http://fas.biomedcentral.com

online ISSN: 2234-1757

VOL.22
December
2019
The Korean Society of Fisheries and Aquatic Science

eISSN: 2234-1757

http://fas.biomedcentral.com

Volume 22 December 2019
Published on December 2019
Published by The Korean Society of Fisheries and Aquatic Science
Publisher Chae-Woo Ma
Editors-in-Chief Sungchul C. Bai, You-Jin Jeon
Published since 1998
Journal Publication Frequency: monthly

Editorial and Publishing Office
The Korean Society of Fisheries and Aquatic Science
Pukyong National University, 45 Yongso-ro, Nam-gu, Busan 48513, Korea
Tel: +82 51 629 7363 Fax: +82 51 626 1039 http://kosfas.or.kr
e-mail: kosfas@naver.com e-submission: http://fas.biomedcentral.com
Manuscript Editing and Design-Publishing
BioMed Central

It is identical to the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)

This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NSIO Z39.48-1992 (Permanence of paper)

Fish Aquat Sci
Fisheries and Aquatic Sciences (Fish Aquat Sci) is an international scientific journal of the Korean Society of Fisher
ies and Aquatic Science, and it was renamed in 2009 after the Journal of Fisheries Science and Technology to reflect
the expanded importance of fisheries and aquatic sciences for the 21st century. The journal publishes papers on applied
or scientific research relevant to aquaculture, aquatic life and environments, fisheries and seafood sciences. In addition
to publishing papers reporting results of original research, the journal will also include, Research article, Review, Short
report, Book review and Letter to the Editor.
FAS indexed by Scopus, KoreaScience, KCI, Google scholar. Open Access Journal, DOI/CrossRef, CrossCheck

Contacting the FAS
All manuscripts must be submitted online through the Fisheries and Aquatic Sciences e-submission system at hhttp://fas.
biomedcentral.com Electronic Files of manuscript contents must be uploaded at the wedsite.
To subscribe to this journal or to renew your current subscription, print a copy of the form in the website of journal, complete
it and return it to us with your payment. Orders should be addressed to the editorial office. Full text PDF files are also available
at the official website (http://fas.biomedcentral.com). Fisheries and Aquatic Sciences is indexed by Scopus, Google scholar,
Korea Science.
Editorial matters should be adressed to:
Editors-in-Chief : Sungchul C. Bai, You-Jin Jeon kosfas@naver.com

This journal was supported by the Korean Federation of Science and Technology Societies Grant funded by the Korean Government.

Fish Aquat Sci

Editor-in-Chiefs

Sungchul C. Bai

Korea

You-Jin Jeon

Korea

Section Editors

Editorial Board

Elizabeth Babcock
USA

Won-Kyo Jung
Korea

Kyeong-Jun Lee
Korea

Siew Moi Phang
Malaysia

Ik-Kyo Chung
Korea

Young-Mog Kim
Korea

Jehee Lee
Korea

Zhong-Ji Qian
China

Christopher Green
USA

Hyun-Woo Kim
Korea

Yoon-Kwon Nam
Korea

Genciana Terova
Italy

Saang Yoon Hyun
Korea

Sang-Min Lee
Korea

Tatsuya Oda
Japan

Mahanama De Zoysa
Korea

Ginnae Ahn
Korea

Kumar Katya
Malaysia

Vikas Kumar
USA

Jeonghwan Park
Korea

Md Shad Alam
USA

Do-Hyung Kim
Korea

Dae-Hyeon Kwon
Korea

Sang Rul Park
Korea

Christopher Brown
Korea

Eunjung Kim
Korea

Chun-Woo Lee
Korea

Young-Seuk Park
Korea

Suengmok Cho
Korea

Heeyong Kim
Korea

Eun-Woo Lee
Korea

M. Aminur Rahman
Korea

Sung Hwoan Cho
Korea

Jang Kyun Kim
Korea

Seunghan Lee
USA

Jacques Rinchard
USA

Kwang-Sik Choi
Korea

Jeong-Ho Kim
Korea

Seunghyung Lee
Korea

Dinabandhu Sahoo
India

Younhee Choi
Korea

Jin-Koo Kim
Korea

Yong-Woo Lee
USA

Wendy Sealey
USA

Yung Hyun Choi
Korea

Jin-Soo Kim
Korea

Graham C. Mair
Australia

W.S.M. Senevirathne
Sri Lanka

D.A.S. Elvitigala
Sri Lanka

Jong-Myoung Kim
Korea

Anshuman Mishra
India

Ilknur Ucak
Turkey

Xiong Guo
China

Joo-Shin Kim
Korea

Mahmoud Mohseni
Iran

Kiron Viswanath
Norway

Soo-Jin Heo
Korea

Ki Hong Kim
Korea

Mohammad Monirruzzaman
Bangladesh

Ken Webb
USA

Qtae Jo
Korea

Kil-Nam Kim
Korea

Bo Hye Nam
Korea

W.A.J.P. Wijesinghe
Sri Lanka

Kadarusman
Indonesia

Suam Kim
Korea

Myung-Joo Oh
Korea

Sang-Guan You
Korea

Sukyung Kang
Korea

Salin Krishna
India

Hyun Park
Korea

Managing Editor

Sung-Yun Hong

Korea

Manuscript Editors

Yeonjoo Chae

Korea

Associate Editors

Lydia Georgiadou

The Korean Society of Fisheries and Aquatic Science

UK

eISSN: 2234-1757
http://fas.biomedcentral.com

Fish Aquat Sci

Volume 22
December 2019
Research Article
Study of pathogenicity and severity of Lactococcus garvieae isolated from rainbow trout (Oncorhynchus mykiss)
farms in Kohkilooieh and Boyerahmad province
Esmaeil Karami, Mojtaba Alishahi, Taravat Molayemraftar, Masoud Ghorbanpour, Mohammad Reza Tabandeh and
Takavar Mohammadian

22:22

Characterization of antioxidative peptide purified from black eelpout (Lycodes diapterus) hydrolysate
Jung Kwon Lee and Hee-Guk Byun

22:23

Effects of taurine supplementation in low fish meal diets for red seabream (Pagrus major) in low water
temperature season
G. L. B. E. Gunathilaka , Min-Gi Kim, Chorong Lee, Jaehyeong Shin, Bong-Joo Lee and Kyeong-Jun Lee

22:25

Effects of replacing fish oil with palm oil in diets of Nile tilapia (Oreochromis niloticus) on muscle biochemical
composition, enzyme activities, and mRNA expression of growth-related genes
Christian Larbi Ayisi, Jinliang Zhao, Chen Yame, Andrews Apraku and Grace Debra

22:26

Microbial contamination including Vibrio cholerae in fishery auction markets in West Sea, South Korea
Yukyung Choi, Yewon Lee, Soomin Lee, Sejeong Kim, Jeeyeon Lee, Jimyeong Ha, Hyemin Oh, Il-Shik Shin and
Yohan Yoon

22:27

The antihyperlipidemic effect of alginatefree residue from sea tangle in hyperlipidemic rats
Mi-Jin Yim, Jeong Min Lee, Grace Choi, Soon-Yeong Cho and Dae-Sung Lee

22:28

Validation of housekeeping genes as candidate internal references for quantitative expression studies in healthy
and nervous necrosis virus-infected sevenband grouper (Hyporthodus septemfasciatus)
Rahul Krishnan, Syed Shariq Nazir Qadiri, Jong-Oh Kim, Jae-Ok Kim and Myung-Joo Oh

22:29

Risk-based approach to develop a national residue program: prioritizing the residue control of veterinary drugs
in fishery products
Hui-Seung Kang , Songyi Han, Byung-Hoon Cho and Hunjoo Lee

22:30

Potential of fascaplysin and palauolide from Fascaplysinopsis cf reticulata to reduce the risk of bacterial infection in fish farming
Tepoerau Mai, Jordan Toullec, Simon Van Wynsberge, Marc Besson, Stephanie Soulet, Sylvain Petek,
Emmanuelle Aliotti, Merrick Ekins, Kathryn Hall, Dirk Erpenbeck, David Lecchini, Mehdi A. Beniddir,
Denis Saulnier and Cécile Debitus

22:31

Comparative assessment of age, growth and food habit of the black-chinned tilapia, Sarotherodon
melanotheron (Rüppell, 1852), from a closed and open lagoon, Ghana
Cephas Kwesi Zuh, Seth Mensah Abobi and Benjamin Betey Campion

Short Report
22:24

Evaluation of sea mustard (Undaria pinnatifida) sporophylls from South Korea as fucoidan source and its
corresponding antioxidant activities
Therese Ariane N. Neri, Zuliyati Rohmah, Bernadeth F. Ticar, Grace N. Palmos and Byeong-Dae Choi

Copyright © 2019 by The Korean Society of Fisheries and Aquatic Science

Contents

22:21

Karami et al. Fisheries and Aquatic Sciences
https://doi.org/10.1186/s41240-019-0135-2

(2019) 22:21

RESEARCH ARTICLE

Open Access

Study of pathogenicity and severity of
Lactococcus garvieae isolated from rainbow
trout (Oncorhynchus mykiss) farms in
Kohkilooieh and Boyerahmad province
Esmaeil Karami1, Mojtaba Alishahi1, Taravat Molayemraftar1*, Masoud Ghorbanpour2,
Mohammad Reza Tabandeh3 and Takavar Mohammadian1

Abstract
Background: Lactococcus garvieae is one of the most important risk factors in the rainbow trout culture. Therefore,
the purpose of this study was to identify and detect strains isolated from rainbow trout suspected of having
Lactococcus garvieae using biochemical characteristics and PCR and determination of the degree of severity of
isolated strains.
Methods: In this study, the cause of lactococcosis in selected rainbow trout farms in Kohkilooieh and Boyerahmad
province was assayed. Gram-positive and catalase-negative bacterial isolates were first obtained from selected trout
fish farms using conventional biochemical tests and PCR assay. The 10-day LD50 method (concentration causing
50% mortality in 10 days) was used to determine the severity of the isolated bacteria.
Results: One bacterial isolate was detected from all sampled fish which confirmed as Lactococcus garvieae using a
specific PCR assay based on the 16S rDNA gene by producing a single band of 1107 bp. Analysis of the rate of
mortality showed that the 10-day LD50 was 4.6 × 105 CFU/fish. The results of this study showed that isolated
bacteria had high severity for rainbow trout. The presence of bacteria in internal organs of suspected fish showed a
severe systemic infection in challenged fish. Antibiogram assay also indicated that the isolated Lactococcus garvieae
were resistant to some mostly used antibiotics in rainbow trout.
Conclusions: According to current research, it can be concluded that the condition of lactococcosis in the studied
area is not suitable, and despite the presence of disease, there is no proper action to control and prevent the
disease. Unfortunately, isolated bacteria from the studied area have a very high severity compared to bacteria
isolated from other regions of the country or other countries. Therefore, further investigation is needed to
determine the cause of this difference and possibly in the design of the vaccine.
Keywords: Rainbow trout, Pathogenicity, Lactococcus garvieae, LD50
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Background
Lactococcus garvieae is a gram-positive and non-moving
bacteria, and pathogen of lactococcosis, and affects
much wild and cultured fish; it is an emerging zoonotic
pathogen that causes serious infections in humans and
animals (Vendrell et al. 2006). Lactococcosis is a systemic
disease in marine fish including tilapia, sea bass, eel, and
yellowfish and is now recognized as one of the most
important diseases of the rainbow trout in aquaculture
(Austin and Austin 2007, 2016; Meyburgh et al. 2017;
Chapela et al. 2018). Several reports are presented of lactococcosis occurrence in marine fish, brackish water, and
freshwater, especially when water temperature increases
over 15 °C (Austin and Austin, 2007). The first occurrence
of lactococcosis in rainbow trout was reported in Spain in
1988 (Ghittino and Prearo 1992). This pathogen has
caused serious economic losses in the cultivation of marine and freshwater fishes (Vendrell et al. 2006; Wang et al.
2007; López et al. 2015; Meyburgh et al. 2017). Farming
rainbow trout fish has been developed during the last decades in different suitable areas of Iran, but unfortunately,
some diseases and health problems such as lactococcosis
have caused a lot of damage to the fish culture industry
and damages to tens of millions per year (Soltani et al.
2016). The L. garvieae was first isolated in Iran from a
rainbow trout farm in Fars province (Soltani et al. 2005).
The incidence of lactococcosis in Iran is mainly in the
livestock stage, which may cause damage to fish farms between 5 and 75%, and the major losses occur in the fattening stages, so the damages are significant and the agents
of this disease can also be transmitted to humans causing
endocarditis, cholecystitis, and diskospondylitis, so the human health debate can also be important (Wang et al.
2007; Chan et al. 2011; Kim et al. 2013; Soltani et al. 2015;
Gauthier 2015; Meyburgh et al. 2017). Environmental factors, hosts, and pathogens play a role in the development
and spread of this disease in rainbow trout farms, so attention to bacterial strains of the disease and its various
reservoirs is very important in controlling the disease
and preventing it (Soltani et al. 2009). Considering that
L. garvieae is the primary cause of mortality and risk
factor in the rainbow trout culture industry during hot
seasons; therefore, the purpose of this study was to
identify and detect strains isolated from rainbow trout
suspected of having L. garvieae using biochemical characteristics and PCR and determination of the degree of
severity of isolated strains.
Methods
Sample collection

During the fall of 2014, the bacterial strains of L. garvieae were obtained from suspected fish of Koohdasht,
Kohkilooieh, and Boyerahmad province, the southwest
of Iran. A total of 30 rainbow trouts with a weight range
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of 100–200 g were collected from suspicious farms. Suspect
fish were transferred to the laboratory of the Department of
Aquatic Animal Health, Faculty of Veterinary Medicine,
Shahid Chamran University of Ahvaz, alive.
Bacterial isolation and culturing

Bacterial culture was performed on suspected fish with
symptoms of hemorrhage, exophthalmia, septicemia, and
melanosis. The kidney and brain samples were streaked
onto sterile conditions on blood agar (Merck, Darmstadt,
Germany) and trypticase soy agar (TSB, Biokar Diagnostics, Zac de Ther, France) medium, and incubated at 25 °C
for 48 h. Single colonies from plates with pure culture
growth were re-streaked on the BHIA (Brain Heart
Infusion Agar; Merck, Darmstadt, Germany) medium
to obtain pure isolates.
Biochemical properties of isolated bacteria

Gram-positive cocci and catalase-negative pure colonies
were subjected to gram staining. The biochemical properties of the isolates were determined according to the
method recommended by Austin and Austin (2007) and
Soltani et al. (2005). Hemolysis test of sheep red blood
cells was performed at 25 and 37 °C. The Lactococcus isolates were tested for bacterial growth potentials at different temperatures (10, 37, and 45 °C) and at different pH
(5–5.9), catalase, oxidase, VP (Voges-Proskauer) reaction,
hydrolysis, different sugar consumption, oxidation and fermentation of glucose (o/f), production of indole and H2S,
and movement test in the SIM (sulfide-indole-motility;
Merck, Darmstadt, Germany) medium. All of these tests
were read after 24 h of incubation at 30 °C.
PCR assay

To confirm the diagnosis of the disease, sorbitol-positive
isolates with similar characteristics of L. garvieae were
used for PCR studies. For this, colony PCR was performed using an amplicon extraction kit (CinnaGen,
Tehran, Iran) based on the kit’s instructions, and the
DNA quality extracted by electrophoresis (NanoDrop
Spectrophotometer, SPX2, Eppendorf, Germany) on a
1.5% agarose gel (CinnaGen, Tehran, Iran) was investigated. PCR test was done based on the method recommended by Woodman (2008) using PLG-F (5-CATAAC
AATGAGAATCGC-3) and PLG-R (5-GCACCCTCGC
GGGTTG-3) primer sequences for amplification of 16S
rDNA sequence and observation of a band of 1100 bp.
To perform the PCR reaction, 10 μl of Master Mix
(Amplicon kit) was added to the 0.2-ml microtube,
followed by 0.5 μl of each primer. Then, a pure colony of
bacteria cultured with sterile applicator was poured into
the microtube under sterile conditions, and 6 μl distilled
water was added to it. The PCR steps were performed
using ThermoCycler machine (Eppendorf, USA) with
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initial denaturation for 5 min (95 °C), denaturation for 1
min (94 °C), annealing for 45 s (58 °C), elongation for 1
min (72 °C), then repeat steps 2–4 to 30 cycles, and
finally the final elongation step for 5 min (72 °C). The
PCR product was electrophoresed with agarose gel 1.5%,
and after staining with a safe stain (CinnaGen, Tehran,
Iran), the gel was photographed using the Gel Documentation (Gel doc, 6454, Mina Tajhiz Pars, Iran).
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Statistical method

The results of the study of bacterial severity were evaluated using Reed and Muench’s (1938) technique and Analysis Program Probit EPA software version 1.5. In this
software, the medium lethal dose (LD50) is determined in
a given time with an error rate of less than 0.05.

