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5.1 Introduction

The food processing sector, like other natural resource-based processing industries,
gives rise to organic waste, leading to environmental, economic and legal concerns
regarding the disposal of food waste and by-products. This concern has led to the
innovation of value-added bioactive compounds from food waste and by-products.
These value-added compounds from food waste exhibit various physiological func-
tions, such as antihypertensive, anti-oxidative, anti-thrombotic, mineral-binding and
anti-amnesiac activities (Wilson, 2011).

Food by-products and waste are produced during the entire life cycle of food process-
ing, starting from farm to fork. The distribution of food waste in developed countries
is categorized as 42% by household, 39% in the food manufacturing industry, 14%
by the food service sector and 5% in distribution and retail (Mirrabella et al., 2014).
In the current era, industrial ecology concepts such as cradle-to-cradle and circulatory
economy are gaining considerable attention, aiming at a zero waste economy, in which
waste materials are used as starting materials for development of new useful products
and their applications.

In addition to loss of valuable bioactive materials, the food waste produced by the
processing industries raises economic and environmental hazards. The agriculture and
food processing sectors of food industry are considered as a sector for bio-refineries
(Ghatak, 2011; Kamm and Kamm, 2004), with a special emphasis on potential use of
food waste and by-products (Mahro and Timm, 2007). The first step in utilization of
waste and by-products in the food processing sector is identification, characterization
and quantification of residues (Rosentrater, 2005). Later, the food waste sources and
recovery stages of biologically active and value-added ingredients should be charac-
terized (Galanakis, 2012).
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The food industry produces huge amounts of fruits and vegetable waste that affects
the environment and health sectors, because of high biodegradability and methane
emissions (Misi and Forster, 2002). These residues contain large amounts of waste
organic matter that includes approximately 75% sugars and hemicellulose, 9% cellu-
lose, 5% lignin, small amounts of proteins and fats (Kosseva, 2011).

Nowadays, people are interested in healthy diets and lifestyles. Schieber et al
(2001) focused on functional and bioactive compounds such as polyphenols,
tocopherols, carotenoids and others. They highlight the availability of untapped
natural sources of bioactive compounds and micronutrients and their potential
to be readily used as healthy ingredients. The biologically active ingredients from
food processing by-products such as dietary fibers have received much attention,
due to their potential as pharma-foods to reduce blood cholesterol, diabetes,
coronary heart disease, ease of constipation and technological attributes such
as water-binding, gelling, structure building and fat replacers (Telrandhe et al.,
2012).

The utilization of meat by-products is important for the profitability of the meat
industry. In the past, meat by-products were a favorite food in Asia, but the health haz-
ards associated with these by-products led to non-food uses, such as pharmaceuticals,
cosmetics and animal feed (Rivera et al., 2000). Due to potential components present
in food by-products and wastes, the aim is to isolate and utilize high value-added
components, such as proteins, peptides, polysaccharides, fibers, flavoring agents, phy-
tochemicals and pharmacological ingredients.

5.2 Agroindustry By-Products and Potential
Recovery of Bioactive Compounds

5.2.1 Fruits

The food industry produces huge amounts of fruit and vegetable wastes that present
serious health and environmental hazards due to high biodegradability. Vegetable and
fruit wastes are mainly comprised of hydrocarbons, comparatively small amounts of
proteins and fat, with 80 to 90% moisture content. Therefore the concept of utilization
of wastes to isolate and identify bioactive compounds is gaining interest worldwide.
The examples of bioactive compounds isolated from fruit processing by-products are
shown in Table 5.1.

5.2.1.1 Apples The important waste components of the apples processing indus-
try are pomace and its extracts, which have a great potential for pharmaceutical
and biotechnological applications. The waste comprises a heterogeneous mixture
of pomace, seeds and peels with high water content and hemicellulose, cellulose
and lignin. The apple juice industries utilize 75% of apple and the remaining 25%
are by-products as pomace, peels and seeds (Shalini and Gupta, 2010). The apple
pomace is composed of mainly simple carbohydrates (glucose, fructose and sucrose),
pectin, fibers, proteins, vitamins and minerals (Kosseva, 2011). The flow diagram for
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Table 5.1 Bioactive components isolated from byproducts of fruit processing

Components Class Source Health benefits
Beta-carotene Carotenoids Various fruits Neutralizes free radicals and
pomace prevent cell damage, maintain
cellular antioxidant defense
Lutein, Zeaxanthin Citrus fruits peels Contribute to maintain vision
and seeds
Anthocyanidins Berries, cherries,  Bolster cellular antioxidant
red grapes defense, maintain brain function
Flavanols-catechins, Apples, grapes Maintain normal cardiovascular
epicatechins, functions
procyanidins
Flavanones Citrus fruits Bolster cellular antioxidant defense
Flavonols Apples Bolster cellular antioxidant defense
Hesperidine Lemon and other  Treatment of rheumatoid arthritis
citrus fruits
Proanthocyanidins Flavonoids Cranberries, Maintain urinary tract and heart
apples, grapes health
Pectin Hetero- Apple, grape, Decrease cholesterol and
Polysaccharide citrus fruits tryglyceride level, prevent colon
and prostate cancer and
diabetes

utilization of fruit and vegetable pomace in food and pharmaceutical industries is
shown in Figure 5.1.

