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Abstract 
 
The paper aimed to present the correlations between the freshness indicators (pH, TVB-N) and water content, 
phosphorus content and humidity, protein content and TVB-N (mg %) in wild Anglerfish/ Monkfish captured from the 
North Sea and Atlantic Ocean during naval expeditions aboard the research ship Walther Herwig IIIrd. It is based on 
the research data obtained at Max Rubner Institute Department of Safety and Quality of Milk and Fish Products 
Hamburg between 2013 and 2014. The processed data were the following indicators: pH, TVB-N, phosphates content, 
percent of water, salt, protein, fat and ashes. Correlations were made using chi square test. Angler- and Monkfish 
(Lophius spp.) samples analysed (n = 77), presented a reasonable positive correlation (R2 = 0.44) between the pH 
values and the percentage of water, a very weak positive correlation (R2 = 0.1) between TVB-N and protein, a high 
negative correlation (R2 = - 0.7018) between the phosphate and water content and a strong negative correlation (R2 = - 
0.7961) between the protein and the water content. 
 
Key words: Lophius spp., freshness indicators, proximate analysis, phosphorus content, humidity. 
 
INTRODUCTION  
 
Anglerfish (Lophius piscatorius) and Monkfish 
(L. americanus) are belonging to the Lophiidae 
Family. They have massive heads, that are 
broad, flat and depressed, making the rest of 
the body (normally called the tail) seem like an 
appendage. 
The Anglerfish is a demersal fish, well adapted 
to its environment, living in coastal regions and 
at high depths. In northern latitudes, the 
Anglerfish spawns between April and June 
mainly north, W and S of the British Isles at a 
depth beyond 400 meters.  
Seven species of Lophius are known 
worldwide, six within the Atlantic Ocean and 
only one within the Northwest Pacific. The 
genus supports valuable fisheries (except for 
Lophius vaillanti), most for an extended time, 
though the exploitation of Lophius 
gastrophysus along the coast of Brazil is 
comparatively recent (Fariña et al., 2008).  
The primary goal of this study was to research 
the composition of Lophius spp. tail muscle 

which is the main part of the body that is 
usually destined to human consumption. 
 
MATERIALS AND METHODS 
 
Lophius spp. live in many seas. The foremost 
important areas of distribution include the N 
Atlantic and the Mediterranean. They include 
the American waters from Newfoundland to 
Brazil, and also the Gulf of Guinea to the New 
Zealand zone. The fish genus Lophius is 
exploited worldwide. Lophius spp. is caught by 
demersal trawlers with trawls or long lines, 
mostly gill nets. They are usually prepared for 
sale on board where the head is removed, the 
fish is skinned and gutted. 
This species is widely found in coastal waters 
of the N-E Atlantic, from the Barents Sea to the 
Strait of Gibraltar, the Mediterranean Sea and 
the Black Sea. The greatest capture volumes 
within the last decade are reported by France, 
UK, Ireland and Spain (International Council 
for the Exploration of the Sea, 2021; 
Norwegian Institute of Marine Research, 2021). 
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According to International Council for the 
Exploration of the Sea (ICES) the main 
fisheries areas for Black-bellied Anglerfish (L. 
budegassa) and White Anglerfish (L. 
piscatorius) are divisions 7b.-k, 8.a-b and 8d 
(W and S-W Ireland, Bay of Biscay), 8c and 9a 
(Cantabrian Sea, Atlantic Iberian waters); sub-
areas 1 and 2 (N-E Arctic); sub-areas 4 and 6, 
and in Division 3.a (North Sea, Rockall and W 
of Scotland, Skagerrak and Kattegat) 
(International Council for the Exploration of 
the Sea, 2018).  
L. piscatorius and L. budegassa are mainly 
caught by Spanish and Portuguese bottom-
trawlers and net fisheries (gill net and 
trammelnets). As with L. piscatorius, L. 
budegassa is a crucial target species for the 
artisanal fleets and a by-catch for the trawl 
fleets targeting hake or crustaceans. Since 2010, 
Spanish landings of L. piscatorius were on the 
average 83% of total landings of the stock. 
Reported values for L. budegassa represented   
< 1% (on average) of the full landings of the 
stock. The total allowable catch advice for the 
Celtic Seas, West of Scotland, Bay of Biscay 
and Iberian Sea is 34,275 t in 2022, while the 
most recent estimated stocks were around 
45,651 t (International Council for the 
Exploration of the Sea, 2021).  
The stocks assessed are also distributed over a 
large area of the Northeast Atlantic shelf from 
ICES Division IIIa to IXa: here are currently 4 
stocks of Anglerfish (Lophius piscatorius and L. 
budegassa in Divisions VIIb-k and VIIIa,b,d 
and L. piscatorius and L. budegassa in 
Divisions VIIIc and IXa)(International Council 
for the Exploration of the Sea, 2021). 
The Lophius spp. samples we analysed in 
Germany come from the N-E Atlantic (North 
Sea) and were mainly cached during the fishing 
expeditions 366 and 372 respectively of 
Walther Herwig IIIrd the main research and 
exploration ship of Thünen Institute Hamburg 
(Figure 1). Fish weight was between 857 g and 
6.34 kg. The medium size for commercial 
landings from this area is 1 m or 20 kg (ICES, 
2020). Three species of Anglerfish dominate in 
the fishery. On the German market may be 
found the White Anglerfish (Lophius 
piscatorius), which might reach a length of up 
to 2 meters and a weight of up to 40 kilograms.  

