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ACTION 4 - Valorisation of Brown Crab By-products 
through Biological Compost

1. Introduction

Many industrial processes generate massive amounts of by-products. Sometimes they are easy to 
recycle or valorise since there are other industrial methods that may turn them into new raw material. 
However, other situations are not so easy because the nature of the by-product makes them hard to re-
use.  That happens with exoskeletons, which are produced in big amounts by processing companies 
that use brown crab as raw material. That is not a singular case in the fishing sector. There are other 
examples like the shells of bivalve molluscs because we just use the meat for canning.

The ACRUNET Project intends to answer the questions concerning specifically brown crab and the 
valorisation of its by-products. As a waste with a high-Chitin-content and taking into account that 
similar products are used elsewhere to produce Chitin and Chitosan –both with many industrial 
applications- we could think that this is the perfect solution. On the contrary, following this line would 
be a mistake. The industrial process to obtain this product is very contaminant and requires much 
workforce. That is why companies within this activity are located outside Europe.

Searching for alternative uses of brown crab by-products is a priority for the European sector. During 
the life-time of the project the tasks related to waste have been carried out through iterative dialogues 
with the industry. This engagement has allowed managing expectations and reflecting on feasible 
alternatives, as well as having first-hand knowledge on previous attempts jointly developed by the 
companies and the scientific community.

Given the abundance of the product, we need a process that can also be used with big amounts. There 
is no point in searching alternatives for small amounts. Bearing this in mind the project�s partnership 
chose the biological compost option. This solution, if finally becomes feasible, allows treating big 
amounts of waste and generating a product (compost) useful as an organic amendment to reduce 
the use of inorganic fertilizers. The application of compost to the soil in contrast to untreated wastes 
improves the structure and stability of soil aggregates, increases the retention of water and nutrients 
(N,P,K) reduces its losses by lixiviation and favours the vegetal and the microbial biomass development  
(Roca-Pérez, et al., 2009). 

In addition, it allows a more homogeneous distribution of nutrients and reduces the transport and 
disposal costs (Domínguez and Edwards, 2011). Finally, it would be in line with sustainable environmental 
guidelines, which please so much to European authorities and consumers. It would also permit the 
application of the compost for agronomic purposes.
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2. Facts

The amount of organic matter in the brown crab by-products is not enough to achieve the viability of 
the biological composting process. This explain the need to add to the initial mixture some additional 
quantities of organic matter (co-substrate) from other sources.

To carry out the tests developed experimentally we have used horse and chicken manure (co-
substrates) as source of organic matter to be added. The reason is that they are universal co-substrates 
available in any location (UK) and therefore the results obtained through this work may be recreated 
in any other place.

During the processing of brown crab products, we obtain two types of by-products: exoskeletons –
which are the reason of this study and the main environmental problem- and organic guts and wastes. 
However, the last have not been used as co-substrate in the tests due to several reasons: some of 
them are totally objective (1 and 4) and the other are very likely in the absence of confirmation (2, 3 
and 5):

1. The transport to Vigo of big amounts of guts had been a logistics effort not included in the 
budget. Moreover, those wastes should have been frozen and transported accordingly, what 
would have complicated their use in the tests because of the need to defrost outdoors.

2. The guts contain much water (about 80-85%) and in consequence, they are not consistent. 
It means that there would be a high production of contaminating lixiviated products and the 
rest solid part, without texture, would accumulate in the lower part of the mixture (bed) being 
unable to achieve the purpose of its use. 

3. The crab exoskeletons would stay uncovered by organic matter and the composting process 
would not be possible or it would be variable and it would not affect the whole mixture.

4. Horse and chicken manure have less water and less odor and their consistency is more solid. 
Therefore, they mix perfectly with exoskeletons enabling the composting process.

5. Perhaps these guts and wastes may be used determining the following mixture: Exoskeletons 
+ manure + guts. We would need a specific experience for that. In any case, apart from 
lixiviation, this option would be possible. 
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3. Methods

The research design was oriented to identify feasible commercial solutions for recovering valuable 
raw materials from brown crab waste to obtain by-products for non-human consumption.  The initial 
research plan included several steps from the assessment of the generated raw material to the 
industrial scale up of activities: 

a. Setting the base-line: definition and quantification of generated waste (typology, processes, 
percentages, etc.), availability (tonnage, information). Answering to an explicit request from the 
industry, an on-line survey was designed to have an easy and fast way to provide data.   

Unfortunately, the data provided by the companies were incomplete and lack representativeness for 
a full characterisation at European level. In October 2013, only 14% of the 28 replies were completed1. 
As a contingency planning the Consortium opted for using a voluntary and proactive processing 
company –the Blue Sea Company- as both reference and supplier of waste material. 

Additional efforts were made to gather some insights from on-going compost companies (see Annex 
I). Secondary sources were used, including an overview of previous research developed by Seafish in 
2007 regarding crustacean waste (see Annex II).  

b. Selection of alternatives: review of the valorisation concept, types and results, attributes of the 
by-products market, etc.  Currently several projects are focused on valorisation of fish-by products 
and marine organisms through biotechnological tools ant the extraction of high added value products 
or bio molecules with applicability in pharmacology, cosmetics, food and biomedicine. Crustaceans 
by-products are used to obtain chitin and chitosan, bio stimulants for plants cultivation, ingredients 
of functional food, high value compounds (collagen, chondroitin sulphate, peptide hydrolysates, 
gelatine, omega 3 oils, etc.).

1  This constrain was directly addressed with the Industry at the ACRUNET meeting (Vigo, 22-23 October). The 
reasons behind this low effective reply were related to stakeholders fatigue, confidentiality issues, and the high 
number of questionnaires from all the Activities within ACRUNET. 
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After an initial assessment and the dialogue with the industry, the Consortium decided to focus the 
research efforts on the use of brown crab by-products as agriculture fertilizers. 

c. Lab-scale compost test: classification of waste typologies and chemical characterisation of the 
generated raw material components, developed by IMPA.

d. Industrial scale compost test, developed at an on-going compost company. 

e.Analytical profile of the final products

f. Economic feasibility, based on the analysis of the operational cost to assess its competiveness 
beyond the technical feasibility of the process. 

4. Lab-scale pilot test 

CETMAR coordinates the experience with the support of ECOCELTA S.L. – company specialist in 
compost and located in Galicia- as well as of the research group in Environmental Biology from the 
University of Vigo. In addition, IPMA has carried out the chemical characterisation of the materials.

The support of The Blue Sea Food Company (Devon, UK) has been critical for the development of 
the compost test. For the pilot test, they provided a total of 250 kg of waste from brown- crab, which 
was classified according to three different typologies:  i) shell and soft tissue crushed; ii) shell and 
soft tissue; and iii) empty legs. It is worth nothing that these typologies are linked to the productive 
process of this specific company, which has some implications for the extrapolation of results. 

Caption: Label for the transport of the waste brown crab product sent from The Blue Sea Food Company (Devon, 
UK) to CETMAR facilities (Vigo, Spain) following European legislation for animal by-products not intended for 
human consumption and the Atlantic Area Programme.
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Type I. Shell  
and soft 

tissue crushed

Type II. Shell 
and soft 

tissue crushed

Type III. Empty
legs

Figure 1 . Typology of waste from The Blue Sea Food Company sent for the lab test. © CETMAR

An initial assessment excluded type III from the lab test, whereas type I and II were partially de-frozen 
and crushed for physical and chemical analysis, including 26 parameters. 

Picture 1 . Waste ready for physical-chemical analysis at the Lab. © CETMAR

4.1. Lab preliminary findings 

The preliminary findings show that using brown crab by-products for producing compost is a 
feasible process. However, beyond the technical possibility, the test was designed for standardising 
the process in such a way that may be implemented in any location with slight variations, including 
different aspects: evolution of certain variables, duration, yield, production costs and profile (final 
features and specific purpose).

Initially, to verify that the process was technically feasible there was a physic-chemical identification 
of the by-product. Taking into account that the organic charge in the initial by-product is very low and 
insufficient to assure a compost process there were some lab-scale previous tests. The testing could 
establish the percentage of an additional organic matter, other than the by-product, that should be 
added to avoid block. Likewise we could identify some useful details that allow us to optimise the 
process and that will be applied to the further and definitive industrial test.  
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Conclusions:

	Taking into account the physic-chemical composition of the available substrates and the 
search of a commitment treatment-cost the most adequate proportion for the mixture in this 
case is 3:1:1 (Structuring:Manure:Shellfish) in fresh weight.

	Among the available co-substrates (horse and chicken manure) the best to cover our needs 
is horse manure. An alternative way is using similar quantities of both manures without 
modifying the final proportion in the pattern previously shown. Thus the proportion would 
be 3:0.5:0.5:1 (Structuring:Horse:Chicken:Shellfish) in fresh weight. This option seems to be 
interesting because it allows us to manage two types of waste in the process if necessary.

	The apparent densities of each material are shown as follows. We must bear in mind that the 
apparent density of shellfish at real scale may differ much from the one we use because it 
was very finely hand-grinded. In any case all the values are illustrative because they were lab-
scale.

Material Apparent density
Shellfish 0,41

Chicken manure 0,28
Horse manure 0,35

Structuring 0,3

Table 7 – Lab pilot test. Apparent densities of the material.
	It is noteworthy that humidity in the final mixture – in any of the previous scenarios- is 

much lower than the minimum required for a correct composting process because it was 
around 30%. In our facilities, the material was re-moisturised in all the cases. That is why at 
a real scale it must be considered the need to add much water to the mixture to reach 60% 
humidity, which is the ideal value according to the 50-70% humidity range proposed by 
Wilson (1989) and Richard et al (2002). This situation derives from the use of low humidity 
raw material.

