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ABSTRACT

The aim of the present study was to evaluate the accuracy of labeling and the efficacy of visual inspection to detect the 
lesions by visible parasites in anglerfish Lophius litulon. One hundred samples were collected over a 2-year period (2011 to 2012) 
from Chinese retail markets in Sardinia, Italy. To assess the conformity of the items with the trade name, a preliminary visual 
inspection of the samples by a simple morphological analysis was performed. According to the Council Regulations (EC) 104/ 
2000, 1224/2009, and 2074/2005, the Italian labels were examined to verify the appropriate indication of relevant information on 
traceability (trade name, scientific name, geographical area, and production method), and the samples of L. litulon were subjected 
to visual inspection to detect “ visible parasites.”  Altogether, a high percentage of mismatching (70%) between the scientific 
name and trade name was pointed out. Moreover, 60% of the samples were visibly infected by Spraguea lophii, a microsporidian 
parasite of the nervous tissue that forms typical lesions (xenomas) in the fish flesh near the vertebral column. Although S. lophii is 
not pathogenic to humans, the presence of xenomas can decompose the fish flesh and render it unfit for human consumption. The 
high percentage of mislabeling, together with the inaccuracy in the visual inspection by Chinese food business operators 
highlighted the need to improve the European Union control system of fishery products imported from China and marketed in 
Europe.

The European Union (EU) is, by far, the largest single 
market for imported fishery products. In 2012, its imports 
were valued at US$47.0 billion, representing 36% of total 
world imports. Preliminary data for 2013 show its imports 
growing at 8% relative to 2012 and to more than US$50 
billion ( 16). The fishery products imported in Europe, the 
majority of which are either frozen or prepared products, 
come from more than 120 countries from all over the world: 
Norway and China are the main EU suppliers. Norway 
showed significant increases in the volume of seafood 
products exported to the EU, with mainly salmon and cod. 
China confirms its leading role as a processing country for 
white fish ( 15). Innovations and improvements in process­
ing, transportation, distribution, marketing, and food science 
and technology have facilitated the trade and consumption 
of an expanded variety of species and product forms ( 16). 

There are over 1,200 species traded in Europe, with great 
diversity in appearance, presentation, quality, and safety that 
must be known and recognized properly by consumers ( 15). 

This requires first and foremost, appropriate methods of 
labeling, traceability, and official control on the production 
and placing on the market (27). Mislabeling can show in
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different forms, as well as at any stage in the supply chain 
(23). A part of mislabeling that occurs is probably 
unintentional, as fishery species identities may be easily 
incorrect. Confusion may also arise because various fishery 
species can be referred to by common slang names in 
different regions (4 ). However, fishery products often arrive 
on the market through production and marketing chains that 
lack transparency and accountability, thus providing 
opportunities for large amounts of illegally caught fish to 
reach retailers and consumers. In market countries in which 
effective systems to require traceability and proof of legal 
origin are lacking, mislabeling allows illegal fishing to 
remain profitable (30). In Europe in 2001, Commission 
Regulation (EC) 2065 ( 7) provided detailed rules for 
consumer information about certain fishery and aquaculture 
products through improved marking or labeling at the retail 
level. Subsequently, Council Regulation (EC) 1224/2009 
(12) stated that member states shall ensure that the 
information related to the trade name, the scientific name, 
the relevant geographical area, and the production method is 
available to the consumer at the retail stage sale. These 
requirements are indicated on the label or by an appropriate 
mark of the fisheries and aquaculture products offered for 
retail sale, including imported products. Recently, Council 
Regulation (EC) 404/2012 ( 14) stated that the scientific
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name of the species may be provided to the consumer at the 
retail level by means of commercial information, such as 
billboards or posters. According to Council Regulation (EC) 
854/2004 (10), fishery products are submitted to official 
controls on the production and placing on the market, 
including at least the following elements: organoleptic 
examinations, freshness indicators, histamine, residues and 
contaminants, microbiological checks, poisonous fishery 
products, and random visual inspections to verify compli­
ance with community legislation on parasites. Food business 
operators must cooperate with relevant competent author­
ities so as to permit them to carry out official controls. 
According to Council Regulation (EC) 853/2004 (9), food 
business operators must ensure that fishery products have 
been subjected to a visual examination for the purpose of 
detecting visible parasites before being placed on the 
market. They must not place fishery products that are 
obviously contaminated with parasites on the market for 
human consumption. In particular, the Council Regulation 
(EC) 2074/2005 (11) lays down detailed rules to do visual 
inspection of the whole fish abdominal cavity to detect 
“ visible parasites” (a parasite or a group of parasites that 
has a dimension, color, or texture clearly distinguishable 
from fish tissues) and to ensure that no contaminated fish 
reach the consumers. Parasites recovered in fishery products 
can be related to fishbome parasitic zoonoses (e.g., 
anisakiasis and diphyllobothriasis) or not. The accuracy of 
the visual inspection methods largely depends on the 
training and skills of food business operators and official 
inspectors (22). The EU inspection methods seem to be 
specifically designed to detect fishbome parasitic zoonoses 
(e.g., anisakiasis) but are not completely adequate to detect 
“ non-fishbome zoonoses parasites” with a prevalent 
location in deep muscles, as with some mixosporidians 
and microsporidians (10). In particular, the presence of 
microsporidian parasites in fish flesh causes serious and 
permanent alterations of the main organoleptic characters, 
for example, texture, color, and smell. Because of the 
repulsive appearance, these fishery products become not 
suitable for consumption. The parasite cells soon swell and 
turn into small nodules of white color, some millimeters in 
diameter, called xenomas. In the fish flesh, it is easy to 
observe the xenomas, especially near the vertebral spine: 
they can be individual or combined to form cluster 
structures (24). Microsporidian parasites can be observed 
in the nervous tissues of both aquaculture and fishery 
products. In particular, parasites of the genus Spraguea are 
often found in anglerfish of the genus Lophius (18). These 
lesions in the muscular tissues of Lophius vomerinus and 
Lophius litulon imported to Italy from Namibia, South 
Africa, and China have been previously described (18, 24). 
L. litulon is caught by Japanese, Chinese, and Korean 
fisheries, primarily during winter months when this fish 
command a high market price. Although the catch of 
anglerfish is very small compared with that of other 
commercially important species in Japan, China, and Korea 
(34), L. litulon is widely marketed internationally (3). In 
Italy, it is usually imported frozen and is mainly marketed 
in Chinese ethnic supermarkets (5). These well-organized

