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Crustacean wastes are waste products collected from marine industry. This review includes  fundamental 
studies of crustacean waste such as protein, carotenoid and lipid including chitin and natural pigment 
named astaxanthin. Crude protein in crustacean shells like shrimp shell at 27.23%, crab shell (25.98%) 
and lobster shell (23.24%) are indicators that crustacean waste can be further developed as essential 
support feed in industries. Astaxanthin from carotenoid group is the most important property of 
crustacean waste that can provide red colour pigment besides acts as precursor for mechanism of 
vitamin. Astaxanthin is a natural source that can provide secondary protein source to livestock and fish 
as it can replace synthetic colour used today with natural pigment colour for ornamental fish that provides 
fancy skin colors that could increase market value. Extracts from crustacean waste too could provide 
benefits to pharmaceuticals industry such as source for cosmetics and health supplement. Astaxanthin 
in crustacean waste is also an immune system booster that contains high antioxidant. Natural astaxanthin 
extracts too has potential as an alternative colour source that could replace synthetic colors in feeds for 
ornamental fish.  
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INTRODUCTION 

Exploitation of seafood and fish industries 
for the past decades has increased a high amount 
of waste and by-products amounting to  6 to 8 
million tonnes of crustacean waste produced yearly 
(FAO, 2014) although but some of edible part of 
these  crustacean such as crabs, shrimps and 
lobsters contribute as edible seafood. Crustacean 
waste from head and shells may contain high 
protein (20-50%) while chitin (25-35%), lipid (0.2-
17%) followed by minerals content (15-35%) and 

pigment (Ahmadkelayeh and Hawboldt, 2020). 
Today, chitin and chitosan in crustacean waste are 
very useful as antioxidant and antimicrobial source 
in biological mechanisms. In addition, these 
components are also exploited as additional 
properties in formulated foods for better shelf-life, 
safety and quality. 

 
Extraction of enzyme, protein hydrolysis 
(hydrolysates), polyunsaturated fatty acid (PUFA), 
and carotenoids can be exploited from crustacean 
waste and applied in food and pharmaceuticals 
industries (Cudennec et al., 2008). Emergence of a 
much politicized term like “green products” and 
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“green technologies” too puts pressure to 
producers to produce sustainable produced 
products through eco innovation goals like “zero 
waste” In developing new products as a 
sustainable approach towards accomplishing 
green economy and environment. Thus, various 
non-thermal extraction methods like high pressure 
processing, pulsed electric field, cold plasma, 
supercritical fluid extraction are employed as green 
methods in innovative food industries.  
 

Crustacean waste in global industry 
Shellfish sectors have grown tremendously over 
the years especially at some regions of United 
Kingdom and continued to dispose cost of more 
than £60 per tonne (Archer and Russell, 2007). 
This is followed by the introduction of the Strategic 
Framework for Seafood Waste management in 
June 2005 by Seafish to identify options for 
generate income by economic return from 
crustacean waste.  The global production of crab, 
shrimp and lobster shells waste was estimated 
from 6 to 8 million tonnes per year with some 1.5 
million tonnes produced in Southeast Asia alone 
according to Yan and Chen (2015).  

 
Crustacean waste is considerably high in organic 
60% waste obtained from discarded shells and 
carapace crabs, lobster and prawns while 20-25% 
are edible parts of crustacean (Jayathilakan et al., 
2012). In comparison, crustacean waste is 
considerably nearly two-fold higher than waste 
from tuna. The crustacean waste are mostly 
dumped in land fill or the sea due to its costly 
disposal fee i.e US$150 per tonne in Australia. 
Crustacean waste is also regarded as a major 
polluter in North Florida with 80-90% biomass 
waste (Gandy, 2010). As disposal cost is becoming 
costlier, alternatives for disposal and utilization of 
crustacean waste became inventible to avoid 
pollution stream into the environment (Webster et 
al, 2014).    

 
Utilization of crustacean waste by-products as 
edible food and others  
Head shells and tail waste from crustacean waste 
contain properties like protein, lipid, chitin, chitosan 
and carotenoids. These properties are rich in 
antimicrobial and antioxidant which can further 
exploited to improve safety, quality and shelf-life for 
food industry.  
 
 
 
 

Table 1. Crustacean waste by-products as edible 
food and other used in economy 

Extract or 
product 

Description Uses 

Edible food 

Flavouring An extract 
added to food 
products or 
enhance flavour 

Soups, stocks and 
sauce 

Non-food use 

Fertilizer  Crab, nephrops 
and shrimp 
shells have 
been used in 
fertilizers. 

Used as a fertilizer 
or combine with 
another products 

Quicklime  Calcium oxide. 
Sold in different 
degree of purity 
e.g. 95 or 98% 

To combine with 
sand to form lime 
mortar because 
certain shells has 
natural interior wall 
plaster that giving 
superior surface 
finish. 

