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Cancer pagurus is a widely appreciated crustacean in Southern European countries, 

where they have different market prices depending on the catching area and animal sex. 

Yet, the mineral composition of this species is still poorly understood. Therefore, the aim 

of this study was to quantify the content of essential elements in edible tissues of 

specimens from the Scottish Coast and English Channel and to compare such values with 

the dietary reference intakes. Crabs caught off the Scottish Coast had higher Na, Cl, K, 

Cu, Zn and Se content, while specimens harvested in the English Channel showed higher 

Mn concentrations. Females were better sources of Cu, Zn and Se, whereas males had 

higher concentrations of Na, Cl, K, Ca and Mn. Hepatopancreas showed higher contents 

of most elements, except Mn, Zn and Se than muscle and gonads. These results are 

certainly related to the crabs’ physiological needs and the bioavailability of the elements in 

water and diet. In general, C. pagurus is an excellent source of macro (Na, Cl and Ca) 

and trace elements (Fe, Cu, Zn and Se) for human consumption. The present study 

highlights the importance to take into consideration all edible tissues of crustaceans to 

evaluate their nutritional quality given consumers’ habits. 
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Introduction 

Worldwide, crustaceans are high-valued and appreciated food items, representing an important 

economic source. In the last decade, the chemical composition and nutritional value of crustaceans 

have been investigated worldwide (e.g., Adeyeye, 2002; Skonberg and Perkins, 2002; Gökŏolu and 

Yerlikaya, 2003; Çelik et al., 2004; Naczk et al., 2004; Küçükgülmez et al., 2006; Chen et al., 2007; 

Vilasoa-Martínez et al., 2007), and consumption benefits to human health have been much 

promoted (Oehlenschläger, 1997; Bügel et al., 2001). Yet, only in recent years, attention has been 

paid to crustaceans’ composition of essential elements. (e.g., Na, Mg, K, Ca, Mn, Fe, Cu, Zn, Se), 

and this information is still rather disperse.  

The lack of essential elements in humans leads to improper enzyme-mediated metabolic functions 

and results in organ malfunctions, chronic diseases and ultimately death (Simopoulos, 1997; FAO/ 

WHO, 2002). The brown crab Cancer pagurus is one of the most consumed crustaceans in 

Southern European countries, such as France, Spain, Italy and Portugal (EUROSTAT, 2007). In 

these countries the white meat (muscle), brown meat (hepatopancreas) and gonads are consumed 

separately or as a mixture. This species is mostly harvested in the English Channel, Welsh, 

Scottish and Irish coasts (worldwide representing 84 % of total captures; 37,480 t; data from 2006; 

EUROSTAT, 2007), and transported mostly live to South Europe. This species has different market 

prices according to the fishing ground and sex. Crabs caught off the English Channel are usually 

more expensive than those caught off Welsh, Scottish and Irish coasts, presumably due to the 

intrinsic quality of these populations (e.g., bigger animals, more resistant to transport). In addition, 

larger males are usually more expensive than smaller males and females (Brown and Bennett, 

1980). Considering that the chemical composition of a particular species varies according to sex, 

diet, habitat and tissue (Davies et al., 1981; Bodin et al., 2007; Mohapatra et al., 2007), it is 

imperative to understand these variations on the essential element composition of C. pagurus. 

Therefore, the aim of this study was to quantify the essential elements Na, Mg, Cl, K, Ca, Mn, Fe, 

Cu, Zn and Se in the muscle, hepatopancreas and gonads of female and male C. pagurus from two 

fishing grounds (English Channel and Scottish Coast) and to compare such values with the 

recommended dietary allowance. 

Material and methods  
Biological material 

Twenty inter-moult C. pagurus from the Scottish Coast (SC: 10 females and 10 males) and twenty 

inter-moult specimens from the English Channel (EC: 10 females and 10 males), were purchased 

live from a local importer and transported to the laboratory. Animals were kept under refrigerated 

conditions (~4 ºC) for 1 h to decrease their metabolism before being euthanized. Muscle (from 

claws), hepatopancreas and gonads from each animal were individually separated and weighted. 

