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Abstract

The aim of this study was to determine the proximate composition and 
amino acid profile of the edible muscle of European crayfish Astacus astacus 
L. Animals were collected from Orchomenos region in Central Greece and 
muscle tissue samples were collected for chemical analysis. Total crude protein 
and crude lipid content of muscle tissues were determined using the Kjeldahl 
method and Folch’s procedure, respectively. Amino acids profile was performed 
by Ultra Performance Liquid Chromatographic (UPLC) determination of the acid 
hydrolysed muscle extract after derivatization with AccQ-Tag reagent (Waters, 
USA). The results showed that protein and lipid content of crayfish muscle 
tissue were 16.55 ± 0.4 g 100 g-1 and 0.52 ± 0.20 g 100 g-1, respectively. Also, 
the moisture and ash content were 80.93 ± 0.36 g 100 g-1 and 1.25 ± 0.14 g 
100 g-1, respectively. Amino acids analysis of muscle tissue revealed that the 
highest values were those of glutamic acid (2.98 g 100 g-1) and arginine (2.19 
g 100g-1) as well as those for aspartic acid (1.88 g 100 g-1), lysine (1.47 g 100 
g-1) and leucine (1.33 g 100 g-1). The lowest values were found for histidine 
(0.35 ± 0.03 g 100 g-1) and methionine (0.47 ± 0.01 g 100 g-1). The results of 
this study showed that the crayfish of Orchomenos region can be considered as 
an important source of essential nutrients in the human diet due to its protein 
and essential amino acids content, which are relatively comparable to those of 
farmed sea bream (Sparus aurata L.), as well as to farmed and wild sea bass 
(Dicentrarchus labrax). However, the lipid content of Orchomenos crayfish was 
found to be insignificant and negligible. Overall, the protein quality of European 
crayfish can be considered as a main factor in selecting this species as a 
candidate species for European aquaculture diversification.
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Introduction
The European crayfish Astacus astacus L. (Figure 1) is a species 

which is very common and popular in many European countries 
and specifically in Greece. Particularly, it is found in 28 European 
countries and outside Europe it can be found only in Morocco. 
European crayfish or Noble crayfish (Astacus astacus L.) is one of 
the few species of freshwater crustaceans that have been used for 
commercial purposes and as human food for a long time [1,2].

In Greece, freshwater crayfish are found in 20 out of 53 
Prefectures and they form isolated populations in relatively pristine 
water bodies. Three Indigenous Crayfish Species (ICS) occur in Greek 
waters: Astacus astacus, Astacus leptodactylus and Austropotamobius 
torrentium, as well as one Non-Indigenous Crayfish Species (NICS) 
Pacifastacus leniusculus. Greece probably represents the most 
southern natural distribution limit for A. astacus and A. torrentium 
in the world [3].

It is very widespread in the north-western and central regions 
of Greece (Epirus, Sterea Ellada and Thessaly) and its distribution 
extends to the south in the region of Peloponnesus, to the north in 

the region of Central Macedonia and to the western part of the region 
of East Macedonia and Thrace [3,4]. According to the legislation 
crayfish is protected in Greece mainly by the Directive 92/43/EEC [5]. 
Also, Greek legislation forbids crayfish fishing from 15 February to 15 
May and establishes a minimum size for fishing crayfish to 10cm total 
length [6] and only for 2kg of crayfish per fisherman per day.

Nevertheless, should be carefully controlled and managed in 
order to keep the fishing pressure as low as possible. Also, the new 
Water Framework Directive 2000/60/EC [7] requires the use of biota 
and especially macroinvertebrates in integrated freshwater quality 
assessment [8] as well as crayfish, which may be used as a powerful 
surface water quality indicator [9].

Proteins are present in almost all foods although they are often 
in very small amounts. Their principal nutritional value is that they 
are the exclusive source of essential amino acids, which are very 
important for all live organisms due to the fact that they cannot be 
synthesized within their body and therefore must be supplied in 
readymade form in their diet [10].