	The amount of organic material present in the final mixture, about 80% –in any of the 
previous scenarios- is enough to preserve the composting process.

5. Industrial-scale pilot test 

The preparation of the mixture for the industrial scale tests is made by the scaling-up of the previous 
lab tests. On one hand, the upgrading of the scale must respect as much as possible the previous 
conclusions but it must also be based on the benefit-cost analysis from the interested company. 

Once considered the recommendations for the lab tests according to the previous conditions, 
we decided to reject the process of grinding the crab by-product because it would involve a high 
economic and time cost for the company. We agreed to solve it making a mixture of 6 tons of whole 
crab by-product with horse manure in a 1:1 volume proportion and we watered the material during 
the assembly. The objective is that the by-product acts as a bulking agent and gives porosity to the 
mixture. In addition, the composting process implies a fragmentation and decomposition process of 
big particles (Abad et al., 2005) which should reduce progressively the size of the crab by-product to 
incorporate it gradually to the final product.

The system selected for the industrial compost of shellfish waste and horse manure was dynamic 
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bio-batteries. We chose this design because it adapted to the working capacity of the plant and to the 
needs of the process due to the limitations of manure as structuring agent. 

Industrial scale compost tests developed following the usual process in the treatment plant consisting 
on a first stage of turned piles, a second stage of turned windrows and a third stage of maturation in 
static piles. Both cases are low-cost treatment systems with a low technological monitoring and with 
the need of a long time treatment in plant (Chica and García Morales, 2007). During the stages 1 and 3 
piles are distributed in a roofed place set up by three concrete walls called “composting box” (Picture 
2).

To follow up the process we monitored the temperature because it is an indirect indicator of the 
degradation intensity of the organic matter (Mustin, 1987; Charnay, 2005).

5.1 Industrial-scale compost test: first stage 

Once the by-product was mixed with the co-substrate and the structuring material (Picture 2) the 
mixture was placed in a trench during 10 days where it was turned over daily. The goal of this stage 
was to make a first phase of accelerated degradation to reduce the delay time in the plant.

At the beginning of the compost process there is a big metabolic activity, due to the presence of 
organic material easily degradable provoking a raise of the temperature. The goal of this stage is 
keeping the thermic condition of the process and achieving a temperature range from 40 to 60 
degrees, which is the ideal for the development of the thermophilic stage (Charnay, 2005). 
Thus, we achieve a first stage of accelerated degradation to reduce the delay time in the plant. 

After 15 days following the useful procedure of the treatment plant the material is placed in a trench 
and the second stage of the process begins.

Picture 2: View of the trench and the mixture in detail. © CETMAR

5.2 Industrial-scale compost test: second stage. 

In this second stage the intention is maintaining a slower degradation within a temperature range 
of 25-40 degrees. For that reason, the material is placed in a windrow, which measured 19x2x1, 5 m 
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(Picture 3) where it is daily turned over by a windrow turner and covered with a tarp reducing the gas 
exchange. This stage finishes when the material is watered every 10-15 days to keep humidity in the 
optimal values between 50% and 70% (Willson, 1989; Richard et al., 2002).

Picture 3: Overview of the trench. © CETMAR

During the thermophilic stage of composting it is usual to detect an ammonification process due to 
the increase of the mineralisation rate of the organic nitrogen (DON) and the decrease of pH which 
provokes the unbalance NH3 NH4  towards the production of ammonium (Wong, 2001, Domínguez 
and Mato, 2001). However the high temperatures favour the volatilisation of the elements NH4

+ (Eklind 
et al., 2007; Domínguez and Edwards, 2011), preventing at the same time the generation of NO3

- 
(Hellmann et al., 1997). In this way, the proposal to manage this stage intends to avoid losses of the 
ammonium generated and allows the nitrification of the material, increasing the agronomic quality 
of the final compost. In this sense, substrates with values lower than 1 for the rate NH4

+/NO3 are 
considered to have better agronomic value (Bernal et al., 1998; Paré et al., 1998; Larney, 2000).

5.3 Industrial-scale compost test: third stage. 

For the third stage of the industrial process, the material is set again in a pile and placed in a maturation 
box. In this time, 20-30 days, there is not any turning and the temperature is registered weekly because 
there is a minimum biological activity. 

Picture 4: Maturation box. © CETMAR 
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In this stage the most recalcitrant compounds are degraded slowly in a humidification process similar 
to that of the soils (Fornes, F. et al., 2012). This humidification causes the formation of complex long-
chain compounds and helps to exclude at all the remaining phytotoxicity. Consequently, it is an 
important stage to obtain a quality compost.

Once the final matter reached the right humidity (< 30%) the material is sieved. This procedure is 
made with a 10 mm. sieve where the lower fraction is compost and the higher fraction is organic 
amendment.

5.4 Results

5.4.1 Temperature evolution

The settled  pile reached thermophilic values quickly and was kept in this stage for 15 days (see 
graphic 1). Moreover, this thermophilic stage was kept at temperatures higher than 50 degrees for 
more than a week.  In this way it fulfilled the guidelines of WHO (2006) for matter sanitisation and the 
ESA (2007) for the disposal of faeces. 

At the end of the first stage the temperature decreases gradually which indicates a reduction of the 
metabolic action and the end of the degrading process. 
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Graphic 1: Temperature evolution during composting process along stages 1 and 2.

In conclusion, the composting process developed without any problem so we can state that crab by-
product has worked properly as structuring agent. 

Likewise, we can affirm that the treatment proposed for each stage of the by-product composting 
process permits to achieve the goals defined for every stage. In other words, a first stage with ideal 
temperatures (40-60 degrees) for the quick degradation of the organic matter and a second stage 
with temperatures, which allow the nitrification process (< 40 degrees).  In view of this result, we 
can suggest the use of the management proposed in this experience as a pattern; adjusting time to 
amount for the future composting treatment of crab by-products.  
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5.4.2 Products obtained

After a composting period in dynamic bio-batteries of about 70 days (including active and maturation 
stages) the final fresh material was sieved. We used a self-cleaning rotating sieve with a 10 mm. light 
to obtain two fractions. One fraction was more granulated and mainly formed by rests of degraded 
crustaceans.  And another fraction lower than 10 mm. was made up mainly by fine organic matter and 
grinded rests of carapaces. For that reason we could talk about a gross fraction (> 10 mm) constituted 
basically by recalcitrant organic matter and a fine fraction (<10 mm) whose content is basically labile 
organic matter.

After the curing process we have obtained 5 m3 of compost and 12 m3 of gross matter. In both cases 
the physical characteristics and the morphology of the by-product have changed and become a 
fragile and breakable material where there are not any whole parts of crab. (Picture 5). The compost 
is the first fraction and the second one, the gross matter, is a soil corrector.

Picture 5: Appearance of the crab by-product at the beginning and end of the industrial test. (Fraction <10mm).  © 
CETMAR. 

5.4.3 Operating cost

Calculating the operating costs to know if the product obtained is competitive enough –in the 
absence of a market research - is as important as testing the technical viability of the process. In case 
the products is not competitive although the process is possible, it would not mean a solution for the 
problem set out with brown crab by-products. If anything, the amount we obtain in absolute terms 
does not reveal if the product may introduce in the market because apart from the price it depends 
on other matters like the specific agronomic use or the type of soils and cultures where could be 
implemented.



11

Following, there are a series of necessary considerations to understand the process of calculation of 
operating costs:

	 To calculate the costs we have counted on the data from ECOCELTA, which is the company 
working in this activity and whose facilities hosted the pilot experience.

	 Although the data are significant and representative of the experience it is necessary to 
explain that it is a unique experience and that the yield rate –final product / raw material- 
could vary and affect remarkably the final cost. In order to achieve a more conclusive 
information we should develop other similar experiences.

	 We have calculated only one operating cost for both products (compost and soil corrector) 
regardless of the fact that the sale price of each is different just as the benefit margins.

	 In this experience, horse manure was used as co-substrate but the goal had been equally 
achieved if using another organic contribution like hen manure or another. This is important 
because if the process happened in a composting treatment plant located anywhere in the 
UK or another country the co-substrate used would have been the most plentiful and close 
organic source. This condition would guarantee the supply and the reasonable purchase 
prices.  

	 Regarding co-substrates we must clarify that there are three variable factors affecting their 
Price: transport, work labor and cost of the goods. The transport can be made by the 
same company that will make the compost and will invest  the work labor. Or they can hire 
a transport company; depending on that the price may vary remarkably. It happens the 
same with the price of co-substrate. We must remember the distance between the origin 
and the destiny: the longer the distance is the highest the transport cost.

	 With regards to brown crab by-products we can define two scenarios: 

-  Initially, while the compost obtained does not control a wide and stable market the 
composting company will not pay for the product and therefore the companies generating 
the by-product would assume the cost for freezing, packaging and transport.

-  If eventually the amount of compost obtained finds a stable market and the purchase 
prices along with benefit margins are enough the composting companies would probably 
pay for the by-product or they would come to a favorable agreement with the processing 
companies.

-  For practical purposes the situation established for the calculation of costs is the first 
one: The by-product would arrive to destination without cost.

	 We have used 17 m3 of brown crab by-products as raw material and added 10 m3 of horse 
manure. It was not necessary to add structuring agent. As a whole, the amount used in the 
industrial experience was 27 m3. 

	 From the starting amount we obtained 5 m3 of biological compost and 12 m3 of corrector 
substrate. The features and possible uses of both products were described in the previous 
section. As a whole, there was 17 m3 of final product which means a yield of 0,62 (final 
product/starting raw material).