For each tissue the edible content was calculated as follows: (tissue wet weight / sum of all edible 

tissues wet weight) × 100.  Each tissue was subsequently homogenized with a grinder (Retasch 

Grindomix GM200; 5000 rpm; material: PP cup and stainless steel knifes) vacuum packed and 

stored at -20 ºC, whereas the remaining was frozen at -80 ºC and subsequently freeze-dried for 48 
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h at -50 ºC and low pressure (approximately 10-1 atm). Samples were powdered and stored at -20 

ºC under controlled moisture conditions (vacuum packed) until further analyses. Plastic tools were 

generally used to process the crabs in order to avoid any contamination from processing 

equipment with trace elements measured. 

Elemental analysis 

Energy dispersive X-ray fluorescence (EDXRF) was used to quantify the essential elements Cl, K, 

Ca, Fe, Cu, Zn and Se. The EDXRF technique consists of an X-ray tube equipped with a 

molybdenum secondary exciter (EXTRA II A, Atomika Instruments, Temple). The characteristic 

radiations emitted by the elements in the sample were detected by a Lithium drifted Silicon [Si (Li)] 

detector, with a 30 mm2 active area and an 8 m beryllium window. The energy resolution was 135 

eV at 5.9 keV and the acquisition system was a Nucleus PCA card. Quantitative calculations were 

made with the fundamental parameters method (Custódio et al., 2003). The X-ray generator was 

operated at 50 kV, 20 mA and an acquisition time of 1000 s. Each sample powder (~1 g) was 

pressed into pellets of 2 cm diameter without any chemical treatment. A minimum of three pellets 

(replicates) per sample were glued onto Mylar films, on sample holders, and placed directly in the 

X-ray beam. There are several advantages of using EDXRF to determine elemental content: multi-

elemental determination, simple sample preparation, less time-consuming compared to 

conventional techniques, low amount of sample required, no need to use liquid reagents, thus 

eliminating reagent waste and reducing potential contamination.  

Flame atomic-absorption spectrometry (FAAS), through the spectrometer Variant Spectr AA 20, 

was employed to quantify Na, Mg and Mn according to official analytical methods (AOAC, 2005). 

The procedure is based on sample incineration (5 g) and further solubilization in HNO3. 

Concentrations were calculated from linear calibration plots obtained by measurement of standard 

solutions absorbance: NaNO3 (Merck) dissolved in HNO3 (0.5 M); Mg (NO3)2 (Merck) dissolved in 

HNO3 (0.5 M); and Mn (NO3)2 (Merck) dissolved in HNO3 (0.5 M). Male gonads were not analyzed 

with the FAAS technique due to lack of sample material. A minimum of three replicate analyses 

was performed per sample.  

Accuracy tests  

Accuracy was checked by analyses of certified biological material. The elemental concentrations 

obtained for canned matrix meat (SMRD-2000; Swedish Meats R&D and Scan Foods/ National 

Food Administration, Sweden; FAAS), non-defatted lobster hepatopancreas (LUTS-1; National 

Research Council of Canada; FAAS), oyster tissue (SRM1566; National Bureau of Standards; 

EDXRF), freeze-dried animal blood (IAEA-A-13; International Atomic Energy Agency; EDXRF) and 

lobster hepatopancreas (TORT-2; National Research Council of Canada; FAAS) FAAS were 

compared with certified values. The detection limits (DL) of each element (Table 4.4.1) were 

determined by two means: (a) EDXRF, with the signal-to-noise approach, where the equipment 

compares the signal of each element with blank samples and established the minimum 

concentration at which the element is reliably detected; (b) FAAS, with the residual standard 
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deviation (RSD) of the response and the slope (S) of the calibration curve of each standard solution 

used (DL=3.3RSD/S).  

Table 4.4.1 Elemental concentration (g g-1 DW; n=4) and detection limits of certified reference material (± sd) 
analyzed by FAAS and EDXRF. 

