body  Squid whole cleaned 20
parts such as bones, guts, and fins  Squid tubes 30
separately to enhance their economic Squid rings 55

value. For example, sorting enables
the production of specialized products

Source: Anon. (20053)

such as liver oil, gelatin, omega-3 fatty acids, protein containing sports food and drinks.
calecium, cosmeltics, and pharmaceuticals. Wider acceptance and adoption of both methods
could lead to significant reductions in wastes going to landfill and reduce the damaging
impact ol fish wastes on the environment.

Fish meal: Fish meal is highly concentrated nutritious feed supplement consisting ol
hish quality protein. minerals. vitamins of B group and other vitamins and other unknown
growth factors. Fishmeal is rich in essential amino acids. [t is produced by cooking.
pressing. drying and grinding the fish, by-catch fish, and miscellancous fish, filleting
waste. waste from canneries and waste from various other processing operations. The
composition of fishmeal differs considerably due to the variations in the raw matcrial
used and the processing methods and conditions. Better quality fish meal has been a
prominent item of export from the very beginning of this industry. BIS has brought out
the specification for fish meal as livestock feed for facilitating proper quality control.
The proximate composition of fish meal, in general, is protein 50-60%; fat 5-10%; ash
- 12-35% and moisture - 6-10% (Mathew, 2014). Around 15% of the global fish meal
demand is met from fisheries resources alone. The projected (2030) annual growth rate
in fishmeal use in aquaculture is 1.7%, where the current usage is at a tune of 3.9%.
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Plhe recent development in caprive breeding and rearing kivh salie species such ¢
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cobia, grauper. pompano. Nile tlapia. lobsier. Asian scabass cte. impites that there is §

good scope tor Hourtshing fintisi and shelltish production through aquaculiure in thy

near future, This m turn highlichts the
bright future of fish meal industry m
coming years. as most ol these species
demand high protein feeds for their
optimum growth.

Fish protein hydrolysate: Fish
protein hydrolysates are obtained by
the controlled hydrolysis oi fish
protein cither by employing acid,
alkalt or commercially available
proteolytic enzymes. Hydrolvsates tind
apphication as milk replacement and
tood flavourmg,. Fnzymes like papain,
ficin.  trypsin.  bromelein  and
pancreatin are used for hydrolysis. The
process consists of chopping, nuncing,
cookinye and cooling to the desired
temperature. hydrolysis. sieving.
pastewrizing the hquid. concentrating

and dryving {(by vacuum or spray

|

Table 2 Yield of fish hydrolysate
from different fish species

Sﬁecics Yicld of hy(lrulysald

(e.100g™") 1'

[izardfish (Savrida tumbil)

Large spinced flathead

(Platycephalus macracanthis

Ribbontish (7richiurus sp.)
Barracuda(Spivraena sp.)
Tewtish (Johuius sp.)

Threadfin bream
(Nemipteris juponicus)

Cattish (Tachysurus sp.)
Anchovies (fhrissocles sp.)

Sole (Cvanoglossis sp )

—

3
2

Cad

9.9
119
9.9
12
10.9
9.7
8.6

drying). Iish protem hydrolysates have desirable functional propertics with potential
applications as emulsifiers and binder agents: and can be used in place of diary-based

and plant-based protein hydrolysates as well as protein powders currently available in

market (Binsi er af., 2016). The yield of hydrolysate is a critical parameter which decides

the economics of operation. The yield is primarily dependent on factors such as enzyme-
substrate ratio, temperature, pH, hydrolysis period, enzyme used cte. (lable 2).

The peptides formed by the hydrolysis ol fish proteins are proven to have
bioactive properties like antihypertensive. antithrombotic, immuno - modulatory and
antioxidative properties. Also, they are good source of nutritional and functional
properties. A variety of nutraceuticals from FPH are commercially produced and are
available in international markets. Oyster peptide extract developed by ICAR-CIFT
possessed antoxidant and anti-inflammatory activities (Asha ef a/ 2016). Similarly,
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hyvdrolysate made trom squitla meat elfecuvely reduced otl absorption in breaded and

batcred products. when mcorporated in the batter mix.

