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Abstract:  The Pacific bluefin tuna Thunnus orientalis (PBT) is an important food resource species 
in aquaculture. To evaluate somatic growth, it is important to understand the nutrition and organ 
development of larval and juvenile fish. In the present study, we examined nutritional composition 
and organ-specific enzyme activity of laborator y-reared PBT during early development. 
Experimental fish were reared at the Kindai University Fish Nursery Centers at Wakayama, Japan. 
Sampling was carried out from 0-32 days after hatching (DAH). At 15 DAH, the standard length 
and wet body weight rapidly increased, reflecting the completion of morphological change from 
the flexion to the postflexion phase. Although the moisture content (%) gradually decreased, 
the protein contents (%) increased during development. Fat, glycogen, and ash contents did not 
increase as much as protein content, suggesting that the decremental moisture content was mainly 
replaced with protein content. In addition, the activity of bone-specific alkaline phosphatase, a bone 
formation marker, was higher than that of tartrate-resistant acid phosphatase, a bone resorption 
marker. We assume that bone mineralization is promoted in the early life stages of PBT through 
the activation of bone formation. These data will contribute to the development of suitable rearing 
technologies for the mass production of PBT fingerlings.
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Introduction

The Pacific bluefin tuna Thunnus orientalis 
(PBT) is an important food resource species 
in aquaculture. Demand for tuna species has 
increased worldwide with the growing popular-
ity of raw tuna products, such as sashimi and 
sushi. Recently, concern has grown that many 
tuna populations may be exhibiting signs of 
overfishing (Cyranoski 2010). In the eastern 
Pacific, tuna catch increased from about 0.1 mil-
lion tons in 1960 to over 0.4 million tons in 2003. 

Following this peak, there was, until recently, a 
decreasing trend in catches (Fisheries Agency 
of Japan 2018). 

Because of declining catches, many com-
panies have engaged in PBT farming, and its 
production is growing rapidly. In 2002, we suc-
cessfully developed the first full-cycle aquacul-
ture of PBT at the Oshima Fishery Experiment 
Station, Kindai University, Kushimoto, 
Wakayama, Japan (Sawada et al. 2005). 
However, further development of PBT aquacul-
ture is still needed to maintain sustainable fish-
eries. For more sustainable fisheries, additional 



118 T. Tanaka, K. Oku, T. Honryo, O. Takaoka, A. K. Biswas and K. Takii

studies are needed to develop effective produc-
tion methods, although the establishment of 
mass seeding techniques has already begun.

Laboratory-reared PBT suffer high mortality 
during the rapid somatic growth stage in their 
early life (Sawada et al. 2005; Tanaka et al. 2007; 
Miyashita 2006). One cause of mortality is the 
cannibalism that occurs among larvae and 
juveniles [standard length (SL); approximately 
7-30 mm] during the 10-30 days after hatching 
(DAH) (Sawada et al. 2005; Miyashita 2006). 
The early mass mortality of PBT is potentially 
a result of different individual growth perfor-
mances (Tanaka et al. 2006). Therefore, somatic 
growth is a key factor for PBT survival. For the 
effective mass seeding technique, it is essential 
to deal with high mortality and develop suitable 
feed during the rapid somatic growth stage in 
their early life.

Some previous studies about somatic growth 
and developmental process of the early life his-
tory of PBT have informed the development 
of effective mass seeding techniques. Such 
studies addressed morphological changes (Kaji 
et al. 1996; Miyashita et al. 2001), chemical 
contents, enzyme activities (Takii et al. 1997), 
and the development of the digestive system 
during embryonic development (Miyashita 
et al. 1998). However, the nutritional compo-
sition of laboratory-reared PBT larvae and 
juveniles has not been investigated, although 
the changes in the nutritional composition of 
PBT eggs throughout their embryonic develop-
ment have already been determined (Miyashita 
2002). It is important to examine the nutritional 
composition of laboratory-reared PBT larvae 
and juveniles to understand the auxotrophic 
requirements during somatic growth. These 
findings would help to develop special feeds for 
each developmental stage of PBT larvae and 
juveniles.