Results
Bacterial isolation and culturing

Test of microbial susceptibility to antibiotics

The antibiotic test was used to determine the susceptibility
of isolated bacteria from common antibiotics using standard disk diffusion (Bauer et al. 1966). For this purpose, antibiotics such as tetracycline, streptomycin, enrofloxacin,
ciprofloxacin, lincospectin, and florfenicol were used. For
this purpose, a bacterial concentration of 0.5 McFarland
was prepared in a nutrient medium of Mueller-Hinton
medium (Merck, Darmstadt, Germany) and then cultured
on agar of Mueller-Hinton agar medium by the spread
plate method which was cultured in five directions. Antibiotic disks were inserted at appropriate intervals. Plates
were incubated at 37 °C for 24 h, and the inhibition halo
diameters were measured.
Investigation of severity (pathogenicity) of isolated
bacteria in rainbow trout

Due to the fact that all bacteria isolated from fish have
the same biochemical and molecular properties and
there was no difference in their biochemical and molecular methods, the source bacteria contamination was
detected on one strain, and to determine the bacterial
severity, the conventional LD50 method by the technique
of Reed and Muench (1938) and Probit software were
used as follows:
In short, after bacterial culture in TSB medium for 48 h
at 25 °C, bacterial isolation was performed using a centrifuge at 3000g for 15 min. The isolated bacteria were washed
with sterile PBS (phosphate-buffered saline; Merck, Darmstadt, Germany). Using McFarland tubes and control by viable colony count, dilutions were sequentially based on 10
(104 to 10). The selection of concentrations was determined based on the initial pilot test. After the adaptation of
rainbow trout (average weight 30 g) to culture conditions in
the laboratory, the fish were infected with these dilutions.
At first, fish of each treatment were anaesthetized by 2phenoxyethanol (Merck, Darmstadt, Germany) at a concentration of 400 ppm in 1-l water and then 0.1 ml of each
bacterial dilution injected intraperitoneally into 10 fishes in
3 replicates. To the control group, 0.1 ml of sterile PBS was
injected. After injections of bacterial dilutions, the number
of casualties was recorded up to 10 days after injection. To
ensure the cause of the death of fish, the culture was performed on the kidneys and brain of the fish, and the
injected bacterium was re-isolated.

The water temperature was recorded at 17 °C during the
course of the disease. From the beginning of the mortality
to the time of sampling (about a week), the proportion of
mortality was close to 5% of the population. The sick fish
showed behavioral symptoms including: lethargy, neglect,
lack of nutrition, accumulation at the inlet and outlet, including irregular and sometimes rotational swiming and
clinical signs of the disease including bilateral exophthalmia
and hemorrhage in the eyes, darkening of the body color,
cutaneous ulcers (in some cases) accompanied by bleeding
in the dermal region of the abdominal and chest area, as
well as anatomical symptoms including enlargement and
color-change in the spleen, swelling, blurry and hemorrhage
of the kidneys and the liver, increased abdominal fluid volume, and hemorrhages in visceral fats.
Biochemical properties of isolated bacteria

The bacterial culture results from the brain and kidney organs of the sick fish resulted in the isolation of non-moving
gram-positive cocci and catalase-negative and oxidasenegative. These results were observed in almost all samples
taken from different farms. The results of the sorbitol test
showed that isolated strains were able to fertilize sorbitol glucose, which confirmed the L. garvieae species. Other results
of biochemical properties of these isolates are presented in
Table 1, so that in comparison with the properties of the isolates reported in the authoritative and official sources, all
strains isolated from the fish are likely to have the same
source and are classified in the Lactococcus garvieae species.
Test of microbial susceptibility to antibiotics

The results of the antibiogram test showed that the isolated L. garvieae species had the highest susceptibility to
florfenicol and lincospectin antibiotics and had no sensitivity to tetracycline, streptomycin, enrofloxacin, and
cyrofloxacin (Table 2).
PCR assay

Molecular study (PCR) was performed on all isolated
strains that were gram-positive coccidia and catalasenegative and sorbitol-positive. The results show that the
expected bands of 1107 bp show 16s rDNA gene for L.
garvieae in all isolates (9), which were ultimately confirmed by the detection of L. garvieae isolated from the
sick fish (Fig. 1).
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Table 1 Biochemical characteristics of L. garvieae isolated from
the rainbow trout in Kohkiluyeh and Boyerahmad province
Characteristic

Characteristic

Gram stain

+

Trisodium citrate

−

Move

−

Arginine hydrolase

+

Oxidase

−

Lysine decarboxylase

−

Catalase

−

Production of H2S

−

Andole

−

Hemolysis

Alpha

Methyl red

+

Nitrite reduction

−

Voges-Proskauer

-

Grow in NACL

TSI

A/A−

0%

+

O/F

F

5%

+

6.5%

+

Hydrolysis
Gelatin

−

Urea

−

10 °C

Scolin

+

37 °C

+

45 °C

+

pH (5–9.5)

+

Consumption
Glucose (filtered)

−

Sucrose

+

Sorbitol

+

Lactose

+

Mannitol

+

Inositol

−

Trehalose

+

Xylose

−

Maltose

+

Salicin

−

Raffinose

−

Glycerol

−

Grow at temperature

A/A− acid/acid no gas, F fermentation, v variable

Investigation of severity (pathogenicity) of isolated
bacteria in rainbow trout

Considering the similarity of the strains examined and
the probability of the disease spreading from a single
source (possibly suspected fry fish), one of the isolates
Table 2 Sensitivity of L. garvieae isolated to different antibiotics
Antibiotics

Active ingredient in
the disk (mg)

Inhibition diameter (cm)
(mean ± SE)

Florfenicol

30

2.6 ± 0.3

Lincospectin

30

2.1 ± 0.11

Gentamicin

10

1.5 ± 0.08

Tylosin

30

1.5 ± 0.4

Streptomycin

10

0±0

Enrofloxacin

5

0±0

Ciprofloxacin

30

0±0

Tetracycline

30

0±0

Fig. 1 Agarose gel 1.5% related to the PCR product obtained from L.
garvieae DNA isolated from the rainbow trout farms of Kohkiluyeh
and Boyerahmad province. M, markers; 3–1, samples of the isolates
tested; 4, positive control (L. garvieae X54262); 5, negative control

from the farm with the highest mortality rates was used to
check the severity. The results of the bacterial severity
study based on cumulative mortality after bacterial contamination (challenge) and using the method of Reed and
Muench (1938) are presented in Fig. 2 and Table 3. The
LD50 of 7.4 × 105 was calculated using Probit software.

Discussion
Lactococcosis is a devastating disease in the culture of
salmonids. The first occurrence of lactococcosis in rainbow trout was reported in Spain in 1988. Since then, lactococcosis has been causing severe casualties in cultured
rainbow trout in many parts of the world including
Spain, Iran, Australia, South Africa, Japan, Korea, USA,
Taiwan, Greece, England, Italy, France Portugal, Turkey,
and Bulgaria (Didinen et al. 2014; Raissy et al. 2018;
Baños et al. 2019). This disease has been recognized as
one of the major problems in the culture of cold-water
fish in Iran, especially in the last two decades. In recent
years, this disease has caused serious damage to the
culture industry of rainbow trout in some provinces, according to reports (Akhlaghi and Keshavarzi 2002).
The L. garvieae was first isolated in Iran from a rainbow trout farm in Fars province. The reported symptoms include irregular swimming, black body color,
hemorrhagic septicemia, ascites, bilateral exophthalmia,
cataract, and hemorrhage in the liver, spleen, kidney,
brain, and intestine, and mortality rates in the farms varied from 40 to 20% (Soltani et al. 2005). The registered
clinical symptoms in this study were similar to the
symptoms mentioned in other studies in Iran and other
parts of the world (Ghittino and Prearo 1992; Prieta
1993; Eldar et al. 1999; Vendrell et al. 2004, 2006). In
this study, the bacteria isolated from all samples were of
the same origin and all biochemical and molecular characteristics were the same. Therefore, a type of bacteria
likely caused the mortality in the studied farms. By
examining the source of fish supply in selected farms,
this possibility was confirmed, but due to the fish in the
farms examined were supplied from different sources
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Fig 2 The LD50 of L. garvieae isolated from rainbow trout

and at different periods, it cannot be safely identified as
the main source of infection. On the other hand, it is
possible that this strain overcame other strains of the region due to higher severity and could be maintained due
to resistance to common antibiotics in the region. The
biochemical characteristics of the isolated bacteria
showed that the tested species were L. garvieae. Despite
the high compliance with biochemical factors, the species was not consistent with the results of Austin and
Austin (2007) in the Voges-Proskauer reaction and the
consumption of saccharose and salicin sugars. But the
results of the study were consistent with the results of
Soltani et al. (2008) and Sharifiyazdi et al. (2010) in these
indices which show the similarity of this strain with strains
isolated from other regions of Iran. So it confirms the hypothesis that this strain may be considered as a dominant
species due to high antibiotic resistance and a high level of
resistance in different regions of the country.
Despite the possibility of infecting fry fish in the aquaculture farms, it cannot be described as the main cause.
Failure to observe the principles of biosecurity in farms
creates the possibility of horizontal transmission of infection from a farm to another farm by water, birds,
workers, visitors, and aquaculture equipment. There are
reports that at specific times, a specific bacterial isolate
is spread over a large area and replaces old and low
severity strains due to its high resistance and severity
(Kim et al. 2004). However, this indicator should be
Table 3 Deadly concentrations of L. garvieae isolated from
rainbow trout (CFU/ml)
Lethal dose
LC10

10 days

Low range
4

3.84 × 10

5

5

1.2 × 10

4

Upper range
6 × 104

LC50

4.7 × 10

1.1 × 10

1.7 × 106

LC75

3.1 × 106

9.4 × 105

2.3 × 107

LC90

7

6

3.8 × 108

1.7 × 10

4.1 × 10

taken into account in the fight against this disease in the
region and the design of the appropriate control method.
While biochemical properties are a common method for
identifying L. garvieae, due to frequent errors in diagnosis,
the usefulness of this method has been questioned. Therefore, the use of molecular techniques is a suitable method
for accurate and rapid identification of bacterial strains
(Roach et al. 2006). In this study, type-specific primers
were used for the identification of bacteria and the results
of the PCR product showed that all strains isolated from
samples were L. garvieae and were quite similar.
The isolated L. garvieae from this study was sensitive
to fluorophenicol, lincospectin, gentamicin, and tylosin;
had the most sensitivity to fluorophenicol; and showed
no sensitivity to tetracycline, enrofloxacin, streptomycin,
and ciprofloxacin antibodies. These findings were consistent with the results of Ravelo et al. (2001). In a study
by Soltani et al. (2008), isolated L. garvieae was only susceptible to enrofloxacin and ampicillin. Sharifiyazdi et al.
(2010) reported that the isolated L. garvieae was sensitive to erythromycin, sulfadiazine, and chloramphenicol
antibiotics. Today, fluorophenicol, oxytetracycline, and
enrofloxin antibiotics are the most commonly used on
farms. Due to the inappropriate use of tetracycline and
some other antibiotics, the complete resistance to them
in fish has been created, which is probably due to the
gene’s emergence of resistance to these antibiotics in
pathogenic bacterial species. In a study by Kim et al.
(2004), tet (S) and tet (M) resistant genes were found in
L. garvieae isolated from fish. By examining the sampling
sites, it was found that antibiotics that were found to be
ineffective in the bacteria were used with high doses and
prolonged periods of many occasions in the emergence
of disease. It is possible that high resistance to these antibiotics is due to its high dosage and failure to complete
treatment period and the unnecessary repetition of antibiotic therapy in the past years. On the other hand, the
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high sensitivity of L. garvieae to fluorophenicol confirms
the value of this antibiotic in the fight against this disease,
so the least resistance to this antibiotic in the pathogens
was reported in the sources (Sharifiyazdi et al. 2010).
In this study, the LD50-isolated L. garvieae was determined
to be 7.4 × 105 CFU/ml after 10 days of the challenge, indicating a very high severity of these bacteria in rainbow trout.
In the study of Sharifiyazdi et al. (2010), LD50 of isolated L.
garvieae was also estimated to be 6 × 105 CFU/ml, which
showed a lower severity than the current study. In a similar
study, Chen et al. (2002) reported that L. garvieae with a
concentration of 100 × 108 × 108 resulted in 100% mortality
and they reported a concentration of 1:106 × 1 CFU/ml as
the LD50 of this bacterium in Mullet. Türe et al. (2014) estimated the LD50 of L. garvieae isolated from rainbow trout
by 105 × 1.7 CFU/ml, which is a higher severity of bacteria in the present study. Lactococcosis is recognized
as an acute septicemia disease, the clinical signs of this
which are very similar in many species (Chen et al.
2002). Water temperature is an important factor in the
spread of disease, and it has been reported that increasing the temperature during the summer months causes
the severity of the disease to increases. Although the
disease can occur in all ages according to species, age,
and size of the fish, the severity of the disease and environmental stresses can vary from acute to chronic
(Evans et al. 2009). Perhaps some differences in the
LD50 reported by different researchers are due to the
difference in water temperature, the size of tthe fish
and fish species; however, in the present study, attempts were made to make all the cases according to
standard protocols. The study of Soltani and Tarahomi
(2008) showed that 20% of the gram-positive cocci isolated from Fars province farms were L. garvieae. In the
research of Soltani et al. (2015), the relative abundance
of Lactococcosis was estimated to be 86.36% in Lorestan province and this ratio was 85.71% in Fars province. Due to the relative frequency in these two
provinces, a significant number of farms are involved in
lactococcosis.
The occurrence of Lactococcosis in rainbow trout
farms occurs mainly from late June to early November.
At the time of the onset of the disease, the temperature
of the water was 17 °C, which increased the chances of
getting the disease by increasing the temperature in the
heating season and decreasing the water flow.
A recent study has reported that lactococcosis is developing in Chahar Mahal Bakhtiari and Kohkiluyeh and
Boyerahmad provinces, and they have estimated the risk
factors for the spread of this disease that include the
weakness of health management, the lack of consideration of risk factors such as the presence of bacterial reservoirs near fish farms, the pollution of water to human
and urban sewage, and the lack of timely vaccination
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(Soltani et al. 2013). The results of Soltani et al. (2009)
have shown that there is a lot of damage caused by lactococcosis in rainbow trout culture. On the other hand,
given the fact that the disease is a zoonosis and the possibility of transmitting the disease to humans, it justifies
the need for further attention. In such circumstances,
the need to adopt practical and effective policies to combat the disease, such as vaccination and planning to
eradicate the disease, felt more and more.