Filtration 
system 

Free of flesh 
crab shells 

As filtration medium 

Source: Archer and Russell (2007) 

Protein  
Protein and amino acids in crustacean waste 
amounts to 20-40%. The high protein content in 
this waste made this ingredient as a potential 
ingredient for aquatic, livestock and poultry feed 
due to its high essential amino acid that could 
replace soya bean meal (Yan and Chen, 2015). 
Shrimp head contain 50-65% dry matter of protein 
amount and amino acids while 10-40% protein in 
lobster shells, indicating its importance as a 
substitute in animal feed.  
 
Glycine, glutamic acid, arginine and alanine are 
amino acids found in crustacean waste (Nguyen et 
al., 2017) while shrimp wastes produced high 
nutritive protein hydrolysates that can be obtained 
through the application of chemicals, microbial 
fermentation and commercial enzymes (Mao et al., 
2017). Protein hydrolysates from shrimp have been 
used in different type of edible food products such 
as biscuits and bread (De Aguiar Saldanha 
Pinheiro et al, 2021) while protein and hydrolysates 
were used as emulsifying agent (pharmaceutical), 
lipid oxidation prevention (food) and cosmetic shelf 
life (Da silva et al., 2017, Nasri, 2017, Cheung et 
al., 2015). 
 

Lipid   
Polyunsaturated fatty acid (PUFA) are bioactive 
components extracted from crustacean known as 
omega-3 source that brings health benefits 
(Sahena et al., 2009). Norway lobster (Nephrops 
norvegicus) head waste contain high EPA (15%) 
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and DHA (8.3%) total neutral lipid compared to krill 
oil (Euphasia superba) 4.3% EPA and 2.3% DHA 
(Albalat et al., 2016). Excellent source of lipid with 
high PUFAs content are cephalothorax and 
hepatopancreas produced from crustacean 
products (Takeungwongtrakul et al., 2012) that  
can be extracted through microwave, ultrasound-
assisted extraction and supercritical fluid extraction 
as these method are environmental friendly and 
less toxic chemical compound used (Gómez-
Estaca et al., 2015).  
 
Chitin and its derivatives 
15-40% chitin was found in crustacean waste. 
Chitin also serves as a second biopolymer that is 
the most abundant natural sources after cellulose 
(Yan and Chen, 2015). Chitin is an odourless and 
tasteless cellulose like polysaccharides with highly 
hydrophobic compound that are with white or 
yellowish colour (Kumar, 2000). Chitin can be 
obtained from arthropod exoskeletons such as 
insect, crustacean, arachnids and molluscs. 
However, the main natural source of chitin comes 
from crab, shrimp and lobster shells waste. 
 
Chitin can convert to chitosan through partial 
chemical or enzymatic deacetylation. Chitosan is 
the derivatives product from chitin where it comes 
from natural resources and crustacean waste main 
source (Nurhayati et al., 2021). Chitosan (N-
deacetylated) contain copolymers of D-
glucosamine and N-acetyl-D-glucosamine linked 
by β(1,4)-glycosidic bonds. Chitosan is 
biodegradable, nontoxic and biocompactible 
(Ozogul et al., 2018). Chitin and its derivatives 
contribute for fabrication of contact lens, skin, hair 
and oral products (cosmetics), prebiotic ingredients 
(agriculture) and used as barrier against food 
spoilage (Zeng et al., 2012, Elieh-Ali-Komi and 
Hamblin, 2016). 
 
Calcium carbonate  
Crustacean waste has high lime content. Lime or 
calcium carbonate (20-50%) has great potential for 
agricultural, construction, pharmaceuticals and 
paper industries. Marble and limestone were 
mainly produced from calcium carbonate. Annual 
market review for calcium carbonate derived from 
crustacean waste can be up to $45 million per year 
which is the cheapest coarse particles in Southeast 
Asian (Yan and Chen, 2015). 

 
Carotenoid 
Carotenoid in animals enhance immunity, 
antioxidants, photo-protectors and contribute to 

reproduction. Some animals use carotenoids for 
intra- species (sexual and social signaling) and 
inter-species (warning colouration) such as 
camouflaged, mating and signaling (Maoka, 2011).  

 
In crustacean habitat, they accumulate carotenoid 
to increase antioxidant and photo-protective 
activities.  Crustacean also can convert β-carotene 
to astaxanthin and accumulate this component in 
carapace, integument, eggs and ovaries. 
Astaxanthin is the most important pigment and give 
advantages for crustacean which it can bind with 
protein to form carotenoid protein complex or 
“crustacyanin” for camouflage, like red, blue and 
purple colour. Crustacyanin acts as photoreceptor 
and also protects the carapace against harmful 
effect of light. Astaxanthin in these animals use to 
prevent oxidative stress and act as antioxidant 
(Britton et al., 2008). Astaxanthin in carotenoid 
have been used in industry as natural food 
colourant, colourant for cosmetics products and 
feed additives in aquaculture (Ozogul et al., 2018). 
 
