
  
  トラフグへのカプリル酸添加飼料給餌による単生虫ヘテロ

ボツリウム症防除の野外生け簀試験

  誌名 水産増殖 = The aquiculture
ISSN 03714217
著者名 平澤,徳高

大島,俊一郎
秦,和彦

発行元 水産増殖談話会
巻/号 49巻4号
掲載ページ p. 495-500
発行年月 2001年12月

    
農林水産省 農林水産技術会議事務局筑波産学連携支援センター
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council
Secretariat

Powered by TCPDF (www.tcpdf.org)



SUISANZOSHOKU 49（4），495－500（2001）

Commercial-scale Experiments on the Antiparasitic Effect of
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Abstract: The antiparasitic effect of in-feed caprylic acid against the monogenean Heterobothrium
okamotoi that infects cultured tiger puffers Takifugu rubripes was examined at two commercial
farms. One experiment was made at a commercial farm in Oita Prefecture for 15 days (Experiment
I) and the other experiment in Nagasaki Prefecture for 17 days (Experiment II). Two net pens were
used at each farm to compare treated and untreated fish. In each site, the group treated with
caprylic acid was fed daily a diet of pellets adsorbed with 5 g caprylic acid/kg diet at 100 mg/kg
B.W./day and the control was fed the same diet with no caprylic acid. At the end of Experiment I,
the number of immature H. okamotoi on the gills of the group treated with caprylic acid was signif-
icantly fewer than that of the control. In Experiment II, many fish died, probably caused by heavy
infection of Cryptocaryon irritans and the number of immature H. okamotoi on the gills of the group
treated with caprylic acid was significantly fewer than that of the control on the final day. Although
C. irritans infection could have influenced, it is possible to think that in-feed caprylic acid also had
an antiparasitic effect against H. okamotoi, even with complications of C. irritans infections. These
results suggest that in-feed caprylic acid had an antiparasitic effect against H. okamotoi on a com-
mercial scale and can be used to control H. okamotoi infections in aquaculture of tiger puffer.

Key words: Heterobothrium okamotoi; tiger puffer; caprylic acid; antiparasitic effect; Cryptocaryon
irritans

The tiger puffer Takifugu rubripes is one of
the highest-valued cultured fish in Japan. The
main culture area of this fish is Kyushu and
Shikoku in southwestern Japan. Diseases caused
by parasites, especially by the diclidophorid
monogenean Heterobothrium okamotoi1), have
been serious in recent years2). H. okamotoi is
obviously pathogenic and its susceptibility to
chemicals is low3). Ogawa and Inouye4) described
the infection cycle of this parasite: free-swimming
oncomiracidia emerge from eggs, attach to the
gills and grow on the gill filaments, then become
mature on the branchial cavity wall.

To prevent infestation, cultured tiger puffers
are treated routinely by bath treatments with
diluted Marine sour®SP30, whose major con-
stituent is hydrogen peroxide, at intervals of

about 20 days. However, the bath treatment has
a limited effect on mature parasites embedded
in the branchial cavity wall3). Also, the treat-
ment requires additional labor and is stressful
to fish.

Because of these drawbacks with bath treat-
ment, parasiticides obtained from natural
sources that could be administered with feed
would be greatly convenient to use. In our previ-
ous study, we found that caprylic acid (C8), a
medium-chain fatty acid in palm oil, butter and
other edible oils, has an antiparasitic effect
against H. okamotoi in an in vitro assay and in-
feed caprylic acid has an antiparasitic efficacy
against this parasites in the tiger puffer in a
laboratory-scale trial5). We also previously
confirmed that the effective doses against H.

＊1 Marine Biological Technology Center, Nippon Suisan Kaisha, LTD., Ariakeura, Tsurumi-cho, Minamiamabegun, Oita
876-1204, Japan.



okamotoi infections at different water tempera-
tures were determined6). However, to date,
assessment of the efficacy of in-feed caprylic
acid has not been studied on a commercial
scale. We report here on the efficacy of in-feed
caprylic acid against H. okamotoi on tiger puffer
tested at commercial net pen farms.

Materials and Methods

Commercial-Scale Experiments
Two commercial-scale experiments, Experi-

ments I and II, were made with the tiger puffer
at two sites in Kyushu, Japan. Experiment I was
made at a commercial farm in Oita Prefecture
and Experiment II in Nagasaki Prefecture.