In recent years, food quality and its nutritional value is 
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considered as a top issue for the consumers and the development of 
new sophisticated analytical instrumentation has enabled the precise 
detection and quantification of the amino acids with easy, rapid and 
reliable analytical methods. Among several analytical methods for 
amino acid determination the preferred method is High Performance 
Liquid Chromatography (HPLC) with pre-column derivatization 
because amino acids in foods are generally determined as derivatives 
[11].

Ultimately, crayfish is considered a gourmet species of high 
commercial value as well as a nutritious and healthy food for the 
consumer. To the best of our knowledge, there are very limiting data 
on nutritional value of this species. Therefore, our research aimed 
to determine the basic chemical composition and the amino acid 
profile of the edible muscle of crayfish assessing its nutritional value 
and to compare it to those of gilthead sea bream (Sparus aurata) and 
European sea bass (Dicentrarchus labrax), the most common and 
important farmed fish in the Mediterranean basin.

Materials and Methods
Animals  

Test animals were collected from the area among the villages St. 
Andreas (B 38.47264º, A 22.95544º) and St. Spyridon (B 38.46327º, 
A 22.95754º) of the region of Orchomenos Viotia, Greece. Thirty-
five (35) male animals were collected in traps and by hand during 
the night (between May and July) and transferred directly to a trout 
farming establishment where they kept in steel cages submerged in a 
small tributary of Viotic Kifissos river, with continuous water running 
to a depth of about 1.0-1.5m and a water temperature of about 25ºC. 
During the acclimatization period, they were fed on detritus, benthic 
animals and aquatic plants from the same region. Then, they were 
transported to the laboratory in special packaging with ice. The total 
length and weight of each animal was measured and muscle tissue 
samples were collected from their tail and stored immediately at 
-80ºC pending analyses.

Standards and reagents 
Kjeldahl catalysts (3.5 g K2SO4 + 0.4 g CuSO4× 5 H2O) were 

purchased from FOSS, Denmark. Sulphuric acid (95-97 %), sodium 
hydroxide (35%), hydrochloric acid (fuming, 37%), boric acid, 
chloroform, methanol, methylene blue and methyl red were from 
Merck (Darmstadt, Germany). Purified water was obtained from a 
MilliQ water purification system (Millipore, Bedford, MA, USA).

The amino acid standard mixture (Amino acid Standard H, 
Waters, USA) was consisted of the following amino acids at 2.5 
μMol/μL each in 0.1N HCl: aspartic acid, glutamic acid, serine, 
glycine, histidine, arginine, threonine, alanine, proline, tyrosine, 
valine, methionine, isoleucine, leucine, phenylalanine, cystine and 
lysine. Amino acids derivatization reagent was the AccQ•TagTM 
Ultra Reagent, 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate 
(AQC) (Waters, USA). The mobile phase used was a combination of 
(Α) AccQ-TagTM Ultra Eluent A1 and (Β) AccQ-TagTM Ultra Eluent B 
(Waters, USA), and the 0.2μm regenerated cellulose filters paper were 
purchased from Whatman (Sigma-Aldrich).

Proximate composition analysis 
Crayfish muscle tissue samples were homogenized and analyzed 

for moisture, crude protein and ash according to AOAC [12]. 

Moisture content was measured after drying the samples at 105ºC for 
24h, inorganic elements (ash) was determined after ignition at 500ºC 
for 12h, crude protein (N×6.25) by Kjeldahl method using a FOSS 
analytical system and total lipids by the Folch’s procedure [13].   