Element Present work Certified value Detection limit 

Na(a) 8346±280 8533±281 0.37 

Mg(b) 91±2 90±4 0.05 

Cl(c) 10200±500 10000(d) 100 

K(c) 10000±80 9690±50 10 

Ca(c) 1350±50 1500±200 20 

Mn(b) 1.28±0.03 1.20±0.13 0.04 

Fe(c) 210±15 195±34 3 

Cu(c) 64±4 63±4 1 

Zn(c) 830±40 852±14 1 

Se(c) 2.3±0.5 2.1±0.5 0.8 

(a) canned matrix meat (SMRD-2000; FAAS); (b) non defatted lobster hepatopancreas (LUTS-1; FAAS); (c) oyster tissues 
(SRM 1566; EDXRF); (d) non-certified values provided by United States National Bureau of Standards. 

Nutritional quality and potential risks to consumers  

To evaluate the elemental nutritional quality and potential consumption risks of C. pagurus from 

both locations, intake of elements per 100 g serving portion was estimated for the edible tissues 

(wet weight). For each location and sex, the average intake (AI) of each element per 100 g edible 

portion was calculated. The average intake values of all elements were compared with the dietary 

reference intake (DRI) of adult females and males aged between 19 and 50 years set per day by 

USA Food and Nutrition Board of the Institute of Medicine (IOM, 1997; 2001; 2004 and 2008). For 

each element, the ratio between the average intakes per portion and the DRI was calculated. 

Statistical analysis 

All analyses were carried out in duplicate. Results were expressed as mean values  standard 

deviation (sd). Differences in elements’ concentration between sexes, fishing grounds and tissues 

were tested with analysis of variance (ANOVA). Whenever necessary, data were transformed to 

satisfy normal distribution and homoscedasticity requirements, followed by non-parametric analysis 

of variance (Kruskall-Wallis), if transformed data could not meet these assumptions. Principal 

Component Analysis (PCA) was also employed to reduce the multidimensional data sets of the 

several elements to lower dimensions, thus simplifying the presentation and interpretation of data. 

All statistical analyses were tested at 0.05 level of probability with the software STATISTICATM 6.1. 

(Statsoft, Inc., Tulsa, OK 74104, USA). 
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Results and discussion 
Elemental composition in crabs from the English Channel and Scottish Coast 

The biometric data of all specimens analyzed are displayed in table 4.4.2.  

Table 4.4.2 Biometric data of all specimens of C. pagurus analyzed.  

Biometrics SF SM EF EM 

Weight (g) 748±25 751±27 829±155 977±104 

CL (mm) 107.38±1.77 98.44±3.71 109.93±588 110.16±3.71 

CW (mm) 156.30±5.93 168.75±9.41 163.32±2.26 177.20±5.96 

TMY (%) 22.5±3.8 23.5±2.2 22.0±9.9 23.8±3.6 

ECM (%) 38.3±5.2 50.7±5.0 42.4±5.4 52.5±5.2 

ECH (%) 46.3±4.5 43.3±6.2 43.3±4.7 42.9±6.3 

ECG (%) 15.4±6.4 6.0±3.2 14.2±6.0 4.6±1.6 

Abbreviations: (SF) female crabs from the Scottish coast; (SM) male crabs from the Scottish coast; (EF) female crabs from 
the English channel; (EM) male crabs from the English channel; (CL) cephalothorax length; (CW) cephalothorax width; 
(ECM) edible contributions of muscle; (ECH) edible contributions of hepatopancreas; (ECG) edible contributions of gonads. 

In general, major differences in the elemental composition of C. pagurus were detected in 

hepatopancreas and gonads between fishing grounds and sexes, while few variations occurred in 

the muscle (Table 4.4.3).  

Usually, crabs caught off the SC had statistically higher concentrations in the hepatopancreas (Cl, 

K, Zn and Se) and gonads (Na and Cu), while specimens harvested in the EC showed higher Mn 

content in hepatopancreas and gonads (Table 4.4.3). These results could indicate that Scottish 

coastal waters have less Mn and more Na, Cl, K, Cu, Zn and Se in a bio available form.  