a. Class of carotenoid 
Carotenoid have two group, xanthophylls (which 
have oxygen) and carotene (which are pure 
hydrocarbon without oxygen). Both group of 
carotenoid are applicable in food, cosmetics and 
pharmaceutical today. Carotene consists of α-
carotene, β-carotene and lycopene (hydrocarbon) 
while xanthophylls contain of astaxanthin, lutein, 
zeaxanthin, fucoxanthin and peridinin. Astaxanthin 
has up to 10 times antioxidant activity compared to 
zeaxanthin, lutein, β-carotene and canthaxanthin 
and 100 times more than α-tocopherol (Kouchi et 
al., 2012). Xanthophylls contain oxygen atoms as 
hydroxyl, carbonyl, aldehyde, epoxide, carboxcylic 
and furanoxide. Fatty acid, esters, glycosides, 
protein complexes and sulfate are also present in 
some xanthophylls (Maoka, 2019). 
 

 
Source: Fernandes et al. (2018) 

 
b. Function of carotenoid  
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Saini et al (2015) stated that carotenoid have 
several function for animals such as: 

 
i. Giving colour pigment to ornamentations (e.g 

ornamental fish, salmon and flamingo) 
ii. Carotenoid potent antioxidant properties can 

protect against lung, head, neck and prostate 
cancer. 

iii. Improve immune system, growth factors and 
intracellular signaling pathway. 

iv. Regulate cell differentiation, cell cycle and 
apoptosis. 

v. Photoprotection against UV radiation 
vi. Precursor for visual pigment retinol. 

 
For human being, carotenoids plays main role in 
cosmetics products as it can protect the skin 
against UV radiation which can lead to ageing and 
wrinkle (Anunciato and da Rocha Filho, 2012). 
 

c. Extraction method of carotenoid 

Five important steps that needs attention to 
minimalize degradation of carotenoid extraction, 
analysis and storage prior to extraction process 
are: 
i) Neutralizer (calcium carbonate, sodium 
bicarbonate, magnesium carbonate),  
ii) Add antioxidant (tert-butylhydroquinone, butyled 
hydroxytoluene, pyrogallol or ascorbic palmitate) 
iii)  Minimize extraction based on time lag between 
samples 
iv) Protect sample from direct UV light and v) to 
flush sample with nitrogen. 
 
Acids are added to neutralize (calcium carbonate, 
sodium bicarbonate) acids in sample during 
extraction as acids are potential to change 
isomerization and rearrangement 5,6-epoxy- to 
5,8-epoxycarotenoids such as violaxanthin and 
neoxanthin (Kimura and Rodriguez-Amaya, 2004);  
An antioxidant (tert-butylhydroquinone, butyled 
hydroxytoluene, pyrogallol or ascorbic palmitate) 
was added to extraction solvent in concentration 
0.1% (w/v) (Cernelic et al., 2013). Extraction based 
on time lag between sample needs to be minimized 
to prevent enzymatic oxidation, short extraction 
time is recommended with appropriate temperature 
for viable extraction. The sample should be 
protected from direct UV light as it can promote to 
trans-cis photoisomerization and photodestruction. 
An inactive environment is needed earlier when the 
sample tube extraction are flushed with nitrogen to 
eliminate oxygen.  
 

Method for carotenoid extraction can be performed 
using organic solvent (maceration), soxhlet 
extraction, super fluid extraction (SFE), ultrasound-
assisted extraction (UAE), microwave-assisted 
extraction (MAE), accelerated solvent extraction 
(ASE), enzyme-assisted extraction (EAE) and 
carotenoid extraction using green solvent (Ozogul 
et al., 2018, Saini and Keum, 2018). 
 

i. Extraction using organic solvent 
(maceration) 

Organic solvent such as methanol, ethanol, 
hexane, petroleum ether, chloroform and acetone 
are used to extract astaxanthin. These solvent 
extraction ability are based on their polar and non-
polar characteristics. This method by using 
acetone (polar molecule) has potential to extract 
highest yield of carotenoid from pink shrimp (P. 
brasiliensis and P. paulensis) because acetone 
contains carbonyl group (C=O) and two methyl 
groups (-CH3). Maceration does not require heat 
for extraction to avoid thermal degradation of 
carotenoid and contact time between raw material 
and solvent can be reduced.  

 
This method was considered as the best method 
as it can minimize the degradation carotenoid 
content (Saini and Keum, 2018). According to 
Sachindra et al. (2005), carotenoid extract from 
marine and freshwater crab by using acetone 
solvent can extract maximum carotenoid content in 
crab shells. Table 6 showed isopropyl alcohol 
mixed with hexane (50:50) was the superior solvent 
for extraction followed by acetone and isopropanol 
(isopropyl alcohol). 
 