commercial systems, once only addressed to Chinese 
people (29, 32), are nowadays also frequented by non- 
Chinese citizens (5). Chinese products have been often 
involved in several food safety concerns surrounding some 
foods exported from China, and incorrect labeling or 
mislabeling is one of the most common infringements in 
the United States (19). In Europe, Chinese products are the 
goods with the highest percentage of the EU Rapid Alert 
System for Food and Feed notifications in the period 
between 2011 and 2013; however, the notifications made 
against Chinese food products for mislabeling are very few 
(5). Previous studies carried out in Chinese supermarkets in 
Italy highlighted problems related to poor hygiene in fresh 
food handling, language barriers, poor preparation of 
operators (1), and inaccuracy of labeling (2, 20). The 
difficulties of communication, as well as the lack of 
understanding and knowledge of food safety principles, 
are a major obstacle to the cooperation with relevant 
competent authorities. The Chinese community in Sardinia 
is the fourth largest (21) in terms of residents (3,048) after 
Romanian (12,037), Moroccan (4,250), Senegalese (3,472), 
and the number of Chinese ethnic supermarkets is 
constantly increasing. Nevertheless, there is a lack of data 
about traceability and hygienic status of fishery products 
imported from China and marketed in Sardinia. The double 
aim of this work was (i) to evaluate the accuracy of labeling 
according to the current legislation and (ii) to evaluate the 
efficacy of visual inspection carried out by food business 
operators and relevant competent authorities to detect the 
lesions by visible parasites in anglerfish L. litulon collected 
from Chinese retail markets in Sardinia, Italy.

MATERIALS AND METHODS

Sample collection. One hundred samples of frozen anglerfish 
(L. litulon) packaged in bags were collected over a 2-year period 
(201 I to 2012) from small-size (1 to 5 employees) and medium-size 
(5 to 15 employees) Chinese retail markets located in two provinces 
of Sardinia, Italy, namely the Sassari and Olbia-Tempio, where 
there are large Chinese communities. Frozen anglerfish (L. litulon) 
were thawed in chill storage (4°C) overnight, and then they were 
washed with tap water. To assess the conformity of the collected 
anglerfish items with the trade name, a preliminary visual inspection 
of the samples by a simple motphological analysis was performed.