Several research studies have focused on biological properties of apple peel due
to its high content of antioxidants and phenolic compounds. The high phenolic
content in apple peels may prevent various chronic disorders such as cardiovascular
diseases and cancers. Huber and Rupasinghe (2009) studied properties of apple
peel antioxidants, and it was found that these antioxidants were able to prevent
the lipid oxidation of polyunsaturated fatty acids that is a significant issue affecting
food quality and health of customers. There is a high percentage of soluble fibers in
apple by-products that results in the availability of pectin. Pectin is a polymer that
can be used in food and pharmaceutical industries due to its unique characteristics
of gelling, thickening and stabilizing. Pectin is also thought to lower cholesterol
and delay gastric emptying (Hwang er al., 1998; Rha et al., 2011; Royer et al.,
2006).

These researchers also found significant levels of calcium, magnesium, zinc, iron and
copper in apple peel. The iron, copper and magnesium work in synergy as an effective
catalyst in the prevention of atherosclerosis and certain other diseases. Garcia et al.
(2009) studied the presence of bioactive compounds in cider processing by-products
of apple. Various important phenolic compounds were found, such as chlorogenic, pro-
tocatechui and caffeic acid, flavonols and flavanols. Schieber et al. (2003) reported sim-
ilar findings and found a number of quercetin glycosides, with quercetin 3-galactoside
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Figure 5.1 Flow chart for utilization of fruit pomace (Dilas et al., 2009).

being the most abundant flavonol. Phloridzin was the most abundant compound in
apple seeds.

Many health-enhancing effects are associated with the bioactive compounds found
in apple by-products and waste. The predominant effects are cancer cell proliferation,
lipid oxidation decrease and reduction in blood cholesterol levels. In turn, these
health-enhancing effects present a preventive measure against chronic disorders, for
example obesity, cancer and cardiovascular disorders. Procyanidins were found to
have high antioxidant potential and inhibition oxidation of low-density lipoproteins.
Quercetin is a major flavonoid compound present in apple peals, with a potential to
reduce incidence of breast cancer and leukemia (Boyer and Liu, 2004).

5.2.1.2 Berries Berries are used in the food industry for juices, jams and jellies
preparations, especially raspberries and blackberries due to their high phenolic con-
tent, flavonoids, polyphenols and antioxidant effects. A large amount of waste and
by-products are released from industrial manufacturing. These by-products can be suc-
cessfully recovered for food and pharmaceutical industries. Bakowska-Barczak et al.
(2009) found that Canadian blackcurrant seed residue proved to be a good source of
antioxidants and value-added compounds.
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5.2.1.3 Citrus Fruits In the case of citrus fruits, large amounts of waste materials
such as peels and seeds are discarded during food and juice processing, because cit-
rus fruits have a comparatively small edible portion. The by-products of citrus fruit
juice processing comprises of various compounds, principally soluble sugars, organic
acids, fibers, proteins, amino acids, minerals, oils, lipids, vitamins and also flavonoids
(Fernandez-Lopez et al.,2004). Viuda-Martos et al. (2011) determined physicochemi-
cal and antimicrobial characteristics of orange by-products after extraction of juice by
determining pH, color, soluble solids, antioxidant capacity, phenolic compounds and
sugars. Chau and Huang (2003) determined the dietary fiber content in orange peel
and found that it contained mostly an insoluble dietary fiber fraction composed of
pectic polysaccharides and cellulose. The dominant insoluble fraction provides health
benefits, such as intestinal regulation and increased stool volume.

The by-products of lemon after juice extraction constitute almost 50% of the fruit
and mainly consist of seeds, peels and fruit pulp. Normally this is left for animal feed or
used for pectin extraction (Lario et al., 2004). The lemon peel was found to be a good
source of iron (Gorinstein et al.,2001). The carotenoid and hesperidine were found in
lemon by-products. The flavonoid hesperidine has a great potential in the treatment
of rheumatoid arthritis (Gonzalez-Molina et al., 2010).

5.2.1.4 Grape Grape pomace consists of stems, seeds and skin, and sometimes this
by-product is used for extraction of grape seed oil. The grape pomace is also used for
production of citric acid, ethanol, methanol and xanthan gum (Deng et al.,2011). The
components of dietary fiber in grape pomace are hemicellulose, cellulose and small
portions of pectin (Kammerer et al., 2005). The anthocyanins, flavonols and gallic
acid are the major polyphenolic compounds found in grape pomace (Ruberto et al.,
2007).