Experiment I: Tiger puffer were randomly
divided into 2 groups, 4000 fish in each group.
Each group were reared in a 10×10×8 m float-
ing net pen for 4 weeks. Then the fish were
treated by a bath treatment with Marine
sour®SP30 (Katayama Chemical, Inc., Japan) at
1800 ppm for 20 min. The experiment was start-
ed 2 days after this treatment. The weights of
the fish were approximately 70 g when the
experiment was started. The group treated with
caprylic acid was fed a diet of commercial
expanded pellets (Torafugu 3, Nippon Suisan
Kaisha, Ltd., Japan) adsorbed with caprylic acid
(Kao Co., Ltd., Japan). To feed caprylic acid at
100 mg/kg body weight (B.W.) of fish/day, the
amount of adsorbed caprylic acid was adjusted
to 5 g caprylic acid/kg basal diet at the feeding
rate of 2% B.W. The control group was fed the
diet with no caprylic acid. The fish were fed the
their diets twice a day daily, during the trial.
The experiment was made for 15 days (from
November 10 to November 25). Fish mortalities
were recorded daily. The water temperature
ranged between 19.1℃ and 20.2℃ throughout
the trial.

Experiment II: Tiger puffer were randomly
divided into 2 groups, 8000 fish in each group.
The fish were reared in 10×10×8 m floating
net pens for 4 weeks and 2 days before starting
the experiment the fish were treated by a bath
treatment, as for Experiment I. The weights of
the fish were approximately 112 g when the

experiment was started. The group treated
with caprylic acid and the control group were
fed their diets as for Experiment I during the
trial. The experiment was made for 17 days
(from October 9 to October 26). Fish mortali-
ties were recorded daily. The water temperature
ranged between 22.9℃ and 24.2℃ throughout
the trial.

Assays
At the start and at the end of the trials, 20 fish

from each group were randomly sampled.
Mature H. okamotoi on the branchial cavity wall
were identified and counted using a stereo-
microscope, and immature H. okamotoi and
Cryptocaryon irritans on all the gills were also
counted using a light microscope. To examine
the number of C. irritans on the body surface, a
vinyl sheet with a 1 cm2 hole in the center was
placed on the right eye, and the epithelium con-
taining the mucus was obtained by scraping the
exposed eye surface (including the surround-
ing skin). The epithelium was examined under
a light microscope and parasites were identified
and counted. Occurrence of other parasites pre-
viously recorded from cultured tiger puffer
(Pseudocaligus fugu, Gyrodactylus rubripedis and
Trichodina fugu)3) were also examined under a
stereo-microscope. To find endoparasites, the
heart and brain were examined by a stereo-
microscope and an intestinal smear after Giemza
staining was examined by a light microscope.
The effectiveness of in-feed caprylic acid was
determined by comparing the number of infect-
ed parasites between the caprylic acid-fed fish
and control fish.

Sampled fish were also examined for bacteria
and red sea bream iridovirus. To isolate the bac-
teria, inocula were aseptically obtained from the
kidney, liver and spleen of the fish and were
streaked onto tryptone soya agar at 25℃ for 3
days. Liver, kidney and spleen smears after
Giemza staining were examined by a light
microscope to detect bacteria. To detect the iri-
dovirus, the spleen of the fish was tested using
an iridovirus-specific polymerase chain reaction
assay7).
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Statistical Analysis
The difference in the number of parasites

between the caprylic acid-fed fish and control
fish was tested. First, F-test was applied to
determine the equality of variance between the
two populations. In case of equal variance (P＜
0.05), the number of parasites between the two
groups was tested by t-test. When the variance
between the two populations was statistically
different, the Man-Whitney U-test was employed.
To compare the survival rates between the two
groups, x2 analysis was used. A probability level
of P＜0.05 was considered significant.

Results

Commercial-Scale Experiments
Experiment I: On day 1, immature and mature

H. okamotoi and C. irritans trophozoites were
found in both groups. However, the number of
parasites was few (Table 1). The difference in
the number of both parasites between the
groups was not statistically significant.

On day 15, the number of immature H.
okamotoi on the gills of both groups increased
from the number on day 1. The number of
immature parasites of the group treated with
caprylic acid was significantly fewer than in the
control group. The number of mature parasites
of the control group decreased and the number
of mature parasites of group treated with

caprylic acid increased from the number on day
1. The difference in the number of mature para-
sites between the groups was statistically signif-
icant. The number of C. irritans trophozoites in
both groups decreased from the number on day
1 and the number of trophozoites on the gills of
fish of the group treated with caprylic acid was
significantly lower than in the control group.