Traceability and accuracy of Italian labeling. Relevant 
information on traceability (trade name, scientific name, geograph­
ical area, and production method) was examined according to 
Council Regulations (EC) 104/2000 (6) and 1224/2009 (12). In 
accordance with D’Amico et al. (5), the accuracy of Italian labels 
was assessed according to the Italian governmental list of fish 
species trade names “ Assignment of the Italian trade name to fish 
species of commercial interest, in accordance with Council 
Regulations (EC) 104/2000 and 2065/2001” (25) and its latest 
amendment (26).

Visual inspection to detect visible parasites. According to 
the Council Regulation (EC) 2074/2005 (11), all the samples of 
anglerfish L. litulon were subjected to visual inspection to detect 
visible parasites (a parasite or a group of parasites that has a 
dimension, color, or texture clearly distinguishable from fish 
tissues). Visual inspection of anglerfish samples was performed on
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the whole fish abdominal cavity and edible parts (musculature) 
intended for human consumption.

RESULTS

Identification of the samples. The preliminary visual 
inspection allowed us to verify that all the samples were of 
fish muscle tissues and belonged to the genus Lophius. The 
examined anglerfish (measuring 30 to 60 cm) were 
presented partially peeled and without heads. Anglerfish 
weight ranged from 150 g (small) to 430 to 450 g (large). 
The distinctive characters of the species L. litulon are 
represented by an illicium, terminating in a thin and 
elongated strip-shaped spearhead (3). The second dorsal 
fin presents nine soft rays. The back is dark brownish, with 
the presence of a thin yellowish reticulated structure.

Traceability and accuracy of Italian labeling.
According to Commission Regulation (EU) 1169/2011 
(13), in those products that come from Third-World 
countries, the relevant information on traceability must be 
reported in a language easily understood by the consumers 
of the member states, where the products are marketed. An 
Italian label was found on 95% of all the anglerfish samples, 
while 100% of the samples presented a Chinese label. In 
25% of the samples, an English label was reported. The 
presence of relevant information on traceability is reported 
in Table 1. Scientific name: According to Council Regula­
tion (EC) 1224/2009 (12), the scientific name of fishery 
products must be available to the consumer at retail stage 
sale and may be provided by means of commercial 
information, such as billboards or posters (14). In our 
survey, all the samples presented a correct scientific name 
(L. litulon) that was reported on the label, correctly written, 
taxonomically acceptable, and approved by FishBase 
(available at: http://www.fishbase.org/). Trade name: Ac­
cording to the Council Regulations (EC) 104/2000 (6) and 
2065/2001 (7), in 2002, the Italian government produced the 
official list of fish species trade names for all the fishery 
species marketed in Italy and continuously updated and 
amended (26). For six species members of the genus 
Lophius (L . hudegassa, L. piscatorius, L. americanus, L. 
litulon, L. vomerinus, and L. gastrophysus), the Italian 
government indicated five different trade names. No trade 
name was provided for the species Lophius vaillanti. An 
Italian trade name was reported for 90% of the samples 
presenting an Italian label. In the remaining samples, no 
Italian trade names were reported. In only 30% of the cases 
did the scientific name and trade name correspond (e.g., 
L. litulon and “Rana Pescatrice Orientale”). In 70%, there 
was not correspondence, and the trade name was incomplete 
with respect to that reported in the Italian Ministerial 
Decree. The designation of “Rana Pescatrice” (Italian 
trade name of L. budegassa and L. piscatorius) was 
completely mismatched with the scientific name of 
L. litulon. Similar mismatches in anglerfish imported from 
China were reported in a previous survey carried out in Italy 
by D’Amico et al. (5). Production method: The indication of 
the production method was always reported in all the 
anglerfish samples. This species is not reared in aquaculture,

TABLE 1. Accuracy o f Italian labeling in anglerfish samples 
collected from Chinese markets in Sardinia, Italy

Relevant information on traceability Percentage (%)

Presence of an Italian label 95
Absence of an Italian label 5

Scientific name
Present and correctly written 100

Commercial designation
Not reported 10
Reported 90
Correspondence with the scientific name 30
No correspondence with the scientific name 70

Production method
Reported and correctly written 100

Geographical area of catch or production
Reported and correctly written 100

and it is generally wild caught by trawling. Geographical 
area of catch or production: All the samples of L. litulon 
(100%) were caught in the Food and Agriculture Organi­
zation of the United Nations Major Fishing Area 61 (Pacific 
and Northwest). This area is a world leader for the amount 
of fish caught (16).