The commercial weight of obtainable tails is 
sometimes between 1 and 3 kg. 
 

 

Figure 1. Walther Herwig IIIrd research ship 
(Thünen Institute of Sea Fisheries) 

 
Black-bellied Anglerfish (Lophius budegassa), 
grows up to 70 centimeters long.  
Mainly on the American Atlantic Coast is 
located the home of the American Anglerfish 
(Lophius americanus), which might reach up to 
1.2 meters and is known as the Monkfish 
(Figure 2). 
 

 
Figure 2. Monkfish (Lophius americanus) specimen 

 
European landings are limited in volume 
(between 9,000 and 10,000 metric tons catch 
weight per year). The market share in Germany 
in 2013 was around 0.5%. Due to of the meat 
quality, which is extremely valued by 
connoisseurs, good prices may be achieved for 
Lophius spp.  
Some are sold with head on but mainly without 
it, also skinned, because the appearance of the 
Anglerfish sometimes it is not commercially 
offered as an entire fish (Figure 3). They are 
mainly sold as fresh (whole with head on/ tail 
skinless fillets/ whole skin-on tails) or deep 
frozen as tail skinless fillets/ whole skin-on 
tails (Figure 4). 
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The marketed meat, hosts a fine aroma and it is 
ideal for roasting with a fine inherent flavour of 
the lean, white meat, which is nearly boneless 
(Figure 5). 
 

 
Figure 3. Whole Anglerfish (Lophius piscatorius) 

 

 
Figure 4. Anglerfish (Lophius piscatorius)  

edible portion skinning  
 

 
Figure 5. Economically valuable part of Lophius spp. 

 
Both lipid quantity and quality of fish are 
subject to changes because of their age and size 
and environmental conditions like season and 
feeding (Karl et al., 2018). Moreover, both fat 
content and the fatty acid composition are 
species specific (Borresen, 1992; Hamre et al., 
2003; Iverson et al., 2002; Lenas et al., 2011). 
Lophius spp. belong to the semi-fatty (3–6% 
fat) fish species (Karl et al., 2013). They store 

their lipids mainly within the muscle tissue, but 
only little information is accessible on the 
distribution within the edible part. However, 
the flesh quality is correlated to the fat, water 
and protein content and to its distribution 
within the muscle tissue. The lipid distribution 
is additionally a very important factor for the 
values of contaminants eventually present 
within edible parts with fat content. Determi-
nation in parts of the fillets and/or in parts of 
entire fish can yield different contamination 
levels, depending on the respective lipid 
content (Karl & Lahrssen-Wiederholt, 2013). 
This work provides information on the amount 
of fat, water and protein within the muscle 
tissue of Lophius spp. from the North Sea 
fishing areas. Additionally, we establish a rela-
tionship between the lipid and water content, 
the share of TVB-N and protein content, the 
water content and pH, the protein and the water 
content respectively (Figures 7 to 10) using 
available muscle flesh thawed samples (n=77). 
 