The pharmacological benefits associated with polyphenols such as anthocyanins
and flavonoids have been linked in the reduction of chronic disorders such as
cardiovascular disease and some types of cancers. The mechanism behind this
pharmacological activity is an increase in antioxidant activity of plasma that in turn
results in inhibition of low-density lipoproteins oxidation. The bioactive compounds
isolated from grape pomace have been found to reduce systolic blood pressure. The
polyphenols such as gallic acid and flavonoids prevent lipid oxidation by reacting with
superoxide anions, hydroxyl radicals and lipid peroxyl radicals. Ruberto et al. (2007)
and Maier et al. (2009) demonstrated the availability of flavonoids and phenolic acids
in grape pomace. These phenolic compounds have been linked with reducing heart
disease.

Spatafora and Tringali (2012) studied anti-proliferative compounds present in
grape stem. The active constituents, betulinic acid, stilbenoid trans-resveratrol,
trans-viniferin and a mixture of sitosterol 6’-O-acyl-glucosides, were obtained by Gas
Chromatography-Mass Spectrometer (GC-MS) analysis. Some of these compounds
showed a stronger anti-proliferative effect than 5-fluorouracil in human breast cancer
cells.

5.2.1.5 Mango Mango peel has been reported as a rich source of dietary fiber (Ajila
etal.,2008). The peel (ripe and unripe) is a good source of polyphenols. Beta carotene
was found to be the prominent carotene available in mango peel (Pott et al., 2003).
The ripened mango peel is also a good source of antioxidants such as vitamin C and
vitamin E (Ajila et al., 2007). The polyphenolic compounds present in mango peel
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present a wide range of applications in the food and pharmaceutical industries. These
phytochemicals prevent DNA oxidative damage, inhibition of cell communication and
free radical scavenging. Free radicals have been seen to drain immune system antioxi-
dants, and catalyse unusual proteins, which are known to start progressive disease and
ageing and change gene expression (Masibo and He, 2008).

Abdalla et al. (2007) studied the composition of mango seed kernels and found
amino acids, phenolic compounds, the characteristics of the extracted oil including
unsaponifable matter constituents, lipid classes and fatty acids. Results showed that
mango seed kernels contained a substantial content of total phenolic compounds, total
lipid, unsaponifiable matter, and a low amount of crude protein, but the quality of pro-
tein was good because it was rich in all the essential amino acids. The combination of
both mango seed kernel extract and oil had optimum antioxidant potency higher than
each one alone, and could be used as a natural antibacterial and antioxidant in food
and pharmaceutical products.

5.2.1.6 Miscellaneous Fruits Canteri et al. (2010) found passion fruit waste (peel)
rich in pectin used as a stabilizer and gelling agent, generated in high amounts in the
Brazilian food industry. In pineapple processing, the fruit stem is a major waste mate-
rial and found to be the main source of the enzyme bromelain. Upadhyyay et al. (2012)
studied biological activities of pineapple stem waste and found antioxidant, antimicro-
bial, inhibitions against 15-lipoxygenase and advanced glycation end-product forma-
tion by pineapple stem waste.

5.2.2 Vegetables

5.2.2.1 Carrots Carrots (Daucus carota L.) are normally used, after peeling, in the
industrial and household sector, and the peels are generally considered as a waste.
Carrot peels contain high amounts of dietary fibers and phenolic acids, especially
anthocyanin and carotenoids (Goncalves et al., 2010). Chau et al. (2004) reported that
by-products (carrot pomace) of the carrot juice industry contained a high content of
dietary fibers. Carrots pomace is rich in anthocyanins and carotenoids that are respon-
sible for the aroma bitterness and color of carrots (Goncalves et al., 2010). As carrots
are a good source of carotenoids, they are recommended for eyesight and due to a high
phenolic content, they have strong antioxidant potential. Carrot anthocyanins reduce
inflammation and exhibit strong lipid oxidation, thus leading to prevention of heart
disease (Arscott and Tanumihardjo, 2010).

5.2.2.2 Cauliflower Many food dishes, such as soups and stews, contain cauliflower
(Brassica oleracea L. var. botrytis) as an important component, but only 40% of the
vegetable is used, while the rest is discarded as waste (Femenia et al., 1998). The
by-products of cauliflower, such as the floret and stem, were analyzed for non-starch
polysaccharides. The stem contained non-starch polysaccharides as 3.11% of fresh
weight compared to the floret that was 2.31% of fresh weight (Femenia et al., 1997).
The insoluble fraction was dominant, and the soluble fraction in both by-products
and major components identified was pectin in a non-starch polysaccharide fraction.
Llorach et al. (2003) studied the antioxidant activities of cauliflower by-products
and found that hydroxycinnamic acid and flavonoids were the main antioxidant
compounds present in by-products. They further evaluated that the edible part of
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the cauliffiower was much lower in these phenolic compounds compared to the
by-products.