	 Price of the raw material used:
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Material Price
Price co-substrate (horse manure)

 - Work labor + company’s transport

 - Price m3 manure

9 €/m3

4 €/m3

5 €/m3 

Price brown crab by-products                  -

	The cost of the compost is calculated for the two most usual sale presentations: bags of 1 m3 

of capacity (big bag) and 40 litres sacks.  

Item €/m3

Horse manure 5,58
Brown crab by-products -
Turning over work labor 7,40
Screening work labor 8,00
Packaging in 1 m3 work labor 2,50

Total 23,48 €/m3

Table 8. Cost per m3 of compost/substrate corrector obtained in big bag

Item €/m3

Horse manure 5,58
Brown crab by-products -
Turning over work labor 7,40
Screening work labor 8,00
Packaging in 40 Kg work labor (25 sacks) 32,25
Total 53,23 €/m3

Table 9. Cost per m3 of compost/substrate corrector obtained in 40 litres sacks

 The sale price for the packaging in 1 m3 (big bag) is about 45 €/m3, so the gross benefit would be 
21,52 €/m3.

 
-  The sale price of the compost in a 40 litres packaging is 82,50 €/m3 (25 sacks) or that is to say, 

3,30 €/sack. Therefore the gross benefit would be 29,27 €/m3 for this format.

-  The sale price of the substrate corrector in 1 m3 packaging (big bag) is about 36 €/m3. The gross 
benefit would be 12,52 €/m3. It is not sold in a 40 litres packaging.

 
In all cases we refer to gross benefit, to which we should deduct other costs that we have not 
considered here such as: indirect costs, amortisation costs and so. 

Product Turnover Gross benefit m3 Total

Compost 5 m3 21,52 107,60 €

Substrate corrector 12 m3 12,52 150,24 €

17 m3 257,84 €

Table 10. Economic balance of the experience including operating costs.
All the product obtained is sold in a 1 m3 presentation.
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Product Turnover Gross benefit m3 Total

Compost 5 m3 29,27 146,35 €

Substrate corrector 12 m3 12,52 150,24 €

17 m3 296,59 €

All the compost in a 40 litres presentation and the substrate corrector in 1 m3 sacks

The main conclusions from the analysis of the operating costs could be summarised as follows: 
• We should repeat the experience to prove that the final product ratio compost:substrate corrector 

is still  5:12. In other words, 29.5% of the product obtained is compost while 70.5% is substrate 
corrector. Given the fact that the gross benefit is much higher in the first one the global assessment 
will be more favourable as much as the percentage of compost increases.

• The concept of work labor represents 75% of the operating costs. The ratio price/work labor varies 
a lot from one country to another. Specifically in UK or France is higher than in Spain.

• Therefore to extend the cost to another geographical location the work labor should be adapted 
to the country.The same happens with the price of the co-substrate. In this case it is 5 €/m3, but in 
other countries or regions this cost may vary a lot and alter likewise the cost obtained.

5.4.4 Characterisation of the final products: analytical profile

Once both fractions were collected, there was a series of physical-chemical analysis to characterise 
them and assess their agronomic value. Before the analysis, there was a conditioning process. Both 
fractions were grinded separately to achieve a particle size suitable for a representative analysis of 
their composition. Grinding developed by a blade grinder adapting a sieve of 1 cm. light. The process 
was the following: 15 kg. of each fraction were collected in situ in the facilities of Ecocelta and then 
was homogenised and divided. From the 4 kg., obtained we took one to grind. In this way, we can be 
sure of having a homogenous and representative sample of each fraction. 

Following we can see the results from the chemical-physical analysis of each substrate and the final 
product obtained. Initially we took samples of both substrates and after the organisation of the test 
we took samples of the material resulting from the mixture. In Table 2 we can see the values obtained 
for every parameter analysed.
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Table 11. Physico-chemical analysis of subtrates
Horse manure Grinded shellfish

Initial mixture
Parameter Value Value Value Unit

Humidity 61,93 39,43 54.66 % (s.m.f)

S.S.T.T 38,07 60,57 45,37 % (s.m.s)

Organic matter 84,84 38,92 44,33 % (s.m.s)

Ashes 15,16 61,08 55,67 % (s.m.s)

pH 9,12 8,5 8,48 (s.m.f)

Electrical conductivity 1,4 1,1 1,68 ms (s.m.f)

NH4+ 1129,65 3030,87 2737,77 mg/kg (s.m.s)

NO3-NO2 99,48 161,13 116,31 mg/kg (s.m.s)

Kejldhal Nitrogen 9000 38200 15250 mg/kg (s.m.s)

Total organic nitrogen 0,79 3,8 1,45 % (s.m.s)

Total organic carbon 32,68 16,97 16,27 % (s.m.s)

Total carbon 37,09 25,43 23,83 % (s.m.s)

Total nitrogen 0,9 4,21 1,59 % (s.m.s)

Organic C/N ratio 41,37 4,4 11,22  

P2O5 * 3,04 1,68 % (s.m.s)

K2O * 0,225 0,62 % (s.m.s)

CaO * 24 25 % (s.m.s)

Bioavailable Ca * * 1,05 % (s.m.s.)

MgO * 1,78 1,60 % (s.m.s)

SO3 * 1,05 0,57 % (s.m.s)

Cd * 3,05 <2 mg/kg (s.m.s)

Cu * 2,88 20 mg/kg (s.m.s)

Cr * 37,23 12 mg/kg (s.m.s)

Ni * 10,15 2,30 mg/kg (s.m.s)

Pb * 4,23 12,50 mg/kg (s.m.s)

Zn * 94,75 62 mg/kg (s.m.s)

Hg * 0,05 <0,1 mg/kg (s.m.s)

s.m.f. (on fresh material), s.m.s. (on dried material). * (unavailable value)

Concerning the results shown in Table 11 we must remark that the initial mixture had a humidity close 
to the recommended limit in an industrial compost process. It also had a concentration of organic 
material and a C/N ratio lower than 25-35 which is in theory the ideal range (Jhorar and col, 1991) for the 
compost of a product. This is due to the high concentration in nitrogen and the low concentration in 
organic carbon at the beginning. Despite of that, these factors finally did not turn out to be as limiting 
for the process as expected since it developed correctly. On the other hand, the initial concentration 
in heavy metals is lower than the reference limits in the RD 506/2013 so they can classify as class A. 
This is logical if we think about the origin of the substrates.

In Table 12 we can see the results of the analysis made to the gross fraction of the final product 
obtained in the composting process. We can conclude from the agronomic point of view that it is a 
basic material with little bio-oxidisable organic matter and a low concentration in nitrogen and carbon 
although its C/N ratio is very suitable for agricultural purposes. It has a low content in secondary 
macronutrients if comparing with some natural organic fertilizers. Despite the outstanding content in 
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total Ca we must take into account that its concentration in bioavailable calcium (easy to absorb by 
microorganisms) is hardly 4% of the total. This indicates that all the calcium is still included into 
molecular complexes very resistant to biological degradation.
We must also remark that depending on the concentration in heavy metals the gross fraction obtained 
may be classified as a class A material (RD 506/2013) which is an advantage over its possible agronomic 
value. This fraction had a significant presence of fine organic material because it was sieved in fresh; 
this means that an effective separation of these small materials is physically difficult.

Table 12. Physico-chemical analysis of the gross fraction of the final product obtained in the compost processing.
 

 Gross fraction
Parameter Value Unit

Humidity 25,70 % (s.m.f)
S.S.T.T 74,30 % (s.m.s)

Organic material 22,53 % (s.m.s)
Ashes 77,47 % (s.m.s)

pH 8,81 (s.m.f)
Electrical conductivity 2 ms (s.m.f)

NH4
+ 2991,10 mg/kg (s.m.s)

NO3-NO2 181,76 mg/kg (s.m.s)
Kejldhal Nitrogen 7083,33 mg/kg (s.m.s)

Total organic nitrogen 0,66 % (s.m.s)
Total organic carbon 11,6 % (s.m.s)

Total carbon 13,91 % (s.m.s)
Total nitrogen 0,72 % (s.m.s)

Organic C/N ratio 17,58  
P2O5 2,66 % (s.m.s)
K2O 0,35 % (s.m.s)
CaO 43,34 % (s.m.s)

BioavailableCa 1,7 % (s.m.s.)
MgO 2,56 % (s.m.s)
SO3 0,70 % (s.m.s)
Cd <2 mg/kg (s.m.s)
Cu 11,89 mg/kg (s.m.s)
Cr 3,05 mg/kg (s.m.s)
Ni <1,9 mg/kg (s.m.s)
Pb 3,51 mg/kg (s.m.s)
Zn 34,6 mg/kg (s.m.s)
Hg <0,1 mg/kg (s.m.s)

s.m.f. (on fresh material), s.m.s. (on dried material)

Table 13 shows the results of the analysis of the fine fraction from the final product obtained in the 
composting process. The fine fraction derived from the composted final material had the appearance 
of a “rough compost” because of the amount of shellfish rests (Picture 6).
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Table 13. Physico-chemical analysis of the fine fraction of the final product obtained in the compost processing. 