Conclusion
In general, according to current research, it can be concluded that the condition of lactococcosis in the studied
area is not suitable, and despite the presence of disease,
there is no proper action to control and prevent the
disease. Unfortunately, isolated bacteria from the studied
area have a very high severity compared to bacteria isolated from other regions of the country or other countries.
Therefore, further investigation is needed to determine
the cause of this difference and possibly in the design of
the vaccine.
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Abstract
The functional peptides from protein hydrolysates of various fishery sources have been identified such as
antioxidant activity. The main intention of this study was purification and characterization of antioxidative peptide
from black eelpout muscle. The antioxidative peptides were purified from black eelpout (Lycodes diapterus) muscle
using different proteases. Antioxidant activity of black eelpout hydrolysates was evaluated using DPPH radical
scavenging activity. Among six hydrolysates, the pepsin hydrolysate had the highest antioxidant activity compared
to the other hydrolysates. Therefore, it was further purified and a peptide with seven amino acid residues of
DLVKVEA (784 Da) was identified by amino acid sequence analysis. The EC50 value for scavenging DPPH radicals by
purified peptide was 688.77 μM. Additionally, the purified peptide exhibited protective effect against DNA damage
induces by oxidation in mouse macrophages (RAW 264.7 cells). The results of this study suggest that black eelpout
muscle protein hydrolysate could potentially contribute to development of bioactive peptides in basic research.
Keywords: Antioxidant, DPPH radical scavenging, Peptide, Hydrolysates, Pepsin, Black eelpout muscle

Background
Free radicals are highly reactive species with their single
and unbalanced electrons. The oxidation by free radicals
in the body may cause many chronic diseases such as
cardiovascular diseases, diabetes, cancer, and neurodegenerative disorders (Dong et al. 2008). Fatty acids and
lipids oxidation induced by free radicals deteriorate the
food quality (Liceaga-Gesualdo and Li-Chan 1999).
Reactive oxygen species (ROS) (O2− (superoxide anion),
•OH (hydroxyl radical), and H2O2 (hydrogen peroxide))
are metabolic by-products of normal aerobic metabolism
(Castro and Freeman 2001). Nevertheless, the body is supported with several antioxidant defense systems where
they can scavenge and transform ROS or free radicals into
harmless species (Yeung et al. 2002). The antioxidant
defense system includes catalase (CAT), glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), and
glutathione reductase (GR). Enzymatic and non-enzymatic
antioxidants team up to scavenge and eradicate the
* Correspondence: hgbyun@gwnu.ac.kr
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Full list of author information is available at the end of the article

oxidative stress (McCord 1993). Steady-state maintenance
of ROS/antioxidant ratio is vital for avoiding oxidative
stress (Somani and Rybak 1996). Synthetic antioxidants
(butylated hydroxyanisole (BHA), tbutylhydroquinone
(TBHQ), butylated hydroxytoluene (BHT), and propyl
gallate) have been widely used as food preservatives as
they delay the discoloration and deterioration caused by
oxidation (Wanita and Lorenz 1996). So, the use of these
synthetic antioxidants has been limited in some countries
due to their potential health hazard (Becker 1993).
Recently, enzymatic hydrolysis with proteases has garnered much attention. Protein hydrolysates or peptides
affect health-related functions such as antioxidant function (Clemente 2000). Therefore, various antioxidant
peptides have been isolated from marine organisms
through enzymatic hydrolysis, including abalone muscle
(Haliotis discus hannai Ino) and scallop (Patinopecten
yessoensis) (Zhou et al. 2012), threadfin bream surimi
(Wiriyaphan et al. 2012), croaker (Otolithes ruber)
muscle (Nazeer et al. 2012), sand eel (Lee et al. 2011a,
2011b), sardinelle (Sardinella aurita) (Bougatef et al.
2010), tuna liver (Je et al. 2009), marine rotifer (Byun
et al. 2009), and algae protein waste (Sheih et al. 2009).
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Enzymatic hydrolysates exhibited several advantages
when incorporated into foods, by improving waterbinding ability, solubility of protein, emulsifying stability,
heat stability of myofibrillar protein, and the nutritional
quality of foods. Thus, enzymatic hydrolysis has become
an appreciated tool for modifying the applicability of
proteins (Korhonen et al. 1998). Normally, bioactive
peptides remain inactive within the parent protein molecule until they are released by hydrolysis. Most of bioactive peptides are composed with 2–20 amino acids.
Amino acids arrangement of the peptides plays a critical
role in its bioactivity (Himaya et al. 2012).
The black eelpout, Lycodes diapterus, is distributed in
the Northwest Pacific/North of central East Sea of Korea
and the Sea of Okhotsk and inhabits sand and mud bottoms in deep water of 150–200 m depth. Black eelpout
is a traditional food that is rich in protein, essential
amino acids, omega-3 polyunsaturated fatty acids, and
vitamins. In the present study, we investigated the 2,2diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radical scavenging activity of enzymatically prepared black eelpout
muscle protein hydrolysate to isolate a potent antioxidant peptide. And the protective effect of the purified
peptide against deoxyribonucleic acid (DNA) oxidation
induced by the hydroxyl radical was verified further.

Materials and methods
Materials

Fresh samples of black eelpout (Lycodes diapterus) were
obtained from East Sea Fisheries Research Institute,
Gangneung, South Korea. The bones and viscera were
removed from the black eelpout. Then the separated
muscle was stored at − 80 °C until use. Several commercial enzymes, such as α-chymotrypsin, papain, pepsin,
and trypsin, were obtained from Sigma Chemical Co.
(St. Louis, MO). Alcalase and Neutrase enzymes were
obtained from Novo Co. (Novo Nordisk, Bagsvaerd,
Denmark). DPPH was obtained from Wako Chemical
Co. All other reagents used in this study were reagent
grade chemicals.
Analysis of proximate compositions

Crude protein content of black eelpout was determined
by the Kjeldahl method (Auto Kjeldahl system, Buchi B324/435/412, Switzerland). Ether extraction method was
used to determine the crude lipid content. Moisture
content was determined by oven drying at 105 °C for 24
h. Ash content was determined by a muffler furnace at
550 °C for 4 h (Association of Official Analytical Chemist
(AOAC) 2000). Amino acids were analyzed using an
automatic analyzer (Hitachi Model 835-50, Japan) with a
C18 column (5 μm, 4.6 × 250 mm, Watchers, MA). The
reaction was carried out at 38 °C, with the detection
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wavelength at 254 nm and a flow rate of 1.0 mL/min. All
analyses were carried out in triplicate.
Preparation of black eelpout muscle hydrolysates

To prepare black eelpout muscle hydrolysates, enzymatic
hydrolysis was performed using various enzymes (Alcalase, α-chymotrypsin, Neutrase, papain, pepsin, and trypsin) at their optimal conditions. Black eelpout muscle
was hydrolyzed separately using various enzymes with a
substrate to enzyme ratio of 1:100 for 6 h, under
optimum pH and temperature conditions (Table 1). At
the end of 6 h, hydrolysates were filtered by glass filter
and lyophilized and stored at − 80 °C until use. The yield
of hydrolysate from black eelpout muscle was calculated
as follows:
Yield ð%Þ ¼

weight of the black eelpout hydrolysates
 100
weight of the black eelpout

Determination of DPPH radical scavenging activity

DPPH radical scavenging activity (RSA) was assessed by
using the method of Yen and Hsieh (1995) with minor
modifications. The sample was mixed with 120 μL of
methanol and 40 μL of 0.15 mM DPPH in methanol was
added. The mixture was incubated at room temperature
in the dark for 30 min. The absorbance of the mixture
was measured at 517 nm using a spectrophotometer
(JASCO, Japan). The control sample was prepared in the
same manner where methanol was used instead of the
40 μL sample volume. DPPH radical scavenging activity
was calculated as follows:

RSA ð%Þ ¼


Acontrol −Asample
 100
Acontrol

where Asample is the absorbance of sample and Acontrol is
the absorbance of the control. The EC50 value is defined
as an effective concentration of peptide that is required
to scavenge 50% of radical activity.
Table 1 Optimal conditions for enzymatic hydrolysis of various
enzymes
Enzyme

Buffer

pH

Temperature (°C)

Alcalase

50 mM Na2HPO4-NaH2PO4

7.0

50

α-Chymotrypsin

50 mM Na2HPO4-NaH2PO4

7.0

37

Neutrase

50 mM Na2HPO4-NaH2PO4

7.0

50

Papain

50 mM Na2HPO4-NaH2PO4

7.0

37

Pepsin

20 mM HCl

2.0

37

Trypsin

50 mM Na2HPO4-NaH2PO4

7.0

37
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Purification and identification of antioxidant peptides

Statistical analysis

The black eelpout muscle hydrolysate was dissolved in
distilled water and loaded onto a Sephadex G-25 gel filtration column (2.5 × 70 cm) which had been previously
equilibrated with distilled water. The column was then
eluted with distilled water at a flow rate of 1.5 mL/min
(fraction volume 7.5 mL) and separated fractions were
monitored at 215 nm, collected at a volume of 7.5 mL,
and measured for DPPH radical scavenging activity.
Highest active fraction was injected into a preparative
reverse-phase high performance liquid chromatography
(RP-HPLC) column (Grom-Sil 120 ODS-5ST, ø 10 ×
250 mm, 5 μm, Grom™, Germany) and was separated
using linear gradient of acetonitrile (0–20% v/v) containing 0.1% trifluoroacetic acid (TFA) on an RP-HPLC system (Agilent Technologies, USA). Elution peaks were
monitored at 280 nm on diode array detector (DAD).
The purified fractions from preparative column were
monitored at 280 nm and purified by RP-HPLC on a
C18 analytical column (ø 4.6 × 250 mm, 5 μm, Waters,
Milford, MA, USA) using an acetonitrile gradient of 5–
30% (v/v) at a flow rate of 0.5 mL/min for 40 min. Finally, the fraction with the highest DPPH radical scavenging activity was collected and lyophilized followed by
the amino acid sequence identification.

Data were analyzed for statistical significance using analysis
of variance (ANOVA) followed by Dunnett’s multiple comparison test with statistical package for the social sciences
(SPSS) software (version 14). All values obtained from three
different experiments were expressed as the mean value ±
standard deviation (SD).

Determination of molecular weight and amino acid
sequence

Molecular weight and amino acid sequence of purified
peptide from black eelpout muscle protein were determined by quadrupole time-of-flight (Q-TOF) mass spectrometry (Micromass, Altrincham, UK) coupled with
electrospray ionization (ESI) source. The purified peptide
dissolved in methanol/water (1:1, v/v) was infused into the
ESI source and the molecular mass was determined by
doubly charged (M+ 2H)2+ state in the mass spectrum.
Following molecular mass determination, the peptide was
automatically selected for fragmentation and sequence information was obtained by tandem MS analysis.
Protective potential by the hydroxyl radical-induced DNA
damage

To assess the protective effects of the hydrolysate against
DNA damage caused by hydroxyl radicals, the reaction
was induced by placing the following reagents in an
Eppendorf tube: 5 μL of genomic DNA (RAW 264.7 cell
line), 2 mM FeSO4, and various concentrations of the
purified peptide from black eelpout hydrolysate. The
mixture was then incubated at 37 °C for 30 min, followed
by the addition of 4 μL of 10 mM H2O2 (Dávalos et al.
2004). Finally, the mixture was subjected to 1.0% agarose
gel electrophoresis and DNA bands were stained with
ethidium bromide.

Results and discussion
Proximate composition of black eelpout muscle

Proximate composition of black eelpout muscle showed
the 20.81% moisture content, 8.63% lipid content, 4.09%
ash, 2.46% carbohydrate, and 64.02% protein content
(Table 2). The protein content was the highest among all
the composition contents. However, the low lipid and ash
content suggests that the extraction processes by enzymatic hydrolysis of biofunctional peptide is effective. The
most abundant amino acids in black eelpout muscle were
glycine, alanine, lysine, and leucine which accounted for
20.82%, 17.13%, 8.1%, and 6.24%, respectively (Table 3).
Generally, fish and other mammalian skin have higher
percentage of Gly, Leu, and Pro compared to muscle proteins (Gomez-Guillen et al. 2002).
Antioxidant activity of black eelpout muscle hydrolysates

Black eelpout muscle protein hydrolysates were prepared
by using commercial proteases including Alcalase, αchymotrypsin, Neutrase, papain, pepsin, and trypsin.
The hydrolysis yields were 68.28%, 66.85%, 66.14%, and
58.76% for papain, Alcalase, pepsin, and trypsin, respectively (Table 4). Among six hydrolysates, pepsin hydrolysate exhibited the greatest DPPH radical scavenging
activity relative to the other hydrolysates. In terms of the
DPPH radical scavenging activation (Fig. 1), the lowest
EC50 value was exhibited by the pepsin hydrolysate at
0.83 mg/mL. Thus the pepsin hydrolysate may contain
bioactive compounds that could react with free radicals
to transform them into more stable products and terminate the radical chain reaction. Peptides with antioxidative activity have been obtained by enzymatic
hydrolysis of various marine organisms (Je et al. 2007).
Several studies have suggested that the variation of antioxidant activity of a peptide is due to its amino acid sequence and length (Kim et al. 2001). However, DPPH
radical scavenging activity of pepsin hydrolysate was
Table 2 Proximate compositions of black eelpout muscle
Components

Content (%)

Moisture

20.81

Protein

64.02

Lipid

8.63

Ash

4.09

Carbohydrate

2.46
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Table 3 Amino acid contents of black eelpout muscle
Amino acids

Contents (%)

Tau

0.78

Asp

6.08

Thr

4.07

Ser

3.93

Glu

2.21

Gly

20.82

Ala

17.13

Val

3.61

Cys

0.34

Met

1.96

Ile

2.43

Leu

6.24

Try

1.71

Phe

2.33

Lys

8.10

His

1.80

Arg

5.13

Total

100.00

lower than that of synthetic antioxidants BHA and BHT.
The next stage in analysis required the use of HPLC for
purifying the antioxidant peptide from pepsin hydrolysate of black eelpout muscle.
Purification of antioxidant peptide

To identify the antioxidant peptide from pepsin hydrolysate
of black eelpout muscle, the use of different chromatographic techniques is required. As shown in Fig. 2, chromatographic profiles were obtained during different
purification steps of black eelpout muscle hydrolysate. In
the first step, pepsin hydrolysate was separated into four
fractions (A–D) on a Sephadex G-25 chromatography column (Fig. 2I). Among separated fractions, the B fraction
had the highest DPPH radical scavenging activity at 0.65
mg/mL (Fig. 2I). Sephadex G-25 column chromatography
separates according to molecular-size, where the primary
fractions contain large-molecular-size peptides, and
Table 4 Yields of various hydrolysates from black eelpout
muscle
Hydrolysates

Yields (%)

Alcalase

66.85

α-Chymotrypsin

51.30

Neutrase

39.47

Papain

68.28

Pepsin

66.14

Trypsin

58.76

Fig. 1 EC50 values for DPPH radical scavenging activity of black
eelpout muscle hydrolysates. Statistical significance was determined
by ANOVA

secondary fractions contain small-molecular-size peptides.
According to Pihlanto (2000), numerous bioactive peptides
are found between 2 and 20 amino acids in length with a
small-molecular-size. Therefore, the secondary fractions
were assumed to have the greatest potential bioactivity.
Fraction B was further separated by RP-HPLC using an
ODS column and subsequently fractionated into three fractions (F1–F3) (Fig. 2II). Among separated fractions, the
fraction F1 showed the highest DPPH radical scavenging
activity with the EC50 value of 87.45 μg/mL (Fig. 2II). Fraction F1–1, with the strongest DPPH radical scavenging activity was purified further by using RP-HPLC on the C18
analytical column a linear gradient of acetonitrile (5–30%)
for 40 min at a flow rate of 0.5 mL/min (Fig. 2III). The EC50
value of the purified peptide was 51.12 μg/mL, 16.24–fold
compared to the pepsin hydrolysate (0.83 mg/mL) using
the three-step purification procedure (Table 5). A single
peptide fraction that demonstrated DPPH radical scavenging activity was purified on an analytical HPLC column
and their amino acid sequences were determined by Nterminal sequencing analysis.
Characterization of purified antioxidant peptide

The purified fraction F1–1 was analyzed by electrospray
ionization mass spectrometry (ESI-MS) for molecular mass
determination and ESI-MS/MS for the peptide
characterization. Amino acid sequence of purified antioxidant peptide was identified as Asp-Leu-Val-Lys-Val-Glu-Ala
with EC50 value and molecular weight of 688.77 μM and
784 Da, respectively (Fig. 3). These results support for the
general finding that short peptides with 2–10 amino acids
demonstrate greater bioactive properties such as antioxidant
activity compared to their parent native proteins or large
polypeptides (Li et al. 2007). In this study, the purified antioxidant peptide was found to have a similar sequence with
the other reports, including the sardinelle (Sardinellaaurita)
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Fig. 2 Steps for the purification of DPPH radical scavenging activity peptide from black eelpout muscle hydrolysate. I Sephadex G-25 Gel filtration
chromatogram of hydrolysates. Gel filtration chromatogram of hydrolysates prepared with black eelpout muscle. Separation was performed with
1.5 mL/min and collected at a fraction volume of 7.5 mL. The fractions isolated by Sephadex G-25 Gel column were separated (A–D) and DPPH
radical scavenging activity was determined as upper panel. II, III Reverse phase-HPLC chromatograms of the potent DPPH radical scavenging
activity fractions from the previous steps. The lower panels of each pair show the chromatography results of separated fractions while the top
panels of each pair represent the DPPH radical scavenging activity of separated fractions in terms of their EC50 values expressed in mg/mL (I) or
μg/mL (II, III). Statistical significance was determined by ANOVA