5.2.2.3 Onions Onions (Allium cepa L.) are commonly used in fast foods, restau-
rant food and salads, due to their strong flavor (Griffiths et al., 2002). Currently in
Europe, 500 000 tonnes of onion by-products are produced annually (Benitez et al.,
2011). Onion by-products mainly consist of skins, roots, fleshy scales, undersized, dis-
eased or damaged onions. Different layers of onions contain dietary fibers in different
proportions. The highest levels of total dietary fibers were found in the skin of onions,
which is normally considered as waste (Jaime et al., 2002). The phytochemical anal-
ysis of onions revealed that phenolic and flavonoid were the main components (Ng
et al., 2000). Protocatechuric acid and ferulic acid were in abundance in the papery
scales of onions compared to the fleshy scale. The onions by-products were found to
be rich in flavonoids that indicated their potential in reducing inflammation, heart
disease and cancers. Onions are also rich in organo-sulphur compounds that are asso-
ciated with various pharmacological activities, which indicates under-utilization of
onion by-products (Lanzotti, 2006).

5.2.2.4 Potato Potatoes (Solanum tuberosum L.) contain nutrients such as fiber,
carbohydrates, minerals and phenolic compounds (Abu-Ghannam and Crowley,
2006). The processing and preparation of potatoes generate tonnes of potato peel
and pulp as by-products. Liu et al. (2007) studied the composition of three species of
potatoes and their peels and found no significant difference in fiber content and other
nutrients. Potatoes are rich in chlorogenic acid (soluble fraction) and caffeic acid
(insoluble fraction). Mattila and Hellstrom (2007) found that the chlorogenic acid
and its derivative compounds were the main soluble phenolic compounds present
in potato peels. The phenolic compounds present in potatoes contribute to various
health benefits, for example chlorogenic acid exhibits antioxidant activities, tumor
suppression and lowering of hyperglycemia. Due to the nutraceutical benefits of
potatoes by-products, the concept between phyto-constituents present in potato peel
and health benefits is gaining more attention.

5.2.2.5 Tomato Tomato (Solanum lycopersicum L.) is used in the preparation of
many food products, such as ketchup, sauces, pasta, various food dishes and juices.
The processing of tomatoes generates many by-products that still contain numerous
phytochemicals, for example lycopene that belongs to the family of carotenoids and
helps to reduce the risk of cancers (Chang et al., 2006). Tomato pomace contains fiber
as a main ingredient that contributes 50% of the by-product on a dry weight basis (Del
Valle et al., 2006). Lycopene is present in abundance in tomato by-products and lowers
the risk of prostate, pancreas and stomach cancers (Chang et al., 2006). Lycopene is a
cancer-reducing phytochemical and is present in abundance in tomato peel, and it can
be included as a nutraceutical in food and pharmaceutical preparations.

5.2.2.6 Olives Olives (Olea europaea) are used for the production of olive
oil that generates large quantities of waste (Lozano-Sanchez et al., 2011). The
by-products of the olive oil industry contain various bioactive and pharmaceutical
ingredients with strong antioxidant potential. The waste products generated during
the preparation of extra virgin olive oil were analyzed for the presence of phenolic
compounds and flavones, and lignans and secoiridoids were found in abundance
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(Lozano-Sanchez et al., 2011). The quantitative and qualitative analysis of these
phenolic compounds suggested that olive by-products could be considered as a vital
source of phenolic compounds and after purification could be used as antioxidants in
food and nutraceutical products due to their biological and technological properties.
Ramos et al. (2013) studied the antioxidant and anti-cancer activities of olive pomace
extracts from Portuguese industries. The extracts were found to be potent for antiox-
idant and breast cancer anti-proliferative activities, proving olive by-products as a
potential source of antioxidants in food supplements and nutraceuticals.

5.3 By-Products from Animal Origin

Regulation (EC) No. 1096/2009 has defined animal by-products as the whole body
of an animal or parts from the animal body or other products derived from animals
which can be but are not meant for consumption by humans. The culture, tradition and
religion of country influence the type and generation of by-products. Under-utilization
of by-products presents a problem to the environment and economic losses to the
producers (Lafarga and Hayes, 2014). Here, the by-products from meat processing,
poultry, fish and seafood and their possible applications in the pharmaceutical industry
are included.

5.3.1 By-Products from Meat Processing

Both slaughterhouses and meat-processing industries, along with the wholesalers,
retailers and renderers, produce tons of solid and liquid by-products annually. The
disposal of these by-products has created a huge problem for the producers. They
mainly comprise of blood, trimming, skin, bones etc., which contain many bioactive
components that can be extracted by using suitable techniques and utilized in food,
feed or pharmaceutical industries. There have been several studies on the conversion
of by-products into the more value-added components or products (Mora et al., 2014;
Toldra et al., 2012). The potential pharmaceutical and medical application of meat
by-products are discussed further below (Figure 5.2).