Parameter Value Unit

Humidity 53,26 % (s.m.f)
S.S.T.T 46,74 % (s.m.s)

Organic material 39,16 % (s.m.s)
Ashes 60,84 % (s.m.s)

pH 8,31 (s.m.f)
Electrical conductivity 1,26 ms (s.m.f)

NH4
+ 82,44 mg/kg (s.m.s)

NO3-NO2 113,23 mg/kg (s.m.s)
Kejldhal Nitrogen 11750 mg/kg (s.m.s)

Total organic nitrogen 1,16 % (s.m.s)
Total organic carbon 15,9 % (s.m.s)

Total carbon 17,23 % (s.m.s)
Total nitrogen 1,85 % (s.m.s)

Organic C/N ratio 13,75  
P2O5 2,1 % (s.m.s)
K2O 0,63 % (s.m.s)
CaO 18,27 % (s.m.s)

BioavailableCa 1,46 % (s.m.s.)
MgO 1,42 % (s.m.s)
SO3 0,61 % (s.m.s)
Cd <2 mg/kg (s.m.s)
Cu 33,18 mg/kg (s.m.s)
Cr 14,10 mg/kg (s.m.s)
Ni 2,49 mg/kg (s.m.s)
Pb 8,30 mg/kg (s.m.s)
Zn 96,85 mg/kg (s.m.s)
Hg 0,09 mg/kg (s.m.s)

Humic acids 4,8 % (s.m.s)
Fulvic acids 1,9 %(s.m.s.)

Specific density 0,6 Kg/l (s.m.f)
Stones >5 mm <1 %
Strange >2mm <1 % (s.m.s)

Material> 25 mm <1 % (s.m.s)
Material >10 mm <1 % (s.m.s)

Presence of shellfish rests* 33,65 % weight(s.m.s)
Presence of shellfish rests * 16 % volume (s.m.s)

s.m.f. (on fresh material), s.m.s. (on dried material). *Macroscopic exam of rests noticed at first sight.  
Note: exam on a total amount of 2 kg of dried weight.
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Picture 6: Fine fraction of the final product. © CETMAR.

From the agronomic valorisation point of view, this material contains more organic matter than the 
minimum 40% required by RD 506/2013 about fertilizers. Although most of the carbon comes from 
the rests of crustaceans, we can see that more than 90% of this carbon may be found in biologically 
oxidisable forms. This is because the composting process has achieved largely to degrade the 
recalcitrant structures where carbon was included and make it bioavailable. Its pH as well as its salinity 
are correct to apply it to soils. The values of ammonium concentration and the ammonium/nitrates 
ratio in the sample are lower than the limits required by the bibliography (400mg/kg of ammonium 
according to Tognetti et al., 2007 and NH4

+/NO3
- <1 according to Larney, 2000) to determine the 

stability of materials. Moreover, the ratio organic C/N is lower than the limit C/N <20 suggested by 
the bibliography (Fang et al., 1999) and established by RD 506/2013. Thus, we can confirm that the 
compost obtained is apt for agricultural use though bearing in mind that its content in macronutrients 
and humic compounds is not remarkable if comparing with natural fertilizers. The concentration of 
heavy metals in the material is very low which is very important in view of a possible and intensive use 
in agricultural soil. 

6. Conclusions 

The industrial scale composting from the problematic by-product (shellfish wastes) has been 
successful such as we expected after the lab tests. However, when treating this kind of product we 
must take into account a series of premises derived from this experience:

•	 The need to include co-substrates rich in biologically oxidisable carbon. There is a double 
reason. On one hand, it contributes with organic matter to the mixture, thus counteracting 
the low content in weak organic material of the problematic by-product. On the other hand, 
it also allows adapting the C/N balance of the mixture to values more suitable for compost 
because the by-product contains high amounts of nitrogen.

•	 Introduction of an agent with a great structuring power. Both the straw of manure 
and the grinded rest of shellfish may serve as structuring element in the early stages 
of the composting process. But its gradual degradation to very small particles during 
the composting process may cause the matrix to collapse and put at risk the correct 
development of the process if it is not managed correctly (turning, material classification, 
etc...).

•	 To guarantee the correct hydric status of the material along the whole composting process. 
This kind of material (shellfish rests) neither have much humidity nor have a good hydric 
retention due to its nature. All these features along with its great lixiviation power under 
biological degradation, forces us to pay special attention to the humidity of the mixture 
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made with this substrate so as to avoid the hydric stress of the microorganisms responsible 
for the composting process.

Regarding the final product obtained at the end of the project, it is noteworthy that composting 
this waste has achieved a material that is less aggressive, more stable and suitable for agricultural 
purposes.

Keeping on the strategy of managing the by-product to be used in soils and bearing in mind its 
heterogeneous composition and granulometry we decided to separate the final product in two 
different fractions at physical and biochemical level. 

The most important conclusions after the assessment of the two fractions of the final product are the 
following:

a) Gross fraction

•	 The gross fraction refers to a material that a priori may be apt to apply to agricultural soil. 
Due to its basic nature, low content in labile organic matter and high content in total Ca 
could be used as basifying agent to correct the pH of very acid soils (this is very important 
in granitic or silica soils regions). The value of bioavailable Ca has been added to the value 
obtained by an extraction test of this material with reactive Mehlich 3. This reactive is 
widely used in the bibliography consulted on soils and substrates to make an estimation 
of the amount of analyte chosen (in this case Calcium) which vegetal organisms may 
assimilate at short/medium term. 

•	 As we can see if we compare the value of bioavailable Ca in the initial mixture with the 
value of bioavailable Ca in this fraction the composting process has allowed mobilising 
some Ca which was a part of recalcitrant complexes. However, the most of the Ca is still 
recalcitrant so it would be necessary much time for the microbial enzymatic activity to 
reduce the complexes to bioassimilable Ca. 

•	 On the other hand the low concentration in heavy metals (Class A material according 
to RD 506/2013) represents an added value for the product because it would allow an 
intensive or long time use in soils.

•	 Undoubtedly all the stated before concerning its agricultural use is theory because it 
would be necessary to make a number of growth and phytotoxicity tests in controlled 
plots to confirm the data obtained and certify its harmlessness or fertilizer power on 
vegetal organisms.

b) Fine fraction

•	 The fine fraction consists on a rough-appearance compost due to the big amount of 
shellfish rests it contains. This product could be potentially used in agriculture as a fertilizer 
due to its content in humins and macronutrients. Although at first it does not reach the 
values of other natural fertilizers it is a material with a very balanced C/N ratio, a very law 
ammonium concentration, a high bio-oxidisable C value and a restrained pH and salinity. 
All these reasons are enough to consider this material apt for agricultural uses. 
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•	 Its bio-available Ca value is higher than the one obtained in the initial mixture, in 
consequence, the composting process has mobilised a part of this analyte in a way it is 
bioassimilable for plants. However, most of the Ca is still a recalcitrant form so it would need 
much time for the microbial enzymatic activity to reduce the complexes to bio-assimilable 
Ca. Although the bioavailable Ca value is not very high we must bear in mind that the 
concentration in bioavailable Ca of the compost obtained is 20-25% higher regarding the 
values of a traditional horse manure compost. This condition is a fundamental reason 
when considering an agricultural use of this fraction. In any case the great content in total 
Ca of this matter could be very useful, once more, in soils with acidity problems such as 
granitic or silica soils.

•	 In addition, the low concentration in heavy metals (Class A material according to RD 
506/2013) means an added value for the product because it would allow an intensive or 
long time use.

•	 Undoubtedly all the stated before concerning its agricultural use is theory because it 
would be necessary to make a number of growth and phytotoxicity tests in controlled 
plots to confirm the data obtained and certify its harmlessness or fertilizer power on 
vegetal organisms.

The assessment of the economic viability is illustrative and only applicable to the Spanish context. As 
the two main concepts affecting the cost are the workforce and the price of co-substrate and taking 
into account that both concepts vary significantly from one country to another this cost should be 
calculated for each specific geographical area to know the real amount in every case.

Summarising, the results obtained from the treatment of brown crab by-products through compost 
allows us to obtain a final product with more suitable features for its return to the environment than the 
initial product. In addition, its potential agricultural use lets us confirm that the compost of shellfish 
wastes is an efficient and relatively cheap treatment from which we can obtain a significant 
economic benefit through the agricultural valorisation.

We should consider for a future agriculture application that a high percentage of crab waste (30-35%) 
in fractions lower than 10 mm. but very resistant will be added to soils. A continuous application of this 
type of particles may cause the loss of the soil’s structure because of the rise in macroaggregates and 
the acceleration of chemical and biological factors towards a strained soil. Likewise the application 
of the compost obtained leads also to a rise of organic matter and Ca+ in the soil. These compounds 
favour the generation of microaggregates and flocculation and for that reason, they tend to improve 
the soil’s structure.

Therefore, the possible agricultural use depends on the assessment on the behaviour of the materials 
generated in soils. In this sense, we must develop tests in plots which allow us to stablish the effect on 
cultivations and the recommended dosage to apply in order to keep the correct behaviour of the soil.

In the fine fraction as well as in the gross one most of the Ca is still recalcitrant and not bioavailable. 
We would need additional studies to know how long it would take the recalcitrant Ca to be available 
in the soil to obtain useful conclusions regarding its agricultural use.

Further research is needed to study the problems about availability of Ca, using the final products and 
paying special attention to three basic guidelines:

- To apply exclusively to acid soils.

- To add it in small percentages (standard) so the accumulation of Ca year after year causes less 
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trouble especially because a part of the calcium vanishes naturally with rain, percolation and 
lixiviation, apart from the bioassimilate fraction from plants. 

- To use it outdoors and not into greenhouses because rain helps to avoid accumulation of Ca.

The ACRUNET project has shown that brown crab waste could be used for producing compost for 
agricultural uses. The next steps would be concerned with establishing a protocol that guarantees 
a spread use of the brown crab-compost, concerning bio-assimilation of recalcitrant Ca; this would 
allow for a deeper understanding of the process and the avoidance of any potential risk in the mid-
term.
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Annex I Brown crab questionnaire for compost 
companies
The ACRUNET partnership is currently focused on compost alternatives for the brown crab waste. 
Transparency and accountability are our guiding principles, boosting synergies among the companies 
to find a realistic option for brown crab waste. 