Table 2. Yield of carotenoids from shrimp waste in 
different solvent and solvent mixtures 

Solvent/solvent mixture Yield (µg/g waste) 
(WWB) 

Acetone 40.6±1.6 
Methanol 29.0±3.3 

Ethyl methyl ketone 36.8±1.9 
Isopropyl alcohol 40.8±3.0 

Ethyl acetate 36.9±2.9 
Ethanol 31.9±2.2 

Petroleum ether 12.1±1.8 
Hexane 13.1±0.9 

Acetone:hexane (50:50) 38.5±1.0 
Isopropyl alcohol:hexane 

(50:50) 
43.9±0.7 

Source: Sachindra et al. (2005) 
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Table 3. SFE crustacean by-products valuable compounds 

Species By-
products 

Compounds Extraction conditions Optimum condition 

Australian Rock 
Lobsters (Jasus 
edwardsii) 

Liver Lipids Pressure: 25, 30, 35 MPa 
Temp.: 50°C 
CO2 flow rate: 0.434 kg/h 
Time: 240 min 

 
35 MPa and 50°C for 4 
hours 

Tiger shrimp 
(Penaeus monodon) 

Head and 
shells 

Astaxanthin 
and other 
carotenoids 

Temp.: 60°C 
Pressure: 20MPa 
Co-solvent: ethanol, water, 
methanol, 50% (v/v) ethanol in 
water, 50% (v/v) methanol in 
water, 70% (v/v) ethanol in 
water, 70% (v/v) methanol in 
water 

 
 
50% (v/v) ethanol in 
water 

Pink shrimp 
(Penaeus 
brasiliensis and 
Penaeus paulensis) 

Head, shells 
and tail 

Astaxanthin 
and other 
carotenoids 

Moisture content: 11.21-
46.30% 
Solvent flow rate: 8.3-13.3 
g/min 
Temp.: 40-60°C 
Pressure: 100-300 bar 
Co-solvent: 
hexane:isopropanol (50:50) 
and sunflower oil) 

Solvent CO2 + 2% 
hexane:isopropanol 
solution  
Flow rate: 13.3g 
CO2/min 
Moisture 
content:11.21% 
Pressure: 300 bar 
Temp.: 333.15K 

Brazillian redspotted 
shrimp 
(Farfantepenaeus 
paulensis) 

Head, shells 
and tail 

Astaxanthin 
and omega 3 
fatty acid 
(EPA+DHA) 

CO2/ethanol 5, 10 and 15% wt 
Pressure: 300 bar 
Temp.: 50°C 

15% wt of ethanol 

Brazillian redspotted 
shrimp 
(Farfantepenaeus 
paulensis) 

Head, shells 
and tail 

Astaxanthin 
and lipid 

Pressure: 200-400 bar 
Temp.: 40 - 60°C 

 
43°C and 370 bar 

Northern shrimp 
(Pandalus borealis) 

Head, shells 
and tail 

Lipid 
(EPA+DHA) 

Low pressure: 15MPa, 50°C 
Moderate: 35MPa, 40°C 

35MPa, 40°C 

Source: De Aguiar Saldanha Pinheiro et al, 2021 
 

ii. Soxhlet extraction 
Soxhlet extraction is the easy and conventional 
method use in laboratory and industry. This 
process is also known as atmospheric liquid 
extraction. It can extract the highest amount of 
carotenoids although it used a large volume of 
solvent and consume high cost for extraction 
process. This method can cause carotenoids 
degradation and cis-trans isomerization due to high 
temperature and low pressure used (Saini and 
Keum, 2018).  

 
iii. Supercritical fluid extraction (SFE) 
Supercritical fluid extraction (SFE) process is the 
most recommended method and modern 
technologies used for carotenoids extraction (De 
Aguiar Saldanha Pinheiro et al, 2021). This method 
uses carbon dioxide (CO2) as extracting solvent to 
extract carotenoid from solid to liquid form. Final 
product produced from SFE is free from toxic 
organic solvent. Carotenoids yield can be obtained 

at operating temperature 60°C and 400 bar 
pressure, in which 60°C and 500 bar pressure are 
used to obtain yield of chlorophylls while 300 bar 
pressure and 333.15K thermal temperature are 
needed to obtain astaxanthin. Carotenoids 
extraction in SFE method uses different pressure, 
temperature, flow rate and carbon dioxide density 
based on the compound polarity: polar 
(xanthophyll) and non-polar (carotene). Co-solvent 
such as ethanol is also used to achieve maximum 
yield of carotenoid extraction (Saini and Keum, 
2018). S. almeriensis (microalgae) carotenoids are 
extracted with the highest yield (50% recovery) at 
400 bar pressure and 60°C  (Macías-Sánchez et 
al., 2010) while Dunaliella salina is extracted (47% 
recovery) at 400 bar pressure and 55°C using SC-
CO2 extraction (Hosseini et al., 2017). SFE method 
gives benefits to industry as it is non-toxic and uses 
recycle solvent (CO2 and ethanol), suitable for 
thermolabile compounds and produced high purity 
of carotenoids. 
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Table 4. Ultrasound-assisted extraction of crustacean by-products 

Species By-products Compounds Extraction conditions Optimum condition 

Pacific white shrimp 
(Litopenaeus 
vannamei) 

 
Head 

 
Lipid and 

carotenoids 

Pulse and continuous mode, 
sonication time (15, 20, 25 and 30 
min) amplitudes of 50-90%, 4°C 

80% amplitude with 
continuous mode for 25 

min. 