(Gly-Ala-Trp-Ala, RSA = 52 ± 1.44% at 150 μg/mL) (Bougatef et al. 2010), Nile tilapia (Oreochromis niloticus) (Asp-ProAla-Leu-Ala-Thr-Glu-Pro-Asp-Pro-Met-Pro-Phe,
IC50 =
8.82 μM) (Ngo et al. 2010), black pomfret (Parastromateus
niger) (Ala-Met-Thr-Gly-Leu-Glu-Ala, RSA = 78.6%) (Jai
Ganesh et al. 2011), and croaker (Gly-Asn-Arg-Gly-PheAla-Cys-Arg-His-Ala) (Samaranayaka and Li-chan 2011)
(Lee et al. 2011a, 2011b). According to previous reports, the
antioxidant peptides possess some metal chelation or hydrogen/electron donating activity, thereby allowing them to
interact with free radicals and to terminate the radical chain
reaction or prevent their formation (Ren et al. 2008; You
et al. 2010). Amino acid constituents and sequence of peptides are vital for their antioxidant activity. Hydrophobic
amino acids and one or more residues of cysteine, methionine, histidine, tyrosine, tryptophan, proline, and phenylalanine have been identified to enhance the activities of the
antioxidant peptides (Ren et al. 2008; Je et al. 2007; You
et al. 2010). As it has been confirmed, functional peptides
rely on amino acid sequence and structure (Elias et al.
2008). Li et al. (2007) reported that the antioxidant activity
Table 5 Purification of antioxidant peptide from black eelpout
muscle hydrolysate by pepsin treatment
Purification step

EC50 value (μg/mL)

Purification folda

Pepsin hydrolysate

830.01 ± 0.05

1.00

Sephadex gel filtration (B)

650.32 ± 0.14

1.28

RP−HPLC (F1)

87.45 ± 0.05

9.49

Purified peptide (F1–1)

56.12 ± 0.01

16.24

a

Relative value of reciprocal of DPPH radical scavenging activity by EC50

of histidine-containing peptides was accredited to the
proton-donation ability of the histidine imidazole group.
Also, histidine and proline take part in the antioxidant activity of designed peptides tests, among Pro-His-His exhibited
the greatest antioxidant activity (Tsuge et al. 1991). As reported by Dávalos et al. (2004), among amino acids, tyrosine,
tryptophan, and methionine exhibited the highest antioxidant activity, followed by histidine, cysteine, and phenylalanine. The antioxidant activity of peptides containing histidine
has been accredited to the chelating and lipid radicaltrapping ability of the imidazole ring (Murase et al. 1993;
Park et al. 2001). However, the active peptide in our study
did not have hydrophobic amino acids. Since, our peptide
yielded larger EC50 values.
Prevention of oxidation-induced DNA damage by a black
eelpout peptide

We evaluated the protective activity of purified antioxidant
peptide against hydroxyl radical-induced DNA damage in
in vitro studies by using RAW 264.7 cell line. As shown in
Fig. 4, the purified peptide had a protective effect against
DNA oxidation induced by hydroxyl radical with increasing
peptide concentrations ranging from 50 to 200 μM. These
results indicate that black eelpout peptide purified, exerted
adequate protective effects on radical-mediated DNA damage. Furthermore, our results clearly explain the fact that
purified peptide can inhibit oxidative damage to DNA when
exposed to OH radical generated by Fe(II)/H2O2. Fe2+
catalyzes the conversion of H2O2 to OH radical in physical
systems. The OH radical highly reacted leading to damage
of both the purine and pyrimidine base and also
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Fig. 3 Identification of molecular mass and amino acid sequence of the purified peptides from black eelpout muscle hydrolysate by HPLC. MS/
MS experiments were performed on a Q-TOF tandem mass spectrometer equipped with a nano-ESI source

deoxyribose backbone lesion for DNA (Ngo et al. 2009).
DNA is another sensitive bio-target for ROS-mediated
oxidative damage (Martinez et al. 2003) as it is known to
initiate carcinogenesis or pathogenesis in neurodegenerative
diseases such as Parkinson’s disease and Alzheimer’s
disease. Therefore, ROS, a hydroxyl radical, has been recognized as a DNA-damaging agent of physiological significance (You et al. 2002). Bioactive peptides with various
biological activities such as antioxidative activity can be utilized in order to develop pharmaceutical and nutraceutical
products in industrial scale (Abuine et al. 2019).

Conclusion
In this study, black eelpout muscle protein was hydrolyzed using enzymatic hydrolysis with various enzymes.
The antioxidant activity of the different enzyme hydrolysates was determined and compared. Pepsin hydrolysate
showed the highest antioxidant activity and thus it was
further purified using chromatography. A seven-amino
acid residue peptide with antioxidant activity was identified from the pepsin hydrolysate of black eelpout muscle.
Collectively, the results of this study suggest that black
eelpout muscle protein hydrolysate could potentially
contribute to development of bioactive peptides in basic
research.
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Abstract
Background: Taurine is a conditional essential amino acid for fish. A study was conducted to investigate the
compensating effect of supplemental taurine in diets for red seabream (Pagrus major) on impaired growth
performance by fish meal (FM) replacement with soybean meal (SM) at low water temperature (14.15 ± 1.95 °C).
Methods: A FM-based diet was considered as a high FM diet and three other experimental diets were formulated
to replace FM with SM by 20, 35, or 50% (HFM, SM20, SM35, or SM50, respectively) without taurine and other four
diets were formulated by adding 1% taurine to the diets (HFM-T, SM20-T, SM35-T, or SM50-T, respectively). Triplicate
groups of fish (108.9 ± 1.58 g/fish) were distributed into 24 polyvinyl circular tanks (215 L) with 20 fish per tank and
fed one of the diets to satiation for 20 weeks.
Results: Growth performance and feed utilization of red seabream were significantly improved by the dietary
taurine supplementation. SM20-T and SM35-T diets increased fish growth that are comparable to HFM diet. Feed
intake, feed conversion ratio, and protein efficiency ratio of fish fed SM20-T and SM35-T diets were not significantly
different from those of HFM group. Dietary taurine supplementation in each FM replaced group numerically
increased innate immunity of the fish. Lysozyme and superoxide dismutase activities were significantly decreased in
fish fed SM35, SM50, and SM50-T diets compared to those of fish fed HFM diet while they were not significantly
lower in SM20, SM20-T, SM35, and SM35-T groups. Glutathione peroxidase activity was significantly lower in fish
group fed SM50 diet while SM50-T group did not significantly lower compared to that of HFM group. The relative
expression level of hepatic IGF-1 mRNA was improved in fish fed taurine-supplemented diets compared to their
respective SM diets.
Conclusions: Growth performance and feed utilization of red seabream can be accelerated or restored by 1%
taurine supplementation when they are fed high level of SM up to 35% in diets during low water temperature
season.
Keywords: Taurine, Red seabream, Soybean meal, Low fishmeal, Hepatic IGF-1, Growth performance, Innate
immunity

* Correspondence: kjlee@jejunu.ac.kr
1
Department of Marine Life Sciences, Jeju National University, Jeju 63243,
South Korea
3
Marine Science Institute, Jeju National University, Jeju, Self-Governing
Province 63333, South Korea
Full list of author information is available at the end of the article
© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Gunathilaka et al. Fisheries and Aquatic Sciences

(2019) 22:23

Introduction
Taurine (2-aminoethanesulfonic acid) is an amino acid
which contains acidic sulfonate group and a basic amino
acid group. Taurine exists naturally in animals in higher
concentrations than other amino acids (Brosnan and
Brosnan 2006; Salze and Davis 2015). Many studies
proved that taurine is an essential nutrient for fish
(Takagi et al. 2008; Lim et al. 2013; El-Sayed2014; Salze
and Davis 2015) and involved in bile acid metabolism of
fish (Goto et al. 1996, 2017). Therefore, taurine enhances
lipid metabolism of fish and improves the absorption of
fat-soluble vitamins (Kim et al. 2008; El-Sayed2014). A
study conducted by Park et al. (2002) indicated that
dietary taurine was involved in a metabolism of sulfur
amino acids of juvenile Japanese flounder (Paralichthys
olivaceus). Kim et al. (2005) found that feed intake of
Japanese flounder was enhanced by a dietary taurine
supplementation. Martinez et al. (2004) indicated that
0.2% taurine was required for better growth performance
of juvenile seabass (Dicentrarchus labrax). In juvenile
yellow catfish (Pelteobagrus fulvidraco) diet, 1.09% taurine supplementation was essential for the best growth,
immunity, and disease resistance (Li et al. 2016). Growth
and reproduction of yellowtail (Seriola quinqueradiata)
were improved by a dietary taurine supplementation
(Matsunari et al. 2006). According to these evidences,
therefore, it is obvious that dietary taurine supplementation enables to provide a wide range of beneficial effects
in many fishes. However, it has been reported that some
fish species are unable to synthesize taurine or some fish
species are able to synthesize it but lower amount than
their requirements (Salze and Davis 2015).
Production of low fish meal (LFM) diets is an essential
practice for the sustainable aquaculture as the price and
demand of fish meal (FM) have been increased for the
past decades and its supply is not predicted to increase.
Numerous studies have been conducted to formulate
and investigate LFM diets with plant-based ingredients
due to vast availability and low price. Soybean meal
(SM) contains high protein content and amino acids
which are readily available and acceptable by most of the
cultured fish species (Titgemeyer et al. 1989; Lim and
Akiyama 1992). Many studies have been conducted to
replace FM with SM and substantial results reported for
many fish species (Hernandez et al. 2007; Lim and Lee
2008; Antonopoulou et al. 2017; Kumar et al. 2017;
Zhang et al. 2018a). The impaired growth performance
was the identified difficulty which could not be overcome even though all the nutritional requirements were
fulfilled in the plant protein-based diets (Gaylord et al.
2007). Therefore, in order to restore FM effects in high
SM diets, taurine has been used as a dietary supplement
in diets for many fish species and successful results has
been observed. In common dentex (Dentex dentex), 25%
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FM was successfully replaced with soy protein when
0.2% taurine was supplemented to the diet (Chatzifotis
et al. 2008). Hien et al. (2015) demonstrated that 40%
FM was successfully replaced for snakehead (Channa
spp.) with 1% taurine supplementation. Also, Zhang
et al. (2018b) successfully replaced FM up to 50% with
SM and 0.1% taurine supplementation without sacrificing growth, immunity, and digestive enzyme activity
of juvenile black carp (Mylopharyngodon piceus).
Red seabream (Pagrus major) is widely cultured fish
species in the East Asian regions. Taurine has been
tested in red seabream diet and a number of beneficial
effects were observed in many studies. Growth and development were accelerated in red seabream larvae fed
taurine-enriched rotifers (Chen et al. 2005; Kim et al.
2016). Also, dietary taurine supplementation alleviates
chemical toxicity and bioaccumulation in red seabream
(Hano et al. 2017a; Hano et al. 2017b). Several studies
showed that taurine deficiency causes the green liver
syndrome of fishes including red seabream (Takagi et al.
2008, 2011). Additionally, taurine supplementation was
reported to have an ability to accelerate growth of red
seabream when they were fed a LFM diet (Takagi et al.
2006; Takagi et al. 2010). It was documented that red
seabream hardly synthesize taurine in vivo (Takeuchi
et al. 2001). Consequently, several researches were conducted to find an optimum taurine level in diets for red
seabream. Matsunari et al. (2008) reported that taurine
requirement for juvenile red seabream is 0.5% in a
casein-based diet. Recently, Salze and Davis (2015) reported that taurine requirement of red seabream varies
with their growth stages and main protein sources used
in their diets, and it ranges between 0.5 and 2.0%.
Water temperature is an important environmental factor which controls the growth, metabolic rate, and food
consumption of poikilothermic animals including fish
(Brett 1971; Jensen et al. 2000). Performance of fish
under low water temperature has been examined (Öz
et al. 2017, Öz et al. 2018a, b, c). Earlier, Woo (1990) reported that metabolic rate of red seabream was changed
by water temperature. However, effects of low water
temperature on red seabreams were not well studied up
to date. Therefore, this study was conducted to evaluate
the effects of taurine supplementation in diets for red
seabreams when graded levels of FM were replaced by
SM in the diets during the low water temperature
season.

Materials and methods
Experimental diets

Four diets were formulated to replace FM with soybean
meal by 0, 20, 30, or 40% (designated as HFM, SM20,
SM35, or SM50, respectively) without taurine and with
1.0% taurine addition (designated as HFM-T, SM20-T,
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SM35-T, or SM50-T, respectively). Dry ingredients were
thoroughly mixed in a mixer and extruded through a
pelletizer machine (SP-50, Gum Gang Engineering,
Daegu, Korea) in a proper size. Then, the pellets were
air-dried at 25 °C for 12 h and stored at − 20 °C until use
(Table 1).
Feeding trial

Red seabream was acclimatized to the experimental conditions and facilities for 2 weeks before the feeding trial.
A commercial diet was fed to the fish during the period.
After the period, randomly selected 480 fish (initial
mean body weight, 108.9 ± 1.58 g) were distributed into
24 215 L capacity polyvinyl circular tanks with 20 fish
per tank. Those tanks were supplied with sand-filtered
seawater at a flow rate of 3 L min−1 and aerated to maintain sufficient dissolved oxygen level. Triplicate groups
of fish were fed one of the experimental diets until satiation (twice a day, 09:00 and 18:00 h) for 20 weeks.
Remaining feeds in the tanks were collected 30 min after
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feeding and reweighed to determine feed intake. Water
temperature was dependent on the natural water
temperature and maintained at 14.2 ± 1.95 °C during the
feeding trial in the winter time.
Sample collection and analyses

Fish in each tank were bulk weighted and counted to
calculate growth and feed utilization parameters at the
end of 20 weeks of the feeding trial. Three fish per tank
were sampled and stored at − 20 °C for further wholebody proximate composition analysis. Blood samples
were taken from randomly captured four fish per tank.
Fish were anesthetized with a 2-phenoxyethanol solution
(200 ppm) before the collection of blood samples. The
whole blood samples were used for analyses of
hematocrit, hemoglobin, and respiratory burst activity.
The plasma was separated from the whole bloods and
used for determination of immunoglobulin level and biochemical parameters. Another set of blood samples were
taken from four fish in each tank using non-heparinized

Table 1 Formulation and proximate composition of the eight experimental diets for red seabream (%, dry matter basis)
HFM

HFM-T

SM20

SM20-T

SM35

SM35-T

SM50

SM50-T

Chile fish meal

45.00

45.00

36.00

36.00

29.25

29.25

22.50

22.50

Soybean meal

0.00

0.00

13.00

13.00

23.03

23.03

33.00

33.00

Corn gluten meal

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

WGM1

8.00

8.00

8.00

8.00

8.00

8.00

8.00

8.00

Wheat flour

22.00

22.00

16.90

16.90

13.41

13.41

10.07

10.07

Fish oil

4.50

4.50

4.90

4.90

5.20

5.20

5.50

5.50

Soybean oil

4.50

4.50

4.90

4.90

5.20

5.20

5.50

5.50

Mineral mix2

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

3

Vitamin mix

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

Cellulose

1.00

0.00

1.00

0.00

1.00

0.00

1.00

0.00

Choline chloride

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

Starch

2.50

2.50

1.90

1.90

1.00

1.00

0.00

0.00

Lysine

0.00

0.00

0.15

0.15

0.20

0.20

0.25

0.25

Methionine

0.00

0.00

0.10

0.10

0.15

0.15

0.20

0.20

Threonine

0.00

0.00

0.05

0.05

0.06

0.06

0.08

0.08

Taurine

0.00

1.00

0.00

1.00

0.00

1.00

0.00

1.00

0.00

0.00

0.60

0.60

1.00

1.00

1.40

1.40

4

DCP

Chemical composition (% dry matter)

1

Moisture

6.15

6.10

6.48

6.43

6.78

6.73

7.08

7.03

Protein

48.4

48.2

48.7

48.5

48.9

48.7

48.6

48.6

Lipid

15.1

15.3

15.4

15.4

15.6

15.3

15.7

15.6

Ash

9.71

9.84

9.36

9.47

9.21

9.24

8.96

8.74

Wheat gluten meal
Mineral premix (g kg−1 of mixture): MgSO4.7H2O, 80.0; NaH2PO4.2H2O, 370.0; KCl, 130.0; Ferric citrate, 40.0; ZnSO4.7H2O, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AlCl3.
6H2O, 0.15; Na2Se2O3, 0.01; MnSO4.H2O, 2.0; CoCl2.6H2O, 1.0
3
Vitamin premix (g kg−1 of mixture): L-ascorbic acid, 121.2; DL-α tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73;
cholecalficerol, 0.003; cyanocobalamin, 0.003
4
Di-calcium phosphate
2
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syringes to separate serum for the analysis of innate immune parameters. The blood samples were allowed to
clot at room temperature for 30 min and centrifuged for
10 min at 5000×g. Then, the serum was separated and
stored at − 80 °C. All the fish were starved 24 h prior to
weighing or blood sampling.
Moisture and ash contents were analyzed according to
AOAC (1995). Crude lipid was determined according to
Folch et al. (1957) and crude protein was analyzed by an
automatic Kjeltec Analyzer Unit 2300 (FOSS, Sweden).
Microhematocrit technique was used to determine
hematocrit (Brown 1980). An automated blood analyzer
(SLIM, SEAC Inc., Florence, Italy) was used to measure
hemoglobin and plasma levels of glucose and cholesterol. The oxidative radical generation by phagocytes
during respiratory burst was estimated through NBT test
by Anderson and Siwicki (1995). Plasma immunoglobulin (Ig) levels were measured by Siwicki and Anderson
(1993). A turbidometric method was used to measure
the level of serum lysozyme (Hultmark et al. 1980) with
a slight adjustment. The method described by Quade
and Roth (1997) was used to measure serum myeloperoxidase (MPO) activity. Serum superoxide dismutase
(SOD) activity was estimated utilizing a SOD Assay Kit
(Sigma, 19160). The serum anti-protease activity was
estimated by Ellis (1990) with slight alterations
(Magnadóttir et al. 1999). Glutathione peroxidase (GPx)
and catalase activities were assayed using kits (Biovision,
Inc. California, USA).

using the cloned sequence for both IGF-1 and 18S rRNA
gene (NCBI Genbank accession no: AY996779 and
AB259837). The relative expression ratio was calculated
according to the mathematical model explained by Pfaffl
(Pfaffl 2001): Ratio = [(EIGF-I) ΔGF (control-sample)]/
[(Eactin) Ct (control-sample)].
Statistical analysis

One-way analysis of variance (ANOVA) was performed
to identify statistical differences among the dietary treatments using SPSS version 19.0 (SPSS Inc., Chicago, IL,
USA). When differences were identified by ANOVA,
Tukey’s HSD multiple test was applied (p < 0.05). Data
were presented as mean ± SD.