Sex differences in the elemental composition were also observed: females usually had higher 

contents in the muscle (Fe and Se), hepatopancreas (Cu) and gonads (Fe, Zn and Se), while in 

males the most relevant amounts were found in the hepatopancreas (Ca) and gonads (Cl, K and 

Ca) (Table 4.4.3). Since these elements are essential to crabs, it seems that females have a higher 

physiological need of trace elements (e.g., Fe, Cu, Zn and Se), while males require more 

macroelements (e.g., Cl, K and Ca). Additionally, C. pagurus has distinct migration patterns 

between female and male crabs, which might explain differences in elemental composition. Large 

females tend to migrate long distances, thus diversifying their feeding grounds, while males are 

more stationary, staying within the same habitats (Woll, 2006). Earlier studies by MacFarlane et al. 

(2000) with semaphore crab also reported higher Cu and Zn accumulation in females compared to 

males. The higher Ca content in male crabs is likely because this species has a sexual 

dimorphism, in which males have bigger claws and harder exoskeletons (composed by calcium 

phosphate; Woll, 2006). Particularly during the pre moult period of C. pagurus, hepatopancreas 

accumulates Ca that is likely used in the exoskeleton calcification (Luquet and Marin, 2004).  
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Table 4.4.3 Mean elemental composition (g g-1 wet weight) in female and male C. pagurus tissues from the Scottish Coast and English Channel. 

Abbreviations: (SF) female crabs from the Scottish coast; (SM) male crabs from the Scottish coast; (EF) female crabs from the English channel; (EM) male crabs from the English channe; (A) 
average; (sd) standard deviation; (BDL) below detection limit. In each row different letters indicate significant differences in element concentration per tissue (p<0.05).  

 

Elements 
 

Muscle  Hepatopancreas  Gonads 
SF SM EF EM  SF SM EF EM  SF SM EF EM 

Macroelements  
Na A 3025a 1741a 2400a 2240a  2721b 3790a 2605abc 1845c  2184a - 1784b - 
 sd 774 889 485 1351  288 642 1253 333  220 - 150 - 
Mg A 290a 190a 305a 175a  343b 450ab 362ab 601a  168a - 140a - 
 sd 67 99 78 116  80 110 201 177  17 - 33 - 
Cl A 2830ab 2436b 2998ab 3234a  18798a 15243a 4688b 4643b  3804b 11136a 2900c 4513b 
 sd 401 329 402 252  6268 3870 1211 1050  113 386 399 709 
K A 1652a 1792a 1750a 1801a  5991a 5410a 1762c 2342b  1865c 4938a 1617c 2399b 
 sd 186 210 167 200  1331 548 318 225  73 122 205 372 
Ca A 220a 244a 278a 225a  7894b 23136a 4193c 12495a  195c 565a 153c 324b 
 sd 26 43 106 21  486 10578 800 1197  14 30 28 55 
Trace elements 
Mn A 0.26a 0.24a 0.28a 0.32a  1.4c 2.4abc 2.1b 3.4a  2.4b - 3.2a - 
 sd 0.03 0.04 0.03 0.15  0.3 1.3 0.3 0.7  0.1  0.1 - 
Fe A 3.4ab 3.1b 4.3a BDL  58a 61a 11b 38a  19a 4.5c 13b BDL 
 sd 0.4 0.4 0.8 0.2  18 20 3 11  1 0.6 1 0.5 
Cu A 9.3a 7.5a 10a 6.7a  166a 53b 58ab 13c  12a 14a 8.1b 4.8c 
 sd 2.1 0.9 3 1.1  112 3 11 7  1 0 0.5 0.5 
Zn A 55ab 59a 56ab 52b  80a 57a 21b 18b  90a 33c 72b 16d 
 sd 4 3 5 4  13 15 4 2  4 1 3 1 
Se A 0.98a 0.92ab 1.1a BDL  5.3a 3.5a 1.1b BDL  2.6a 1.4c 1.8b 0.84d 
  sd 0.14 0.19 0.3 0.12  2.1 0.9 0.5 0.13  0.2 0.1 0.1 0.07 
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The elemental composition of crabs’ edible tissues from the same fishing ground and sex also 