[n the industrial process of preparation of hydrolysates. enzyme hydrolysis is
followed. Papain, bromelein. pepsin. ficin and trypsin are used for hydrolysis. Most
hydrolysates are bitler in taste. Hence flavouring agents like cocoa. malt and sugar are
used during the fortification in food preparation to mask the bitter taste as given in
Table 3. Protein hydrolysate has special application in sports medicine because its
consumption allows amino acids to be absorbed by the body more rapidly than intact
proteins, thus maximizing nutrient delivery to muscle tissues. Bioactive peptides are
generally short peptides (3—20 amino acids) derived from proteins that can exert
biological activities over and above
their expected nutritional value. From
a nutritional perspective, thesc
peptides are more bio-available than
proteins or frec amino acids and at the

Table 3. Composition of beverage
based on fish protein hydrolysate

Species Composition
by weight (%)

same time, less allergenic than their
native proteins. Apart from their
nutritional benelits. bioactive peptides  Malt 20
exhibit a wide range of physiological

Fish protein hydrolysate 30

s : ; . : Sugar 20

functions ncluding antihypertensive.

antioxidative, opioid agonistic. Milk powder 8y

anticancer immuno-modulatory. gy 03

antiproliferative, antumicrobial.
Cocoa 05

prebiotic. mineral binding. antithr-

ombotic. hypolipidemic and hypochol-

esterolemic effects. These beneficial properties of fish protein hydrolysates may be due
to the unique combination or high proportions of certain amino acids such as arginine
and taurine with low levels of branched-chain amino acids found in fish meat.

Enzymes: There is a great demand for enzymes with right combination of propertics
for a number of industrial applications. Enzymes from marine fisheries resources have
wide biotechnological potential as they have some unique propertics for industrial
applications, e.g. in the detergent, food, pharmaccutical. leather and silk industries.
Among the enzymes derived from various sources, marine enzymes have certain
technological advantages. Some of the distinctive features of enzymes derived from
fish include, the higher catalytic cfliciency at lower reaction temperatures, and stability
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al wide range of pH and in the presence of surfactants or oxidizing agents. The high
catalytic activity at lower temperature is a unigue property that further permits to proce
foods at low temperatures such as [ruit juices. thereby protects heat-labile fog
components and reduces the energy cost. Similarlv, the lower thermo-stability of marin
enzyvmes would permit their complete mactivation by mild heat treatments. where
the enzymes from microbial and plant resources often requires heating at above 90 ©
for a minimum duration of 10 min. for stopping the enzymatic reaction. World-wids
the sales of industrial enzymes are growing at a fast rate. Presently, industrial enzym
are mostly derived from microorganisms and to a lesser extent from plant and bovin
sources. So far, there is only very limited use of marine-derived enzymes by the industry
The reason may be the limited basic information on these enzymes, the seasonal natur
of raw material availability. the psychological inertia of the public towards fish otfal
and (o a greater extent. due to the lack of proper techniques for the recovery of enzyme
trom fish processing waste which comprises of a complex mixture of variou
hiomolccules such as proteins. lipids, minerals, glyco-proteins etc. Itis suggested tha
tuture rescarch may be tocused on the development efficient and cost-etfective
technologics for the recovery of various enzymes from fishery resources, so that some
of the unigue properties of marine enzymes may be exploited in various food
applications, and thereby, obtain a share ol lucrative industrial enzyme market to increase
the profit for fish processing industry.