Previous chemical analysis  
Proximate composition, fatty acids profiles and 
other nutritional values were evaluated for 
fillets of Lophius spp. Crude protein (N × 6.25) 
and total lipid content were determined on the 
edible portions of fish by the methods descry-
bed within the AOAC manual (AOAC, 1975).  
Moisture content was determined by drying the 
samples in an air circulation oven for 8 h at 
100°C. Samples for ash determination were 
heated in a muffle furnace at 550°C for 6 h to 
constant weight. (Jhaveri et al., 1984). 
Moisture, total lipid and protein contents 
ranged from 828 to 845, 3.0 to 3.7 and 135 to 
170 g/ kg muscle, respectively (Prego et al., 
2012). Other previous research that associated 
the chemical composition and nutritional value 
of Anglerfish is scarce (Table 1) or has focused 
on proximate and amino acid composition 
(Jhaveri et al., 1984), fatty acid composition 
(Sirot et al., 2008), and assessment of α-
tocopherol and essential minerals (Jhaveri et 
al., 1984; Carvalho et al., 2005).  
 
MATERIALS AND METHODS 
 
Fish samples were collected from the N-E 
Atlantic (correspondent German Bight of the 
North Sea) and were cached from a bottom 
trawl catch during the fishing expeditions 
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no.366 and no.372 of Walther Herwig IIIrd 

(Figure 6). 
 

Table 1. Nutritional values and energy of 100g 
Anglerfish and Monkfish (edible portions) medium 

values compared to lobster (Fish Information Center, 
2021; Pehrsson et al., 2016; Strobel et al., 2012). 

Proximate composition  Anglerfish Monkfish Lobster 
Fat 4.6 g 1.5 g 2.0 g 
Protein  20.3 g 14.9 g 16.0 g 
Sodium 180 mg 180 mg 270 mg 
Calories 88 kcal 76 kcal 89 kcal 
Iodine in raw liver 96 μg 100 μg 185 μg 
Omega-3 fatty acids 0.1 g 0.13 g 79 mg 

 
Between 26.07.2013-20.08.2013 and 23.01.2014 
- 23.02.2014 respectively and previously 77 
Angler- and Monkfish (Lophius spp.) of 
various size were collected by the above men-
tioned German fishing research vessel (German 
Oceanographic Data Center, 2013; 2014).  
 

 
Figure 6. Anglerfish (Lophius piscatorius)  

caught in the North Sea 
 
Individuals were weighed, lengths were 
measured and then were manually filleted. The 
skin was removed and muscles were weighed 
(FAO, 1995). Tail muscle meat of Lophius spp. 
was minced and homogenised. Corresponding 
left and right tail parts of every individual were 
combined and deep frozen. Samples were 
stored at –20ºC until further analysis. 
Proximate composition (water, ash, protein and 
lipid content in %) of every muscle part 
homogenate was measured. Total sum, as 
percentage, was in the range of 98-102%.  

Water content was indirectly determined after 
drying an aliquot of the homogenised tail 
muscle flesh for 12 h at 105ºC.  
Protein nitrogen was measured by Dumas 
method (Miller et al., 2007) using a LECO 
TruSpecN (LECO Instruments GmbH, 
Germany).  
Percent of protein was calculated by 
multiplying % N by 6.25 (AOAC, 2005).  
Ash content was determined according to 
Antonacopoulos (1973).  
Lipid content was determined by modifying the 
Smedes method (1999) (according to Karl et 
al., 2012). After double extraction from 5 g 
sample with cyclohexane and isopropanol, the 
fat was transferred within the cyclohexane phase, 
after adding water and stirring by means of an 
Ultra-Turrax instrument (IKA-Werke, Germany). 
Centrifugation and phases separation was 
followed by gravimetric measurement of fat 
after separation and concentration from the 
cyclohexane phase. Organic phase was separa-
ted from the aqueous layer and evaporated. 
Lipid content was determined after drying the 
remained residue for 1 h at 105ºC.  
 
