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ABSTRACT

ARTICLE HISTORY

To explore the feasibility of land-based farming on mackerel tuna (Euthynnus aﬃnis), the changes of
antioxidant, immune and digestive enzyme activities of wild caught and indoor cultured juvenile
mackerel tuna were evaluated. The activities of total superoxide dismutase, catalase, peroxidase and
alkaline phosphatase in the liver of the wild group were signiﬁcantly higher than those cultured under
captivity. The total superoxide dismutase and peroxidase activities in the indoor cultured group were
signiﬁcantly increased in the head kidney, and the MDA content was signiﬁcantly increased. The
activities of lysozyme in the liver and head kidney, the activities of amylase, lipase and trypsin
activities in the intestine were signiﬁcantly increased in the indoor cultured group. The pepsin activity
in the stomach was signiﬁcantly reduced. The land-based farming increased the digestive enzyme
activity compared to the wild caught group. The mode of land-based farming is suitable for growth
and fattening of young ﬁsh, but it leads to inhibition of antioxidant capacity and increase in immune
enzyme activity. This study adds knowledge of our understanding on the physiological response of
mackerel tuna and improves future farming practice of this species in an indoor condition.
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1. Introduction
The high volume of market demand of tuna and the decrease
of tuna population in the wild have promoted the development of tuna farming industry (Benetti et al. 2016). At
present, the major countries practising tuna farming are
Japan, Australia, Mexico, the United States, Canada and
some other countries around the Mediterranean Sea including
Spain, Turkey, Malta, Croatia, Italy, Tunisia and Greece
(Mylonas et al. 2010; Buentello et al. 2016). The main tuna
species for aquaculture include Paciﬁc blueﬁn tuna (Thunnus
orientalis), Atlantic blueﬁn tuna (Thunnus thynnus), southern
blueﬁn tuna (Thunnus maccoyii), yellowﬁn tuna (Thunnus albacares) and other smaller tunas (Peng et al. 2019). However, the
development of tuna aquaculture production is restricted by
the technique of artiﬁcial breeding of tuna ﬁsh, while the
vast majority of tuna production still comes from farming
juvenile tuna ﬁsh captured from the wild (Metian et al.
2014). The land-based domestication of juvenile tuna is an
important undertaking for development of tuna culture
(Chen et al. 2016). Current research on tuna mainly focuses
on the biology, ecology, ﬁshery management, species identiﬁcation, genetics and nutritional value (Castrillon et al. 1996;
Block et al. 2001; Graham et al. 2007; Rooker et al. 2007; Die
2016; Bojolly et al. 2017). However, little is known on the
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diﬀerence in digestive physiology and immunity between
the tuna in the wild and under captivity.
Mackerel tuna (Euthynnus aﬃnis), also named Kawakawa or
Bonito, is a species of tuna that lives in the tropical and subtropical waters of the Indo-West Paciﬁc. As a highly migratory
species, mackerel tuna are in schoolings in the surface water
where the temperature is over 20oC. As the native species in
South China Sea, the artiﬁcial breeding of mackerel tuna has
not been achieved in China, but artiﬁcial domestication of
this species was established by South China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences in
Hainan Province in 2019. As the ﬁrst step of artiﬁcial breeding
of mackerel tuna, the understanding of the physiological
responses of this species to artiﬁcial rearing environment is
essential. Therefore, the present study was conducted to
compare the digestive, immune and antioxidant enzyme activities between wild caught and artiﬁcially cultured mackerel
tunas during the juvenile stage.

2. Materials and methods
2.1. Experiment design and sample collection
Thirty juvenile Euthynnus aﬃnis used in the experiment were
initially caught by a ﬁshing boat at the sea (18o22′ 55.35′′ N,

CONTACT Zhenhua Ma
zhenhua.ma@hotmail.com
Tropical Aquaculture Research and Development Center, South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, 572018, Sanya, People’s Republic of China; Key Laboratory of South China Sea Fishery Resources Exploitation and Utilization,
Ministry of Agriculture, 510300, Guangzhou, People’s Republic of China; Sanya Tropical Fisheries Research Institute, 572018, Sanya, People’s Republic of China; Gang Yu
gyu0928@163.com
© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

544

M. HAN ET AL.

109o58′ 20.23′′ E) near Xincun Harbour, Xincun Town, Lingshui
County, Hainan Province. Then the juveniles were acclimated
in two indoor cement tanks (5 m in diameter and 2.5 m deep)

with a recirculating water system in the Tropical Aquaculture
Research and Development Center, South China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences.