Amino acids determination  
The amino acid composition of the crayfish muscles was analyzed 

according to the method of [14]. Briefly, muscle samples were acid 
hydrolysed (6 N, 110ºC, 24 h) and derivatized by the AccQ•TagTM Ultra 
Reagent (Waters, USA), (6-aminoquinolyl-N-hydroxysuccinimidyl 
carbamate (AQC) used as derivatization reagent) according to the 
amino acid analysis application solution (Waters Corporation, 
Milford, MA, USA) [15]. DL-Norvaline (Sigma) 2.5 mM was used 
as an internal standard. UPLC was performed on an Acquity system 
(Waters Corporation) equipped with PDA detector and the detection 
wavelength was set at λ = 260 nm. The column used was a BEH C18 
column (100 mm × 2.1 mm i.d., 1.7 μm) from Waters. The flow rate 
was 0.7 ml/min and the column temperature were kept at 55ºC. 
Empower v.2.0 (Waters) software was used for the peak identification 
and integration using an Amino Acid Standard H (Waters) as an 
external standard. All analyses were performed in duplicate. In case 
that the values between replicates did not meet the standardized 
acceptance criteria based on the mean and standard deviation (<5%), 
new duplicate analyses were performed according to established 
procedures. Tryptophan was not quantified due to its susceptibility 
to acid hydrolysis, while cysteine reacts with cysteine forming a 
disulfide bridge to produce cystine. Moreover, during acid hydrolysis 
procedure asparagine is converted to aspartate (ionic form of aspartic 
acid) and glutamine to glutamate (ionic form of glutamic acid), so 
the reported values for these amino acids (Asx and Glx) represent the 
sum of both amino acids.

Results and Discussion  
The mean (±SD) length and weight of sampled Orchomenos’s 

crayfish were found to be 10.56 ± 1.28 cm and 39.94 ± 12.99 g, 
respectively.

The analysis of the muscle tissues of the experimental animals 
showed an average moisture content of 80.93%, slightly higher 
than those of the farmed gilthead sea bream (68.6-76.6 %) and 
wild counterparts (75.4-79.9 %) which were mentioned previously 
[16]. The mean protein content was found to be 16.55 ± 0.04g per 
100g muscle, which is slightly lower compared to those which were 
reported in the past for farmed and wild gilthead sea bream (18.1-22.9 
% and 19.3-21.2, respectively) [16]. Crayfish muscle had a very low 
lipid content (0.65%), which is quite lower and much lower to those 
reported previously for the wild and farmed gilthead sea bream (0.85-
3.01 % and 2.5-11.0 %, respectively) [16]. The inorganic elements 
(ash) content of crayfish muscle was accounted for 1.25%, which 
is slight lower compared with those reported for farmed and wild 
gilthead sea bream (1.22-1.64 % and 1.31-1.47 %, respectively) [16]. 
Comparable, the corresponding values for muscle of farmed and wild 
European sea bass reported in literature for protein (18.6-23.4 % and 
17.6-21.8 %, respectively), lipid content (3.90-9.20 % and 1.22-9.19 
%, respectively), moisture (64.4-76.7 % and 69.5-77.9 %, respectively) 
and ash (1.23-1.89 and 1.05-1.5 %, respectively) were higher than 
those of crayfish muscle [16,17]. However, different factors such 
water temperature, feeding ratio, feed composition, fish size, etc., may 
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affect the composition of edible muscle in those animals [16]. 

Amino acids are the basic constituents of proteins and for that 
reason a qualitative and quantitative determination of the amino 
acids profile of the hydrolyzed samples is used for the nutritional 
value estimation of human food and animal feed. Usually, for 
their determination typical derivatization reagents include 
9fluorenylmethyl chloroformate (FMOC-Cl), Ortho-Phthalaldehyde 
(OPA), Phenyl Isothiocyanate (PITC), 1-fluoro2,4-dinitrobenzene, 
1-fluoro-2,4-dinitrophenyl-5-L-alanine amide, and dansyl chloride. 
These techniques have advantages and limitations and only the 
combined OPA/FMOC-Cl has been recommended to overcome 
several problems with UV detection of the resulting derivatives 
of both primary and secondary amino acids [18,19]. Also, these 
conditions require viscous and buffered mobile phases, which 
operate at high temperatures and have a relatively quite long time 
both for derivatization and chromatography like that of 17.5min to 
22.5min [20] and in some cases exceeding the run time of 30min 
[11] due to the analytical column and the mobile phase used. In our 
study, the amino acids profile of the crayfish edible muscle tissue was 
measured, based on a previously published method [21] which was 

modified according to [14] using pre-column derivatization with 
6-aminoquinolyl-Nhydroxysuccinimidyl carbamate and optimized 
chromatography conditions producing stable derivatives with high 
resolution and with a total chromatographic run time of 9.0 min. 