Other causes of mortality in larvae are sur-
face and bottom death, which occur among 
larvae at stages 1-4 (SL; approximately 
2.9-4.5 mm) and 0-7 DAH (SL; approximately 
2.9-6.0 mm) (Miyashita 2006). Surfacing 
death occurs when larvae are brought to the 
surface layer by aeration or phototaxis and 

are subsequently trapped by surface tension 
(Nakagawa et al. 2011). On the other hand, 
bottom death is assumed to be partly caused 
by the sinking of larvae to the tank bottom 
during nighttime because the body density of 
PBT larvae is higher than that of sea water and 
larval swimming activity is low during nighttime 
(Tanaka et al. 2009). Therefore, as body density 
contributes to the survival of PBT larvae, it is 
important to understand the nutritional condi-
tion including condition factor (CF) of 0-7 DAH 
larvae (SL; approximately 2.9-6.0 mm), when 
bottom death usually occurs.

In addition, bone abnormalities were 
observed in laboratory-reared PBT juveniles 
older than 14 DAH (TL; >6.0 mm) (Shimizu 
and Takeuchi 2002). Bone growth and turnover 
results from the coordinated activities of two 
key cell types. Bone matrix is deposited and 
mineralized by osteoblasts and resorbed by 
osteoclasts. Therefore, it is possible that bone 
metabolic markers (bone resorption and bone 
formation marker) change during the period 
in which these abnormalities occur. First, we 
therefore need to elucidate the changes in bone 
metabolic markers during the development of 
laboratory-reared normal PBT to establish a 
baseline. In this study, we measured the activ-
ity of the bone formation marker BAP and the 
bone resorption marker TRAP (Watts 1999).

For the above reasons, in this study, we 
assessed the nutritional composition and bone 
metabolic markers of laboratory-reared PBT 
during early development.

Materials and Methods

Experimental Fish
PBT eggs were collected at the Oshima 

Station, Aquaculture Research Institute, 
Kindai University. In total, 500,000 eggs were 
transferred to the Kindai University Fish 
Nursery centers at Uragami, Nachikatsuura, 
Higashimuro, and Wakayama, Japan, where 
they were hatched and reared in a 40-t con-
crete tank (diameter 6.0 m, depth 1.7 m). The 
water temperature and dissolved oxygen sat-
uration density during the experiment were 
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27.4±0.3°C and 110.0±11.1%, respectively. 
The feeding design for the larvae and juve-
niles was as follows: fish were given rotifers 
Brachionus rotundiformis from 2-18 DAH, 
brine shrimp Artemia nauplii from 11-24 DAH, 
the yolk-sac larvae of striped beakperch 
Oplegnathus fasciatus from 13-31 DAH, and for-
mula feed established for PBT juveniles (Biswas 
et al. 2009) from 18-32 DAH. Samples of the 
PBT larvae and juveniles were taken at 0, 3, 6, 
9, 12, 15, 18, 21, 25, 29, and 32 DAH. Sampled 
fishes were placed in plastic bags and stored at 
-80°C until analysis. The standard length (SL) 
of 10 fishes was measured using a projector to 
calculate the average length. In each sample, 
we measured 5-100 larvae and juveniles for 
wet body weight (BW) and used these mea-
surements to calculate the average weight per 
individual. In samples at 0, 3, 6, 9, and 12 DAH, 
approximately 0.05 g of the PBT larvae were 
taken from sample pool, counted the number 
of larvae, and calculate the average weight per 
individual. In samples taken at 15, 18, 21, 25, 29, 
and 32 DAH, BW was measured using approxi-
mately 10, 5, 5, 5, 5, and 5 of the PBT larvae and 
juveniles, respectively. Morphological develop-
ment was assessed as reported by Miyashita et 
al. (2001) and Miyashita (2002).

A CF for each sample was calculated by the 
following formula: CF=100×(W/L3), where W 
and L denote the mean wet BW (g) and mean 
SL (cm) of the sample, respectively.

Determination of Moisture, Protein, Lipid, and 
Ash

Moisture, crude protein, lipid, and ash con-
tents were measured using AOAC (1995) meth-
ods. Specifically, we used a pressurized heat 
drying method, the Kjeldahl method, Soxhlet 
extraction with diethyl ether, and dry ashing for 
moisture, protein, lipid, and ash determinations, 
respectively. The dry BW was calculated from 
the moisture content.