Figure 1. Activities of total superoxide dismutase (T-SOD), catalase (CAT), peroxidase (POD), lysozyme (LZM), alkaline phosphatase (AKP) and malondialdehyde (MDA)
contents in the liver between the wild group and cultured group (W – wild caught group, F – cultured group). Diﬀerent superscript letters indicate signiﬁcant diﬀerences (P < 0.05) and no superscript letters indicate no signiﬁcant diﬀerence (P > 0.05). Error bars represent standard error.
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After 7-day acclimation, wild caught ﬁsh start actively feeding.
The water temperature was controlled at 30.6 ± 0.5°C, and the
photoperiod was maintained at 14 h light and 10 h dark
through an incandescent lamp at 2000 lux, dissolved oxygen
>5.27 mg/L, ammonia nitrogen <0.1 mg/L, pH 7.57 ± 0.12, salinity 33‰. Fish were fed once a day from 08:30 to –09:00.
The feeding daily ration was 5%∼10% of the ﬁsh body
weight. The feed was mainly provided with small and wild
ﬁshes.
Upon experiment started, the mean body length and wet
weight were 239.1 ± 22.1 mm and 310.3 ± 13.8 g, respectively. At the end of this experiment, ﬁsh were deprived of
feed for 12 h before the sampling was conducted. After the
45-day rearing experiment, six ﬁsh from each rearing tank
were randomly collected and anesthetized with 0.03% MS222, and body length and weight were measured. But,
three ﬁsh from each tank were randomly collected and dissected to obtain the liver, spleen, stomach, intestine and
head kidney tissues. Each tissue was stored in 5 mL sterile
centrifuge tubes at −80 °C until enzyme activity measurement. At the end of rearing experiment, wild caught ﬁsh
with similar wet weight (947.2 ± 65.4 g) and length (412.6 ±
27.8 mm) were sampled directly on boat after capture and
preserved in liquid nitrogen.

2.2. Enzyme activity measurement
All the tissue samples were partially thawed and homogenized
mechanically using a tissue homogenizer on ice. The suspensions were centrifuged according to the requirements of kits
and the protein content in the supernatant was determined
by BCA Protein Assay kit. The activities of total superoxide dismutase (T-SOD, E.C. 1.15.1.1), catalase (CAT, E.C.1.11.1.6), peroxidase (POD, E.C. 1.11.1.7), lysozyme (LZM, E.C. 3.2.1.17),
alkaline phosphatase (AKP, EC 3.1.3.1) and malondialdehyde
(MDA) contents in the head kidney and liver were measured.
The lysozyme and acid phosphatase (ACP, EC 3.1.3.2) activities
in the spleen were determined. The activities of amylase, lipase,
trypsin activities in the intestine, and the pepsin activity in the
stomach were evaluated. All the assays were determined using
commercial kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) in triplicates.
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2.3. Calculations and statistical analysis
Speciﬁc growth rate (SGR) was calculated as follows: SGR =
100 × (Ln(Lf)–ln(Li))/ΔT, where Lf was the ﬁnal body length; Li
was the initial body length; and ΔT was the experimental duration. The data were expressed as the mean ± standard deviation (SD). Statistical analyses were carried out by PASW
Statistics (Version 18). Comparisons between diﬀerent groups
were conducted by independent T-test, and signiﬁcant diﬀerence was set at P < 0.05.

2.4. Ethics statement
The experiment was in compliance with the regulations and
guidelines established by the Animal Care and Use Committee
of South China Sea ﬁsheries Research Institute, Chinese
Academy of Fishery Sciences.

3. Results and discussion
After the 45-day experiment, the body length and wet weight
were 409.6 ± 0.6 mm and 934.1 ± 124.8 g, respectively. The
speciﬁc growth rate in total body length was 0.62 ± 0.10 mm
day−1, while the speciﬁc growth rate in weight was 3.03 ±
0.48 g day−1.
The activities of T-SOD, CAT and POD in the liver for the wild
caught tuna were signiﬁcantly higher than those in the indoor
cultured group (P < 0.05, Figure 1(A–C)). In the cultured group,
the AKP activity in the liver was signiﬁcantly lower than that in
the wild caught group (P < 0.05, Figure 1(D)). On the contrary,
the activity of LZM had an opposite tendency with other
enzymes (P < 0.05, Figure 1(E)). In addition, compared to the
wild caught group, the MDA content decreased signiﬁcantly
in the cultured group (P < 0.05, Figure 1(F)). In the spleen,
there was no signiﬁcant diﬀerence in the activities of AKP
and ACP (P > 0.05, Figure 2(A,B)).
The activities of CAT and AKP in the head kidney in the cultured group were signiﬁcantly lower than in those in the wild
caught group (P < 0.05, Figure 3(B,D)). However, in the head
kidney, the T-SOD and POD activities in the cultured group
were signiﬁcantly increased (P < 0.05, Figure 3(A,C)). The
change of LZM activity in the head kidney was consistent