5.3.1.1 Animal Blood Animal blood from slaughterhouses is one of the major
by-products of the meat production food chain and constitutes about 4% of the weight
of the live animal or around 6-7% of the lean meat of the carcass (Wismer-Pedersen,
1988). Mainly of these blood products are either processed as blood meal, which
is a low-value product, or discarded as effluent. However, they can be converted
into other products which have high value (Anderson and Yu, 2003). From animal
blood, different valuable components have been recovered and used in medical and
pharmaceutical applications. Some of these are listed in Table 5.2

Several studies have been done on the isolation of bioactive components from ani-
mal blood. It has been revealed that these bioactive compounds, mainly from the
bovine and porcine blood fraction, possess antioxidant and antimicrobial properties
along with angiotensin I-converting enzyme (ACE)-inhibitory activity, ability to bind
mineral and opioid activity. The bioactive peptides that have been generated from
bovine and porcine blood have shown ACE inhibitory activity (Bah et al., 2013). Yu
et al. (2006) mentioned that the peptides obtained from food sources like meat, sea
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Figure 5.2 By-products from food of animal origin and their possible pharmaceutical and med-

ical applications.

Table 5.2 Application of blood components in medical and pharmaceutical field (adapted

from Bah et al., 2013)

S.N  Components from blood

Applications

1 Bovine hemoglobin powder
2 Bovine fibrinogen

3 Bovine prothrombin

4 Bovine thrombin

5 Porcine plasmin enzyme

Production of porphyrin derivative

As blood clotting reagent in serology laboratories

For production of thrombin as a precursor and its
purification

Wound treatment, helps in coagulating blood, for holding
skin grafts

In heart attack patients, for digesting the fibrin in blood
clots

Page 97
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food, milk etc. have ACE inhibitory activity and as compared to synthetic drugs, they
are milder and safer for use.

The antimicrobial peptides such as cathelicidins and defensins have been derived
from the blood of both animals (pigs, goat, sheep, deer and cattle) and poultry
(ostrich, chicken and turkey) (Yu et al., 2010). The hydrolyzed peptides from bovine
hemoglobin have exhibited opioid activity (Zhao et al., 1997). These peptides contain-
ing short-chain amino acids are capable of binding with the opioid receptors in the
brain and have an influence on the nervous system (Pihlanto and Korhonen, 2003).
The peptides from animal blood have also been linked with antigenotoxicity potential,
which is the ability to prevent DNA damage. The Comet assay of hydrolyzed peptides
from bovine albumin, globulin and plasma demonstrated the antigenotoxic effect
(Park and Hyun, 2002).

5.3.1.2 Hides and Skins Hides and skins of animals are one of the important
by-products generated by animal meat processing. They contain considerable amounts
of collagen and from this collagen, gelatin can be extracted. The collagen-based com-
pound can be used for stimulating blood clotting, mainly during surgery. Gelatin can
be used in the pharmaceutical industries as a binding agent and a compounding agent
in the preparation of tablets and also for manufacturing the outer coatings of capsules.
Because of the similarity between the skins of pigs and humans, it can be used for
dressing and skin grafting in the treatment of skin burns and ulcers. The skin has to
be detached within 24 hours of the pig’s death to use as a skin graft (Jayathilakan
etal.,2012).

5.3.1.3 Trimmings and Cuttings Generally, trimmings and cuttings comprise of
gristle, fat and meat and are obtained as the leftovers while removing the muscle
meat from bones after the preparation of prime cuts. Trimmings do not include inter-
nal organs, ligaments, tendons and the parts of the head. These trimmings are used
to prepare hot dogs, a secondary meat product. However, bioactive peptides can be
extracted from them, which is a more valuable and cost-effective method. There has
been many studies on the antioxidant, antimicrobial and antihypertensive activity of
the bioactive peptides from muscle proteins. The peptides obtained after enzymatic
hydrolysis of porcine skeletal muscle proteins indicated the ACE-inhibitory activity
and this effect was proved in vivo by experimenting on hypertensive rats (Mora et al.,
2014).

5.3.1.4 Glands and Organs Different glands and organs from the healthy animal
have been traditionally used for medicinal purposes in many countries like India,
Japan and China etc. A rapid freezing technique is used to preserve the glands, as it
can inhibit the breakdown of tissue by microbial contamination. Prior to freezing, the
glands should be properly cleaned, and fat and connective tissues should be removed
and wrapped in waxed paper. Finally, they will be stored at less than or equal to
—18 °C. For pharmaceutical applications, these glands are either vacuum dried or
extracted with suitable solvents. The excess fat content of the gland is removed by
using solvents like ethylene, acetone, gasoline or light petroleum. The dried and defat-
ted extract is then powdered and used for capsule preparation or in the liquid form
(Jayathilakan et al., 2012).