Protein Extraction and Enzyme Activity 
Fish samples were resuspended in 200 μl of 

radioimmunoprecipitation assay buffer (Nacalai 
Tesque; Kyoto, Japan), sonicated (Sonifier 450; 

Branson, Danbury, CT, USA) for 30 s and cen-
trifuged (8,000×g, 5 min, 4°C). Supernatants 
containing the protein extracts of the fish 
were collected and stored at -80°C until fur-
ther analysis. Alkaline phosphatase (ALP) and 
bone-specific alkaline phosphatase (BAP) activ-
ity in the protein extracts were measured using 
the colorimetric method in the absence or pres-
ence of L-phenylalanine (inhibitor of intestinal 
alkaline phosphatase), as reported by Dimai et 
al. (1998). Briefly, 10 μl of the protein extracts 
was added to 80 μl of glycine buffer containing 
para-nitrophenylphosphoric acid disodium salt 
substrates and incubated for 60 min at 37°C. 
The reaction was stopped by adding 160 μl of 
0.5 N NaOH and the absorbance at 405 nm was 
measured using a spectrophotometer (U-0080D, 
HITACHI, Tokyo, Japan). Tartrate-resistant 
acid phosphatase (TRAP) activity in the protein 
extracts was measured using the colorimetric 
method as previously reported (Tanaka et al. 
2011). Briefly, 10 μl of the protein extracts were 
added to 80 μl of citric acid buffer containing 
para-nitrophenylphosphoric acid disodium salt 
substrates and incubated for 60 min at 37°C. 
The reaction was stopped by adding 160 μl of 
0.1 N NaOH, and the absorbance at 405 nm was 
measured using a spectrophotometer (U-0080D, 
HITACHI, Tokyo, Japan). These enzyme activ-
ities were presented as units per dry weight 
(U/g dry weight). One unit is defined as the 
activity that hydrolyzes 1 μmol of substrate per 
minute at 37°C.

Extraction of Glycogen and Estimation
The glycogen content was estimated using 

the anthrone reagent method (Seifter et al. 
1950) with some modification. Namely, 0.5 g 
of sample was homogenized by adding 1 ml of 
30% KOH, which was then heated at 100°C for 
30 min, and then cooled on ice. Ethanol (1.2 ml; 
95%) was added to the homogenate, heated at 
100°C for 30 min, and then cooled on ice. After 
centrifugation (3,000×g, 15 min), 2 ml of 95% 
ethanol was added to the precipitates and cen-
trifuged again (3,000×g, 15 min). Four milli-
liters of distilled water was then added to the 
precipitates and centrifuged (3,000×g, 15 min). 
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The supernatant obtained was defined as glyco-
gen extract. 

Then, 250 μl of the glycogen extract were 
added to anthrone reagent (anthorone 0.9 g, 
sulfuric acid 95 ml, distilled water 25 ml), 
heated at 100°C for 10 min, and cooled on ice. 
The color development was read spectrophoto-
metrically at 620 nm. The glycogen content was 
estimated from the glucose standard curve. The 
conversion factor for glycogen was 1.11.

Results

Standard Length, Body Weight, and Condition 
Factor

Figure 1a and b show the chronological 
changes in mean SL and wet BW during the 
study. Mean SL and dry BW increased from 
2.9±1.1 mm and 0.5±0.2 mg at 0 DAH to 
50.3±4.9 mm and 1593.5±43.7 mg at 32 DAH, 
respectively. There was a 17-fold increase in SL 
and a 3187-fold increase in BW over 32 days. 
Gradual increases in SL and BW began at 
15-18 DAH. 

Figure 2 shows the changes in CF during 
the study. The CF remained nearly constant (at 
approximately 1.0) from 3-12 DAH, increased 
from 13-15 DAH, and then remained nearly 
constant (at approximately 2.5) until 18 DAH. 
The CF decreased from 18-25 DAH and then 
remained constant (at approximately 1.3) until 
32 DAH. 

Changes in Nutritional Composition with Early 
Life Stage Development of PBT 

Figure 3a and b show the changes in mois-
ture content and nutritional composition during 
the development of PBT larvae and early 
juveniles. Overall, the moisture content (%) 
gradually decreased until 25 DAH and then 
remained constant (at approximately 80%) from 

Fig. 1. Changes in standard length (mm) (a) and wet 
body weight (g) (b) during the development of labora-
tory-reared bluefin tuna Thunnus orientalis. The panels 
of under Fig 1a and b show the average number at each 
DAH. The standard length (SL) of 10 fishes was measured 
using a projector to calculate the average length. In each 
sample, we measured larvae and juveniles for wet body 
weight (BW). In samples at 0, 3, 6, 9, 12 DAH, approxi-
mately 0.05 g of the PBT larvae were picked up from sam-
ple pool, counted the number of larvae, and calculate the 
average weight per individual. In samples at 15, 18, 21, 25, 
29, and 32 DAH, 10, 5, 5, 5, 5, and 5 of the PBT larvae and 
juveniles were used to measure the BW. The measurement 
of body weight was performed in three replicates. Values 
are presented as means±standard deviation. 