Pacific white shrimp 
(Litopenaeus 
vannamei) 

 
Head 

 
Lipid and 

carotenoids 

Frequency: 20kHz 
Power: 750W 

Amplitudes: 60-100% 

80% amplitudes for 10 
min and 4°C 

Giant river prawn 
(Macrobrachium 

rosenbergii) 

 
Shell 

 
Chitin  

Demineralization in 0.25M HCl 
(1:40 solid-to-solvent, w/v at 40°C, 

sonicated for 0, 1 and 4 hours 

4 hours 

Pacific white shrimp 
(Litopenaeus 
vannamei) 

 
Shell 

 
Chitosan  

Deacetylation: NaOH (35-65%, 
w/w), ratio of chitin (1:15, w/w), 

80°C, 360 min, frequency of 37kHz 
and power of 300 W 

Deacetylation rate 
improved with 

concentration of NaOH 
below 45% (w/w) 

 

 
iv. Ultrasound-assisted extraction 

(UAE) 
Ultrasound-assisted extraction method is popular 
among food processing industry. UAE does not 
required thermal heat for extraction plus this 
method undergoes fast process (reduce time 
processing), environment friendly, give advantages 
on productivity, selectively and yield (Chemat et al., 
2011). Several previous study claimed that ultra-
assisted extraction is effective to extract and 
increase yield extraction of lipid and carotenoids 
from crustacean waste/by-products due to its 
cavitation effect (Gulzar and Benjakul, 2018). 
Cavitation can caused cell rupture which leads to 
mass-transfer for extractants. 
v. Pulse electric field extraction (PEF) 

Pulse electric field extraction also serves as 
ultrasound-assisted extraction that used no 
thermal heat, high selectivity and low energy usage 
(De Aguiar Saldanha Pinheiro). Pulse electric 
extraction functions by extracting calcium, 
chondroitin, collagen, chitosan and protein from 
seafood by-products (He et al., 2017). Short high 
voltage pulse applied after plant, animal and 
microbial cells is placed between two electrodes. 
Pulse duration depends on material characterictics 
and it starts from 100 to 300 V/cm to 20-80kV. 
Electroporation is the process of releasing cell 
intracellular through pore formation on cell 
membrane (Bhat et al., 2019). This extraction 
method uses low cost of instruments, that may 
cause bubbles in sample and can leads to 
parameter changes in electrical conductivity (Saini 
and Keum, 2018). 
 
vi. Microwave-assisted extraction (MAE) 
Hiranvarachat and Devahastin (2014) state that 
micro-assisted extraction is easy, fast productivity, 
short time consuming, produced high yield, reduce 

solvent consumption and economic for carotenoid 
extraction. Carrot sample undergo pretreatment 
process before using micro-assisted extraction and 
the result showed antioxidant activity from 
pretreatment is higher than untreated carrot 
sample (Hiranvarachat et al., 2013). Ethyl acetate 
is the best solvent in this extraction as it can 
produced highest recovery of E-lycopene in ration 
1:20 solid to liquid at 400 W for 60 seconds 
compared to hexane. Micro-assisted extraction 
could be the most efficient method for carotenoid 
yield as the extraction of time should be shorter to 
prevent carotenoid degradation. The disadvantage 
of this method is that the extanding thermal heat 
can caused cis-trans isomerization and 
carotenoids degradation including clogging by 
sugar and pectins could happened if applied at 
large volume in the extraction process (Saini and 
Keum, 2018). 
 
vii. High-pressure extraction 
High-pressure extraction is a non-thermal method 
by using high pressure to solid or liquid form of 
foods to improve the quality. This purposes of this 
method are for microbial inactivation, reduce 
solvent consumption, shorten the extraction time 
and high carotenoid yield produced (Sevenich and 
Mathys, 2018, Shouqin et al., 2004). 
 