Liver extract is considered as a good source of vitamin B,,. Therefore, it can be
used as a nutrient supplementation for the treatment of different forms of anemia.
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Liver extract is also used as a raw material for various pharmaceutical applications.
Bile juice obtained from the gall bladder of the animal can be used to treat indiges-
tion, constipation, problems related to the bile tract and to improve liver functioning.
Insulin from the pancreas can be used for diabetic patients to regulate blood glucose
levels. Similarly, glucagon hormone from the pancreas can maintain blood glucose lev-
els and overdose of insulin. Heparine, an anticoagulant agent, can be extracted from
the liver, lungs and small intestine linings. It has been utilized in the thinning of blood
and delaying of blood coagulation during organ transplant surgery. The threads for
surgical sutures can be prepared from the sheep and calves intestine (Rahman ef al.,
2014).

5.3.1.5 Poultry By-Products Only one-third portion of the total weight of poultry
birds is converted into meat during slaughtering and processing, whereas the remain-
der is by-products and waste. Therefore, these wastes and by-products should be
efficiently processed and utilized to produce high-value products. Many by-products
can be obtained from the poultry industry, including egg shell, shell membranes,
feathers, heads, blood, feet, intestine, glands, gizzards and proventriculus. They can
be a good source of calcium, gelatin, collagen, protein hydrolysates, enzymes etc.,
which can be utilized in many applications as in the food, feed, fertilizer, cosmetics,
biochemical and pharmaceutical industries (Lasekan et al., 2013; Mishra et al.,
2015).

Egg shell is a natural and rich source of calcium and almost 90% of it is absorbable.
Calcium supplementation using egg shell powder along with vitamin D and magne-
sium have shown positive results on bone mineral density in osteoporosis conditions.
Egg shell membrane consists of collagen which has higher biosafety and is lower in
allergic reactions. Collagen from egg shell membranes can be used as a treatment aid
in orthopedics and dentistry and for cancer patients for improving the skin and thick-
ening of hair (King6ri, 2011).

Chicken by-products vary in their compositions, such as the viscera, which is rich
in lipids, whereas the head, skin and feet have high protein content (collagenous and
keratinous). Thus hydrolysates with high bioactive properties can be obtained from
these by-products. These hydrolysates have shown antioxidant and antihypertensive
property. The keratinous hydrolysates have shown better antioxidant properties, but
the collagenous fraction exhibited strong antihypertensive potential. The hydrolysates
from chicken leg bone, viscera, acid hydrolyzed feather and blood have indicated
good ACE inhibitory activity. The ACE inhibitory activity of hydrolysates is mostly
affected by the type of enzyme, degree of hydrolysis (DH) and the peptide’s molec-
ular weight (Lasekan er al., 2013). Collagen extracted from chicken neck, feet and
other by-products can have various medical applications in the fields of surgery, car-
diology, dermatology, orthopaedic, ophthalmology, urology and vascular departments
(Silvipriya et al., 2015).

5.3.2 Fish and Seafood Processing

In recent years, aquaculture has been considered the fastest growing food-production
sector in the world (Kandra et al., 2012). The by-products from fish and shellfish pro-
cessing may contribute to as much as 70% of the initial weight of the catch (Olsen
et al., 2014). Most of the by-products from fish processing are used for producing
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fish meal, fish oil, fish silage, animal food and fertilizer, which holds low economic
profitability. Many researches have revealed that fish and shellfish by-products, such
as muscle protein, collagen, gelatin, oil, bone, shells of shellfish and crustaceans, com-
prise of numerous valuable bioactive compounds. They can be extracted and purified
as desired using suitable technologies and finally employed in nutraceutical, biotech-
nological and pharmaceutical applications (Kim and Mendis, 2006).

The important and valuable constituents from fish by-products can belong to
proteins, lipids and other compounds. The protein by-product includes collagen,
gelatin, fish protein isolates, fish protein hydrolysates, enzymes, bioactive peptides
etc., whereas lipid components consist of omega-3 fatty acids, marine oils, cholesterol,
vitamins etc. Calcium, astaxanthin, taurine and bioactive compounds comes under
other compounds (Rustad ez al.,2011). Similarly, Kandra et al. (2012) have mentioned
that shrimp waste is also a rich source of chitin, minerals, protein and astaxanthin.