Results
Growth performance and feed utilization of red seabream were significantly influenced by the dietary taurine supplementation in each FM replacement (Table 2).
Final body weight (FBW) and weight gain (WG) of fish
was significantly improved by dietary taurine supplementation to SM diets. Interestingly, SM20-T and
SM35-T diets increased FBW and WG of fish to restore
the HFM effects. Feed intake (FI), feed conversion ratio
(FCR), and protein efficiency ratio (PER) of the fish fed
taurine-supplemented diets were higher than those of
their respective SM diets. The HFM effects were restored in fish fed SM20-T and SM35-T diets. However,
reduced growth and feed utilization of red seabreams
fed SM50 diet were not restored by taurine supplementation. Survival of fish was not affected by FM replacement or taurine supplementation. Hematological and
biochemical parameters of red seabream were not significantly affected by dietary taurine or FM replacement
(Table 3).

Expression levels of liver IGF-I mRNA

Liver samples were taken from three fish per tank and
frozen immediately in liquid nitrogen. Total RNA isolation and gene expression determination were conducted
according to Kim et al. 2017). The 18S rRNA gene was
used as the housekeeping gene. Primers were designed

Table 2 Growth performance and feed utilization of red sea bream fed the eight experimental diets for 20 weeks
FBW (g)1

WG (%)2
ab

HFM

185 ± 7.4

HFM-T

192 ± 2.9a
cde

SM20

170 ± 5.0

SM20-T

182 ± 5.1abc
de

SM35

165 ± 1.1

SM35-T

178 ± 4.0bcd
e

SM50

157 ± 7.1

SM50-T

171 ± 2.7cd

FI3
bc

FCR4
ab

77.6 ± 5.6

77.6 ± 1.8

92.0 ± 2.9a

83.8 ± 0.9a

bcd

abc

69.5 ± 5.0

71.4 ± 4.7

82.2 ± 5.1ab

75.3 ± 3.7abc

cd

bc

64.8 ± 1.1

66.5 ± 4.1

78.1 ± 4.0b

73.6 ± 9.8abc

d

c

56.7 ± 7.1

62.6 ± 3.3

70.8 ± 2.7de

65.4 ± 1.3bc

PER5

Survival (%)

1.16 ± 0.03

1.79 ± 0.04ab

91.7 ± 2.9

1.05 ± 0.04c

1.99 ± 0.07a

96.7 ± 2.9

bc

abc

abc

1.39 ± 0.25

1.53 ± 0.29

91.7 ± 5.8

1.06 ± 0.02bc

1.96 ± 0.04a

96.7 ± 2.9

abc

abc

1.25 ± 0.15

1.68 ± 0.18

96.7 ± 5.8

1.14 ± 0.04bc

1.82 ± 0.07ab

96.7 ± 5.8

a

c

1.62 ± 0.07

1.29 ± 0.06

95.0 ± 5.0

1.46 ± 0.27bc

1.46 ± 0.30bc

88.3 ± 7.6

Values are mean of triplicate groups and presented as mean ± SD. Values with different superscripts in the same column are significantly different (p < 0.05). The
lack of superscript letter indicates no significant differences among treatments
1
Final body weight
2
Weight gain = [(final body weight − initial body weight)/ initial body weight] × 100
3
Feed intake (g/fish) = dry feed consumed (g)/fish
4
Feed conversion ratio = dry feed fed/wet weight gain
5
Protein efficiency ratio = fish weight gain (g)/protein
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Table 3 Hematological parameters of red sea bream fed the
eight experimental diets for 20 weeks

level was significantly higher in fish fed HFM-T and
SM20-T diets. Expression level was reduced with the increase of SM levels in the diets. However, improved
IGF-1 was observed in fish fed taurine-supplemented diets compared to their respective SM diets.

Gunathilaka et al. Fisheries and Aquatic Sciences

Hematocrit
(%)

Hemoglobin
(g dL−1)

Glucose
(mg dL−1)

Cholesterol
(mg dL−1)

HFM

42.8 ± 3.56

6.47 ± 0.59

40.6 ± 2.9

211 ± 24

HFM-T

40.1 ± 0.84

6.01 ± 0.62

40.1 ± 1.4

215 ± 13

SM20

41.0 ± 1.86

5.89 ± 1.51

40.9 ± 3.7

210 ± 8

SM20-T

39.6 ± 8.55

6.24 ± 0.77

40.3 ± 2.4

212 ± 13

SM35

39.3 ± 7.23

6.11 ± 0.89

40.6 ± 2.6

224 ± 8

SM35-T

43.8 ± 2.68

6.01 ± 0.76

42.0 ± 1.4

217 ± 18

SM50

38.4 ± 2.36

6.29 ± 0.99

41.1 ± 4.6

215 ± 19

SM50-T

40.7 ± 5.13

6.36 ± 0.35

39.6 ± 2.2

219 ± 14

Values are mean of triplicate groups and presented as mean ± SD

In the results of innate immune parameters (Table 4),
the supplemental effect of taurine was not significant
in each respective diet. However, dietary taurine supplementation in each FM replaced groups numerically
increased the innate immunity of the fish. For the
anti-protease activity, fish fed SM50 and SM50-T only
showed significantly lower value than fish fed HFM
diet. In GPx activity, SM50 group only exhibited
significantly lower value than fish fed HFM diet, while
SM50-T group did not significantly differ from the
HFM group. Lysozyme and SOD activities were
significantly decreased in fish fed SM35, SM50, and
SM50-T diets compared to those of fish fed HFM diet.
In MPO activity, no significant difference was found
between HFM and other dietary groups. Whole body
proximate composition and biometric parameters
(Table 5) of red seabream were not significantly different
after 20 weeks of the feeding trial.
The relative expression level of hepatic IGF-1 mRNA
is shown in Fig. 1. Compared to HFM group, expression

Discussion
Growth performance and feed utilization of red seabream were improved by supplementing taurine in FM
replacement diets with plant protein source. Reduced
growth and feed utilization were observed in fish fed SM
diets. However, SM diets supplemented with 1% taurine
enhanced the growth of fish compared to their respective SM diets. Taurine is known as a feed attractant for
fishes. FI of fish can be enhanced by dietary taurine supplementation (Nguyen et al. 2015; Martins et al. 2018;
Wei et al. 2019). In the present study, FI of red seabream
fed taurine-supplemented diets was higher than that of
their respective SM diets. Therefore, it suggests that
taurine-added feeds are more attractable to red seabream compared to non-supplemented SM diets and its
feed palatability can be improved by taurine. Similarly,
we observed that the palatability of parrot fish diet was
enhanced by taurine supplementation (Lim et al. 2013).
It is well known that low FI leads to reduced growth
performance and feed utilization of fish as shown in the
present study. The positive growth effect of FM was restored in SM20 or SM35 diets by 1% taurine supplementation. On the contrary, Biswas et al. (2007) observed
that red seabream diet containing 30% SM (40% FM)
without taurine was not capable to restore fish growth
compared to a HFM diet (65% FM). However, in line
with our study, Takagi et al. (2006) found that HFM
effects can be restored in red seabream by feeding a
taurine added LFM diet. HFM effects were restored in

Table 4 Non-specific immune response of red sea bream fed the eight experimental diets for 20 weeks
AP1
HFM
HFM-T

GPx2

19.5 ± 1.17ab
a

20.5 ± 3.19

abc

95.2 ± 8.23ab
a

99.2 ± 4.40

bc

Lysozyme3

MPO4

5.4 ± 0.10a

1.45 ± 0.05ab

a

5.6 ± 0.24

ab

a

1.49 ± 0.07

ab

NBT5

SOD6

Ig7

0.93 ± 0.08

67.5 ± 0.5ab

21.1 ± 0.39

0.91 ± 0.09

70.2 ± 0.8a

20.2 ± 0.57

bc

SM20

18.8 ± 0.07

85.8 ± 2.43

4.6 ± 0.25

1.36 ± 0.06

0.95 ± 0.09

64.4 ± 1.5

20.2 ± 0.40

SM20-T

19.7 ± 0.30abc

92.2 ± 1.71abc

5.1 ± 0.22ab

1.42 ± 0.20ab

0.91 ± 0.17

67.2 ± 1.9ab

21.6 ± 0.83

cd

bcd

bc

b

b

SM35

17.1 ± 1.23

82.5 ± 3.47

4.7 ± 0.10

1.31 ± 0.05

0.88 ± 0.07

62.6 ± 0.6

19.9 ± 2.00

SM35-T

19.6 ± 0.79abc

87.6 ± 0.76bc

5.0 ± 0.08ab

1.37 ± 0.03ab

0.94 ± 0.01

64.6 ± 1.6bc

21.3 ± 1.57

d

c

b

b

d

SM50

15.4 ± 1.68

81.0 ± 2.29

4.2 ± 0.48

1.29 ± 0.05

0.98 ± 0.05

59.6 ± 0.8

19.8 ± 2.15

SM50-T

16.7 ± 1.56cd

84.0 ± 3.39bc

4.7 ± 0.09b

1.32 ± 0.02b

0.90 ± 0.19

60.6 ± 1.8d

21.3 ± 0.29

Values are mean of triplicate groups and presented as mean ± SD. Values in the same column having different superscript letters are significantly different (p <
0.05). The lack of superscript letter indicates no significant differences among treatments
1
Antiprotease (% inhibition)
2
Glutathione peroxidase activity (mU ml−1)
3
Lysozyme activity (μg mL−1)
4
Myeloperoxidase level
5
Nitro blue tetrazolium activity
6
Superoxide dismutase (% inhibition)
7
Total immunoglobulin (mg mL−1)
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Table 5 Whole body proximate composition (wet basis) and biometric parameters of red sea bream fed the eight experimental
diets for 20 weeks
Dry matter (%)

Protein (%)

Lipid (%)

Ash (%)

CF1

HSI2

VSI3

HFM

36.1 ± 1.9

17.4 ± 0.2

12.1 ± 1.9

4.3 ± 0.53

2.11 ± 0.24

0.95 ± 0.23

5.61 ± 0.25

HFM-T

37.5 ± 2.4

18.3 ± 0.7

10.2 ± 0.3

4.0 ± 0.49

1.97 ± 0.13

0.90 ± 0.07

5.58 ± 0.56

SM20

35.8 ± 0.9

16.1 ± 1.5

10.1 ± 1.5

4.7 ± 0.97

2.06 ± 0.19

1.17 ± 0.42

6.28 ± 0.11

SM20-T

36.0 ± 3.3

15.8 ± 2.2

11.7 ± 0.8

4.2 ± 0.46

2.10 ± 0.11

1.00 ± 0.14

5.88 ± 0.55

SM35

37.2 ± 0.5

18.4 ± 0.5

11.9 ± 1.8

4.3 ± 0.92

2.06 ± 0.12

0.94 ± 0.10

5.91 ± 0.23

SM35-T

38.7 ± 2.9

19.3 ± 0.5

10.6 ± 1.5

4.3 ± 0.43

2.17 ± 0.22

1.03 ± 0.22

5.53 ± 0.37

SM50

36.0 ± 0.4

18.1 ± 0.6

11.1 ± 0.5

3.8 ± 0.47

2.12 ± 0.08

0.92 ± 0.04

5.25 ± 0.68

SM50-T

38.6 ± 1.8

17.1 ± 2.3

11.3 ± 0.3

4.2 ± 0.15

1.95 ± 0.15

0.85 ± 0.07

5.25 ± 0.05

Values are mean of triplicate groups and presented as mean ± SD
1
Conditional factor = (Fish weight/Fish length3) × 100
2
Hepatosomatic index = (Liver weight/Fish weight) × 100
3
Viscerosomatic index = (Viscera weight/Fish weight) × 100

common dentex (Dentex dentex) by feeding a LFM diet
in which 40% FM was replaced by SM with taurine supplementation (Chatzifotis et al. 2008). In our previous
study, we observed that 30% FM was successfully replaced with SM in diet for parrot fish with 1% taurine
(Lim et al. 2013). Therefore, it can be assumed that
growth performance of red seabream which is negatively
affected by SM can be restored or compensated by taurine supplementation to the diets containing high proportion of plant protein ingredients as FM substitutes.
Taurine can stimulate the secretion of connective tissue
growth factor (CTGF) in a dose-dependent manner (Yuan
et al. 2007). CTGF is rich in cysteine, mitogen, fibroblast,
and angiogenic factors involved in development and regulation of tissue growth (Bradham et al. 1991; Wang et al.
2015). Therefore, taurine-supplemented diets might
exhibit the ability to compensate growth of fish fed SM
diets. In addition, SM contains anti-nutritional factors
such as glycinin, β-conglycinin, tannin, phytic acid,

saponins, and trypsin inhibitors (Francis et al. 2001). As a
result of these anti-nutritional factors, growth of fishes
can be reduced when they were fed diets having a
high level of SM (Wilson and Poe 1985; Wang et al.
2016; Nguyen et al. 2017). Dietary SM supplementation
was known to downregulate the synthesis of bile acid and
enterohepatic circulation of rainbow trout (Oncorhynchus
mykiss) (Murashita et al. 2018). However, Yu et al. (2013)
observed that growth inhibitory effects of SM can be compensated by taurine, lysine, and methionine supplementation for juvenile obscure puffer (Takifugu obscurus). In the
present study, similarly, taurine supplementation seemed
to compensate the growth inhibitory effect induced by SM
in red seabream.
In teleost fish, innate immunity is the most important
defense mechanism against bacterial infections. Innate
immune parameters of red seabream were significantly
improved by the dietary taurine supplementation in the
present study. However, dietary SM supplementation for

Fig. 1 Liver insulin-like growth factors I (IGF-I) mRNA expression of red seabream for each diet group expressed as a ratio to control diet values.
Data are presented as mean ± SD from three replicate tanks. Different letters above the bars denote significant differences between diet groups
at the p < 0.05 level
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FM replacement caused reduced performance of the innate immune response. Taurine exerts ability to enhance
immunity of fish and shellfish. For instance, innate immune responses of olive flounder were enhanced in fish
by 0.25–1.0% taurine supplementation in a FM diet
(Kim et al. 2017). Dong et al. (2018) found that dietary
supplementation of taurine is important to improve the
innate immunity of Chinese mitten crab (Eriocheir sinensis). Immune parameters of yellow catfish (Pelteobagrus
fulvidraco) were significantly enhanced by dietary taurine supplementation (Li et al. 2016). Therefore, it is believed that the increased immunity of red seabream in
the present study was due to the dietary taurine supplementation. There is no report about the exact mechanisms by which taurine improve the immunity of fish.
However, it was reported that taurine can enhance the
functions of leucocytes (Wang et al. 2009). Leucocytes
are the site for immune functions such as phagocytosis
and respiratory burst. Mühling et al. (2002) observed
that the generation of superoxide anion and hydrogen
peroxide was decreased in human leucocytes that were
incubated with taurine. On the other way, radical
scavenging activity was increased after incubation with
taurine. The study suggested that extracellular and intracellular taurine might act as an antioxidant to improve
immune function. Accordingly, in our case, the increased SOD and MPO activities in red seabream might
be attributed to the reduction of superoxide and peroxide anion by taurine supplementation in its diet indicating that the immunity of the fish fed SM diets without
taurine was decreased. Previous reports elucidated that
immune responses of fish can be reduced with the increase of SM level in their diets (Burrells et al. 1999;
Buentello et al. 2010; Deng et al. 2013). Bakke-McKellep
et al. (2000) observed a decreased immunoglobulin M
level in Atlantic salmon (Salmo salar) following a SM
diet feeding. Also, dietary SM increased the susceptibility
of Atlantic salmon to furunculosis (Krogdahl et al. 2000)
and mortality of channel catfish (Ictalurus punctatus)
after a challenge against Edwardsiella ictaluri (Peres
et al. 2003) as a result of reduced immunity. However, in
our case, reduced immunity of red seabream fed SM
diets up to 35% FM replacement was successfully
recovered by 1% taurine incorporation to their respective
SM diets.
In the present study, an improved expression level of
IGF-1 mRNA was observed in fish fed taurinesupplemented diets compared to the respective SM
diets. In a previous study, we observed that IGF-1
mRNA expression of olive flounder can be enhanced by
dietary taurine supplementation (Kim et al. 2017). IGF1, also known as somatomedin C, is an endocrine hormone which is produced in liver to mediate prenatal and
postnatal growth of vertebrates (Coleman and Tsongalis