Total phosphorus-determination  
The total phosphorus content was determined 
photometrically from the nitric acid extract of 
the ash in line with a modified official German 
method § 64 LFBG to detect and measure 
phosphorus in meat (German Food & Feed 
Code, 2008). 
 
Total volatile basic nitrogen (TVB-N)  
A perchloric acid extract was prepared using 20 
g minced and homogenised fish tail muscle 
flesh with 180 mL 6% (w ⁄w) perchloric acid. 
The filtered acid extract was used for the 
determination of total volatile basic nitrogen 
(TVB-N) 
 
Determination of pH values  
After mincing and homogenizing, the sample 
was diluted 1:1 with deionised water, stirred 
and the pH was determined by means of a pH-
electrode (Oehlenschläger et al., 2002).  
 
Quality assurance and statistical analysis 
For the analytical internal quality control the 
matrix meat MUVA Reference material food 
supplements no.752 (MUVA GmbH, Kempten, 
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Germany) was used. Certified values were 
given for ash, moisture, lipid and nitrogen. All 
analysed components’ values showed excellent 
agreement with the certified values. 
Statistical analysis according to MUVA 
Kempten Statistical Protocol was conducted 
(https://www.muva.de/fileadmin//user_upload/
Statistisches-Protokoll.pdf). Pairs of variables 
were subjected to t tests (p < 0.05).  
 
RESULTS AND DISCUSSIONS  
 
Proximate composition of the tail muscle flesh 
of Lophius spp. (Monkfish and Anglerfish 
samples analysed) is compiled into Tables 2 
and 3. The sizes of the fish are typical for 
bottom trawl catches of Lophiidae in this area. 
The Lophius spp. samples covered a larger 
length and weight range of 32–76 cm and 
857g–6.34 kg, respectively.  

 
Table 2. Results of proximal analysis in the tail muscle 
samples from Monkfish (Lophius spp.) caught in the 

Atlantic Ocean (n=13) 
Component I st catch (n=3) II nd catch (n=10) Min. Max. 

Moisture 
% 

83  ± 0.7 84.8 ± 0.9 81.84 86.8 

Protein% 16 ± 0.5 15.32 ± 0.8 14.2 15.9 
Ash % 1.3 ± 0.3 1.05 ± 0.1 0.9 1.66 

Lipids % 0.5 0.4 0.4 0.5 
pH 6.5 ± 0.12 6.8 ± 0.13 6.4 6.9 

NaCl% 0.5± 0.4 0.4 ± 0.1 0.3 1 
TVB-N 

<mg/100g> 
11.3  ± 2.7 10.9 ± 1.6 7.1 14.3 

Phosphate 
g P2O5/kg 

4 ± 0.7 3.2 ± 0.3 3 4.5 

 
Table 3. Proximate composition of Anglerfish,  

caught in the North Sea (n=64) 

Catch 
nr. 

Water  
% 

Protein 
% 

Ash  
% 

Lipi
ds 
% 

Phos-
phate 

g P2O5/ 
kg 

NaCl  
% 

1 
(n=10) 

84.56± 
0.74 

15.40±0.
64 

1.01± 
0.04 0.34 3.23± 

0.13 
0.30± 
0.08 

2 
(n=10) 

89.57± 
0.78 

8.88± 
0.78 

1.20± 
0.17 0.25 1.16± 

0.28 
0.48± 
0.16 

3 
(n=10) 

88.92± 
0.89 

10.41±0.
72 

0.69± 
0.07 0.38 2.23± 

0.24 
0.09± 
0.02 

4 
(n=10) 

90.22± 
0.81 

9.23± 
0.46 

0.92± 
0.05 0.21 1.53± 

0.21 
0.14± 
0.02 

5 
(n=10) 