varied considerably (Table 4.4.3). Generally, elements were more concentrated in hepatopancreas, 

except Mn (higher in female gonads of crabs from both locations), Zn (higher in male muscle and 

female gonads from crabs of the EC) and Se (higher in gonads from crabs of the EC). Earlier 

studies with blue crab, swim crab, Chinese mitten crab, king crab and shrimps reported 

comparatively higher Na, Ca and Cu, but lower Mg, K, Fe and Zn contents in hepatopancreas than 

in muscle (Jop et al., 1997; Turoczy et al., 2001; Gökŏolu and Yerlikaya, 2003; Kádár et al., 2006; 

Küçükgülmez et al., 2006; Chen et al., 2007). Hepatopancreas is a midgut gland implicated in the 

digestion, storage and detoxification of several inorganic and organic contaminants, and in the 

regulation of several cations like Ca, Zn and Cu (Al-Mohanna and Subrahmanyam, 2001; Chavez-

Crooker et al., 2003; Zanotto and Wheathy, 2003; Luquet and Marin, 2004). Higher levels of Cu in 

hepatopancreas can reflect an accumulation of this element for incorporation into the respiratory 

pigment haemocyanin found in crustacean’s haemolymph (Lee and Shiau, 2002).  

The high levels of Mn, Se and Zn found in ovaries of C. pagurus are likely related to particular 

physiological needs of this tissue. Manganese has been shown to be essential in several animal 

species, including crustaceans, since at least two enzymes are known to contain Mn-pyruvate 

carboxylase (indirectly implicated in the production of ATP) and superoxide dismutase (anti-

oxidative stress enzyme) (Goldhaber, 2003). Zinc is essential for the synthesis of nucleic acids that 

are required in the production of sexual cells and has an essential role in the synthesis and 

degradation of carbohydrates, lipids and proteins (FAO/WHO, 2002). Selenium is known to 

participate in the modulation of animal growth and development, and participates in the oxidative 

defence (FAO/WHO, 2002). 

When the data set of seven elements’ concentration was subjected to PCA (in order to include data 

from male gonads), using concentrations of elements as dependent variables, two factors with 

initial eigenvalues greater than one were found. Factors one and two yielded 82.5 % of explainable 

results, with Cl, K, Fe, Cu and Se loading heavily on the first factor, and Ca and Zn loading heavily 

in factor two (Figure 4.4.1). A factor scores plot for this data is presented in figure 4.4.1a, 

illustrating clear separations between fishing ground, tissues and sexes. PCA using all elements, 

excluding male gonads, was also analyzed (Fig. 4.4.2) and revealed a similar pattern (clear 

separation between fishing ground, tissues and sexes), in which Mg and Mn were correlated with 

elements loading heavily on factor two, while Na was correlated with elements loading heavily on 

factor one.  

In both PCA, crabs’ muscle from both fishing grounds and sexes are clustered together, while 

hepatopancreas are separated in four clusters (by sexes and origins) and gonads are separated by 

sexes. Female gonads are closer to the muscle cluster, while male gonads are closer to the female 

hepatopancreas from crabs caught off English Channel (Figure 4.4.1a). These results are certainly 

related to the elements intake route, which in aquatic invertebrates is either from seawater or food 

(Rainbow, 2002). The proportion from each intake route varies with the invertebrate physiological 
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needs/endogenous factors (e.g., sex, age, condition and tissue) and the bioavailability of the 

elements in water and diet, which is influenced by external environmental factors (e.g., season, 

location, substrate, depth, water salinity, temperature and anthropogenic influence) (Jop et al., 

1997; Wang and Fisher, 1999; Rainbow and Black, 2001; Turoczy et al., 2001; Roast et al., 2002; 

Ni et al., 2005; Fabris et al., 2006; Kádár et al., 2006; Küçükgülmez et al., 2006). The present study 

concerns two endogenous factors (sex and tissue) and one external factor (location).  