Figure 2. Alkaline phosphatase (AKP) and acid phosphatase (ACP) activities in the spleen (W – wild caught group, F – cultured group).
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Figure 3. Activities of total superoxide dismutase (T-SOD), catalase (CAT), peroxidase (POD), lysozyme (LZM), alkaline phosphatase (AKP) and malondialdehyde (MDA)
contents in the head kidney (W – wild caught group, F – cultured group).

with that in the liver (P < 0.05, Figure 3(E)). Compared with the
wild group, the MDA level was signiﬁcantly increased in the cultured group (P < 0.05, Figure 3(F)).
The antioxidant capacity and non-speciﬁc immunity play an
important role in maintaining the dynamic balance and

enhancing the immunity of ﬁsh. The activity of antioxidant
enzymes and immune-related enzymes can be aﬀected by
external factors (Kolayli and Keha 1999; Mila-Kierzenkowska
et al. 2005; Saurabh and Sahoo 2008). The SOD, POD and CAT
are key enzymes reﬂecting the antioxidant capacity as they
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protect cells from damage by excessive reactive oxygen species
(ROS), including −OH, O2− and H2O2 (Olsvik et al. 2005; Hong
et al. 2019).
MDA is commonly used as a marker of lipid peroxidation,
and its expression level is a valid reﬂection of the ROS scavenging ability (Draper and Hadley 1990; Ozbayer et al. 2014; Fu
et al. 2019). In this experiment, the activities of SOD, POD and
CAT in the liver of juvenile mackerel tuna were signiﬁcantly
reduced in ﬁsh under captivity, while the content of MDA
was also signiﬁcantly decreased after cultivation. The results
of this study were similar to the previous study which
showed that a signiﬁcant depletion was observed in the
liver SOD activity in the reared tunas in comparison with
wild ones (Ferrante et al. 2008). Such a reduced pattern may
relate to the cultured environment and feed supplement in
the indoor culturing environment. Contrary to the liver,
T-SOD and POD activities in the cultured group were signiﬁcantly increased in the head kidney, but the MDA contents
were still increased. This suggests that the antioxidant
capacity of ﬁsh may be inhibited by the condition of landbased faming.
The innate immune system is an essential part of the
defence system and more important than the speciﬁc
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immune system in ﬁsh (Kordon et al. 2018; Zaibel et al. 2019).
The LZM is an enzyme with antibiotic properties released by
leucocytes and can serve as an indicator for innate immune
function (Saurabh and Sahoo 2008). After culture for 45 days,
the LZM activity in both the liver and head kidney showed a signiﬁcant increased trend. As for the AKP, its activity was inhibited in the liver and head kidney. The immunity of juvenile
mackerel tuna was also signiﬁcantly aﬀected under the
indoor rearing conditions.
In the intestine, the activities of amylase, lipase and trypsin
showed the same pattern. In the cultured group, the activities
of amylase, lipase and trypsin were signiﬁcantly higher than
those in the wild caught group (P < 0.05, Figure 4(A–C)).
However, the pepsin activity was not signiﬁcantly diﬀerent
between the wild caught group and cultured group (P > 0.05,
Figure 4(D)).
The activities of digestive enzymes, such as protease, lipase
and amylase, play a crucial role in the digestive process (Zhao
et al. 2016). In the present study, digestive enzyme activities
between the wild and cultured groups were also signiﬁcantly
diﬀerent. This may be due to the limited space available in
the land-based farming system and inappropriate nutrition.
As the indoor cultured ﬁsh may use less energy to swim than

Figure 4. Activities of amylase, lipase, trypsin in the intestines and the pepsin in the stomach (W – wild caught group, F – cultured group).
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those in the wild, the activities of amylase, lipase and trypsin in
the intestines were increased. Interestingly, the pepsin activity
in both wild caught and indoor cultured groups was not signiﬁcantly diﬀerent. Owing to the limitation of experimental conditions, there was little evidence for these conjectures and
further studies are needed to test this hypothesis.
In general, mackerel tuna in the land-based farming system
have increased digestive enzyme activity compared to the wild
ones, suggesting the feasibility to maintain growth and fattening of young ﬁsh under captivity. However, the tuna in the
indoor farming condition show inhibition of antioxidant
capacity and an increase in immune enzyme activity. Therefore,
there is a need to further improve in the farming environment
of mackerel tuna such as optimization of nutritional requirement. The present study provides physiological evidence
towards understanding key obstacles for domestication of
wild mackerel tuna and its artiﬁcial breeding under captivity.
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