5.3.2.1 Bioactive Peptides from Fish Protein Hydrolysates The bioactive pep-
tides extracted from fish protein have been proved to be associated with several
bioactive properties such as antioxidative, antithrombotic, antihypertensive and
immunomodulatory activities. They have shown strong antioxidant activities in many
oxidative systems (Kim and Mendis, 2006). Rajapakse et al. (2005) have reported
that enzymatic hydrolysis of marine fish can yield proteins with anticoagulant and
antiplatelet properties. With the formation of the inactive complex, these proteins
were capable of inhibiting coagulation factor XII (FXIIa). A few fish peptides have
also been associated with antihypertensive activity that inhibited the ACE (Kim
et al., 2000). It has been reported that some fish protein have growth factors and
hormone-like peptides, which are capable of accelerating calcium absorption and can
be used for treating calcium deficiency disorders such as osteoporosis and Paget’s
disease (Fouchereau-Peron et al., 1999). The acidic peptides from Atlantic cod
hydrolysates have shown strong immunostimulatory effects, which is related with the
bactericidal power of phagocytes (Gildberg ef al., 1996).

5.3.2.2 Fish 0il Omega-3 fatty acids, eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) are the important bioactive components that can be isolated
from the fish oil by the process called transesterification (Olsen et al., 2014). Intake
of omega-3 fatty acids has been associated with numerous health benefits for combat-
ing many diseases. Consumption of fish oil raises EPA and DHA levels in the blood.
As a result, there is a reduction in the rate of coronary heart diseases through vari-
ous modes of action. It also helps in the prevention of atherosclerosis by hindering
the formation of atherosclerotic plaques (Schacky, 2000). Omega-3 fatty acids have
shown the ability to lower blood pressure (Appel et al., 1993), benefits for diabetic
patients (Sheehan et al., 1997), effective against asthma (Broughton et al., 1997), pre-
ventive against arrhythmias (Christensen et al., 1997) and also protect against chronic
obstructive pulmonary diseases (Shahar et al., 1994). Gogos et al. (1998) concluded that
intake of omega-3 fatty acids along with supplementation of antioxidant may prolong
the life of cancer patients with general malignancy through the immunomodulating
effect. EPA and DHA can be transformed into prostaglandins and leukotrienes that
have natural anti-inflammatory action (Belch and Muir, 1998). Therefore, EPA and
DHA can be used for treating kidney diseases (Donadio et al., 1994) and Crohn’s
disease (Belluzzi et al., 1996).
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5.3.2.3 Gelatin and Collagen from Fish Skin and Bones Almost 30% of the waste
from the fish processing industry includes fish bones, skin and fins. Collagen and gelatin
having diverse applications can be isolated from the skin and bones. The contribu-
tion of collagen from these sources is in the range of 36% to 54%. Thus, the collagen
obtained has potential for use in the food, pharmaceutical and cosmetic industries
(Blanco et al.,2007). There is an increase in demand for collagen and gelatin for indus-
trial uses (Karim and Bath, 2009). Structurally, collagen has a triple helix arrangement
made from three extended protein chains wrapped around one another. When col-
lagen is partially hydrolyzed, gelatin can be obtained. So collagen and gelatin are
different forms of the same macromolecule (Gomez-Gillen et al., 2002; Kim et al.,
1994). In general, acid treatment is used to extract collagen followed by solubilization,
so that the triple helix structure is not lost. The heat treatment of collagen breaks the
triple helix structure and converts collagen into gelatin. Hence, a simple hot water
treatment can be applied for solubilizing collagen from the source to obtain gelatin
(Djabourov et al., 1993). Both collagen and gelatin have good biodegradability and
biocompatibility in the physiological environments, so are used widely in the pharma-
ceutical and medical industries (Young et al., 2005).

The gelatin extracted from fish skin by enzymatic hydrolysis has shown antioxi-
dant and antihypertensive properties, which was assumed to be present due to the
unique amino acid sequence Gly—Pro-Ala in gelatin peptides. Along with this, fur-
ther research on animals has suggested that these gelatin peptides can increase the
bioavailability of calcium by accelerating the calcium absorption (Kim and Mendis,
2006). Gelatin has been used in the pharmaceutical industries as a stabilizer in live
attenuated viral vaccines (mumps, rabies, measles, diphtheria etc.) (Burke ez al., 1999),
as intravenous infusions (Saddler and Horsey, 1987) and injectable microspheres for
drug delivery (Rao, 1995).

Pharmaceutical application of collagen includes its use as carrier molecules for
drugs, proteins and genes (Lee et al., 2001). For cancer treatment, microfibrous
collagen sheets are utilized as drug carriers (Sato et al., 1996). In addition, collagen
is also used in the manufacture of vitreous implants and wound dressings (Takeshi
and Suzuki, 2000). Moskowitz (2000) has mentioned that collagen can help in the
functional expression of cells and tissue and organ formation. Further research
has shown that intake of gelatin or collagen hydrolysates are effective in reduc-
ing the pain of osteoarthritis patients and they also take part in cartilage matrix
synthesis.