Page 7 of 10

2010). IGF-1 production in fishes is stimulated by
growth hormone (GH) and modulated by nutritional
status (Beckman 2011). Expression of IGF-1 in fish can
be downregulated by feeding a high-plant protein diet
(Gaylord et al. 2007; Espe et al. 2016). Gaylord et al.
(2007) observed upregulated IGF-1 expression in
rainbow trout plasma when the fish was fed a taurinesupplementedall-plant protein diet. Exact mechanism for
the upregulation of IGF-1 by taurine is unclear in fishes.
However, GH secretion of animals was induced by taurine in previous studies (Collu et al. 1978; Ikuyama et al.
1988; Huxtable 1992; Moon et al. 2015). Also, production of IGF-1 in gilthead sea bream (Sparus aurata) was
enhanced by GH administration (Pérez-Sánchez et al.
1994). Therefore, secretion of IGF-1 might be stimulated
by GH in fishes. Increased GH secretion by dietary taurine supplementation might be a reason to the increased
expression levels of liver IGF-1 in the present study.
Moreover, Pérez-Sánchez et al. (1994) observed that
hepatic IGF-1 level in gilthead sea bream was increased
with the increase of feed consumption. Accordingly, FI
of red seabream was increased by 1% taurine supplementation to SM diets in the present study and IGF-1
level was significantly increased with the FI.
Biochemical and biometric parameters of red seabream were not significantly affected by FM replacement
with SM or taurine supplementation. In the previous
studies, plasma total protein, total cholesterol, triglyceride levels, and HSI of red seabream were significantly reduced when fish were fed taurine-incorporated LFM diet
in which 70% of FM was replaced with SM (Goto et al.
2001). Kim et al. (2017) observed that hematocrit and
hemoglobin level of olive flounder were significantly
enhanced by taurine supplementation to their diets. It
seems that there is a discrepancy among biochemical
and biometric results obtained from different studies on
dietary taurine supplementations.

Conclusions
The results proved that taurine exhibits ability to alleviate
negative effects caused by SM on growth performance,
feed utilization, innate immunity, and IGF-1 mRNA expression of red seabream at low water temperature. Also,
the optimum replacement level of FM with SM might be
35% in red seabream diet with 1% taurine supplementation. These findings will help understand the role of taurine in fishes when dietary FM is replaced with plant
protein sources in a high level.
Abbreviations
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Abstract
Sporophylls from sea mustard, Undaria pinnatifida, which are by-products in seaweed production industries, were
taken from Hansan Island, Tongyeong, and Gijang, Busan, and investigated for their fucoidan content and corresponding
antioxidant activities. The extracted fucoidan yield from sporophylls of sea mustard samples from Tongyeong (TF) and
Gijang (GF) were 12.1% and 13.6%, respectively. The antioxidant activities assessment of TF and GF extracts showed
relative significant difference between samples, suggesting effect of location on bioactivities of fucoidan samples. GF was
50–68% more effective than TF against DPPH and superoxide radicals samples which may be attributed to the difference
in their degree of sulfation and monosaccharide composition. Meanwhile, TF exhibited greater scavenging activity against
hydroxyl radicals compared to GF which could be due to protein impurities.
Keywords: Brown seaweed, Sea mustard, Undaria pinnatifida sporophyll, Fucoidan, Antioxidant activity

Background
With the advent of health awareness and health-conscious
buyers, consumption of seaweeds and related goods has
progressively increased in the market. Seaweeds are
nutrient-rich food source mainly composed of proteins,
amino acids, non-protein nitrogen, lipids, dietary fiber, vitamins, and minerals, as well as various bioactive compounds
which are significant for biomedical, pharmaceutical, and
health products. Bioactive compounds derived from seaweeds have been studied for anti-inflammatory, antiviral,
anti-thrombic, and anticoagulant activities, anticancer and
antitumor properties, anti-obesity, anti-diabetic, antihypertensive, and anti-hyperlipidemic capabilities (Bedoux
et al. 2014; Smit 2004). However, the high demand in seaweed production has resulted to a substantial amount of
by-products, which usually end up being dumped back to
the ocean, during and after processing (Shi et al. 2019).
One example of the commercially cultivated species is
Undaria pinnatifida or sea mustards. From the family of
* Correspondence: bdchoi@gnu.ac.kr
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Industry, Gyeongsang National University, Tongyeong 53064, South Korea
Full list of author information is available at the end of the article

brown seaweeds, and locally known as “Miyeok” in South
Korea or “Wakame” in Japan, sea mustard is also considered a food commodity in China (Kim and Choi 1994). In
seaweed processing industries, sea mustard by-products,
such as sporophylls, are found to have essentially the same
components to that of sea mustard, even after fermentation,
and are examined as potential alternative nutrient source
for broilers as animal feedstock (Shi et al. 2019).
Reactive oxygen species (ROS), which include superoxide (O2−) and hydroxyl radicals (OH), and hydrogen
peroxides (H2O2) are considered double-edged swords.
While playing a crucial role in several biological functions such as intracellular messaging, cellular differentiation, growth arrestment, apoptosis, immunity, and
defense against microorganisms, generated ROS may
also exceed their antioxidant capacity, disrupt the redox
balance, and, therefore, cause oxidative stress which, in
turn, leads to cellular dysfunction. Oxidative stress takes
a major part in the progression of some ailments like
atherosclerosis, hypertension, aging, Alzheimer’s disease,
kidney malfunction, and even cancer (Roberts and
Sindhu 2009), and accumulated evidence also supported
the relationship of increased oxidative stress with

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Neri et al. Fisheries and Aquatic Sciences

(2019) 22:24

diabetes and its complications (Henriksen et al. 2011).
Antioxidant supplements have been reported to significantly reduce ROS generation and reinforce immune
system defense, consequently preventing and delaying
cell damage. Compared to synthetic counterparts, the
public prefer natural antioxidants with minimum side effects due to growing health safety concerns (Nishibori
et al. 2012). As a result, exploration of prospective antioxidants from plant and marine sources has become a
trend, in the hopes of treating degenerative diseases.
Over the decades, fucoidan, a bioactive polysaccharide
known for its antioxidant and other anti-proliferative activities, has been isolated from various brown seaweed
species Ecklonia cava, Ascophylum nodusum, Laminaria
japonica, and U. pinnatifida (Mak et al. 2013; Wang
et al. 2009; Hu et al. 2010; Wijesinghe and Jeon 2012).
In this study, we investigated fucoidan content from sporophylls of sea mustard from two different locations,
Tongyeong and Gijang, in South Korea in order to promote utilization of by-products from Miyeok cultivation
and processing, as potential bioactive compounds
source, to develop health-related natural products. The
isolated crude fucoidan extracts were tested for presence
of fucose, protein residue, amino sugars, sulfate (sulfated
glycans), and uronic acid and evaluated for antioxidant
activities.

Materials and methods
Cultured sea mustards (U. pinnatifida) were collected
from the coastal areas of Hansan Island in Tongyeong
(TF) and Gijang in Busan (GF), respectively. Sea mustard
sporophylls were washed, drained of excess water, and airdried, protected from direct sunlight. The dried sporophylls were then pulverized using a grinder and kept in
zip-locked bags at − 20 °C until further analysis.
Chemical and radical reagents including 1,1-diphenyl-2picrylhydrazyl (DPPH), nicotinamide adenine dinucleotide
(NADH), nitro blue tetrazolium (NBT), phenazine methosulfate (PMS), ethylenediaminetetraacetic acid (EDTA), 1,
9-dimethylmethylene blue (DMMB), 3-methyl-2-benzothiazolinone hydrazine hydrochloride (MBTH), and
hydrogen peroxide (H2O2) as well as fucoidan from Fucus
vesiculosus, D-galactose, bovine serum albumin (BSA), Lfucose, chondroitin-6-sulfate, N-acetyl-D-glucosamine,
and D-glucuronic acid standards were all purchased from
Sigma-Aldrich (St. Louis, MO, USA). Ascorbic acid and
other reagents used were HPLC or analytical grade.
Extraction, purification, and chemical composition of
fucoidan

Crude fucoidan was obtained using hot water extraction
method by dispersing the defatted sea mustard sporophyll powder in distilled water (1:30 w/w ratio) with
constant stirring for 3 h in a water bath at 80 °C. The
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solution was filtered and the filtrate was neutralized to
pH 7.0 before adding anhydrous ethanol at a final concentration of 20% (v/v) ethanol-filtrate mixture to separate alginic acid. The mixture was then centrifuged at
5376×g for 30 min. The collected precipitate was dissolved in distilled water, dialyzed in deionized water for
48 h (MWCO 3600 Da), and lyophilized. The freezedried crude fucoidan was further purified by fractionation via anion-exchange chromatography method described by Mak et al. (2013) with minor modifications.
Five grams of crude fucoidan was dissolved in 20 mL
Tris-HCl buffer (0.05 M, pH 7.4) and passed through a
DEAE-Sephadex A-25 column (2.6 × 15 cm), which is
equilibrated with Tris-HCl buffer and connected to a
fraction collector (Bio-Rad 2110, CA, USA). The first
fraction was eluted with Tris-HCl buffer, followed by a
step-wise elution with 0–2.0 M NaCl solution at a flowrate of 2 ml/min while eluates, were automatically collected at 4 ml per tube. An aliquot from each eluted
sample was checked for presence of sugars using
phenol-sulfuric acid method by Dubois et al. (1956) to
determine the changes in each elution. Elution was done
until no more sugars were present. Carbohydratepositive fractions were then pooled together, dialyzed in
deionized water for 48 h (MWCO 10.000 kDa), freezedried, and stored in air-tight containers for further use
in succeeding antioxidant activity assays. The crude
fucoidan extracts were evaluated for total sugar content,
protein residue, fucose, sulfate, amino sugars, and uronic
acids using the following methods, respectively: phenolsulfuric assay with D-galactose as standard (Dubois et al.
1956); Lowry method with BSA as standard; fucose determination with cysteine-sulfuric acid reaction; metachromasia assay with DMMB with chondroitin-6-sulfate
as standard (Barbosa et al. 2003); MBTH assay with Nacetyl-D-glucosamine as standard (Tsuji et al. 1969); and
carbazole assay with D-glucuronic acid as standard
(Cesaretti et al. 2003).
DPPH radical scavenging activity

DPPH radical scavenging activity (RSA) of purified
fucoidan extracts were analyzed according to slightly
modified method by Shimada et al. (1992). Different
concentrations (0.01–1 mg/mL) of sample and standard
solutions were prepared in 40% methanol, and 4 mL aliquots were mixed with 1 ml of 0.1 mM methanolic
DPPH. The mixtures were shaken vigorously and
allowed to stand in the dark at room temperature for 35
min. Absorbance was measured at 517 nm. Ascorbic acid
served as standard while 40% methanol was used as
blank. Fucoidan standard (Sigma-Aldrich, St. Louis, MO,
USA) was used as control for comparison. All determinations were performed in triplicate and DPPH RSA was
computed using the following equation: DPPH radical
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scavenging activity (%) = 1 − (A/A0) × 100, where A and
A0 were the relative absorbances of DPPH solution with
and without standard or sample added, respectively.
Lower absorbance of reaction mixture indicated higher
radical scavenging activity.
Superoxide radical scavenging activity

Superoxide RSA assay was performed based on method described by Nishikimi et al. (1972) with some adjustments.
Superoxide radicals were generated in the PMS-NADH system of 3 mL Tris-HCl buffer (16 mM, pH 8.0) containing
338 μM NADH, 72 μM NBT, 30 μM PMS, and varying concentrations (0.01–1 mg/mL) of sample or standard solutions.
The mixture was incubated at room temperature for 5 min
and absorbance was read at 560 nm against Tris-HCl buffer
as blank using microplate reader (Spectramax M2 Molecular
Devices, Sunnyvale, CA, USA). Analysis was done in triplicates, and ascorbic acid was used as standard and fucoidan
(Sigma-Aldrich, St. Louis, MO, USA) was used as control for
comparison. Superoxide RSA was calculated using the following formula: Superoxide radical scavenging activity (%) =
1 − (A/A0) × 100, where A and A0 were the relative absorbances of radical solution with and without standard or sample added, respectively. Reaction mixture with lesser
absorbance exhibited greater superoxide anion scavenging
activity.
Hydroxyl radical scavenging activity

Hydroxyl RSA of extracted fucoidan from sea mustard
was measured using a modified method by Smironoff
and Cumbes (1989). An aliquot (1 mL) of sample and
standard solutions with different concentrations (0.01–1
mg/mL) was mixed with 1 mL of sodium phosphate buffer (0.15 M, pH 7.4) containing 10 mM FeSO4, 10 mM
EDTA, and 2 mM sodium salicylate and 1 ml of 3%
H2O2. The mixtures were incubated at 37 °C for 30 min,
and absorbances were measured at 510 nm. Analysis was
done in triplicates and ascorbic acid was used as standard, and fucoidan (Sigma-Aldrich, St. Louis, MO, USA)
was used as control for comparison. A sample blank was
prepared by substituting sample solution with distilled
water and replacing H2O2 with sodium phosphate buffer
(0.15 M, pH 7.4). Hydroxyl RSA was estimated using the
equation: Hydroxyl radical scavenging activity (%) = 1
− (A/A0) × 100, where A and A0 were the relative absorbances of sample and sample blank reaction mixtures,
respectively.
Statistical analysis

All data were analyzed with analysis of variance using
SAS software for Windows (SAS ver. 9.2, SAS Institute,
Cary, NC, USA). Duncan’s multiple-range test was used
to detect significant differences (p < 0.05) between means
(n = 3).
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Results and discussion
Sea mustard sporophyll’s fucoidan content

Brown seaweeds are rich in sulfated polysaccharides which
are potential functional or nutraceutical ingredients.
Seaweed-derived polysaccharides, including fucoidan, have
been used in food, pharmaceutical, cosmetics, and other
industries (Wijesinghe and Jeon 2012). The extracted
fucoidan from sporophylls of sea mustard, U. pinnatifida,
from Tongyeong (TF) and Gijang (GF) were 12.1% and
13.6%, respectively. These results were slightly different
from the study by Jeon et al. (2012), wherein they assessed
29 alga species and reported yields of 6.2%, 9.2%, 8.8%,
and 14.2% crude polysaccharide ethanolic extracts, for
sporophyll of U. pinnatifida, U. pinnatifida, Sargassum
fulvellum, and Sargassum thunbergii, accordingly, with
higher yields (34.8%, 30.8%, and 30.6%, respectively) for
Dictyota dichotoma, Capsosiphon fulvescens, and Enteromorpha compressa.
Fucoidan content from seaweeds could vary from species to species, extraction method, geographical location,
and seasonal variation (Rani et al. 2017). Aside from species variety, the extraction method used by Jeon et al.
(2012) was not specific for fucoidan which could result
to other compounds, such as alginic acid, to be included
and affect the yield. In another study, Lee YK, Lim, Lee
YH, and Park (2006) investigated three cultivars of U.
pinnatifida in Korea with a lower yield (1.0–3.8%) of
fucoidan extracts while higher but comparable data
(13.71–26.34%) was observed for the same species in
New Zealand by Mak et al. (2013). Although similar species was used in these studies, the different fucoidan extraction yields may have resulted from different
extraction methods utilized and geographical location of
the samples. Lee et al. (2006) used dilute acid extraction
method which could have affected the extraction rate
due to fucoidan’s reduced solubility at lower pH values
while Mak et al. (2013) employed calcium chloride
extraction.
Bioactive sulfated polysaccharides from brown seaweeds increasingly gained attention in scientific fields,
particularly in pharmacology and biochemistry. Functional polysaccharides like fucans and alginic acid derivatives from brown seaweeds have demonstrated a variety
of biological properties such as anticoagulant, antiinflammatory, antiviral, antitumor, and antioxidant activities (Wijesinghe and Jeon 2012). Additionally, antiapoptotic, anti-rheumatic, and anti-mutagenic properties
of seaweeds were revealed to be mediated by their antioxidant activities (Choi et al. 2006). The crude fucoidan
extracts were evaluated for total sugar, fucose, protein
residue, amino sugars, sulfated glycans, and uronic acid
content, as shown in Table 1.
Total sugar, fucose, protein residue, amino sugars, sulfate, and uronic acid content of fucoidan extract from
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Table 1 Chemical composition of crude fucoidan from sea
mustard sporophylls
TF