Questions

1. Company profile: seafood processor / waste processor / others.

2.  Waste supply: does your company process its own by-products only, or do you use by-products 
from similar companies?

 If supply is provided by several companies, how did you solve the logistical issues?

3.   The process to generate compost from brown crab, has been developed by the company 
itself?  
 
Or has it been developed with the support from a research group specialised in land, 
agriculture and compost? 
 
If you have received support from a research group, could you be as kind as to indicate its 
name and allow the ACRUNET partnership to contact them?

4. Business activity: is it a way to solve your own waste problem or a complementary business line 
itself?

5.  Supply & Demand: The output of your process seems suitable for golf courses. Is the demand 
higher than the supply? Would you produce more if you had more waste available? In your 
experience, is the target market flexible to accept more quantities of your product? And to 
what extend?

6.  Does your company have a patent for the compost?

7.  Would your company share technical information of the process with other companies 
producing brown crab waste, even paying a price for it?

8.  Would your company leader a joint initiative to help brown crab companies to solve their waste 
problem?

9.  Would your company share a sample of your product for its analysis?

10.  Please indicate any comment or remark that you consider relevant. Thank you in advance for 
your support and cooperation. 
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Annex II. Report “Crustacea Waste Project and Impact 
on the Action 4 Waste Utilisation of the ACRUNET 
Project” and meeting minutes 

1. Background

The Activity 6 of the ACRUNET project includes a specific task on the brown crab waste. This is focused 
on exploring feasible commercial solutions to recover valuable raw materials from waste to obtain 
by-products for non-human consumption.  The initial research plan included several steps from the 
assessment of generated raw material to the industrial scale up of activities. 

However, at the project meeting held in London2 one of our partners from the industry - Jeremy Percy- 
referred to a former project developed by SEAFISH on crustacean waste management. He suggested 
that it may be useful to develop some desk research as to allow ACRUNET to build on former advances.  
CETMAR –in charge of the Waste tasks- in consultation with IPIMAR –coordinator of activity 6- decided 
to follow this useful advice and to summarise the findings in this report. 

2 The Crustacea Waste Project 

Summary of the project

With changes in waste legislation, shellfish waste management has become increasingly difficult 
and expensive. This has significantly affected the shellfish processing sector, particularly the 
crustacea sector as there is a lack of cost-effective outlets for their waste. Disposal costs of £60 to 
£200 per tonne are common, which is not economically viable for many businesses. 

To establish whether it is possible for UK processors to generate an income or reduce the costs 
of crustacea waste disposal, Seafish initiated a project to look at the range of options available for 
crustacea waste management and identify which have potential for success. The project looked 
at all the crustacea species processed in the UK and the range of products or extracts that can be 
produced. 

The project identified two main options for crustacea waste management; use or disposal as ‘waste’ 
off-site or making it available for use in other products. Each option has its own issues; legalities, 
technical feasibility, outlets for the products etc. 

On the basis of the information collected, it will continue to be difficult for the crustacea processing 
industry to cost-effectively meet the demands of waste disposal legislation for the foreseeable future. 
Many different routes have and are being explored, but no breakthrough technology or solution has 
emerged. There are some opportunities to generate a financial return from crustacea waste, but 
investments in capital and the requirements for effective management remain a significant hurdle 
to achieving a return on investment. There is no single, simple, cost-effective solution for crustacea 
waste management

SEAFISH, 2008. Further information available at www.seafish.uk  

2 London, 6-8 February 2013. 

http://www.seafish.uk
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The project is focused on the crustacean waste problem in the United Kingdom, providing valuable 
information and giving a general overview. 

•	 The target species include not only the brown crab but all the crustaceans. However, 
the focus is mainly on nephrops and brown crab. 

•	 Activities related to the crustacean are found through all the territory, although there 
are areas of business concentration. 

•	 The report includes import and export data, as well as tonnes of by-products linked 
to each of the species. Regarding by-products, the information provided is a wide 
interval of data which limits the capability to know the initial raw material tonnage 
from which those sub-products are obtained (in fact the project refers to estimated 
data). 

•	 The information provided calls for further research in terms of the typology of by-
products and quantities in each case, as well as the processes carried out in the 
companies and the by-products obtained from those processes. 

•	 The project follows the guidelines set by the Animal By-product Regulations (ABPR), 
which identifies specific methods for the treatment of animal by-products. Within this 
framework all the options are considered as possible.

•	 The project differentiates two paths for the by-products: on one hand, to give them 
to a third part, which does not mean that it will provide a solution to the problem 
and additionally creates significant costs for the companies. On the other hand, to 
storage and to adequate the by-products as an intermediate step to send them to the 
companies that are at the end of the value chain. 

•	 The project also analyses potential by-products, as chemical products of high added 
value, ingredients for human and animal consumption and other uses. The information 
is presented in tables (3) which include description, uses, methods to obtain them and 
current situation.  

•	 The complementary data presented in the project raise issues regarding two main 
topics: quantities and processors. 

a) Quantities
•  data will require updating (2005).
•  By adding the catching to the import and export data it is possible to obtain an accurate 

figure of the quantity of brown crab that remained in the UK to be processed in 2005. 
However, there is no description of the precise quantities for each of the processes. The 
document points that a 25 to 50% was processed. 

•  A 42% of the animal weight has the potential to be transformed in by-products. Nevertheless 
there is no data of how much of this percentage is shell and how much is viscera; there is an 
option to estimate it from the data provided for Scotia. 
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b) Processors

•  The information available is limited, probably related to confidentiality issues. 
•  There is a list of companies classified by city, area, etc., as well as by the species that they 

work with. However, no quantity data are available. 
•  For the goals of the ACRUNET project, the most relevant data are: what are the processes 

carried out and the by-products generated in each of the companies; as well as the quantities 
of by-products generated classified by typology.  

3. Conclusions

•	 The Crustacea waste project provides useful information for the ACRUNET Project. However, 
there is no overlapping between the results of the former and the design of contents suggested 
for Action 4 Waste under Activity 6 of ACRUNET.

•	 The analysis of the project underlines several issues that could add value to the intented plan 
in ACRUNET: 

• The data provided show that nephrops are an even more important resource that brown 
crab. Considering that many of the companies work with both species, and therefore 
they generate by-products of both in appreciable quantities, it could be worthy to include 
them in the Action 4 Waste. 

• The analytics cover also the two species (neprhops and brown crab) which is an 
advantage. In the ACRUNET Project IPMA is in charge of the chemical characterisation 
of the generated raw material components. Our proposal is that IPMA could revise the 
information available at the Crustasea Waste Project by Seafish and determine the need 
for further information and additional analytics. 

• The joint analysis implemented by IPMA would allow the ACRUNET project to rule out, if 
applicable, some potential uses. For instance, the presence of heavy metals in the shell 
could be counterproductive in obtaining chitin.

•	 The Plan for Action 4 Waste Utilisation would need to be modified, namely in the Phase 2. 
Valorisation/recovery process, currently structured in three steps: selection of valorisation/
recovery processes; industrial scale up and industry cost of recovery product: 

 • All of them are based on the premise that the goal of the Action 4 is to select a product 
that trough valorisation will have a high added value;  therefore, considering the 
quantities available obtained in the first phases of the project, to design what would be 
an industrial infrastructure which receives the by-products for their valorisation. 

•  However, this initial intention seems to be rather complex. The infrastructure will require 
an interested investor which was present already in the commercialisationof the product 
to be obtained. Likewise, it would require –to ensure the supplies of by-products- of an 
agreement among all the processing companies. There is empirical evidence that this 
is hard to achieve. 
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•	 Building on the initial Plan of Action, from CETMAR we propose a redefinition of the goals 
as follows: 

•  The best scenario for the processing companies would be to storage/homogenise 
their by-products and transform them in a semi-elaborated product oriented to 
supply those companies, national or foreign, which accepted them as supply. 

•  Going beyond the options mentioned in the Crustacea Waste project developed by 
Seafish, there is a need to define what would be the semi-elaborated product that is 
more feasible. This definition will be based on:  the IPMA input, the quantity by by-
product and the allocation intended.

 • Once defined, the Action 4 will study the degree of difficulty and investment that it 
will require to be implemented in the companies interested. 

4. Next Steps

From the findings of this desk research, CETMAR suggest the following actions: 

1.  To set up a Skype meeting with the coordinator of the Crustacea Waste Project at Seafish, 
Michaela Archer to verify the findings summarised in this briefing and to request any further 
information available. 

2.  To get in touch with the companies identified in the project, that have been involved in 
crustacean waste management (support from Seafish): 

 -  Burgons of Eyemouth (crab shell being dried and shipped to China for glucosamine and 
chitin extraction; setting up a new processing unit) 

     -  Orkney Fishermen’s Society UK (15 years of research into the use of crab waste)

3.  To send an email to Irish and French ACRUNET partners, requesting information for companies 
working with crustacean waste.

4. To prepare a short report with the information gathering

5. To submit a final review of Plan for Action 4.

ACRUNET Project: Minutes on the meeting with Michaela Archer, Information 
Programme Leader, Seafish Authority (23 April 2013, Skype).

Rationale

•	 Seafish developed the project Crustasea Waste, which main findings have been a 
source of information and guidelines for Action 5 on Waste under Activity 6 of the 
ACRUNET Project.

•	 Angus Garret and Marcus Jacklin facilitated the contact with Michaela Archer, in order 
to validate the Action 4 approach to the topic and gather further information. 