Visual inspection to detect visible parasites. From 
the 100 L. litulon included in our survey, 60% of the 
samples were visibly infected by a microsporidian parasite 
of the nervous tissue. The visual examination of the fish 
flesh allowed us to observe the typical xenomas near the 
vertebral column. By means of a simple morphological 
analysis, the anglerfish samples results indicated infection 
by Spraguea lophii, a protozoan belonging to the phylum 
Microspora, order Microsporidia, and family Glugeidae. 
S. lophii is often found in the muscular tissues of 
L. piscatorius, and L. budegassa caught along the coasts 
of the Mediterranean, the Atlantic, and the North Sea, in 
L. americanus caught in the northern Atlantic, and in 
L. gastrophysus caught along the coast of Brazil (24). 
Moreover, the typical lesions by S. lophii have been 
previously described in samples of L. vomerinus and 
L. litulon imported from Africa and Asia (18, 24). In our 
survey, the locations of the S. lophii infections were 
extremely similar to those described from both European 
and American lophiids (18). S. lophii infected the large 
extracranials ganglions of the spinal nerves of the vertebral 
column: the parasite cells swell up and turn into white 
xenomas, a few millimeters in diameter, to form well- 
developed cluster structures (Fig. 1). The presence of 
xenomas causes impressive alterations in the organoleptic 
characters of the fish flesh. Because of the disgusting 
appearance, the infected anglerfish samples should be 
considered not suitable for human consumption.

DISCUSSION

As reported by other authors in previous surveys (5), 
mislabeling of fishery products imported from China still

http://www.fishbase.org/
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FIGURE 1. Widespread presence o f xe- 
nomas caused by Spraguea lophii in 
Lophius litulon samples.

remains of great concern. The main problems are related to 
the respect of EU framework in terms of relevant 
information on traceability (6, 12). Mislabeling might be 
unintentional; however, in consideration of the recent food 
safety concerns involving some foods exported from China, 
including fishery products (28, 31), mislabeling allows 
illegal fishing to remain profitable (30) by marketing toxic 
species, fish of poor quality, or infected with parasites. 
Despite the indication of an Italian trade name on 90% of 
the Italian labels, a high percentage of mismatching (70%) 
between trade and scientific names highlighted an excess of 
approximation in the formulation of the Italian labels. In 
accordance with Council Regulations (EC) 852/2004 (8) 
and 853/2004 (9), when visible parasites are found in edible 
parts by visual inspection, the food business operators must 
ensure that no “ obviously contaminated” fish reaches the 
consumer. Food business operators may hygienically apply 
normal sorting or preparatory processing procedures, 
including trimming of raw materials being particularly 
susceptible to parasites (17). In our survey, 60% of the 
samples of L. litulon were clearly infected by S. lophii, 
highlighting the inaccuracy in the visual inspection of 
anglerfish samples before being placed on the market. 
However, the official inspectors cannot easily highlight the 
presence of xenomas by S. Lophii because of the following: 
the widespread habit of marketing exclusively the edible 
part of anglerfish (the body without the head); the prevalent 
location in deep muscles of microsporidian lesions; and the 
EU visual inspection methods. S. lophii was confirmed as 
strongly associated with Lophiids: according to previous 
studies (24), the vital functions of the host did not seem 
affected by the presence of the parasite, and hosts infected 
with S. lophii apparently do not show signs of disease, 
although the impressive infection lasts for a long time. 
However, the presence of xenomas can decompose the fish 
flesh and render it unfit for human consumption. According 
to the Codex Alimentarius, the defect level linked to

texture change into the fish flesh resulting from parasites 
occurs when more than 5% of the sample unit by weight is 
affected (17). Although S. lophii is unanimously consid­
ered not to be pathogenic to humans, it should be taken into 
account that the spores of microsporidians are common in 
urbanized environments, and several microsporidians have 
been identified as opportunistic pathogens, particularly in 
immunocompromised patients (33). Manfredi et al. (24) 
highlighted the possible production of heat-resistant 
allergens by S. lophii: their emission into fish flesh should 
cause forms of allergy or anaphylactic shock in humans. In 
conclusion, the high percentage of mislabeling, together 
with the inaccuracy in the visual inspection of Chinese 
products before being placed on the European markets, 
confirmed the unresolved issues related to food safety in 
China and at the same time, the weakness of the EU control 
system of fishery products imported from this country. As 
reported by D’Amico et al. (5), at the European border 
inspection posts, only documentary controls are carried out 
systematically. Physical and material checking is randomly 
preformed on a variable percentage, ranging between 0 and 
100%.
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