Fig. 2. Changes in condition factor during the develop-
ment of laboratory-reared bluefin tuna Thunnus orientalis. 
Condition factor (CF) was calculated by the following 
formula. CF = 100× (W/L3), where W and L denote the 
mean wet body weight (BW) (g) and mean standard length 
(SL) (cm), respectively.
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25-32 DAH. In contrast to moisture content, 
the protein, fat, and ash content (%) increased 
during development. The protein content 
roughly increased between 0 DAH (2.6±0.0%) 
and 25 DAH (6.3±0.1%), and then remained 
constant until 32 DAH. The fat content slightly 
increased from 12 DAH onward. The ash con-
tent increased from 0.05% at 1 DAH to 0.12% at 
32 DAH.

Figure 4 shows the changes of nutritional 
composition per individual fish. Protein and fat 
content (mg/individual fish) increased from 
0.0±0.0 and 0.0±0.0 at 0 DAH to 6.3±0.1 and 
1.9±0.0 at 32 DAH, respectively. The protein 
content rapidly increased from 18 DAH onward. 
The fat content slightly increased after 25 DAH, 
but the rate of increase was slower than the rate 
of increase of the protein content. The glycogen 
and ash content (mg/individual fish) slightly 
increased from 0.00±0.00 and 0.05±0.00 at 0 
DAH to 0.13±0.00 and 0.12±0.00 at 32 DAH, 
respectively. 

Changes in Enzyme Activity with Early Life Stage 
Development of PBT

Next, we measured enzyme activities to track 
the development of the liver, intestines, and 
bones. Figure 5a shows the mean ALP activity 
per gram dry weight of fish. The ALP activity 
rapidly increased from 11.4±0.0 U/g at 0 DAH 
to 49.3±0.8 U/g at 6 DAH. This represents a 
4.3-fold increase during this period. Thereafter, 
the activity remained nearly constant until 9 

Fig. 3. Changes in moisture content (%) (a) and nutri-
tional content (%) (b) during the development of labora-
tory-reared bluefin tuna Thunnus orientalis. The panel of 
under Fig 3 b shows the average number at each DAH. 
Values are presented as means±standard deviation of 
three replicate.

Fig. 4. Changes in nutritional content (mg/individual fish) during the development of laboratory-reared 
bluefin tuna Thunnus orientalis. The panel of under the figure shows the average number at each DAH. 
Values are presented as means±standard deviation of three replicate.
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DAH, then decreased until 15 DAH, and then 
remained nearly constant until the end of the 
study period.

Figure 5b shows the BAP activity per gram dry 
weight of fish. The BAP activity rapidly increased 
between 0 DAH (1.6±0.2 U/g dry weight) and 
its peak at 6 DAH (13.6±0.7 U/g dry weight). 
Thereafter, the activity decreased until 18 DAH 
and then increased again until 29 DAH. 

Figure 5c shows the TRAP activity per 

gram dry weight of fish. The activity rapidly 
decreased from 0-3 DAH and then remained 
constant (at approximately 1.0 U/g dry weight) 
until 12 DAH. The activity increased between 
12-21 DAH and remained constant between 
21-29 DAH. Finally, the activity increased 
between 29-32 DAH, reaching a maximum 
value of 5.4±0.2 U/g dry weight at 32 DAH. 

Discussion

The present study showed the SL, BW, CF, 
nutritional composition, and enzyme activity 
of laboratory-reared PBT larvae and juve-
niles. We found a dramatic increase in SL and 
BW in PBT during the larval and early juve-
nile stages. Similar somatic growth patterns 
have been reported in previous studies for 
laboratory-reared PBT (Tanaka et al. 2007,  
2014). The exponential increase in somatic 
growth presented here indicates that the PBT 
in this study were reared under near-optimal 
conditions. Similar somatic growth patterns have 
been reported in laboratory-reared yellowfin 
tuna Thunnus albacares (YFT) larvae and early 
juveniles. PBT and YFT have a high growth 
potential and externally unique morphological 
features during the early life stages, character-
ized by a large head with large mouth and eyes, 
well developed preoperculer spine, and a poste-
rior shift of the anus with growth (Miyashita et 
al. 1998; Kaji et al. 1999a, 1999b). In the present 
study, the formula feed, not used previous study 
(Miyashita 2002), was used from 18-32 DAH. 
Although the different diets exert the different 
effects on somatic growth and nutritional com-
position in PBT larvae and early juveniles, the 
possible nutritional and physiological differences 
between these diets is a limitation of this study.