•	 A background note was sent before to support the meeting (see below).
•	 Michaela Archer provided the following references: 
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Areas of work we’ve covered on shellfish by-products

•	 Bait from by-products - http://www.seafish.org/media/Publications/C81_SR603_
Waste2baitFinal.pdf and http://www.seafish.org/media/Publications/FS5-10_08_By-
products__in_bait.pdf 

•	 Anaerobic digestion - http://www.seafish.org/media/Publications/FS29_05_09_
anaerobic_digestion_food_waste_Orkney.pdf  and http://www.seafish.org/media/
Publications/SR609_Waste_as_biofuel_C008_final_report.pdf 

•	 Free of flesh shell (for use in other purposes) - http://www.seafish.org/media/
Publications/FS58_10_10_defining_free_of_flesh_shell.pdf and http://www.seafish.org/
media/Publications/SR641_defining_free_flesh_shell.pdf 

•	 Land application - http://www.seafish.org/media/Publications/SR586_-_land_
application_of_shellfish_byproducts.pdf (see this article for a recent initiative in SW 
England - http://www.thisisdevon.co.uk/pound-75-000-help-Brixham-project-turn-
shellfish/story-18136922-detail/story.html#axzz2RIFPBAMv )

•	 Aggregates - http://www.seafish.org/media/Publications/SR611_use_shell_
aggregates_B54.pdf 

•	 Autoclaving (shell treatment) - http://www.seafish.org/media/Publications/FS4-
07_08-Autoclaving.pdf 

•	 Composting - http://www.seafish.org/media/Publications/SR565_-_composting_
seafood_waste.pdf 

EU project on crustacea waste – ChiBio

Relates to high value uses etc. Is current / on-going.
http://www.chibiofp7.fraunhofer.de/ 

WRAP – resource maps for seafood supply chains in the UK

This is the last project we worked on to provide estimates of waste and by-product generation 
in the seafood supply chain. It doesn’t focus on crustacea/crabs but the crab supply chain is 
included. May be of background interest to you?
http://www.wrap.org.uk/sites/files/wrap/Resource%20Maps%20for%20Fish%20across%20Retail%20
and%20Wholesale%20Supply%20Chains.pdf 

Seafood waste strategy for the UK 

http://www.seafish.org/media/Publications/SR574_waste_strat_rpt_1_7_05.pdf 

Although this is somewhat dated now, it refers to what is achievable / more readily available in the 
short, medium and long-term for the management of seafood waste.

http://www.seafish.org/media/Publications/C81_SR603_Waste2baitFinal.pdf
http://www.seafish.org/media/Publications/C81_SR603_Waste2baitFinal.pdf
http://www.seafish.org/media/Publications/FS5-10_08_By-products__in_bait.pdf
http://www.seafish.org/media/Publications/FS5-10_08_By-products__in_bait.pdf
http://www.seafish.org/media/Publications/FS29_05_09_anaerobic_digestion_food_waste_Orkney.pdf
http://www.seafish.org/media/Publications/FS29_05_09_anaerobic_digestion_food_waste_Orkney.pdf
http://www.seafish.org/media/Publications/SR609_Waste_as_biofuel_C008_final_report.pdf
http://www.seafish.org/media/Publications/SR609_Waste_as_biofuel_C008_final_report.pdf
http://www.seafish.org/media/Publications/FS58_10_10_defining_free_of_flesh_shell.pdf
http://www.seafish.org/media/Publications/FS58_10_10_defining_free_of_flesh_shell.pdf
http://www.seafish.org/media/Publications/SR641_defining_free_flesh_shell.pdf
http://www.seafish.org/media/Publications/SR641_defining_free_flesh_shell.pdf
http://www.seafish.org/media/Publications/SR586_-_land_application_of_shellfish_byproducts.pdf
http://www.seafish.org/media/Publications/SR586_-_land_application_of_shellfish_byproducts.pdf
http://www.thisisdevon.co.uk/pound-75-000-help-Brixham-project-turn-shellfish/story-18136922-detail/story.html#axzz2RIFPBAMv
http://www.thisisdevon.co.uk/pound-75-000-help-Brixham-project-turn-shellfish/story-18136922-detail/story.html#axzz2RIFPBAMv
http://www.seafish.org/media/Publications/SR611_use_shell_aggregates_B54.pdf
http://www.seafish.org/media/Publications/SR611_use_shell_aggregates_B54.pdf
http://www.seafish.org/media/Publications/FS4-07_08-Autoclaving.pdf
http://www.seafish.org/media/Publications/FS4-07_08-Autoclaving.pdf
http://www.seafish.org/media/Publications/SR565_-_composting_seafood_waste.pdf
http://www.seafish.org/media/Publications/SR565_-_composting_seafood_waste.pdf
http://www.chibiofp7.fraunhofer.de/
http://www.wrap.org.uk/sites/files/wrap/Resource Maps for Fish across Retail and Wholesale Supply Chains.pdf
http://www.wrap.org.uk/sites/files/wrap/Resource Maps for Fish across Retail and Wholesale Supply Chains.pdf
http://www.seafish.org/media/Publications/SR574_waste_strat_rpt_1_7_05.pdf


28

ACRUNET Project: Background note on Action 4 Waste Utilisation
 

• Specific task: to identify feasible commercial solutions for recovering valuable raw materials 
from brown crab waste to obtain by-products for non-human consumption.  The initial research 
plan included several steps from the assessment of the generated raw material to the industrial 
scale up of activities. 

• Basic information: a description of the processes carried out and the by-products (type and 
quantities) generated in each of the companies in the UK, Ireland and France. 

• Findings from the Crustasea Waste Project (SEAFISH): 

-  Nephrops are an even more important resource than brown crab; many of the companies work 
with both species, and therefore they generate by-products of both in appreciable quantities. 
Option to include both species (brown-nephrops). 

-  Analytics cover also the two species (neprhops and brown crab) which is an advantage. ACRUNET 
will review the information and determine the need for further information and additional 
analytics. 

-  ACRUNET could rule out, if applicable, some potential uses. For instance, the presence of heavy 
metals in the shell could be counterproductive in obtaining chitin. 

• Desk research points out that the best scenario for the processing companies would be to stor-
age/homogenise their by-products and transform them in a semi-elaborated product oriented to 
supply those companies, national or foreign, which accepted them as supply.

• Building on the findings of the Crustasea Waste project, ACRUNET would define the semi-elabo-
rated product that is more feasible. 

• Once defined, two main topics could be also analysed: i) the investment required to implement 
this option; ii) the need for cooperation and agreements among processing companies. 

Questions
• Has Seafish continued researching on Crustacean Waste since 2008?
• Is there any update information and/or data available on crustacean waste?
• Is there any information not made available due to confidentiality issues?
• Is there any potential for synergies with other Seafish on-going projects?
• Are you in contact with the following companies:  Burgons of Eyemouth (crab shell being dried 

and shipped to China for glucosamine and chitin extraction; setting up a new processing unit); 
Orkney Fishermen’s Society, UK (15 years of research into the use of crab waste). 
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Annex III Chemical composition of brown crab 
(Cancer Pagurus) shells.

The Chemical composition of the brown crab shell has been carried out by the IPMA team, integrated 
by Carla Pires, António Marques, Maria Leonor Nunes and Irineu Batista

1.1 Materials and methods

The initial chemical characterisation was carried out with dried shells of brown crab (Cancer pagurus) 
imported from Scotland and France. This material was collected from males and females in different 
seasons and frozen stored at the IMPA facilities.

The different determinations were performed in the shells of crabs previously ground in a mortar and 
pestle.

Chitin was extracted according to the methods described by Gamage and Shahidi (2007) and 
expressed as percentage of the shell.

Total carotenoids were measured by UV/Vis spectrophometry at a wavelength of 468 nm. One gram 
of ground crab shell was extracted with 5 mL of acetone for 30 min. The extract was recovered by 
filtration. This extraction was repeated four times under the same conditions and all extracts were 
pooled and 2.5 mL of water added. The mixture was poured in a separatory funnel where 10 mL 
of hexane were added. The hexane phase was recovered and this extraction was repeated. Both 
hexane extracts were pooled in a separatory funnel and 5 mL of a 5 % NaCl solution were added. After 
stirring the organic phase filtered through anhydrous Na2SO4. The total of carotenoids content (using 
astaxanthin as a standard) in the extracts was calculated using the formula:

Total carotenoid content (mgg-1 of biomass) = AxVextract x 1000 x MW/e1%1cm x 1 x Wsample

where A is the absorbance at 468 nm, Vextract is the volume of the extract, MW is the molecular 
weight of astaxanthin 596.84 (g/mol), 1%

1 cm  is the coefficient of extinction of astaxanthin 124000 mol-
1L.cm-1 and Wsample is the weight of the sample (g).

The concentrations of carotenoids were determined using an Agilent 1100 HPLC system following 
the method described by Armenta et al. (2006). The HPLC system was equipped with a quaternary 
pump G1411A Agilent, a degasser G1322A, thermostatic furnace G1416A, an auto-injector G1313A and 
a UV detector G1315G. Separation was performed using a 4 ųm C18 SYNERGI Hydro-RP 80A reversed-
column 250 mm x4.6 mm. The astaxanthin content was calculated using the formula:

Astaxanthin (ųgg-1) = % A x Total carotenoids content

where % A is the percentage of the peak area corresponding to astaxanthin.

A gradient mobile-phase system water/ethyl acetate/methanol was used. A ratio of 2:10:88 (v/v/v) was 
used for 5 min at 0.75 ml/min for equilibration. This flux was maintained for a further 10 min. Between 
10 and 30 min the solvent ratio was ramped to 2:50:48 and the flow rate was adjusted to 1.5 ml/min.