Astaxanthin  
Crustacean waste has natural valuable compound 
called astaxanthin where it produces red-orange 
colour pigment. Astaxanthin can be extracted by 
using organic solvents such as methanol, ethanol, 
hexane, petroleum ether, chloroform and acetone. 
Astaxanthin comes from a class of phytochemical 
of carotenoid (tetraterpenoids). 
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Table 5. High-pressure extraction (HPE) of crustacean waste 

Species By-
products 

Compound Extraction condition Optimum condition 

Pacific white shrimp (Litopenaeus 
vannamei) 

 
Head and 

shell 

 
Astaxanthin  

Pressure: 0.1-600MPa, liquid-
solid ratio (10-50 mL/g) and 
pressure holding time (0-20 

min) 

. 
Pressure: 210 MPa, 
holding time 9.2 min, 

liquid-solid ratio 32 mL/g 

Pacific white shrimp (Litopenaeus 
vannamei) 

 
Shells 

 
Astaxanthin 

Pressure: 0.1-600MPa, 
holding time (0-20 min), 

different solvents (acetone, 
dichloromethane, ethanol), 
solvent-solid ratio (10-50 

mL/g)  

Ethanol, liquid-solid ratio 
(20 mL/g), 200 MPa for 

5 min 

Rainbow shrimp (Parapenaeopsis 
sculptili) 

Bird shrimp (Metapenaeus 
lysianassa) 

Giant river prawn (Macrobrachium 
rosenbergii)  

Shrimp (Metapenaeopsis 
hardwickii) 

Banana shrimp (Penaeus 
merguiensis) 

Giant tiger prawn (Penaeus 
modonon) 

 
Head, 

shells and 
tails 

 
Astaxanthin 

Pressure: 210 MPa, time 10 
min, solvent mixture of 

acetone and methanol (7:3 
v/v) 

Higher total carotenoid 
and astaxanthin in P. 

monodon 

Source: De Aguiar Saldanha Pinheiro et al., 2021 

Table 6. Proximate composition of crustacean waste (%) 

 
Shell Sample 

 
Moisture 

 
Ash 

 
Chitin 

 
Lipid 

 
Protein 

 
References 

Shrimp 11.67 33.67 21.61 1.92 27.23  
 

Toliba et al. (2014) 
Crab 10.94 36.34 18.83 4.54 25.98 

Lobster 9.54 38.24 20.35 3.02 23.24 

King crab (Paralithodes 
camtschaticus) 

 
68.0 

 
17.0 

 
5.5 

 
0.9 

 
8.6 

 
 

Novikov et al. (2020) Snow crab (Chionoecetes opilio)  
53.8 

 
15.1 

 
4.6 

 
0.5 

 
25.7 

Red snow crab (Chionoecetes 
japonicas) 

 
11.9 

 
35.7 

 
NS 

 
0.2 

 
25.0 

 
Jun et al. (2019) 

Brazilian red spotted shrimp 
(Farfantepenaeus paulensis) 

 
NS 

 
27 

 
NS 

 
4.9 

 
49 

 
Sánchez-Camargo et al. 

(2011) 

Shrimp 10.65 19.67 NS 9.49 31.58 Septinova et al. (2011) 

 *NS = not stated 

Astaxanthin can be found in crustacean, 
microalgae, salmon and krill. Food and Drugs 
Administration (FDA) from US declared and 
approved astaxanthin to be used as food colouring 
and colour additive as they are considered natural 
astaxanthin and are safe to be use. This compound 
was also given “E code” or “E number” from 
European Commission and considered as food dye 
in industry (Dalei and Sahoo, 2015). Astaxanthin 
can be found in another microorganism, 
microalgae such as Haematococcus pluvialis 
(most popular sources in today industry), Chlorella 
zofingiensis, Chlorococcum sp., Phaffia 
rhodozyma and Agrobacterium aurantiacum 
(marine bacteria). In marine habitat, Astaxanthin 

contributes to red colour pigment on the shells and 
pink-red in their flesh (Dhankar et al., 2012). 
 
Proximate composition of crustacean waste 
Proximate composition data for crustacean waste 
such as shrimp, crab and lobster is presented in 
Table 1. Ash content showed high level for lobster 
38.24% followed by crab 36.34% and red snow 
crab (Chionoecetes japonicas) 35.7%. Moisture 
content in king crab (Paralithodes camtschaticus) 
is 68% slightly higher than snow crab 
(Chionoecetes opilio) at 63.8% (Novikov et al., 
2020) while the other data showed moderate 
moisture content in shells waste. High chitin 
content was found in shrimp while lowest in crab 
(Toliba et al., 2014). Lipid was high in shrimp waste 
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9.49% (Septinova et al., 2011). The protein content 
from crab 25.98%, snow crab (Chionoecetes opilio) 
25.7% followed by red snow crab (Chionoecetes 
japonicas) 25.0% showed almost similar level 
among the crabs.  

 
Different of carotenoid and astaxanthin content 
in marine and fresh water crab 
According to these results from Table 2 and Table 
3, both species have carotenoid content in meat 
and shells. We observed that astaxanthin content 
is higher in marine crab where it have strong colour 
pigment compared to fresh water crab. Fresh water 
crab also have carotenoid content, zeaxanthin 
which is higher than marine water crab. Zeaxanthin 
original colour is yellow while astaxanthin colour is 
red pigment (Adeyemi et al. 2013). Kouchi et al 
(2012) reported astaxanthin has up to 10 times 
antioxidant activity compared to zeaxanthin, lutein, 
β-carotene and canthaxanthin and 100 times more 
than α-tocopherol. 
 