Taurine: Taurine is a sulfir-contaming non-protein amino acid (2-amino ethane sultonic
acid). with multiple tunctions hike neuro-transmission. cell volume regulation,
stabilization ot cell membranes and in the transport of 1ons such as calcium. sodium,
potassium and magnesium. Taurine 15 one of the most abundant amino acids in the
brain, rctina, muscle tissue, and organs throughout the body. and taurine deficiency is!
associated with cardiomyopathy, retinal and tapetum degeneration, renal dysfunction,
mmune deficiency, muscle atrophy, developmental abnormalities, premature aging,
and impaired reproduction. It can be synthesized from methionine and cysteine with
the help of vitamin B6. The importance of taurine in biological system has been
recognized in the recent past only and is now considered as a ‘conditionally essential
amino acid” having key functions in the visual pathways, the brain and nervous system,
cardiac function. and cholesterol metabolism. The osmorcgulatory role of taurine in
facilitating the passage of sodium, potassium, calcium and magnesium ions into and
out of cells, thereby stabilizing the structural and functional integrity of cell membranes
was well discussed in earlier reports. It is involved in detoxification of xenobiotics and
also essentially required for efficient fat absorption and solubilisation. Taurine has a
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protective effecton the tissue damage thatresults tfrom oxygen-free radieals m mereury-
induced toxicity. It plays a crucial role in pre-natal and infant development.
Epidemiological studies have shown that increased taurine intake is associated with
diminished risk of hypertension. The deficiency of taurine does not impose immediate
health issues. However long-term deprivation can affect a multitude of metabolic
pathways. It is a key ingredient of bile and has a major role in the maintenance ol
normal gastrointestinal development and functions. Taurine is found in greater
concentrations in all animal products. Meat, breast milk, dairy products, and fish are
wood sources of taurine. Shellfish contain higher concentration of taurine compared to
that of finfish. Zhao er. al. (1998) determined the taurine concentration of a variety of
common marine fish species and reported the highest content in crustacean and molluses,
ranging from 300-800 mg per 100 g meat. Apart from that red algac is considered as a
good edible source of taurine. A possible beneficial action of taurine against Parkinson’s
and Huntington’s disease by attenuating oxidative stress and apoptosis Is proposed.
Eventhough. the cellular and biochemical mechanisms mediating the actions of taurine
are not fully revealed. mounting evidences suggest that taurine might be a key functional
ingredient for use as a nutritional supplement to protect against oxidative stress,
neurodegenerative diseases, atherosclerosis and hypertension.

Glucosaminoglycans: Glucosaminoglycans (GAGs) are linear polysaccharides with
repeating sequences of disaccharides consisting of an amino sugar (N-acetylglucosamine,
or N-acetylgalactosamine) and uronic acid (glucuronic acid or iduronic acid) or galactose.
The major members of GAGs are hyaluronic acid or hyaluronan (HA). keratin sulfate
(KS). chondroitin (CS). dermatan sulfate (DS). heparin and heparin sulfate (HS). HA s
a high molecular weight molecule. typically with 2 -10 x 107 Da and 2-25 im chain
length, whereas. other GAGs are short-chain molecules with of less than 50 kDa. more
commonly 15-20 kDa. Hyaluronan lacks sulfate groups and is not covalently linked to
protein. but the rest of the glycosaminoglycans are covalently linked to a protein core
and contain sulfates at various positions. Dermatan sulphate is distinguished from
chondroitin sulfate by the presence of iduronic acid. Keratan sulfates contains sulfated
galactose and N-acetylglucosamine in place of uronic acids. GAGs are primarily
considered as the components of various structural and connective tissues. Apart from
the structural role, GAGs have been found to be associated with the regulation of a
number of proteins, including chemokines, cytokines, defensins, growth factors,
enzymes, proteins of the complement system and adhesion molecules. Apart from that,
a few members like heparin possess anticoagulant, and anti-inflammatory properties.
Dermatan sulfate (chondroitin sulfate B), also has a range of biological properties,
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aithough at has not vet been considered 1or therapeutic purposes. Marine heparing

extracted trom shrunp and sea squirt has proven ant-inflammatory propertics.

Melanin: Cephalopoads comprising mainly squids and cuttlefishes form an important
resource of world occans and therr cconomic unportance 1s growing exponentially,
Consequently, cephalopods have emerged in recent vears as an important componen
of'the marine products. and are considered as a major delicacy in export markets. While
scveral products (hillets, tubes, rings ete.) are made trom cuttletish, squid and octopus,
considerable quantity. cluding the mnk sac is disposed as waste. Interestingly. the
cephalopod ink was identified as the most usetul resource for the commercially important
pigiment melanin. Basically, squid ik is an mixwre of melanin, proteins. lipids,
carbohydrates, glycosaminoglycans, various minerals etc. 'he predominant components
arc melanin and protein-polysacchanides complex. Fachi ink sac of sepia has ~ 1 ¢ of
melanin, and melantn constitutes ~15% of'the total wet weight of ink with other proteins,