GF

Total sugars (%)

13.27 ± 0.36

13.39 ± 0.36

Protein residue (%)

1.15 ± 0.04

1.20 ± 0.06

Fucose (μg/mg)

285.57 ± 1.73

305.33 ± 1.72

Sulfated glycans (μg/mg)

708.16 ± 1.75

839.83 ± 1.71

Amino sugars (μg/mg)

253.94 ± 1.06

315.95 ± 1.17

Uronic acid (μg/mg)

402.13 ± 1.53

470.41 ± 1.27

Values are presented as mean ± SD (n = 3)

Tongyeong was composed of 13.27% total sugar, 1.15%
protein, 285.57 μg/mg fucose, 708.16 μg/mg sulfated glycans, 253.94 μg/mg amino sugar (hexosamines), and
402.13 μg/mg uronic acids. Meanwhile, components of
GF were slightly higher (13.39% total sugar, 1.20%
protein, 305.33 μg/mg fucose, 839.83 μg/mg sulfated glycans, 315.95 μg/mg amino sugar (hexosamines), and
470.41 μg/mg uronic acids) than TF (13.27% total sugar,
1.15% protein, 285.57 μg/mg fucose, 708.16 μg/mg sulfated glycans, 253.94 μg/mg amino sugar (hexosamines),
and 402.13 μg/mg uronic acids). These data showed the
heterogeneous nature of the composition of crude fucoidan extracted from both locations which were relatively
comparable to the data in brown seaweed species reported by Mak et al. (2013), for U. pinnatifida, and Liu
et al. (2016), for Sargassum pallidum. Additionally, the
results confirmed presence of sulfated glycans with fucose residue in the crude extracts. Structural characteristics of fucoidan could be dependent on extraction
technique, seaweed species, harvest season, geographical
location, and algal maturity (Mak et al. 2013), which
could explain the difference in data obtained from TF
and GF samples. Presence of protein denoted the inherent nature of fucoidan to retain salts and protein which
could be a part of the fucoidan structure or just a mere
contaminant. Hayakawa and Nagamine (2009) suggested
that pure fucoidan should have 0.1% or less of protein
content; therefore, the fucoidan extracts in this study
were in their crude forms. Nonetheless, these components influence the bioactivity of the fucoidan extracts
from this study (Skriptsova et al. 2012).
DPPH radical scavenging activity of sea mustard fucoidan

DPPH is a stable free radical, typically used to evaluate antioxidant capacity of bioactive compounds in
different samples. Antioxidants with hydrogendonating capability reduce DPPH into a stable diamagnetic molecule, as indicated by the decrease in
absorbance at 517 nm (Oktay et al. 2003). As shown
in Fig. 1, the scavenging activity of sea mustard fucoidan extracts against DPPH radicals increase with increasing concentrations. DPPH RSA of GF was

comparatively higher than TF at all concentrations.
At 0.01 mg/ml, DPPH RSA of both TF (4.64%) and
GF (9.20%) were higher than the control fucoidan
(2.78%). However, as concentration of samples increased to 1 mg/ml, DPPH RSA of control fucoidan
(47.15%) was higher than the crude fucoidan extracts
(12.84% and 21.47%, respectively for TF and GF).
Wang et al. (2009) observed similar results (5–25%
DPPH RSA at 0.5–4.0 mg/ml) for synthesized fucoidan derivatives (oversulfated, acetylated, and benzoylated) from L. japonica from Qingdao, China. In
addition, relatively comparable DPPH scavenging activities (4–35% RSA at 0.2–1.4 mg/ml) of desulfatedfucoidan fractions from U. pinnatifida, also from
Qingdao, China, were reported by Hu et al. (2010).
Meanwhile, fucoidan fractions from U. pinnatifida
from New Zealand (Mak et al. 2013) exhibited higher,
almost double, DPPH RSA than the observations in
this study. This may be due to the variation in molecular weight, degree of sulfation, and monosaccharide composition influencing fucoidan’s biological
activities (Skriptsova et al. 2012). The fucoidan extracts from this study have molecular weights roughly
10.000 kDa, which is lower compared to the fucoidan
fractions from U. pinnatifida from New Zealand (molecular weights ranging from 22 to 171 kDa), which
may explain the higher DPPH RSA compared to TF
and GF samples. EC50, an indication of the effective
concentration of the antioxidant to scavenge 50% of
the radicals, of the crude fucoidan extracts were also
computed. TF (5.60 mg/ml) was found to have higher
EC50 than GF (3.82 mg/ml), which implied that GF
was more effective than TF against DPPH radicals.
Superoxide radical scavenging activity of sea mustard
fucoidan

Superoxide anions are considered predecessors of singlet
oxygen, hydrogen peroxide, and hydroxyl radicals, thus,
indirectly triggering lipid peroxidation, as well as magnifying oxidative cellular damage in lipids, proteins, and
DNAs and further intensifying ailments such as arthritis
and Alzheimer’s disease (Wang et al. 2009). The scavenging ability of sea mustard fucoidan samples on superoxide radicals were examined in a concentration
dependent manner (Fig. 2), and the same trend was observed as with DPPH RSA; superoxide RSA of TF and
GF was significantly higher as concentration increased.
GF exhibited a notable increase in superoxide RSA from
0.1 mg/ml (29.3%) to 1 mg/ml (39.2%) with EC50 value of
1.63 mg/ml. Meanwhile, TF demonstrated superoxide
RSA of 22.6% at 0.1 mg/ml and 26.8% at 1 mg/ml with
EC50 of 3.22 mg/ml. These results are slightly lower but
almost similar to the data reported by Hu et al. (2010),
which range from 10 to 45% RSA at 0.6–1.6 mg/ml of U.
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Fig. 1 DPPH radical scavenging activity of sea mustard-derived fucoidan. Data presented as means ± SD (n = 3). Bars with different superscripts
significantly vary from each other (p < 0.05)

pinnatifida fucoidan extract from China. TF and GF
were detected to have greater inhibitory effect on superoxide than DPPH radicals, as displayed by their EC50
values. This could be due to superoxide anions being
relatively weaker oxidants compared to DPPH and other
radicals (Wang et al. 2009). Based on the resulting EC50,
GF exhibited greater scavenging ability against superoxide radicals than TF, which may be credited to the
higher sulfated glycan contents in GF (839.83 μg/mg)
compared to TF (708.16 μg/mg) as electron-donating
constituents (like sulfate groups) increase RSA (Wang
et al. 2009).

Hydroxyl radical scavenging activity of sea mustard
fucoidan

Hydroxyl radicals, OH, are the most active and potent
among reactive oxygen species which cause severe damage
to neighboring biomolecules like carbohydrates, proteins,
lipids, and nucleic acids and initiate aging, cancer, and
other degenerative diseases (Chung et al. 1997). Hence,
inhibiting or scavenging hydroxyl radicals is vital for antioxidant defense. TF and GF hydroxyl radical scavenging
activity were also evaluated in a concentration-dependent
manner (Fig. 3). As the concentration increased, TF and
GF samples showed greater hydroxyl RSA (TF: 8.4%,

Fig. 2 Superoxide radical scavenging activity of sea mustard-derived fucoidan. Data presented as means ± SD (n = 3). Bars with different letters
significantly vary from each other (p < 0.05)
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Fig. 3 Hydroxyl radical scavenging activity of sea mustard-derived fucoidan. Data presented as means ± SD (n = 3). Bars with different letters
significantly vary from each other (p < 0.05)

13.4%, and 25.6%, and GF: 10.4%, 14.9%, and 16.6%, respectively, at 0.01 mg/ml, 0.1 mg/ml, and 1 mg/ml). These
results were more or less the same to the hydroxyl RSA of
crude fucoidan extracted from L. japonica (5–20% RSA at
0.5–2.10 mg/ml) from Qingdao, China (Wang et al. 2009),
and moderately lower than that of U. pinnatifida (12–35%
RSA at 0.6–1.2 mg/ml), also from China (Hu et al. 2010).
Previous studies reported two types of antioxidant mechanism: inhibiting hydroxyl radical generation by formation
of metals complexes and scavenging the hydroxyl radicals
generated which is related to iron chelating ability (Shon
et al. 2003). The observed hydroxyl radical RSA of TF and
GF were lower than the control fucoidan (13.7%, 24.8%,
and 40.2%, accordingly, at 0.01 mg/ml, 0.1 mg/ml, and 1
mg/ml). Moreover, TF (EC50: 2.53 mg/ml) was found to
be more effective against hydroxyl radicals than GF (EC50:
8.40 mg/ml) which could be due to the protein impurities
in the extracts. GF (1.20%) was found to have slightly
higher protein residue than TF (1.15%) which could have
interfered with their hydroxyl RSA.

Conclusions
Fucoidan extracted from sea mustard sporophylls from
Tongyeong (TF) and Gijang City (GF) both demonstrated lower scavenging activity on DPPH, superoxide,
and hydroxyl radicals when compared with ascorbic acid
as positive control and pure fucoidan standard as sample
control. This could be caused by the impurities present
in the crude fucoidan extracted in this study which was
supported by the presence of protein residue greater
than 0.1%. GF had greater total sugar, fucose, amino
sugar, sulfated glycans, and uronic acids content than
TF which resulted to GF exhibiting higher RSA against
DPPH and superoxide radical. On the other hand, TF

displayed higher RSA than GF against hydroxyl radical
only which could be caused by greater interfering protein impurities in GF. Further characterization (structure
elucidation) and derivatization (acetylation, sulfation,
etc.) is recommended to identify the mechanism of antioxidant action in each sample which may improve corresponding bioactivities of TF and GF. Although the crude
fucoidan extracts in this study, TF and GF, exhibited
lower antioxidant activities compared to ascorbic acid
and pure fucoidan, the results showed a prospect of utilizing/exploiting sea mustard sporophylls, which are byproducts in seaweed processing,
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Abstract
Background: Due to the continuous demand for fish coupled with decline in capture fisheries, there is the need to
increase aquaculture production to meet the demand. Aquaculture is faced with high cost of feeding since fish oil
and fish meal are expensive. In view of this, there are calls to explore alternatives that are cheap and reliable.
Objectives: This study on Oreochromis niloticus was conducted to evaluate the effects of replacing fish oil (FO) with
palm oil (PO) at 0%, 25%, 50%, 75%, and 100% on muscle fatty acid and proximate composition as well as growthrelated enzyme activities and mRNA expression.
Methods: Oreochromis niloticus were fed five experimental diets (33% crude protein and 10% crude lipid) for
8 weeks. Feed had variation in fish oil and palm oil contents. After the 8 weeks feeding trial, five fish were sampled
from each tank (15 from each treatment) and euthanized using an excess dose of tricaine methane sulfonate (MS222 at 200 mg/L). Fatty acid and enzyme activities were analyzed using standard protocols. Also, RT-qPCR was used
to quantify the expression levels of selected growth-related genes.
Results: Fish fed 25% PO recorded the least muscle protein content and was significantly lower than the group fed
100% PO. Paired box protein 7 (Pax-7) enzyme activity was significantly higher in the group fed 50% PO compared
to the groups fed 25% PO and 100% PO, while caplain-3 (Capn-3) was significantly lower in the group fed 0% PO
compared to all other groups. There was a significant difference among treatments with respect to mRNA
expression of Pax-7 and Capn-3. Group fed 25% PO had significantly lower mRNA expression of Pax-7, while the
group fed 75% PO recorded significantly higher mRNA expression of Capn-3 compared to groups fed 0% PO, 25%
PO, and 100% PO. Pearson’s correlation analysis revealed that Igf-I and Igf-II mRNA expression have significant
correlation with n-3 polyunsaturated fatty acids content in muscle.
Conclusion: The results suggest muscle protein content could be modified if FO is replaced with PO. Also, mRNA
expression of Pax-7 and Capn-3 is affected by replacing FO with PO.
Keywords: Activity, Gene expression, Growth regulation factor, Hyperplasia, Hypertrophy, Muscle growth, Nile
tilapia, Palm oil
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Introduction
Dietary vegetable oils are used as feeding material to replace the fish oil due to their abundance and relatively
cheaper prices. Several studies have reported that replacing fish oil with vegetable oils enhances growth performance as reported in Atlantic salmon (Menoyo et al.
2005) and tilapia (Apraku et al. 2017) while others have
documented a change in fatty acid composition (Li et al.
2015, 2016). Lipids are reported to spare protein in several fish species such as grass carp and tilapia (Gao et al.
2011). However, less attention has been given to the
effects replacement of fish oil with vegetable oils have
on genes involved in muscle development which leads to
growth.
The entire body of fish is composed of approximately
40–60% skeletal muscle. Fish have the ability to recruit
new muscle fibers throughout their life time. Muscle
growth progress by hypertrophy and hyperplasia which
might be modulated by nutrition. Muscle growth is also
controlled by several genetic factors such as growth hormone (GH), insulin-like growth factors (Igfs), and paired
box proteins (Paxs) (Johnston et al. 2008). Signaling by
these factors affects the balance between anabolic and
catabolic processes within muscle, whereas growth occurs when protein synthesis outweighs degradation. GH
stimulates muscle growth in fish by inducing proliferation of myogenin cells and muscle hyperplasia and/or
hypertrophy. IGFs are peptides structurally related to insulin that include IGF-1 and IGF-2 (Duan et al. 2010)
and directly stimulate muscle cell proliferation, differentiation, and hypertrophy and inhibit muscle atrophy. IgfI is the major anabolic agent responsible for tissue
growth in mammals and teleost fish, and alteration in
Igf-I gene expression can partly account for changes in
growth rate induced by feed intake (Duan 1998). Pax-7
gene is a powerful regulator of muscle progenitors and
satellite cells that contributes to the proliferation of
myogenic cells during the secondary myogenesis in fish.
Therefore, all of these genes act as a positive regulator
of muscle growth that promotes hyperplasic and/or
hypertrophic muscular growth.
In addition, muscle growth mechanisms are regulated
by the sequential expression of the myogenic regulatory
factors family, which includes MyoD and myogenic
(MyoG) (Asaduzzaman et al. 2011). MyoD regulate the
activation and proliferation of satellite cells towards a
myogenin lineage, whereas myogenin act on cell differentiation and fusion of myoblasts to form myofibers
(Watabe 2001). During muscle growth, the expression of
MyoD and myogenin is related to hyperplasia and hypertrophy processes (Johansen and Overturf 2006).
Gene expression has been used to give a clear understanding of the genomic and molecular responses in fish
nutrition (Campos et al. 2010). This study was conducted
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to assess the effects of replacing fish oil (FO) with crude
palm oil (PO) as a feeding material on muscle biochemical
composition, enzyme activities, and muscle growthrelated genes. This will provide an insight into the role of
nutrient sensing by satellite cells towards myocyte
differentiation.