Mineral elements As, Br, Ca, Cl, Cu, Fe, K, P, Rb, S, Sr, and Zn were determined by energy dispersive 
X-ray fluorescence (EDXRF) and Cd and Pb by flame atomic-absorption spectrometry (FAAS). Hg was 
measured by flame atomic-absorption spectrometry, but with AMA 254 Mercury Analyser spectrometer 
that uses the Hg vapour generation technique spectrometer, according to official methods of analysis 
(AOAC, 1990).
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The protein content of brown crab shell was calculated by the following formula:

P (%) = 100 – (Chitin % + Ash %).

1.2 Results and discussion
Chitin content

The chitin content of brown crab shells from males and females caught off in Scottish waters in 
different seasons is shown in figure 1. Significant differences between the chitin content of males and 
females were only recorded in the spring season. Similarly, no significant differences of brown crab 
chitin content harvested in different seasons were found.
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Figure 2 - Chitin content of brown crab (males and females) from Scottish waters harvested in different seasons. 
Means without a common letter differ significantly (p<0.05).

In figure 3 are presented the data of chitin content of brown crab (males and females) harvested in 
Scottish and French waters. The chitin content of males from Scotland was significantly higher than 
that of males from France.

The chitin content of crab shell presents a wide variation within these species and the data obtained 
were in the same order of magnitude of those reported by other authors. Thus, Muzzarelli (1977) and 
Johnson and Peniston (1982) found that green crab (Carcinus maenas) shell contained from 13 % to 15 
% of chitin, on a dry weight basis. A somewhat higher content of chitin in crab shells of this species 
was detected by Shahidi and Synowiecki (1991). Naczk et al. (2004) reported that the chitin content 
of green crab shell varied from 12.6 % to 14.5 % for and 26.6 % depending on the harvesting sites. On 
the other hand, Kurita (2006) indicated that chitin content in the cuticle crab in the range of 15 – 30 %.
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Figure 3 – Chitin content of brown crab (males and females) from Scottish and French waters. Means without a 
common letter differ significantly (p<0.05).

Carotenoid content

The level of total carotenoids of brown crab (males and females) from Scotland is presented in figure 3. 
Males showed significantly lower values of total carotenoids than females only in the summer season. 
Concerning samples from Scotland and France (Fig. 4), the highest level of total carotenoids was 
recorded in females. However, no significant differences in the level of this constituent were recorded 
between samples of the same sex from both places.

The level of total carotenoids in crabs is dependent on the species and season harvesting. In Table 
1 are presented the levels of total carotenoids in different crab species. As it may be seen, the total 
carotenoids content falls in the range of 4 to 14 �g/g depending on the crab species but it also depends 
on the harvesting season and site. The extraction conditions, particularly the solvent used in the 
extraction have also influence on the yield achieved as demonstrated by Sachindra et al. (2005a). The 
conditions and storage time may also influence the level of carotenoids as they are easily oxidised.
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Figure 4– Total carotenoids of brown crab (males and females) from Scotland harvested in different seasons. Means 
without a common letter differ significantly (p<0.05).
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Figure 5 – Total carotenoids of brown crab (males and females) from Scotland and France. Means without a common 
letter differ significantly (p<0.05).

The number of peaks present in the chromatogram of each carotenoid extract of the brown crab shell 
with an area percentage higher than 1 % was relatively limited (two to four). However, only astaxanthin 
could be identified. In figure 5 are shown the astaxanthin content of the various samples analysed. 
Significant differences in the astaxanthin content between males and females were only observed in 
the summer season.

A significant lower content of astaxanthin was recorded in males both from Scotland and France 
(Fig. 6). This result was in accordance with the level of total carotenoids where the same significant 
difference was observed. However, no significant differences in the content of this carotenoid were 
obtained between samples of the same sex from both places.

The percentage of astaxanthin in relation to total carotenoids varied from 40.0 to 54.3 in females 
from Scotland whereas in males also harvested in Scotland it was in the range of 18.5 and 40.1. Female 
brown crab shell (68.2 %) harvested in France also showed higher astaxanthin percentage than males 
(39.0 %). They were also richer in this carotenoid than brown crab from Scotland.

Table 1 – Total carotenoids content of different crab species.

Common name Species name Total carotenoids
(mg/g)

Reference

Snow crab Chinecetes opilio 14 Shahidi and Synowiecki, 
1991

Blue crab Callinectus sapidus 4.63 Felix-Valenzuela et al., 2001
Green crab Carcinus maenas 4.4 ± 0.2* Naczk et al., 2004

5.1 ± 0.2
9.0 ± 0.2
9.3 ± 0.3

Marine crab Charybdis cruciata 11.0 ± 0.5 Sachindra et al., 2005b
Fresh water crab Potamon potamon 6.9± 0.6
Henslow’s swimming 
crab

Polybius henslowii 8.2 ± 0.6 (Feb09)

4 ± 1 (Mar09)

9 ± 2 (Jun09)

Perez-Martin et al., 2010

4.5 ± 0.3 (Oct09)
4.0 ± 0.2 (Mar10)
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Common name Species name Total carotenoids
(mg/g)

Reference

Harbour crab Liocarcinus depurator 7 ± 1
Portunid crab Macropipus tuberculatus 9.5 ± 0.7

* Different harvesting sites.
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Figure 6– Astaxanthin content of brown crab (males and females) from Scotland harvested in different seasons. 
Means without a common letter differ significantly (p<0.05).

Mineral fraction

The ash content of the carapace of brown crabs harvested in Scotland is presented in figure 7. It is the 
major constituent and accounted for more than 70 %. There were no significant differences between 
the ash content of males and females with the exception of autumn males that presented higher ash 
content. Females harvested in the winter and summer showed higher ash content. No significant 
differences of the ash content between samples harvested in the two places and between sexes were 
recorded (Fig. 8).

There are many references on the ash content of crab meat but those on the crab shell are scarce. In 
an early publication Shahidi and Synowiecki (1990) reported an ash content of 30.61 % (dry weight) for 
the snow crab offals. More recently Synowiecki and Al-Khateeb (2003) indicated the percentages of 
58.6 % for blue crab shell and 40.6 % for snow crab shell. All these values are considerable lower than 
those obtained for brown crab shell but it has to mention that the shell of this crab is considerably 
harder and thicker than that of the former crabs.
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Figure 7 – Astaxanthin content of brown crab (males and females) from Scotland and France. Means without a 
common letter differ significantly (p<0.05).
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Figure 8 – Ash content of brown crab (males and females) from Scottish waters harvested in different  
seasons. Means without a common letter differ significantly (p<0.05).

Macroelements

The levels of several macroelements found in the shell of brown crab harvested in Scottish waters are 
presented in Table 2. Similar levels of potassium were found in males and females. However, they were 
considerably lower than those obtained by Barrento et al. (2009b) for the muscle of this species. On 
the other hand, Shahidi and Synowiecki (1990) indicated a percentage of 0.43 (dry weight basis) for 
this element in snow crab offals.
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Figure 9 - Ash content of brown crab (males and females) harvested in Scotland and France during the summer 
season. No significant differences were observed between samples. 

Calcium was the most important element in the brown crab shell. Higher levels of this element were 
generally found in the male shell with a mean value of 496 mg/g than in the female shell whose mean 
value was 431 mg/g. These values were almost the double of that reported by Shahidi and Synowiecki 
(1990) (26 % dry weight basis) for snow crab offals. Similar levels of strontium were also found in 
males and females. It is a macroelement in the shell but a trace element in the muscle (Barrento et 
al., 2009a). Its percentage (ca. 0.5 %) was similar (0.4 %) to that obtained by Shahidi and Synowiecki 
(1990) for snow crab offals. Phosphorus was the second most abundant element in the shell after 
calcium. Similar levels of phosphorus were observed in the shell of both sexes. It represented about 
30 % of the shell weight whereas in the snow crab offals it was only 5 % (Shahidi and Synowiecki, 
1990). The main difference in sulphur content between male and female shells was recorded in the 
brown crab harvested in the spring. However, a higher difference in the muscle sulphur content 
between males and females was observed by Barrento et al. (2009a). Moreover, the muscle sulphur 
content (7.7 mg/g in males and 4.7 mg/g in females on a dry weight basis) was much lower than that 
determined in the shell. Female shell was generally richer in chlorine than male shell. This trend was 
also observed by Barrento et al. (2009b) in the muscle of this species. However, the chlorine levels (on 
a dry weight basis) in the muscle were the double of those found in the shell.

Table 2 – Levels of macroelements in the brown crab shell.