 

 

 

 

 

 

 

 

 

Figure 4.4.1 (a) Result of PCA analysis using concentrations of Cl, K, Ca, Fe, Cu, Zn and Se as the 
dependent variable; (b) The standardized component loadings for factor one and two of analysis 4.4.1a. 
Abbreviations: (MFE) muscle from female crabs of the English Channel; (MME) muscle from male crabs of the 
English Channel; (MFS) muscle from female crabs of the Scottish Coast; (MMS) muscle from male crabs of 
the Scottish Coast; (HFE) hepatopancreas from female crabs of the English Channel; (HME) hepatopancreas 
from male crabs of the English Channel; (HFS) hepatopancreas from female crabs of the Scottish Coast; 
(HMS) hepatopancreas from male crabs of the Scottish Coast; (GFE) gonads from female crabs of the English 
Channel; (GME) gonads from male crabs of the English Channel; (GFS) gonads from female crabs of the 
Scottish Coast; (GMS) gonads from male crabs of the Scottish Coast. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.2 (a) Result of PCA analysis using concentrations of all ten elements as the dependent variable. 
(b) the standardized component loadings for factor one and two of analysis 4.2.2a. Male gonads of both 
locations are not presented in the PCA due to the lack of Na, Mn and Mg data. Symbols as in figure 4.4.1. 
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Comparison with daily intake recommendations 

So far, most studies and nutrition tables only refer the muscle composition (excluding 

hepatopancreas and gonads), which is a considerable lack of information, especially considering 

the consumption habits and marketing profile of crustaceans. In order to fill this gap, the elements’ 

concentration of each edible tissue was compared with the dietary reference intakes (DRI) set per 

day by the USA Food and Nutrition Board of the Institute of Medicine (IOM, 1997; 2001, 2004 and 

2008). for adult females and males aged between 19 and 50 years (Table 4.4.4). All elements 

quantified in this study are essential to human health, thus a regular intake normally via food is vital 

(Oehlenschläger, 1997; Goldhaber, 2003). However, toxicity may occur when intakes are too high 

(Goldhaber, 2003). The average yield contributions of each edible tissue from C. pagurus of both 

fishing grounds are shown in table 4.4.4. 

Crabs from both fishing grounds are excellent sources of macro (Na, Cl and Ca) and trace 

elements (Fe, Cu, Zn and Se). Generally, crabs harvested in the SC were better sources of most 

elements studied than animals from the EC, except Mg and Mn. Considering both sexes, females 

are better sources of Mg (muscle), Fe (muscle and gonads), Cu (muscle and hepatopancreas), Zn 

(hepatopancreas and gonads) and Se (all tissues), whereas males are better suppliers of Mg 

(hepatopancreas), Cl (gonads), K (gonads), Ca (hepatopancreas and gonads), Mn 

(hepatopancreas) and Fe (hepatopancreas). Hepatopancreas has greater contribution of most 

elements than muscle and gonads, except Na, Mn and Zn. Considering the elemental composition 

of common food items (dairy products, meat, fish, cereals and fruits), C. pagurus hepatopancreas 

is a good source of Ca, Fe, Cu, Zn and Se (FAO/ WHO, 2002; Porto and Oliveira, 2006).  

Particularly, male hepatopancreas is an excellent Ca supply, accounting for more than 100% of the 

daily intake recommendation. Calcium is nutritionally very important (up to 1.9 % Ca is available in 

human body), as it provides rigidity to the skeleton and plays a role in many metabolic processes 

(FAO/WHO, 2002). Iron has several vital functions in humans, such as carrier of oxygen to tissues 

by red blood cell haemoglobin, transport medium for electrons within cells, and part of important 

enzyme systems in various tissues (FAO/WHO, 2002).  