86.73± 
1.62 

12.47±1.
21 

1.62± 
0.04 0.39 1.92± 0.4 1.20± 

0.07 

6 (n=4) 84.87± 
0.11 14.08 1.02± 

0.03 0.42 3.6± 0.08 0.19± 
0.01 

7 
(n=10) 

88.74± 
1.75 

12.89±1.
61 

1.00± 
0.03 0.24 2.35± 

0.19 
0.39± 
0.10 

Min. 83.49 7.88 0.78 0.21 0.86 0.11 
Max. 89.87 16.24 1.58 0.42 3.69 1.28 

 
Lophius spp. samples were collected from 
fishing grounds of the Atlantic Ocean and 

North Sea to review the composition of the 
muscle tissue. Little information is available on 
the composition and nutritional values of 
Lophius spp.  
Overall lipid, water, protein and ash contents 
were calculated as arithmetic means (averages) 
± standard deviations (SD) of the respective 
values analysed from the edible tail muscle 
parts. Proximate composition of the Lophius 
spp. edible part analysed during the present 
study (Tables 2 and 3) was generally within the 
range previously reported. A number of 30 
analysed Anglerfish samples presented a higher 
percentage in moisture (88.92 to 90.22%), thus 
all other components of dry matter had smaller 
amounts (protein from 9 to 10%; lipids from 
0.21 to 0.38%; ash from 0.69 to 1.20%). The 
high water percent could not be correlated with 
an increased salt or phosphorus values. 
Lowest mean lipid content of 0.21% was 
correlated with high water percentage and low 
protein percentage respectively. The higher 
lipid content corresponded to the lowest water 
content.  
Protein content of both species stayed within 
the range of 9-16%. Lowest protein value was 
equal to 7.88%. Conversely, the highest protein 
content was 16.5%, while the phosphate ranged 
from 1.23 to 4.5 g P2O5/ kg.  
Ash content ranged between 0.55 and 1.69%.  
Prego et al. (2012) analysed the proximate 
composition of Anglerfish (n=5): according 
with his results the values found were: moisture 
content varied from 82.8 to 84.5%, total lipids 
from 0.3 to 0.37% and protein from 13.5 to 
16.1%, in agreement with other results (Jhaveri 
et al., 1984; Barros-Velászquez et al., 2008; 
García-Soto et al., 2011). 
Previously, Jahveri et al. (1985) had reported in 
edible portions of Monkfish: 83.29 ± 0.63% 
moisture, 15.85 ± 0.54% protein, 1.21 ± 0.04% 
ash and 0.53 ± 0.09% lipids. 
Composition differences could not be 
associated with the dimensions of the fish, 
although in other fish species, the maturation 
stage may affect the muscle structure (Karl et 
al., 2013).  
 
Water and lipid content of the muscle tissue  
For both species, a negative correlation 
between the water and lipid content of the 
muscle tissue was found (r =－ 0.7071, see 
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Figure 10). Previously, Karl et al. (2018) have 
reported the identical tendency in other fish 
species.  
The average composition (fat, ash, protein and 
water) of the thawed Lophius spp. samples, the 
pH of the muscle and also the phosphorus 
content, given as P2O5, are found in Tables 2 
and 3.  
Crude protein content of tail muscle flesh 
ranged between 8.8 and 16%, results being 
similar compared to the protein content 
reported in other studies (which ranged 
between 13.5 and 16%).  
Water content of the sampled fillets ranged 
between 81.8 and 91.5% compared to available 
literature data which showed the proportion of 
water in fillets at around 83-84%.  
Fat contents were comparable with those from 
other studies, varying between 0.2 and 0.5% 
(Jhaveri et al., 1984; Barros-Velászquez et al., 
2008; García-Soto et al., 2011).  
 