Table 7. Composition (g/100g) of total carotenoid in 
marine (C. cruciata) and fresh water crab (P. 
potamon) 

 Marine crab Fresh water crab 

Meat Shell Meat Shell 

Astaxanthin 17.3±1.1 23.6±1.
4 

9.3±0.6 7.2±1.0 

Astaxanthin 
monoester 

26.4±2.0 15.2±1.
3 

11.2±1.
0 

3.7±1.2 

Astaxanthin 
diester 

23.9±2.1 26.7±2.
8 

16.0±1.
1 

3.8±1.1 

Β-carotene 3.6±1.3 5.1±1.4 7.4±1.6 3.6±1.2 

Zeaxanthin 0.49±0.3
5 

5.0±1.7 42.0±2.
6 

74.8±4.
2 

Unidentified 27.6±3.9 24.4±2.
8 

14.1±1.
1 

6.9±2.1 

Source: Sachindra et al. (2005) 

 

Table 8. Yield and total carotenoid content in meat 
and shell of crabs marine (C. cruciata) and fresh 
water crab (P. potamon) 

 Marine crab Fresh water crab 

Meat Shell Meat Shell 

Yield 

(g/100g) 

17.3±1.1 23.6±1.4 9.3±0.6 7.2±1.0 

Total 

carotenoi

d content 

(µg/g) 

(wwb) 

26.4±2.0 15.2±1.3 11.2±1.0 3.7±1.2 

Source: Sachindra et al. (2005) 

 

Health benefits of astaxanthin for daily life 
 
a. Antioxidant and oxidative stress 

Astaxanthin plays main roles as anticancer, anti-
inflammatory, anti-diabetic, immune-modulatory 
including providing neuroprotective effect. Special 
characteristic in astaxanthin that comes from 
hydroxyl group (-OH) and keto (C=O) could 
improve high antioxidant activity (Palozza and 
Krinsky, 1992).  The main basic of “antioxidant role” 
is formed to put out reactive oxygen species (ROS) 
in astaxanthin compound. ROS can damage 
biological molecules and highly reactive to the 
immune system, in which ROS is produced and 
stay activates when infection occurs. ROS is 
generated by lymphocytes to fight invading 
pathogens, macrophages and neutrophils 
phagocytose. ROS may be potentially harmful to 
the host by increasing levels of immune respond. 
Oxidative stress is known for the imbalance of ROS 
and antioxidant defences (Greene, 1995). DNA, 
protein and lipid membrane can be damaged by 
free radical that is usually linked to pathologically 
condition such as cancer, aging, radiation injury, 
amyloid disease, ischemia-reperfusion injuries and 
etc. (Cross et al., 1987). Oxidative stress can also 
cause numbers of ailments. 
 

b. Eye health 
Age-related molecular degeneration (AMD) and 
age-related cataract lead to visual impairment and 
blindness. Both diseases undergo oxidative 
process within eye that related to light-induced 
(Winkler et al., 1999). Lutein and zeaxanthin from 
spinach and other green leaves can reduce risk of 
getting AMD, blurred vision, loss of dark vision and 
loss of visual acuity. Lutein and zeaxanthin are very 
close to astaxanthin but astaxanthin has high 
antioxidant and UV-light protection effect 
(O’Connor and O’Brien, 1998). Astaxanthin 
protects against oxidative and free radical damage 
in eye. It also acts as a potent inhibitor of DNA 
oxidation. 6 mg of astaxanthin extract from H. 
pluvialis could improve eye fatigue in terminal 
workers (Nagaki et al., 2006). 
 

c. Anti-diabetic activity 
Diabetes mellitus is sometimes caused by free 
radicals production due to oxidative stress. 
Oxidative stress may induce hyperglycemia that 
damages tissue in patient (Uchiyama et al., 2002). 
Astaxanthin can improve glucose tolerance, 
increase serum insulin and decrease blood glucose 
level. Antioxidant in astaxanthin could also affect 
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the reactive of oxygen or nitrogen in metabolism of 
lymphocytes (Otton et al., 2010). 
 

d. Skin health 
Astaxanthin protects unprotected skin exposed 
longer to sunlight from sunburn, photo-induced 
oxidation, inflammation, immunosuppression, 
aging and carcinogenesis of skin cells by providing   
oral sun-protectant as well as UV-light photo 
oxidation protectant (Dhankar et al., 2012). 
Astaxanthin, canthaxanthin and beta-carotene may 
be able to minimize injuries related to ultraviolet 
exposure by providing photoprotection in human 
fibroblast (Camera et al., 2009). This indicates that 
astaxanthin may minimize effects of radiation to 
ultraviolet such as skin sagging and wrinkling. 