The survival rates of the group treated with
caprylic acid and the control were 99.9% and
99.5%, respectively. No other pathogen, includ-
ing other parasites, bacteria and the iridovirus,
was detected in the fish on days 1 and 15.

Experiment II: On day 1, immature and
mature H. okamotoi were found (Table 1) but
their numbers were few. Relatively heavy num-
bers of C. irritans trophozoites were on the gills
and the eye surface of fish in both groups. The
difference in the number of both parasites
between the groups was not statistically signifi-
cant.

On day 17, the number of immature H.
okamotoi on the gills of fish in both groups
increased from the number on day 1. However,
the number of immature H. okamotoi in the
group treated with caprylic acid was significant-
ly fewer than in the control group. The number
of mature H. okamotoi in the control group
decreased and, as for Experiment I, the number
of mature parasites of the group treated with
caprylic acid increased from the number on day
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Table 1. Antiparasitic effect of in-feed caprylic acid against parasites of tiger puffer

Number of parasites per fish (Mean±S.D.)＊1

H. okamotoi C. irritans
Immature worms

(Gills)
Trophozoites
(Eye surface)＊2

Mature worms
(Branchial cavity wall)

Trophozoites
(Gills)

Experimental
group

Day 1 Final day Day 1 Final day Day 1 Final day Day 1 Final day

Experiment I
  Control
  In-feed caprylic acid

Experiment II
  Control
  In-feed caprylic acid

0.2±0.5
0.3±0.7

1.8±1.8
1.5±1.6

57.8±33.4

120.5±90.9

34.8±20.3＊4

40.1±24.6＊3

1.9±1.62.8±2.6
1.5±1.9

11.0±5.9 7.2±5.5
8.1±7.1 15.1±9.5＊3

3.3±2.9
33.7±33.3
30.4±29.5

7.3±4.1
4.6±4.1

0.7±0.9
1.4±1.4

5.1±4.6
1.4±2.2＊3

11.3±14.4
14.2±15.2 2.3±1.8

2.5±1.9

0.1±0.1 0.1±0.1
0 0

 ＊1 Twenty fish of each group were randomly sampled on day 1 and the final day (day 15 and 17 for Experiments I and II, respectively) of 
the trial and parasites on the gills, branchial cavity wall and skin surface of the fish were counted. 

 ＊2 A vinyl sheet with a 1 cm2 hole in the center was placed on the right eye, and the surface epithelium containing mucus was obtained by 
rubbing the exposed eye surface including the surrounding skin. The surface epithelium was examined.

 ＊3 Significant differences from the control values are indicated by P＜0.01.
 ＊4 Significant differences from the control values are indicated by P＜0.05.



1, although the difference between the groups
was not statistically significant. The number of
C. irritans trophozoites on the final day decreased
from the number on day 1 in both groups. The
number of trophozoites on the gills of fish in the
group treated with caprylic acid was few, com-
pared with the number of the control group, but
the difference was not statistically significant.

Fish mortality was noticed in each group on
day 4 and mass mortality occurred on day 7
(Fig. 1). The survival rates of the group treated
with caprylic acid and the control were 57.7%
and 35.5%, respectively. The survival rate of the
group treated with caprylic acid was significant-
ly higher than for the control (P＜ 0.01). No
other pathogen, including parasites, bacteria
and the iridovirus, was detected in the fish on
days 1 and 17.

Discussion

In net pen farms, an effective treatment with
medicated feed would be much more practical
than a bath treatment. Antiparasitic agents
obtained from natural sources may be safe for
both the fish and the environment. Our previ-
ous studies5,6), in-feed caprylic acid was effec-

tive against H. okamotoi in tiger puffer and we
clarified the effective doses of caprylic acid
against H. okamotoi infections at different water
temperatures6). When fish were fed the same
amount of diets with different doses of caprylic
acid at 0 (control), 25, 50, 100 and 200 mg
caprylic acid/kg B.W./day, the in-feed caprylic
acid had an antiparasitic effect at all doses when
they were tested at 15℃ and 20℃. However, we
noticed the possibility that the dose of 200
mg/kg B.W./day might have some influence on
the fish at 15℃ because the infection level in
the group fed 200 mg caprylic acid/kg B.W./
day was higher than that in the groups fed 25,
50 and 100 mg caprylic acid/kg B.W./day. At
25℃, a dose higher than 100 mg/kg B.W./day
was required to obtain a desired effect.
Therefore, in-feed caprylic acid at the dose of
100 mg/kg B.W./day was used in this study.