 
Figure 7. Scatter plot showing a reasonable positive 
correlation (R2 = 0.4406) between the pH-values (Y)  

and the water content (X) in Monkfish, caught  
in Atlantic Ocean (n = 13)  

 

 
Figure 8. Scatter plot showing a high negative correlation 

(R2 = - 0.7018) between the the phosphate (g P2O5/ kg) 
content and water percent in Anglerfish, caught in the 

North Sea (n = 64)  

 
Figure 9. Scatter plot showing a strong negative 

correlation (R2 = - 0.7961) between the protein (Y) 
and the water content (X) in Anglerfish, caught in  

the North Sea, (n = 64) 
 

 
Figure 10. Scatter plot showing a negative correlation 

(R2 = - 0.7071) between the fat (Y) and the water  
content (X) medium values in Anglerfish, caught  

in the North Sea (n = 77) 
 
Most analysed samples had low pH-values <7.0 
(pH=6.4–6.7). Fresh fish muscle has pH values 
<6.5, and the critical pH is 6.8-7.0 (Lin et al., 
2015).  
The low pH value of analysed Lophius spp. 
samples corresponds well to literature data 
reported for fresh Lophiidae in which liver 
samples of Anglerfish had a variation of pH 
from 6.33 to 6.78 when stored in slurry ice one 
week.  
Composition of Lophius spp. tail muscle flesh 
should be compared to other demersal fish 
species, therefore further research is required. 
Feed composition and season of capture may 
influence the composition of fish (Hamre et al., 
2003; Yildiz et al., 2008).  
The total volatile basic nitrogen (TVB-N) is a 
widely used instrument to assess the degree of 
freshness of marine fish species and legal limits 
are set for unprocessed fishery products. In 
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freshly caught fish TVB-N equals to 4–5 mg 
N⁄100 g values which may be experimentally 
increased up to over 200 mg N ⁄ 100 g or even 
500 mg N/ 100g (Ruiz-Capillas and Horner, 
1999, Azam et al, 2005).  
All analysed thawed samples during this study 
had low TVB-N contents ranging between 7.1 
and 14.3 mg N ⁄ 100 g (Table 2). Differences 
between the TVB-N values measured in this 
study were not significant.  
 
CONCLUSIONS 
 
The results indicate a good freshness of the fish 
and proper maintenance of the cold chain. 
Differences in muscle composition between the 
individuals were noticeable. The obtained data 
confirmed a large variation within the muscle 
composition of the various Lophius spp. 
samples analysed (Table 3).  
Consequently, when analysing control and/or 
monitoring samples, large differences in the 
water, protein and lipid content of the edible 
parts of Lophius spp. can be expected even in 
specimens fished simultaneously. 
In 30 of analysed samples low protein and high 
water content along with elevated pH value 
were detected while the literature offers little 
information on the water content, protein and 
pH of the edible muscle meat of Lophiidae.  
Due to high negative correlation between the 
amount of phosphate and the percentage of 
water in analysed samples (Figure 8) we 
conclude that differences in tail muscle 
structure of Lophius spp. could be induced by 
different diet composition which the fish 
encountered in the wild.  
 
ACKNOWLEDGEMENTS  
 
We would like to thank German Academic 
Exchange Service (DAAD) and Max Rubner 
Institute (MRI). Special gratitude to Mr. Marcel 
Balaci (Josef Möbius Bau AG), Professor 
Claudia Sala and Associate Professor Laurențiu 
Tudor. 
 
REFERENCES  
 
Antonacopoulos, N. (1973). Lebensmittelchemisch-

rechtliche Untersuchung und Beurteilung von 
Fischen und Fischerzeugnissen. In: Fische und 
Fischerzeugnisse 2nd edn (edited by W. Ludorff & V. 

Meyer). p. 219. Berlin & Hamburg, Germany: Paul 
Parey.  

AOAC (Association of Analytical Chemists) (2005). 
Method #968.06. In: Horwitz W, Latimer G (eds) 
Official methods of analysis of AOAC international, 
18th edn. AOAC International, Gaithersburg  

Azam, K., Pervin, S., Naher, S.S. et al. (2005). Quality 
changes in Pangus (Pangasius hypopthalmus) in 
relation to size and season during storage in ice. 
Pakistan Journal of Biological Sciences, 8, 636– 640.  