K (mg/g) Ca (mg/g) Sr (mg/g) P (mg/g) S (mg/g) Cl (mg/g)

Male Female Male Female Male Female Male Female Male Female Male Female

Autumn 1.9

(0.6)

2.2

(0.0)

439.1

(27.5)

474.1

(19.7)

5.1

(0.6)

4.8

(0.2)

290.2

(12.5)

309.6

(3.0)

20.3

(2.4)

23.2

(0.2)

4.6

(3.5)

9.8

(0.7)
Winter 2.1

(0.1)

2.0

(0.2)

519.5

(44.2)

504.6

(38.1)

5.2

(1.12)

5.7

(1.1)

322.1

(19.1)

321.8

(19.5)

23.7

(0.6)

23.2

(2.7)

3.2

(0.0)

5.4

(1.8)
Spring 2.2

(0.1)

1.6

(0.4)

512.1

(22.8)

432.2

(62.2)

5.2

(0.7)

5.1

(0.4)

326.1

(7.3)

286.4

(31.9)

22.9

(1.2

15.5

(5.1)

2.8

(0.0)

3.1

(1.7)
Summer 2.0

(0.0)

1.9

(0.5)

513.9

(55.2)

566.7

(6.3)

4.9

(0.7)

4.7

(0.0)

317.6

(19.8)

344.3

(0.1)

22.7

(0.4)

25.5

(2.6)

5.7

(1.7)

2.7

(0.6)

In brackets is shown the standard deviation
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Trace elements

The levels of several trace elements detected in the shell of brown crab harvested in Scottish waters 
are presented in Table 3. Rubidium content of the spring and summer male and female shell was 
similar but that of autumn and winter male shell was almost a half of female shell. Male shell had 
higher iron content than female shell except in samples from the autumn. The level of iron in the 
shell of brown crab was ten times higher than in the muscle (Barrento et al., 2009b) but it was similar 
to the value (122 mg/g dry weight) indicated by Shahidi and Synowiecki (1990) for snow crab offals. 
Female shell had slightly higher copper content than male shell. These values were slightly below 
those reported for the muscle (Barrento et al., 2009b) but were of the same order of magnitude. 
However, they almost the triple of those obtained in the snow crab offals (Shahidi and Synowiecki, 
1990). Concerning zinc content, it presented a wide range of variation in both species. However, it 
is to stress that its level was about one tenth of that obtained in muscle (Barrento et al., 2009b). A 
slightly higher value was also indicated for the snow crab offals (Shahidi and Synowiecki, 1990). The 
levels of bromine were considerably higher in females than in males. Higher levels of bromine were 
also found in the muscle of females (Barrento et al., 2009a). However, the levels in the shell were 
about seven times higher than in the muscle.

In the Table 4 are presented the levels of K, Ca, Sr, P, S, Cl, Rb, Fe, Cu, Zn, and Br in the shells of 
brown crab harvested in Scotland and France in the summer season. The male shells of brown crab 
harvested in France showed higher contents of all macro and trace elements than female shells. On 
the other hand, the shells of brown crab from Scotland presented higher levels of all macro and trace 
elements, with the exception of Sr, than those from France. It is also to highlight the considerably 
higher levels of Br and Rb in the females and Fe in the males from Scotland. 

Table 3 - Levels of trace elements in the brown crab shell.

Rb (mg/g) Fe (mg/g) Cu (mg/g) Zn (mg/g) Br (mg/g)

Male Female Male Female Male Female Male Female Male Female

Autumn 29.2 
(7.9)

70.1  (3.8) 75.8 (14.2) 144.3 (0.1) 22.4 (3.1) 37.2 (5.7) 4.0 
(0.6)

23.3 (6.3) 435.0 
(140.1)

606.8 
(30.2)

Winter 56.8 
(36.0)

108.6 
(18.7)

108.6 
(10.0)

85.8 (7.0) 22.9 (2.7) 35.5 (1.4) 12.0 
(4.7)

24.1 (3.2) 630.6 
(13.3)

757.1 
(91.3)

Spring 99.7 
(19.8)

89.2 (16.4) 154.9 (5.4) 121.5 
(22.4)

34.3 (10.9) 24.1 (2.7) 20.0 
(3.2)

6.8 (1.2) 712.5 
(61.3)

837.3 
(47.3)

Summer 85.6 
(6.4)

81.4  (5.2) 274.3 
(17.3)

115.8 (3.8) 32.1 (3.2) 32.2 (5.2) 22.2 
(3.7)

12.7 (2.9) 743.8 
(19.4)

785.6 
(50.3)

In brackets are indicated the standard deviation

Table 4 – Levels of K, Ca, Sr, P, S, Cl, Rb, Fe, Cu, Zn, and Br in the shell of brown crab from Scotland and France.

Scotland France

Male Female Male Female

K (mg/g) 2.0 ± 0.0 1.9 ± 0.5 1.8 ± 0.3 1.3 ± 0.2

Ca (mg/g) 513.9 ± 55.2 566.7 ± 6.3 486.8 ± 21.8 432.0 ± 35.6

Sr (mg/g) 4.9 ± 0.7 4.7 ± 0.0 5.6 ± 1.0 5.4 ± 1.5

P (mg/g) 317.6 ± 19.8 344.3 ± 0.1 310.0 ± 10.2 286.0 ± 28.6

S (mg/g) 22.7 ± 0.4 25.5 ± 2.6 21.3 ± 1.2 19.5 ± 0.5

Cl (mg/g) 5.7 ± 1.7 2.7 ± 0.6 2.4 ± 0.5 1.9 ± 0.1

Rb (mg/g) 85.6 ± 6.4 81.4 ± 5.2 64.3 ± 8.1 45.6 ± 24.6
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Fe (mg/g) 274.3 ± 17.3 115.8 ± 3.8 107.2 ± 2.2 72.8 ± 20.5

Cu (mg/g) 32.1 ± 3.2 32.2 ± 5.2 20.9 ± 4.2 19.8 ± 1.6

Zn (mg/g) 22.2 ± 3.7 12.7 ± 2.9 19.6 ± 3.0 10.7 ± 2.8

Br (mg/g) 743.8 ± 19.4 785.6 ± 50.3 636.3 ± 42.6 498.8 ± 113.7

Contaminants

The levels of arsenic, cadmium, lead and mercury in the carapace of males and females of brown crab 
harvested in Scottish waters are presented in Table 5. Female shells had generally higher contents of 
arsenic than male shells. However, the level of this contaminant in the muscle was more than 20 times 
higher than in the shell according to the data by Barrento et al. (2009a). On the other hand, the levels 
of arsenic were considerably lower than those reported by Shahidi and Synowiecki (1990) in snow 
crab offals. Concerning cadmium, lower levels were generally found in the female shells. On the other 
hand, these levels were lower than those obtained by Barrento et al. (2009a) in the muscle of this 
species. According to these authors, the levels of cadmium detected in the muscle were 0.090 mg/g 
in females and 0.040 mg/g in males. The levels of mercury in the shell were considerably lower than 
those found by Barrento et al. (2009a) in the muscle of this species. These authors reported a mercury 
level in muscle of 0.16 mg/g on a wet weight basis but considering a dry weight basis it would be over 
230 times higher than in the shell. In the case of lead, higher levels of this contaminant were detected 
in the shell of females harvested in autumn and winter but the reverse was observed in spring and 
summer where shell males presented higher levels of lead. Its level in the muscle of this crab was 
below the detection limit (0.02 mg/g, d. w.) as reported by Barrento et al. (2009a) thus suggesting an 
accumulation of lead in the shell of this crustacean.

Table 5 – Content of As, Cd, Hg and Pb in the shell of brown crab from Scotland.

As (mg/g) Cd (mg/g) Hg (mg/g) Pb (mg/g)

Male Female Male Female Male Female Male Female
Autumn 8.7

(0.7)

8.2

(2.4)

0.010

(0.016)

< LQ 0.003

(0.001)

0.004

(0.001)

0.141

(0.071)

0.153

(0.013)
Winter 7.4

(3.5)

10.9

(1.1)

0.045

(0.001)

0.009

(0.001)

0.002

(0.001)

0.001

(0.000)

< LQ 0.083

(0.030)
Spring 7.5

(3.8)

10.1

(0.7)

0.069 0.016 0.004

(0.000)

0.005

(0.001)

0.188

(0.042)

0.029

(0.015)
Summer 11.6 13.0

(1.4)

0.020

(0.011)

0.003

(0.000)

0.005

(0.001)

0.002

(0.001)

0.219

(0.144)

< LQ

LQ – Limit of quantitation; Cd, LQ = 0.005 mg/g; Pb, LQ = 0.08 mg/g. In brackets is shown the standard deviation.
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In Table 6 are shown the levels of arsenic, cadmium and lead in the shell of brown crab harvested in 
Scotland and France during the summer season. Lower levels of arsenic were detected in the brown 
crab shell from France when compared with the brown crab from Scotland. However, the levels of 
cadmium and lead were similar in male samples from the two origins.

Table 6 – Content of As, Cd, Hg and Pb in the shell of brown crab from Scotland and  
France harvested in the summer period.

Scotland France
Male Female Male Female

As 11.6 13.0±1.4 6.0±0.8 5.7±0.9
Cd 0.020±0.011 0.003±0.000 0.021±0.001 0.016±0.001
Hg 0.005± 0.001 0.002±0.001 0.002±0.001 0.003±0.001
Pb 0.219±0.144 < LQ 0.236±0.053 0.201±0.001

Protein content

The protein content of the shell of brown crab harvested in Scotland and France is shown in figures 
9 and 10. The level of this constituent in the male shell was similar in all harvesting seasons but that 
of female shell was higher in the autumn and winter. On the other hand, the protein content of shell 
from brown crab harvested in France was similar to that of brown crab from Scotland. Naczk et al. 
(2004) reported protein content between 4.31 % and 7.06 % in the green crab shell depending on the 
harvesting site. On the other hand, Shahidi and Synowiecki (1990) also obtained relatively low protein 
content for snow crab shell. The content in different parts of snow crab shell was in the range of 8.0 – 
12.7 % with a mean value of 11 %. These differences in the protein content may result from the method 
of processing crabs as indicated by Naczk et al. (2004). However, the ash content of brown crab shell 
is considerably higher than that of snow crab and green crab shell.
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Figure 10 –  Protein content of brown crab shell (males and females) from Scottish waters harvested in different 
seasons.
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Figure 11– Protein content of brown crab shell (males and females) from Scotland and France harvested in the  
summer season.
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