Copper is found in several enzymes, including the cytochrome c oxidase and the superoxide 

dismutase, and is used for biological electron transport (Walker et al., 2001). Zinc is an essential 

trace element for all living species, since is an important component of several enzymes 

(Goldhaber, 2003), and plays an essential role in a number of biological processes involved in 

growth and development (FAO/WHO, 2002). Selenium has an important role in the protection of 

body tissues against oxidative stress, against many toxicological effects of Cd and Hg, 

maintenance of defences against infection, modulation of growth and development (Skowerski et 

al., 1997; FAO/WHO, 2002).  
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Table 4.4.4 Average percentage of macro and trace elements per 100 g portion of crabs caught off Scottish Coast (SC) and English Channel (EC).  

Elements DRI Location Muscle Hepatopancreas Gonads 
F M F M F M 

Macro elements 
Na 1500 mg SC 20 18 18 25 15 - 
  EC 16 17 17 12 12 - 
Mg* (420-320) mg SC (7.0-9.1) (4.6-6.0) (8.2-11) (11-14) (4.1-5.4) - 
  EC (7.3-9.5) (4.4-5.7) (7.0-9.1) (15-19) (3.4-4.4) - 
Cl 2300 mg SC 12 11 82 66 17 48 
  EC 13 14 20 20 13 20 
K 4700 mg SC 3.5 3.8 13 12 4.0 11 
  EC 3.7 3.8 3.7 5.0 3.4 5.1 
Ca 1000 mg SC 2.2 2.4 79 231 2.0 5.6 
  EC 2.8 2.2 42 125 1.5 3.2 
Trace elements 

Mn (2.3-1.8) mg SC (1.3-1.7) (0.87-1.1) (6.1-7.8) (10-13) (10-13) - 
  EC (1.3-1.7) (1.3-1.7) (8.7-11) (15-19) (13-17) - 
Fe (8-18) mg SC (4.3-1.9) (3.9-1.7) (73-32) (76-34) (24-11) (5.6-2.5) 
  EC (5.4-2.4) - (14-6.1) (48-21) (16-7.2) (3.0-1.3) 
Cu 0.9 mg SC 103 83 1843 594 130 151 
  EC 116 75 644 149 90 53 
Zn (11-8) mg SC (50-69) (54-74) (73-100) (52-71) (82-113) (30-41) 
  EC (51-70) (47-65) (19-26) (16-23) (65-90) (15-20) 
Se 0.055 mg SC 178 168 966 633 467 262 
  EC 197 - 207 - 323 154 

Data considering the dietary reference intakes (DRI) set per day by the IOM (1997; 2001; 2004 and 2008). Values in brackets for Mg, Mn, and Zn refer to genders DRI: the first and second values 
correspond to adult males and females aged between 19 and 50 years, respectively; (*) data refer to female and male adults aged between 31 and 50 years. Abbreviations: (F) females; (M) males. 
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Despite the importance of these elements to human health, they can become toxic at high 

concentrations. In the present study, Ca, Cu, Zn and Se were above the DRI in some samples. 

Still, Ca and Zn were bellow the maximum daily intake that pose no risk to human health (UL; 

Ca: 2500 mg/day; Zn: 40 mg/day) set by the IOM (2008), Cu was below the permissible 

maximum tolerable daily intake for humans (PMTDI: 35 mg/day) set by the World Health 

Organization of the United Nations, and Se was bellow the highest dose level tested at which a 

critical adverse effect does not occur (NOAEL: 0.85 mg/day), set by the Environmental 

Protection Agency, USA (Goldhaber, 2003). Therefore, the consumption of edible crab does not 

constitute a health problem due to the high intake of Ca, Cu, Zn and Se. 

Conclusions 

C. pagurus is an excellent source of macro (Na, Cl and Ca) and trace elements (Fe, Cu, Zn and 

Se). Despite crabs caught off the Scottish Coast have usually lower market price than animals 

from the English Channel, most of their elemental content was higher. Differences in the 

elemental composition of all tissues were also detected between sexes, as generally females 

had higher content of trace elements and male crabs had more macro elements. Generally, 

hepatopancreas showed higher content and variations of most elements than muscle and 

gonads. The differences found in the present study strongly suggest the need to take into 

consideration all edible tissues of crustaceans to evaluate their nutritional quality given 

consumers’ habits. 

 