Barros-Velázquez, J., Gallardo, J. M., Calo, P., & 
Aubourg, S. P. (2008). Enhanced quality and safety 
during on-board chilled storage of fish species 
captured in the Grand Sole North Atlantic fishing 
bank. Food Chemistry, 106(2), 493–500. 

Borresen, T. (1992). Quality aspects of wild and reared 
fish. In: Huss HH, Jacobsen M, Liston J (eds) Quality 
assurance in the fish industry. Proceedings of an 
international conference, Copenhagen, Denmark, 
August 1991. Elsevier, Amsterdam, pp 1–17 

Carvalho, M., Santiago, S., & Nunes, Ma.L. (2005). 
Assessment of the essential element and heavy metal 
content of edible fish muscle. Analytical and 
Bioanalytical Chemistry 382, 426–432. 

Fariña, A. C., Azevedo, M., Landa, J., Duarte, R., 
Sampedro, P., Costas, G., Torres, M. A., & Cañás, L. 
(2008). Lophius in the world: a synthesis on the 
common features and life strategies. ICES Journal of 
Marine Science, 65: 1272–1280. 

Hamre, K., Lie, Ø. & Sandnes, K. (2003). Seasonal 
development of nutrient composition, lipid oxidation 
and colour of fillets from Norwegian spring-
spawning herring (Clupea harengus L.). Food 
Chemistry 82:441–446 

Iverson, S.J., Frost, K.J., & Lang, S.L. (2002). Fat 
content and fatty acid composition of forage fish and 
invertebrates in Prince William Sound, Alaska: 
factors contributing to among and within species 
variability. Mar Ecol Prog Ser 241:161–181  

Jhaveri, S. N., Karakoltsidis, P. A., Montecavalo, J., & 
Constantinides, S. M. (1984). Chemical Composition 
and Protein Quality of Some Southern New England 
Marine Species. Journal of Food Science, 49(1), 
110–113. 

Karl H., Bekaert K., Berge J.P., Cadun A., Duflos G., 
Oehlenschläger J., Poli B.M., Tejada M., Testi S., & 
Timm-Heinrich M. (2012). WEFTA interlaboratory 
comparison on total lipid determination in fishery 
products using the Smedes method. Journal of AOAC 
International 95:1–5.  

Karl, H. & Lahrssen-Wiederholt, M. (2013). Factors 
influencing the intake of dioxins and dioxin-like 
PCBs via fish consumption in Germany. J Verbr 
Lebensm 8:27–35  

Karl, H., Ostermeyer, U., Rehbein, H., Lehmann, I., & 
Manthey-Karl, M. (2013). Schwankungen von 
Inhaltsstoffen bei Fischen. Rundschau für 
Fleischhygiene und Lebensmittelüberwachung 
65(4):142–145 

Karl, H., Numata, J. & Lahrssen-Wiederholt, M. (2018). 
Variability of fat, water and protein content in the 
flesh of beaked redfish (Sebastes mentella) and 
Greenland halibut (Reinhardtius hippoglossoides) 



128

from artic fishing grounds. Journal of Consumer 
Protection and Food Safety. 13. 1-7.  

Lin, H.M., Deng, S.G., Huang, S.B., & Guo, H. (2015). 
Effects of precooling with slurry ice on the quality 
and microstructure of anglerfish (Lophius 
americanus) liver. Journal of Food Process 
Engineering, 39(1), 3–10.  

Oehlenschläger, J., Bossier, P., Bykowski, P. et al. 
(2002). WEFTA interlaboratory comparison exercise 
on pH determination in fishery products. 
Informationen fuer die Fischwirtschaft aus der 
Fischereiforschung, 49, 161–167. 

Pehrsson, P. R., Patterson, K. Y., Spungen, J. H., Wirtz, 
M. S., Andrews, K. W., Dwyer, J. T., & Swanson, C. 
A. (2016). Iodine in food- and dietary supplement-
composition databases. The American journal of 
clinical nutrition, 104 Suppl 3(Suppl 3), 868S–76S.  