Overall, the growth patterns of SL and BW 
were correlated, and rapid increases in SL and 
wet BW were observed starting at 15-18 DAH, 
respectively. Individual larvae were observed 
to enter the flexion phase of development start-
ing at 10 DAH (SL; 6.3 mm). By 15 DAH (SL; 
approximately 7.5 mm), large numbers of larvae 
were in the flexion phase. Juvenile phase fish 
were first observed at 20 DAH (SL; 24 mm). 

Fig. 5. Changes in alkaline phosphatase (a), bone-specific 
alkaline phosphatase (b), and tartrate-resistant acid phos-
phatase (c) activities during the development of laborato-
ry-reared bluefin tuna Thunnus orientalis. Values are pre-
sented as means±standard deviation of three replicate.
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Therefore, the somatic growth between 15-21 
DAH (SL; approximately 7.5-20.4 mm) might 
be related to metamorphosis from the flexion 
phase to the postflexion phase and from the post-
flexion phase to the juvenile phase, respectively. 
In the flexion phase, functional lower jaw teeth, 
gastric glands, and pyloric caeca are formed, 
causing trypsin and pepsin amylase activities to 
increase after 19 DAH (TL; approximately 9 mm) 
(Miyashita et al. 1998). Therefore, the rapid 
somatic growth from 15 DAH (SL; approximately 
7.54 mm) onward may be due to a shift in diet 
and greater food intake. 

The development of laboratory-reared PBT 
after hatching varies with water temperature 
and other environmental factors. Therefore, 
changes in CF, nutritional composition and 
organ-specific enzyme activity are generally 
observed in relation to body length or body 
weight. However, the changes in relation to 
DAH were observed to follow the nutritional 
condition of the larvae and early juveniles on 
the same diet. We believe that this observation 
will facilitate the development of the special 
feeds for each developmental stage of PBT.

The CF was calculated as an index for body 
length and antimere of PBT larvae and juve-
niles. There was a change in the CF during 
development; the CF rapidly decreased after 
hatching and remained low until 12 DAH. It 
then exhibited high levels between 15-18 DAH 
before decreasing. These results suggest 
that the growth process of PBT prioritizes 
body length throughout the pre-metamor-
phosis phase (until 12 DAH), both body 
length and antimere during the metamor-
phosis phase (15-20 DAH), and body length 
post-metamorphosis (25 DAH onward).

ALP is an enzyme that is expressed mainly in 
the liver, intestines, and bones (Hodson et al. 
1962; Watts 1999). We used the ALP activity as 
a marker of organ differentiation. The activity 
increased during the experiment, suggesting 
that the hepatic and intestinal systems were 
well differentiated. At 5 DAH (TL; 4.32 mm), 
the intestines of laboratory-reared PBT are fully 
coiled (Miyashita et al. 1998). It is therefore rea-
sonable that the ALP activity (U/g dry weight) 

rapidly increased between 3-6 DAH (SL; 
approximately 3.6-5.3 mm). Based on a previ-
ous study (Miyashita et al. 1998), we expected 
that the metamorphosing larvae would develop 
functioning digestive organs by 15 DAH and 
would then be able to eat yolk-sac larvae. In 
fact, the lipid content slightly increased after 15 
DAH. Yolk-sac larvae generally have a higher 
lipid content than rotifers and Artemia; thus, 
the shift in diet following the development of 
the digestive system probably contributed to 
lipid accumulation. 

Although the moisture content (%) gradually 
decreased, the protein, fat, and ash contents 
(%) increased with development. Fat and ash 
contents did not increase as dramatically as the 
protein content, suggesting that the decremen-
tal moisture content was mainly replaced with 
protein content. We also calculated the nutri-
tional composition per individual fish. Overall, 
the changing pattern in BW and protein content 
(mg/individual fish) were correlated, suggest-
ing that the weight gain in the first 32 DAH was 
due to protein accumulation. Therefore, the 
evaluation of protein synthesis and accumula-
tion is an important step toward understanding 
somatic growth and nutritional condition in the 
larvae and early juveniles of PBT as well as in 
other fish species (Ehrlich 1974a, 1974b).