5.3.2.4 Chitin, Chitosan and their Oligomers from the Shell of Crustacean
Chitin is the ubiquitous abundant polysaccharide, which can be obtained from
many organisms, including cell wall of fungi and algae, exoskeleton of insects,
endoskeleton of cephalopods and shells of crustacean. But the major commercial
source is contributed by marine organisms. Around 10'°-10!! tonnes of chitin are
produced annually by living organisms (Revathi et al., 2012; Merzendorfer, 2011).
Chitin is a polymer of B-(1—4)-linked 2- acetamido-2-deoxy-D-glucopyranose, whose
structure is similar to that of cellulose, where the hydroxyl group of cellulose in
C-2 is replaced by the acetamido group in chitin (Kurita, 2006). It is white to cream
in color, odorless, with varying degrees of acetylation (Meyers et al., 2008). Chitin
have three different polymorphic forms: «, f and y forms. The most abundant and
stable form is a-chitin. f-chitin, found in squid pen. is more reactive than the a- form.
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Table 5.3 Application of chitin and chitosan biomedical and pharmaceutical field (adapted
from Hamed et al., 2016; Kim et al., 2008)

Field Uses

Biomedical Manufacturing of surgical stitches
Fabrication of scaffolds for tissue regeneration
Barrier against microbial infections

Pharmaceuticals Encapsulation of gene and active constituents
Carrier of ingredients and controlled drug release
For improvement of arrival of nucleic acids to the therapeutic targets
Wound healing properties
Non-viral vectors for delivery of genes

y-chitin is a combination of the @ and g form, which is comparatively rare and only
found in the squid’s stomach and cocoons of two genera of beetles (Hamed ef al.,
2016).

The exoskeletons of crustacean are demineralized and deproteinized in order
to obtain chitin. One of the main drawbacks of chitin is its strong hydrophobicity.
Therefore chitosan, a deacetylated derivative of chitin, is produced as it is water solu-
ble and the only known natural cationic polysaccharide (Du et al., 2014). Both chitin
and chitosan are biodegradable, renewable, biocompatible and non-toxic compounds
that are linked with several biological activities that include anti-cancer (Salah e al.,
2013), antimicrobial (Goy et al., 2009) and antioxidant properties. The possible
pharmaceutical and biomedical application of chitosan and its derivatives are listed in
Table 5.3.

5.3.2.5 Astaxanthin from Crustacean Shell The ketocarotenoid astaxanthin,
3,3/-dihydroxy-p, p-carotene-4, 4'-dione, is the oxidized derivative of p-carotenoid.
It is the natural substance with properties like highly versatile, non-toxicity and
solubility in both water and lipid, which allows it to be used for many applications.
It is also considered in food and medical applications due to its attractive pink color,
high antioxidant activity and functionality as a precursor of vitamin A. Astaxanthin
can be synthesized or extracted from many sources such as plants, bacteria, algal
cells, crustacean shells and egg yolk. One of the richest sources is shrimp shell waste.
Astaxanthin is one of the major pigments in crustacean shells, constituting 74-98% of
the total pigments. Therefore, crustacean shell can be used for extracting astaxanthin
along with the recovery of chitin (Ferraro et al., 2010).

The antioxidative effect of astaxanthin is stronger than f-carotene, vitamins E and
vitamin C. In addition, it was found to enhance the immune system, and protect
against cancers and ultraviolet radiation damage. It has been demonstrated that
astaxanthin inhibits prostate cancer and modulating immune responses against tumor
cells. It also inhibits bladder carcinogenesis. Astaxanthin can be extracted from the
crustacean shell through various methods such as by fermentation, enzymatic process,
using hydrochloric acid, edible oils and organic solvents. Many vegetable oils such
as sunflower, coconut, palm, ground nut, soybean, ginger and rice bran oils have
been used for extracting astaxanthin from fish by-products and crustaceans. The
solution of proteolytic enzymes such as pepsin, trypsin and papain dissolved in citrate
phosphate has been used for precipitating astaxanthin present in the crustacean
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shell. Currently, the lactic acid fermentation process is one of the feasible methods to
obtain partially concentrated astaxanthin from crustacean shells. This method also
preserves the biomass from bacterial decomposition (Ferraro et al., 2010; Kandra et al.,
2012).

5.4 Conclusion

Food processing operations generate a huge amount of by-products, which have a
large variety of applications but are generally handled with low economic value.
Mostly, they are used in the field of food, feed, cosmetics, fertilizers etc. However,
valuable components can be recovered from these by-products and exploited as high
value-added compounds. Several studies have proven that the bioactive constituents
from food by-products, including the agroindustry, meat, poultry and fish processing,
have numerous beneficial properties. Therefore, they can be utilized in medical and
pharmaceutical applications. Various physiological functions such as antioxidant
activity, antihypertensive, anti-thrombotic, mineral-binding and anti-amnesiac activ-
ities have been found to be associated with the bioactive compounds from food
by-products. Hence, this shows that there is a great potential of these by-products for
effective utilization in the field of medical and pharmaceutical applications that will
be more cost-effective and efficient.
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