In Experiment I, the number of immature H.
okamotoi in the group treated with caprylic acid
was significantly fewer than the number in con-
trol group on day 15, which shows that in-feed
caprylic acid has an effect in preventing infec-
tion of H. okamotoi on a commercial scale. In
Experiment II, mass mortality of fish occurred
at 7 days after starting the experiment. Five of
20 fish were infected by more than 50 C. irritans
trophozoites on the gills in both groups on day 1.
No pathogen besides H. okamotoi and C.irritans
was found on days 1 and 17 and the infection by
H. okamotoi was relatively low. These results
suggest the mass mortality of fish might have
been due to the heavy infection of C. irritans.
The number of immature H. okamotoi on the
final day can be influenced by C. irritans infec-
tions and, to be strict, our results may not be
reliable. However, the number of C. irritans
trophozoites between the groups was not
statistically different on both the initial and final
days and the fish in both groups might have
been affected by the same infection level of C.
irritans. Assuming that the survival of the fish
that were heavily infected by H. okamotoi tend-
ed to be influenced by C. irritans infections, it
may be possible to think that in-feed caprylic
acid also had an antiparasitic effect against H.
okamotoi even with the complications of C.
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Fig. 1. Survival rate in Experiment II. Significant difference
from the control value is indicated by ＊（P＜0.01).
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irritans infections, as the survival rate of the
fish was significantly higher and the number of
immature H. okamotoi was significantly fewer in
the group treated with caprylic acid compared
with the control group on the final day.

In Experiments I and II, the number of
mature parasites in the group treated with
caprylic acid was higher than in the control
group on the final day. Maturation of H. okamotoi
takes approximately 49 days after attaching to
the gills when the water temperature ranges
between 16.8 and 26.8℃4). Mature H. okamotoi
on the final day in both experiments presum-
ably had already infected the fish by day 1
because the period of the experiments was
short (15 days and 17 days for Experiments I
and II, respectively). In our previous study, in-
feed caprylic acid prevented H. okamotoi from
infecting the tiger puffer but it did not prevent
their growth and maturation6). Similar result was
obtained in this study. The previous result and
this result suggest that the in-feed caprylic acid
has an effect in preventing infection, affecting
especially the attachment of the oncomiracidia
and/or the viability of their early stage. More
studies are needed to clarify the antiparasitic
mechanism of caprylic acid. Although the num-
ber of mature H. okamotoi on the final day was
higher than the total number of immature and
mature H. okamotoi on the initial day in the group
with caprylic acid, especially in Experiment I,
we assumed that these numbers might be an
experimental error.

C. irritans, which infects the epithelium of the
gills and skin of the host fish8), is a threatening
parasite in aquaculture and infects several
important cultured fish in Japan3). In this study,
an antiparasitic effect against C. irritans was not
clarified as the number of C. irritans on the dead
fish was not counted in Experiment II because
we could not collect dead fish. However, we
found that caprylic acid also had an antiparasitic
effect against C. irritans theronts (infective stage)
in an in vitro assay and in-feed caprylic acid had
an antiparasitic effect on C. irritans infestations
of red sea bream Pagrus major9).

In conclusion, in-feed caprylic acid had an
effect in preventing infection of H. okamotoi on

a commercial scale. These results show that in-
feed caprylic acid can be used to control H.
okamotoi infections in aquaculture of the tiger
puffer.
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トラフグへのカプリル酸添加飼料給餌による
単生虫ヘテロボツリウム症防除の

野外生け簀試験

平澤徳高・大島俊一郎・秦　和彦

養殖漁場におけるカプリル酸添加飼料のH. okamotoiに対する感染阻止効果を検討した。2カ所の養

殖漁場（試験ⅠおよびⅡ）で各 2 生け簀を用い，カプリル酸を 5 g/kg 飼料で含む配合飼料

（100 mg/kg・魚体重/日投与）をトラフグに給餌する添加区と無添加配合飼料を給餌する対照区を設定

した。試験期間は試験Ⅰを15日，試験Ⅱを17日とし，効果は試験開始時および終了時の本虫寄生数を比

較することで行った。その結果，試験Ⅰ終了時において，添加区の未成熟虫寄生数は対照区と比較して

有意に少なく，本飼料に本虫感染阻止効果が認められた。一方，試験ⅡではC. irritansが原因と考えら

れる大量斃死が発生したが，添加区の未成熟虫寄生数は対照区と比較して有意に少なく，このような合

併症時にも本飼料は本虫感染阻止効果を発揮することが推測された。従って，本飼料は抗H. okamotoi

飼料としてトラフグ養殖に利用できることが考えられた。

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