The basic structure of imelanin comprises of covalently linked indole structure
(Takaya ef.al.. 1994). Melanin performs a number of biological tunctions in the body,
the main function being protection ot the orsanism from harmful agents such as
ultraviolet (UV) radiation. Melanin is capable ol dissipating over 99% of absorbed UV
light. Besides. inthe biologrcal system. mcelanin plays a vital role in providing mechanical
strenpth and protecting proteins from degradation. Numerous reports published in last
30 years reveal the therapeutic, prophylactic and curative value of cephalopod ink. The
anti-uleerogeneic propertics and anti-inflammatory activity ot squid melanoprotein
agamst paw edema was demonstrated i 80°s by Mimura ef af. throueh a series of rat
model studies. Later on. several rescarchers confirmed the effect of squid melanin on
both phenyl butazone-induced ulceration in gastric mucosa and sceretion of pastric
Juice inrats. Apart from that. melanin has been reported to have radio-protective activity,
antitumor activity. immuno-modulatory activity. procoagulant function and so on.
Natural melanin has been reported to have defense activity, protection function and
metal chelating ability. It could participate in physiological and pathological activitics
i human body and even in the treatinent of Acquired Immune Deficieney Syndrome
(AIDS). Anew generation photo-thermal dopamine-melanin colloidal nanospheres was
developed by Liu et af. (2012) which could efficiently damage tumour cells at low
power density and short duration. without damaging healthy tissucs. Mclanin also
functions as photoprotective and chemoprotective pigment. protecting the body from
damaging radiations, as obscrved at an effective dose of 50 mg/kg body weight in mice
modecl. Similarly, oral administration of melanin for protection against radiation was
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reported by Dadachova er. of (2016). The protective activity of melanin is primanly
attributed to the mhibition of radiation-induced hematopoietic damages. Several other
physiological studies conducted on squid ink also revealed significant effects on
oranulopotiesis of hemopoiesis impaired mice induced by “Co y irradiating or
cyclophosphamide, but has no effect on erythropoiesis. Melanin has been widely and
conventionally used as an antioxidant and natural colourant in food formulation. The
most interesting thing is that melanin can be used as food additives to prevent the
rancidity caused by the presence ot bacteria by quenching the bacterial quorum sensing.
Squid melanin was reported to have hemopoietic function in iron deficient anaemic
rats, which might be exploited as a sate, efficient new
iron tonic. Deficiency of melanin 1s associated with %
disorders such as vitiligo and oculocutaneous albinism.
Interestingly, melanin 1s thought to play a protective
role against the age-associated and noice-induced
hearing loss. Recently, the anti-ageing property of
melanin was demonstrated in mice model, suggesting
i’s use in neutracosmetic formulations. Eventhough
melanin is a part of normal human diet, research on
dictary intake of melanin 1s not much explored.

Melanin

Challenges and way forward

The key to successtul scalood waste utilisation and management is to develop
appropriate eco-friendly reprocessing technologies that can convert all the valuable
components present in the waste into valuable products and reduce the amount of waste
voing o disposal route. However, there are many challenges that we must overcome Lo
achieve this goal.

I. Consumer awareness and education 1s one such challenge. Without consumer
acceptance of food waste reduction approaches, no sustainable eco-friendly food
waste utilisation and management strategy can succeed. This demands proper
extension efforts from the research and extension organizations.

2. Scafood sector is a poorly organized sector. The highly scattered nature of seafood
processing operations (across domestic market and processing acilities) poses
problems in collection and processing.

(U]

Seafoods are highly perishable in nature owing to its unique richness in terms of’
protein, peptides, enzymes and microbial flora. This quite often leads to the mass
resistance from public in starting up a business venture in the vicinity.
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Stringent fegal and envirenmenta! restrictions rem thie repubaen bodi
sealovod waste 1s not categorized as “inactive/inert” waste is a mator discourying

lactor tor the entreprencurs to invest upon this resource

A

Inappropriate cold chain management (rom tie source of gencration to the poin
of conversion as the processors are least interested to invest further on discards
6. Thercis no basehne data on the availability and economics ol production collected
over the past years, which poses uncertainty about cconomics and market demang
ol secondary products
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Lack of clear legal classification of secondary products in the international marke
1s yet another major challengce to the investors
8. Lack of unified protocols for quality assurance (such as HACCP) for secondary
products leads to frequent rejections from the buyers.
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