The ash content (%) slightly increased during 
development, although the increase was less 
than that of protein and fat. This result suggests 
that bone mineralization occurred in the early 
life stages of PBT. Therefore, we measured 
the activity of BAP, a bone formation marker 
(Watts 1999), to detect osteoblast differentia-
tion. The BAP activity (U/g dry weight) rap-
idly increased between 0-6 DAH, suggesting 
that bone synthesis was promoted during this 
period. To know the actual condition of bones 
within the fish, it is important to measure not 
only the bone formation but also bone resorp-
tion. The bone metabolism results show a 
near-equilibrium between bone formation cells 
(osteoblasts) and bone resorption cells (osteo-
clasts) (Tanaka et al. 2005). Thus, we measured 
the TRAP activity as a bone resorption marker 
(Watts 1999). In this study, the activity of BAP 
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and TRAP was determined using the same 
substrate. TRAP activity (U/g dry weight) was 
found to be lower than BAP activity during the 
experiment, although it is difficult to compare 
the activity levels of different enzymes using 
different experimental methods. These results 
indicate that bone formation takes priority over 
bone resorption, resulting in bone mineraliza-
tion in PBT between 0-32 DAH. Moreover, 
the ash content (mg/individual fish) hardly 
increased until 18 DAH in the present study. 
This may be because BAP activity decreased 
between 6 and 18 DAH. 

As mentioned above, bone mineralization prob-
ably occurred with the development of laborato-
ry-reared normal PBT. In contrast, the protein 
content (mg/individual fish) rapidly increased 
from 18 DAH onward corresponding to the 
change of BW and SL. This increase of protein 
content can probably be ascribed to the increase 
in muscle protein content. Accordingly, the incre-
mental growth of connective tissue, related to 
the increased muscle mass to support capacity 
for exercise, might contribute to the enhance-
ment of their swimming capability at this period. 
Collision death, which is also one cause of mor-
tality in this species, is observed from about 
20 DAH (TL; approximately 24 mm) onward 
(Miyashita 2002), although nearly all deaths 
occur between 30 and 50 DAH. Previous reports 
suggested that one cause of collision death is the 
rapid increase in swimming capability (Kumai 
1998). Thus, it is very interesting, that the first 
observed period of collision deaths coincides 
with the period of rapid somatic growth.

The present study clarified the change in 
bone metabolic markers during the develop-
ment of normal PBT. The findings of this report 
can be used for comparison with the observed 
bone abnormalities of laboratory-reared PBT 
juveniles. Previously, bone abnormalities 
were observed in PBT juveniles older than 14 
DAH (TL; >6.0 mm) (Shimizu and Takeuchi 
2002), whereas BAP and TRAP activities were 
modestly higher from 18 DAH (SL; approxi-
mately 11.5 mm) onward, suggesting a high 
bone turnover. Hence, we postulate that this 
high turnover may be connected to the bone 

abnormalities seen in PBT juveniles.
In this study, the nutritional composition and 

organ-specific enzyme activities of PBT during 
early development was determined. Although 
the moisture content (%) gradually decreased, 
the protein contents (%) increased during 
development, suggesting that the decremen-
tal moisture content was mainly replaced with 
protein content. In addition, the activity of BAP 
was higher than that of TRAP. We assume that 
bone mineralization is promoted in the early life 
stages of PBT through the activation of bone 
formation. These data will contribute to the 
development of suitable rearing technologies 
for the mass production of PBT fingerlings.
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クロマグロ仔稚魚期の栄養組成と組織特異的酵素活性の変化

田中照佳・奥　幸次・本領智記・高岡　治・Amal K. Biswas・滝井健二

本研究では，0-32日齢クロマグロ仔稚魚のサンプリングを行い，これらにおける標準体長と体重，
栄養組成および組織特異的酵素活性の測定を行った。標準体長や体重の増加に伴い，水分量（%）は減
少したがタンパク質量（%）は増加した。また，骨吸収マーカーに比べ骨形成マーカーの活性が高いこ
とから，クロマグロ仔稚魚において骨の石灰化が促進されていることが示唆された。