Prego, R., Pazos, M., Medina, I., & Aubourg, S.P. (2012). 
Comparative chemical composition of different 
muscle zones in angler (Lophius piscatorius). 
Journal of Food Composition and Analysis 28, 81–87 

Ruiz-Capillas, C. & Horner, W.F.A. (1999). 
Determination of trimethylamine nitrogen and total 
volatile basic nitrogen in fresh fish by flow injection 
analysis. Journal of the Science of Food and 
Agriculture, 79(14), 1982–1986.   

Sirot, V., Oseredczuc, M., Bemrah-Aouachria, N., 
Volatire, J.L., & Leblanc, J.C. (2008). Lipid and fatty 
acid composition of fish and seafood consumed in 
France: CALIPSO study. Journal of Food 
Composition and Analysis 21, 8–16 

Strobel, C., Jahreis, G., & Kuhnt, K. (2012). Survey of n-
3 and n-6 polyunsaturated fatty acids in fish and fish 
products. Lipids in health and disease, 11, 144.  

Yildiz, M., Sener, E., & Timur, M. (2008). Effects of 
differences in diet and seasonal changes on the fatty 
acid composition in fillets from farmed and wild sea 
bream (Sparus aurata L.) and sea bass 
(Dicentrarchus labrax L.). International Journal of 
Food Science and Technology, 48, 853–858. 

***German Food & Feed Code §64 LFBG (2008). 
Bestimmung des Gesamtphosphorgehaltes in Fleisch 
und Fleischerzeugnissen, Photometrisches Verfahren. 
06.00 ⁄ 9. http://www.methodensammlung-bvl.de. 

***German Oceanographic Data Center (2013). 
Inventory of Walther Herwig III Cruise WH366 
(DOD-Ref-No.20130131) https://www2.bsh.de/ 
aktdat/dod/fahrtergebnis/2013/20130131.htm, last 
accessed at 10.12.2022. 

***German Oceanographic Data Center (2014). Inventur 
der Walther Herwig III-Reise WH372 (DOD-Ref-
No.20140014) 
https://www2.bsh.de/aktdat/dod/fahrtergebnis/2014/2
0140014.htm, last accessed at 10.12.2022. 

***FAO (1995). Quality and quality changes in fresh 
fish. In: Huss HH (ed) FAO Fisheries Technical 
paper 348, Rome 

***Fish Information Center - Fisch-Informationszentrum 
e. V. (2021). Fischwirtschaft: Daten und Fakten 2020. 
www. fischinfo.de. Accessed 15 Feb 2022 

***Norwegian Institute of Marine Research - 
Havforskningsinstituttet (2021). Fish diversity data 
from the Barents Sea Ecosystem Survey 2004-2019 
https://www.hi.no/hi/nettrapporter/rapport-fra-
havforskningen-en-2021-15. Accessed 16 Feb 2022 

***International Council for the Exploration of the Sea 
(ICES) (2018). Report of the Benchmark Workshop 
on Anglerfish Stocks in the ICES Area 
(WKANGLER), 12–16 February 2018, Copenhagen, 
Denmark. ICES CM 2018 / ACOM : 31.177 pp. 
https://www.ices.dk/sites/pub/Publication%20Report
s/Expert%20Group%20Report/acom/2018/WKANG
LER/WKAngler_2018.pdf Accessed 15 Feb 2022. 

***International Council for the Exploration of the Sea 
(ICES) (2021a). White anglerfish (Lophius 
piscatorius) in Subarea 7 and divisions 8.a–b and 8.d 
(Celtic Seas, Bay of Biscay). In Report of the ICES 
Advisory Committee, 2021. ICES Advice 2021, 
mon.27.78abd, 
https://doi.org/10.17895/ices.advice.7792.  

***International Council for the Exploration of the Sea 
(ICES) (2021b). Working Group for the Bay of 
Biscay and the Iberian Waters Ecoregion (WGBIE). 
ICES Scientific Reports. 3:48. 1101 pp. 
https://doi.org/10.17895/ices.pub.8212 

***MUVA GmbH, Kempten, DE. 
https://www.muva.de/Statistical%20protocol_Rev%2
016_engl.pdf 

 