The amino acid content determined in muscle tissue of crayfish 
in comparison to those of farmed gilthead sea bream (Sparus aurata) 
[16], farmed and wild European sea bass (Dicentrarchus labrax) 
[14,32] is summarized in Table 3. The amino acid profile found in 
crayfish muscle revealed that the arginine and glutamic acid were 
higher in crayfish (2.19% and 2.98%, respectively) than in the other 
two species except glutamic acid in farmed sea bass (3.44%), while 
aspartic acid content was higher in crayfish (1.88%) comparing to 
farmed gilthead sea bream (1.55%), and lower to that found in farmed 
and wild European sea bass (2.41% and 1.99%, respectively). As regards 
lysine, which is an essential amino acid for humans and animals, it 
was found to be higher in crayfish (1.47%) compared to farmed sea 
bream (1.38%) and lower than farmed and wild European sea bass 
(2.13% and 1.76%, respectively). Methionine content in farmed 
sea bream muscle (1.40%) was much higher compared to the other 
species (0.44-0.69%). The same pattern was observed for histidine 

Figure 1: European crayfish Astacus astacus L.

Figure 2: UPLC-UV chromatogram of amino acids of the muscle of European crayfish (Astacus astacus L). at 260nm.
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(0.62% in farmed sea bream versus 0.34-0.41 % for the other species). 
The amino acids contents of serine, glycine, threonine, alanine, 
proline, tyrosine, valine, isoleucine, leucine and phenylalanine were 
found to be more or less similar among the three species. However, 
the analytical method employed to determine the amino acid content 
in animal muscle should be taken into consideration The nutritional 
value of fish is directly affected by its chemical composition, which 
consequently is determined by many factors such as species, age, size 
[16,22], sex, spawning [16], environmental factors such as season 
[22,23], water temperature [16], salinity [24], changes in photoperiod 
[25], geographical origin [26-28] and feeding history especially 
concerning farmed fish (diet composition and feeding ratio) [29,30]. 
It is well known that amino acids are categorized for nutritional 
purposes into two groups, the Essential Amino Acids (EAA) and 
the Non-Essential Amino Acids (NEAA). EAA are those amino 
acids that cannot be synthesized within the animal body or at a rate 
sufficient to meet the physiological needs of the growing animal, and 
must therefore be supplied in a readymade form in the diet. NEAA 
are those amino acids that can be synthesized in the body from a 
suitable carbon source and amino groups from other amino acids or 
simple compounds such as diammonium citrate, and consequently 
it is not prerequisite to be supplied in a readymade form in the diet. 
Table 1 shows the identified EAA and NEAA as well as the EAA/
NEAA ratios in the edible muscles of crayfish (1.02), farmed gilthead 
sea bream (1.14) and farmed and wild European sea bass (0.97 and 
1.00, respectively).

Conclusion
In conclusion, the crayfish Astacus astacus L. of the region 

of Orchomenos, in Viotia, Greece is a freshwater species of great 
commercial value and a nutritious human food source mainly due 
to its protein content and amino acid profile. Undoubtedly, it can 
be considered as an important source of amino acids and relatively 
comparable to those of farmed gilthead sea bream as well as to farmed 
and wild European sea bass. Nevertheless, its lipid content was found 
to be insignificant and negligible. Crayfish is also a very important 
resident in the Orchomenos river areas and a solid freshwater 
quality indicator. The results of this study can also contribute to 
the development of a quality standard for the European crayfish in 
Greece and its protein quality can be considered as a main factor in 
selecting this species as a candidate species for European aquaculture 
diversification.
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