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Summary in English
Researches on the Establishment of Pufferfish Food Culture in Vietnam

In Japan, pufferfish has been developed as a delicious high-class food culture, despite its
toxicity. On the other hand, Vietnam has a long coastline with abundant pufferfish, and it could
be a potential fishery resource but the pufferfish food culture is not developed. This applicant
conducted research on the idea that introducing a Japanese-style pufferfish food culture in
Vietnam could contribute to food safety and security, economic effects, nutrition, and so on. This
thesis consists of the following four chapters.

Chapter 1 Research background - Literature review - Agreement between Japan and
Vietnam researchers

Chapter 2 (Study 1) Acceptability evaluation by Vietnamese about non-toxic cultured
pufferfish in comparison with grouper and mackerel

Chapter 3 (Study 2) Tissue distribution of tetrodotoxin and its analogs in Lagocephalus
pufterfish collected in Vietnam

Chapter 4 Birth and development of pufterfish food culture in Vietnam

Chapter 1 describes the research background with a literature review and the purpose of these
researches as a whole. In particular, the knowledge, legal measures - systems, and measures
required to establish a new culture of eating pufferfish in Vietnam are discussed. As a basis for
this, I did the work on Study 1 (whether pufferfish is allowed to be eaten by Vietnamese experts
on Japan) and Study 2 (tetrodotoxin in tissue of pufferfish collected in Vietnam). Furthermore,
the conclusion of an exchange agreement between two Japanese-based and two Vietnam-based
organizations, which is a prerequisite for advancing these two studies, is also described. More
specifically, regarding Chapter 1.

There are more than 100 species of pufferfish (scientific term: Tetraodontidae, Japanese term:
fugu) that inhabit coastal and freshwater areas around the world, and there are large numbers in
subtropical and tropical waters, including in Vietnam. Pufferfish have delicious white meat, but
some species possess a strong neurotoxin that has often killed people. Death by pufferfish toxin
is frequent in Vietnam so that the capture, marketing, and ingestion of pufferfish are currently
prohibited by law. On the other hand, pufferfish are used as edible fish in Japan, and in particular,
Takifugu rubripes Torafugu is treated as a high-class fish, but there is almost no poisoning due
to this.

The toxicity of pufferfish varies depending on the habitat, species, season, gender, organs and
so on. The toxic substances in pufferfish are tetrodotoxin (TTX) and analogs (TTXs). High
concentrations of TTXs have been confirmed in some amphibians, arthropods, toxic mollusca,
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and flatworms. The mechanisms of how these organisms become toxic have not been known
clearly until now. The TTXs of pufferfish are thought to be derived from their food sources
because cultured Torafugu grown on artificially compounded feed is non-toxic. In Japan, the
species and parts of edible pufferfish are legally stipulated, and their processing is limited to
specialists such as pufferfish processing chefs who have been certified by each prefecture
government. This system works well, and currently there are very few deaths from eating
pufferfish in Japan each year. Most of these death cases are due to non-licensed preparation.

Based on the successful model system in Japan, to establish a pufferfish food culture in
Vietnam, an agreement to establish a pufferfish food culture in Vietnam was signed by Jumonji
University, Mitsui Suisan Co., Ltd., the Vietnam National Institute of Nutrition, and the Vietnam
Research Institute of Marine Fisheries. The agreement will be continuously renewed every five
years unless otherwise noted. The main contents are related to the establishment of a pufferfish
toxicity test system and a pufferfish processing system in Vietnam.

In Chapter 2, I conducted Study 1 on a comparison of the taste of dishes using cultured
puftferfish from Japan and grouper and mackerel from Vietnam to see whether the taste of
Japanese pufferfish dishes would be accepted by Vietnamese. Japanese pufferfish processing
license-holder chefs prepared these three kinds of fishes in fried and hot pot dishes. In addition,
Japanese-style fried fish, hot pot, sashimi (dishes with raw fish), hirezake (Japanese sake with
grilled pufferfish fin in it), nikogori (a kind of jelly made from pufferfish skin), skin mix (boiled
fugu skin sliced and mixed with chili, miso, and vinegar), tataki (fish grilled on the outside and
kept raw inside), and shirako tofu (a kind of jelly made with pufferfish shirako) were served and
evaluated for their taste. The number of selected panelists was 53 in the capital city of Hanoi and
54 in the city of Da Nang, where one of the largest fishing ports of Vietnam is located. The
panelists were nutrition and marine science researchers, marine products company staff and
government employees whose significance for law establishment. The results show that when
comparing dishes using Japanese cultured Torafugu and Vietnamese high-quality fish, more than
90% of panelists answered that "fugu was tastier than Vietnamese high-class fish". Acceptability
was scored by the 5-point method. The average score for various pufferfish dishes was over 4.40,
which was very high. On the questionnaire whether they would like to eat more pufferfish,
introduce it to their acquaintances, or make pufferfish a new food culture, more than 80% of the
panelists answered "yes". In conclusion, Vietnamese panelists evaluated pufferfish as delicious
and can become a new food culture.

In Chapter 3, I conducted Study 2 on the measurement of the content of tissue-specific TTX
and TTXs in Lagocephalus puffertish (Sabafugu) collected in Vietnam. There are several species
belong to Sabafugu, which inhabit widely from temperate to tropical seas. Some of them are
considered to be almost non-toxic in Japan. As mentioned above, the toxicity of pufferfish is said
to vary greatly depending on the habitat, and the toxicity of pufferfish from Vietnam has not been
elucidated. In this study, we analyzed the TTXs content of each part of the genus Sabafugu
collected in each region of Vietnam. When the pufferfish was mixed with the main catch, we
asked the fishermen's associations in each region to freeze it and make it available to us.

From 2017 to 2019, a total of 108 Sabafugu (L. spadiceus Shirosabafugu, L. cheesemanii
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Kurosabafugu, L. lunaris Dokusabafugu, L. inermis Kanafugu) were used as samples; they were
collected in the waters off Hai Phong, Nghe An in the north, Thanh Hoa, Da Nang in central,
Vung Tau and Kien Giang in southern Vietnam. These frozen samples were delivered to Japan
by air, dissected in a semi-thawed state, and each organ was extracted with diluted acetic acid in
a hot immersion using conventional method used to prepare the test solution. The test solution
was diluted with a neutral phosphate buffer solution, and the TTXs content was analyzed by the
ELISA kit using a novel anti-TTX polyclonal antibody newly developed at Kitasato University.
For samples in which high levels of TTXs were detected were analyzed by HPLC fluorescence
(HPLC-FLD) to determine the content of TTX - a highly toxic component. In addition, for some
of the samples, the presence or absence of deoxy analogs of TTX that could not be detected by
HPLC-FLD was analyzed by the LC-MS method. The results show that almost no TTX and only
almost non-toxic 5,6,11-trideoxy TTX (TDT) were detected in all organs of Shirosabafugu. In
Kurosabafugu, trace amounts of TTX were detected in the gonads and intestines, but no TTX
was confirmed in the muscles. High concentrations of TTXs were detected in Kanafugu by the
ELISA method. In Dokusabafugu, trace amounts of TTX were confirmed in muscles and high
concentrations in other organs. The results of this study suggest that Vietnamese Kurosabafugu
and Shirosabafugu muscles are safe for food.

In Chapter 4, we considered what is necessary for the the establishment and development of
a pufferfish food culture in Vietnam. The main elements are the expectations of the Vietnamese
government, the establishment of a pufferfish poison analysis laboratory, the establishment of a

pufterfish processing license system, and the development of the pufferfish industry.



Summary in Japanese
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