 
e. Inflammation  

Reactive oxygen species (ROS) toxic can cause 
inflammation particularly at lumen and intestinal 
mucosa. Aghdassi and Allard (2000) explained the 
mechanism of effects of phagocytic leucocytes and 
neutrophils on decreasing antioxidant and vitamin 
levels while increasing lipid peroxidation. 
Astaxanthin has the ability to reduce the 
inflammation in rat paw (Kurashige et al., 1991) 
and production of pro-inflammatory cytokines such 
as tumour necrosis factor-a and interleukin-6 in 
lipopolysaccharide stimulate by neutrophile 
(Macedo et al., 2010). Astaxanthin ginkolide B. or 
combination both of them may also able to 
suppress activation of T cells from asthma patient 
(Mahmoud et al., 2004). In addition, astaxanthin 
has potential to fight against ulcer disease and 
reduce symptoms of gastric inflammation (Dhankar 
et al., 2012).  

 
f. Powerful Antioxidant 

Organisms have their own antioxidant system to 
protect from oxidative damage and reactive oxygen 
species (ROS). Oxidative stress can cause 
oxidative damage in which it can effect biological 
process as well. Astaxanthin bioactive compound 
is a stronger free radical antioxidant activities 
compared to beta-carotene and vitamin E 
(Kurashige et al., 1991). 
 
Potential of crustacean waste as feed 
 
Table 9. Crustacean waste use for food and feed 

Extract or 

product 

Description Uses 

Crustacean 

meal 

Ground and dried 

crustacean waste has 

Fish feed 

and animal 

been used as a 

component of animal or 

fish food to deliver 

nutrition required for 

growth and health.  

feed 

Pet food Nephrops and shrimp 

shells have been used 

in pet foods as varietal 

claims e.g. “with shrimp” 

Wet and 

dry pet 

food 

Source: Archer and Russell (2007) 
 

In livestock, protein is the most important 
component in feed. Kamaruddin et al. (2018) 
explained that Napier grass can provide protein 
around 14.42% while Komilus et al. (2018) 
suggested that garlic is able to provide additional 
protein 19.65% even as supplementary feed for 
animals. Garlic can boost immunity against 
infection with its high antioxidant whereas 
crustacean waste by-product could provide similar 
role in feed.  
 
Chitin in crab meal is 12.9% and shrimp meal 
(7.6%). Chitin was introduced in ruminant feed to 
allow adaptation of microfloral in ruminant digestion 
and it was found that hydrolysate retention and 
protein consumption from shrimp waste in (NaOH 
3% and H2O2 5%) treatment was the best. This 
result indicates that shrimp waste has potential to 
provide protein source in broiler feed as well as 
amino acid content, as the results showed that 
aspartic acid (3.34%) and glumatamic acid (4.46%) 
is the highest in shrimp waste. Histidine (0.34%) 
and methionine (0.52%) content quite low in shrimp 
waste (Septinova et al., 2011). Vijayalingam and 
Rajesh (2020) too is in agreement that crab waste 
meal has potential nutritional characteristic as feed 
supplement for chicken and fish feed due to its 
acceptable level of protein content  of 15.72% in 
crab meal ‘S’ (shells and legs).  
 
Why crustacean waste change colour after 
cooked? 
Crustacean refers to hard shell exoskeleton 
(carapace) animal which is comes from marine 
sources such as prawns, crabs and lobsters. Shells 
colour usually change after been cooked due to 
chemical composition reaction with heat. In the 
ecosystem, these crustaceans move freely and 
usually show dull colour of the shell such as brown, 
olive-blue or muddy colour to match the their 
current environment. This is a camouflage strategy 
by these animals to avoid from predators although 
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crustaceans do have their own natural pigments 
known as astaxanthin.  
 
Astaxanthin is responsible to provide a wide arrays 
of colour ranging from yellow, orange to red. A 
special protein called “crustacyanin” binds 
astaxanthin into blueish-grey pigment in shell, 
while crustaceans are still alive. Continuous 
exposure to heat destroys the protein binding as 
well as turning astaxanthin back to bright red. This 
indicates that crustacean waste may be rich with 
astaxanthin that could benefit as colour 
supplements in feed form for fish farming industry 
i.e. salmon (Qin, 2018, Soniak, 2012, and 
Sherman, 2017). 

 
CONCLUSION 

Unprocessed 50-70% crustacean shells, heads 
and tails can be good source for astaxanthin. 
Nutrients in crustacean waste were proven to be 
beneficial as edible food and additional feed for 
livestock and fish industry as it can replace 
synthetic colour used today with natural pigment 
colour especially for ornamental fish. Natural 
astaxanthin could also be used to add value to skin 
colour in fish and in return, able to increase the 
market value as well. This also gives benefits to 
pharmaceuticals industry such as cosmetics and 
health supplements as astaxanthin has nutritive 
value to boost immune system and contains high 
antioxidant to living animals as human as well as 
livestock and fish cannot produce antioxidant de 
novo. It can be concluded that crustacean shell 
waste is a potential product that should be 
exploited scientifically to further clarify its potential 
use in the feed industry. 
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