Materials and methods
Feed and feeding trial

Five diets with identical protein (33% crude protein) and
lipid (10% crude lipid) were used for this study. Ingredients were purchased from Nonghao Feed Company located in Shanghai, China. The diets were formulated to
differ in their FO and PO composition (Table 1).
Whereas FO and PO were the lipid sources, soybean
meal, rapeseed meal, and fish meal were the protein
sources. The progressive enlargement method was used
to mix the ingredients. In brief, the dry ingredients were
mixed first using a Hobart mixer. FO and PO were subsequently mixed to the homogenized dry ingredients.
The mixture was subsequently pelletized using a meat
Table 1 Formulation and proximate composition of
experimental diets (g kg−1 dry weight)
Ingredients

Experimental diets
PO 0

PO 25

PO 50

PO 75

PO 100

Fish meal*

60

60

60

60

60

Soybean meal*

300

300

300

300

300

Wheat meal*

225

225

225

225

225

Rapeseed meal*

300

300

300

300

300

Fish oil*

60

45

30

15

0

Palm oil*

0

15

30

45

60

Soybean phospholipid*

25

25

25

25

25

Mineral mix**

5.5

5.5

5.5

5.5

5.5

Vitamin mix***

4

4

4

4

4

Ca(H2PO4)

15

15

15

15

15

Choline chloride

5

5

5

5

5

Inositol

0.5

0.5

0.5

0.5

0.5

103

105.3

108.2

107

105

Proximate composition
Moisture (g/kg)
Crude protein (dry mass)

331.8

331.5

330.9

332.3

331.7

Lipid (g/kg)(dry mass)

98.2

98.1

98.7

98.8

98.5

Ash (g/kg)(dry mass)

52.5

56

55.3

54

55

*Fish meal, soybean meal, wheat meal, soybean phospholipase, palm oil,
vitamin premix, mineral mix, and Ca(H2PO4) were supplied by Nonghao Feed
Company (Shanghai, China)
**Mineral mix (mg kg−1 dry diet): Cu (CuSO4), 2.0; Zn (ZnSO4), 34.4; Mn
(MnSO4), 6.2; Fe (FeSO4), 21.1; I (Ca (IO3)2), 1.63; Se (Na2SeO3), 0.18; Co (CoCl2),
0.24; Mg (MgSO4.H2O), 52.7
***Vitamin premix (IU or mg kg−1 diet): vitamin A, 16,000 IU; vitamin D, 8000
IU; vitamin K, 14.72; thiamin, 17.8; riboflavin, 48; pyridoxine, 29.52;
cynocobalamine, 0.24; tocopherols acetate, 160; ascorbic acid (35%), 800;
niacinamide, 79.2; calcium-D-pantothenate,73.6; folic acid, 6.4; biotin, 0.64;
L-carnitine, 100
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mincer with a 1-mm die. The pellets were then dried
and stored until use. The fatty acid composition of the
diets is shown in Table 2.
Ethics statement

The fish were anesthetized with an excess dose of tricaine methane sulfonate MS-222 at 200 mg/L to reduce
stress and suffering. The standard operation procedure
as stipulated in Shanghai Ocean University’s guide for
the use of animals for experiment was followed.
Experimental procedures

Fingerlings of Nile tilapia (mixed-sex) with an initial
weight of 9.34 ± 0.02 g were collected from Shanghai
Ocean University’s (SHOU) tilapia germplasm station.
They were then transported to an aquarium system of
SHOU where they were fed two times daily with a commercial diet (30% crude protein) purchased from Shanghai Jin Yuan Trade. Fingerlings were distributed
randomly into 15 tanks at a stocking density of 40 fish
per tank with water in each tank kept at 210 L throughout the trial. Each group/treatment comprising three
tanks was fed one of the five experimental diets for
Table 2 Main fatty acid compositions of experimental diets (g/
kg total fatty acids)
Fatty acids

8 weeks, two times a day at 08:00 and 16:00 to apparent
satiation. Nitrite-N and ammonia-N contents of the culturing water were measured once a week using standard
protocols (APHA 1998). Dissolved oxygen, pH, and
temperature were monitored on a daily basis using the
YSI instrument (YSI, Yellow Spring, Ohio).
Sample collection

Feeding was stopped 24 h prior to sampling. Five fish
were sampled from each tank (15 from each treatment)
and euthanized using an excess dose of tricaine methane
sulfonate (MS-222 at 200 mg/L) (Ayisi et al. 2017).
Fatty acid analysis of experimental diets and muscle

All samples (experimental diets and muscle) were
grinded into fine powder and homogenized. Total lipid
was extracted using chloroform and methanol in a ratio
of 2:1 (v/v) (Folch et al. 1957). Fatty acid methyl esters
were prepared by transesterification using 0.4 M KOHmethanol. Gas chromatography (GC-7890A) was used to
detect the individual fatty acids using methyl heneicosanoate (C21:0) as an internal standard. The peak times
of the detected fatty acids (samples) were compared to
that of the manufacturers. Fatty acids are presented as
grams per kilogram of total fatty acids.
Assay of enzyme activities

Experimental diets
PO 0

PO 25

PO 50

PO 75

PO 100

12:0

1.5

1.4

1.2

1.2

1.1

14:0

55.4

45.2

32

22.5

12.7

16:0

238.8

259

270

280.6

291.9

18:0

53.1

57.6

54.3

53

51.5

Σ SFA’s

348.8

36.32

357.5

357.3

357.2

16:1(n-7)

60.2

52.3

31.5

20.6

8.9

18:1(n-9)

235.6

254.2

284

311.6

337.7

Σ MUFAs

295.8

306.5

315.5

332.2

346.6

18:2(n-6)

206.5

215.7

230.7

236.2

243.3

20:4(n-6)ARA

5.6

4.7

4.1

2.5

2

Σ n-6

212.1

220.4

234.8

238.7

245.3

18:3(n-3)

55.2

39.6

39.8

37.9

36.3

18:4(n-3)

3.2

3.3

3.2

3

2.9

20:5(n-3)EPA

42.5

31.9

22

14.1

6.2

22:6(n-3)DHA

56.6

41.5

28.5

16.9

5.8

Σ n-3

157.5

116.3

93.5

71.9

51.2

DHA/EPA

13.3

13

12.9

11.9

9.3

Σ PUFAs

349.6

336.7

328.3

310.6

296.5

ΣSFA/Σ PUFA

8.7

10.7

10.8

11.5

12.0

Σn-3/Σn-6

7.4

5.2

3.9

3

2

ARA arachidonic acid, EPA eicosapentaenoic acid, DHA docosahexaenoic acid,
SFA saturated fatty acids, MUFA monounsaturated fatty acid, PUFA
polyunsaturated fatty acid

A commercial kit was purchased from Shanghai Ding
Biological Technology Company Limited (Shanghai,
China) to analyze enzyme activities of Pax-7, Capn-3, Igf
I, Igf II, GH, Psma-α5, MyoD, and MyoG using enzymelinked immunosorbent assay (ELISA). A glass
homogenizer was used to homogenize about 0.5–1.0 g of
the sample and subsequently centrifuged at 4 °C for 50
min at 2500g. The clear phase between the pellets and
top layer was used for the analysis. The optical density
(OD) of each sample in 96-well plate was measured at
450 nm. The moles of substrate converted to product
per minute at assay temperature defined an enzyme
activity unit (IU).
RNA extraction and real-time quantitative polymerase
chain reaction (RT-qPCR)

Measurements of mRNA expression of target genes
(Pax-7, Capn-3, Igf I, Igf II, GH, Psm-α5, MyoD, and
MyoG) were performed using real-time PCR. Total RNA
was extracted using Trizol reagent (Invitrogen). The
RNA concentration was determined using absorbance
measurements. Samples were then transcribed to cDNA
and stored at − 20 °C until analysis. Reactions were performed using a mini option real-time PCR machine
(Bio-Rad) (Ayisi and Zhao 2017). Primers of both target
genes and reference gene (beta-actin) used for the realtime PCR are shown in Table 3.
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Table 3 Nucleotide sequences of the primers used to assay gene expression by real-time PCR
Target genes

Forward (5′–3′)

Reverse (5′–3′)

Pax-7

TCCAGCTCGTCTATCTGCAG

TAAACAGGTCTGAGGCTGGG

GenBank accession no.
XM_005459001.3

Igf–I

CACCCTCTCACTACTGCTGT

CACAGTACATCTCAAGGCGC

EU272149.1

Igf–II

TGTTTCCGTAGCTGTGACCT

ACTTCACGGTCACATGTTGC

EU272150.1

GH

CTGGTTGAGTCCTGGGAGTT

CAGGTGGTTAGTCGCATTGG

KT387598.1

Psna-α 5

TGTCTGGCTGTGGAGAAGAG

ATCTTCCTCCCCAAACTGCA

XM_003441520.3

Capn-3

TCCAGTTCTGGCGTTATGGT

CCACCAGTGAAGTCCTCCAT

XM_005477402.2

MyoD

GCCGGATATCTCTTTCCCCA

AGGAAGGGGAGGATGAGGAT

FJ907953.1

MyoG

TCCTAGGGAAGCTGGGATCT

CGGTACCTGTCACTCCAACT

NM_001279526.1

β-Actin

TAATAACAGAACGCAGCGCC

AGTGCGGCGATTTCATCTTC

EU887951.1

PAX 7 paired box protein 7, Igf-I insulin-like growth factor-I, Igf-II insulin-like growth factor-II, GH growth hormone, Psma-α 5 proteasome subunit alpha type-5,
CAPN-3 caplain-3, MyoD myoblast determination protein, MyoG myogenin, β-Actin beta-actin

Statistical analysis

All data were analyzed using one-way analysis of variance followed by Tukey multiple test to compare means
of all treatments. Significant differences were tested at
p < 0.05. Prior to data analysis, normality of data and
homogeneity of variance were tested using Shapiro-Wilk
normality test and Bartlett’s test respectively. Graph Pad
Prism (V.5.03) was used to perform all analysis data presented as mean ± standard error of the mean (SEM).

Results
Growth performance

Effects of replacing fish oil with palm oil have been reported and discussed conclusively in Ayisi et al. (2018), a
study directly related to this study. Additional file 1:
Table S1 briefly shows how replacing palm oil with fish
oil affected growth and feed utilization. Feed intake and
condition factor were not significantly different among
all treatments (p > 0.05). Final body weight and weight
gain were however influenced by the experimental diets.
Fish fed 50% PO diet was significantly higher than in
25% PO but was non-significantly different from other
groups (p < 0.05).
Proximate composition of muscle

The effects of replacing FO with PO on muscle proximate composition are shown in Table 4. Replacing
FO with PO did not significantly influence muscle
lipid, moisture, and ash. Moisture ranged from 742.9

to 748.3 g/kg, while lipid and ash ranged from 91.5 to
99.9 and 47.8 to 48.6 g/kg, respectively. Moisture content was modified by the inclusion of PO. Fish fed
25% PO recorded the least protein content (672.6 g/
kg) and was significantly lower than fish fed 100% PO
(760.0) (p < 0.05).
Effect on muscle growth hormone (GH), Igf-I, Igf-II
contents, and other growth-related enzyme activity

The effects of replacing FO with PO on growth-related
enzyme activities are shown in Table 5. Pax-7 was significantly higher in fish fed 50% PO than those fed 25%
PO and 100% PO (p < 0.05). Capn-3 in fish fed 0% PO
was significantly lower than all other groups (p < 0.05).
The highest value of MyoD was recorded in fish fed 50%
PO and was significantly higher than groups fed 25% PO
(p < 0.05). Fish fed 50% PO recorded the highest IGF-I
enzyme activity compared to fish fed 75% PO. Igf-II,
GH, MyoG, and Psma-α5-were not significantly altered
by dietary PO inclusion.
Effect on mRNA expression of growth-related genes

The effects of replacing FO with PO on mRNA expression of growth-related genes are shown in Fig. 1. mRNA
expression of Capn-3 of fish fed 75% PO was significantly higher (p < 0.05) than those fed 0% PO, 25% PO,
and 100% PO with mean expression values ranging
between 0.89 and 1.74. Also, fish fed 25% PO downregulated Pax-7 mRNA expression which was significantly

Table 4 Muscle biochemical composition in Nile tilapia fed the experimental diets at 8 weeks
Muscle
composition
(g/kg)

Experimental diets
PO 0

PO 25

PO 50

PO 75

PO 100

Moisture

742.9 ± 13.5

743.7 ± 10.3

746.4 ± 1.40

748.3 ± 19.0

744.3 ± 33.0

0.3338

Protein

692.2 ± 43.3ab

672.6 ± 13.6a

696.6 ± 10.0ab

749.1 ± 16.5ab

760.0 ± 4.6b

0.0182

Lipid

94.8 ± 1.2

98.2 ± 3.8

95.4 ± 0.5

98.9 ± 7.4

91.5 ± 0.8

0.1073

Ash

47.8 ± 0.9

48.2 ± 4.3

48.1 ± 2.5

47.9 ± 2.9

48.6 ± 6.2

0.4071

Values are mean ± SEM (n = 3). Means not bearing the same superscript letters in the same row are significantly different (p < 0.05)

p
value
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Table 5 Muscle growth hormone, Igf-I, Igf-II contents, and other growth-related enzyme activity in Nile tilapia fed experimental diets
at 8 weeks
Enzymes/genes

Experimental diets
PO 0

PO 25

PO 50

PO75

PO 100

Pax-7 (pg/ml)

791 ± 52.67abc

705.7 ± 43.75a

947.80 ± 16.05c

916 ± 53.03bc

742.90 ± 59.53ab

0.0054

GH (ng/ml)

36.2 ± 0.04

35.9 ± 0.03

36.6 ± 0.01

36.1 ± 0.01

35.9 ± 0.02

0.0162

ab

p value

ab

b

a

ab

Igf-I (ng/ml)

37.05 ± 4.87

28.06 ± 0.05

46.08 ± 2.11

24.40 ± 0.39

44.67 ± 2.70

0.4216

Igf-II (ng/ml)

48.70 ± 5.26

58.61 ± 1.70

52.72 ± 3.82

53.92 ± 1.61

51.88 ± 3.96

0.4409

Psma α-5 (ng/ml)

109.70 ± 5.50

120.10 ± 7.97

112.70 ± 5.31

119.2 ± 8.06

111.20 ± 7.57

0.7614

Capn-3(pg/ml)

178.50 ± 3.28a

233.20 ± 9.66b

273 ± 13.52b

248.40 ± 9.11b

245.6 ± 14.23b

0.0001

MyoD (pg/ml)

323.5 ± 20.17ab

272.9 ± 19.04a

329.40 ± 15.30b

281.60 ± 16.70ab

327.90 ± 25.85b

0.0058

MyoG (pg/ml)

534.80 ± 14.46

586 ± 25.25

560.10 ± 43.44

563.5 ± 23.79

535.01 ± 23.79

0.7246

Pax-7 paired box protein 7, Igf-I insulin-like growth factor-I, Igf-II insulin-like growth factor-II, GH growth hormone, Psma-α 5 proteasome subunit alpha type-5,
Capn-3 caplain-3, MyoD myoblast determination protein, MyoG myogenin
Values are mean ± SEM (n = 3). Means not bearing the same superscript letters in the same row are significantly different (p < 0.05)

lower than all other groups (p < 0.05). The mean expression level of Pax-7 mRNA expression ranged between
0.33 and 1.35. There were no significant differences in
the mRNA expression of Psma-5, MyoG, MyoD, Igf-I,
Igf-II, and GH with mean expression values ranging
between 1.00–1.16, 1.04–1.24, 1.00–1.27, 1.07–1.33,
1.01–1.16, and 1.00–1.35, respectively.
Muscle fatty acid composition

The effects of replacing fish oil with palm oil on muscle
fatty acid have been reported by Ayisi and Zhao 2017. In
brief, 18:3n-3 (LNA) and 20:4n-3 significantly increased
with increasing PO inclusion levels (p < 0.05) while 20:
5n-3 (EPA), 20:4n-6 (ARA), and 22:6n-3 (DHA) decreased with increasing PO inclusion levels. Also, n-3
PUFA decreased while total saturated fatty acid (SFA)
increased as PO inclusion levels increased (p < 0.05). The
effect on muscle fatty acid composition is presented in
Additional file 2: Table S2.
Correlation between selected fatty acids, muscle lipid,
and protein with mRNA expression of growth-related
genes

Correlation analysis between/of selected fatty acids, muscle
lipid, and protein with mRNA expression is shown in
Table 6. mRNA expression of Capn-3 and Psma-α5 was
correlated positively with C18:3n-3(LNA) and C16:1n-9,
respectively (R = 0.858, p = 0.05 and R = 0.88, p = 0.045 respectively). Also, Psma-α5 correlated positively with total
MUFA (R = 0.986, p = 0.002). Pax-7 correlated with C18:
2n-6 (LA) negatively (R = − 0.938, p = 0.019) while GH
correlated with n-3/n-6 positively (R = 0.926, p = 0.024). In
addition, there was a negative correlation between Igf-I and
C14:0, and C16:3n-3 and n-3 fatty acids (R = − 0.953, p =
0.012; R = − 0.879, p = 0.049; and R = − 0.864, p = 0.05 respectively). C20:4n-3 on the other hand correlated positively with IGF-I (R = 0.878, p = 0.05). There was a positive

correlation between Igf-II and C18:1n-9 (R = 0.898, p =
0.038) as well as SFA/PUFA (R = 0.886, p = 0.049). There
was negative correlation between Igf-II and C14:0
(R = − 0.886, p = 0.045), C20:0 (R = − 0.897, p = 0.039),
C16:3n-3 (R = − 0.893, p = 0.041), and C20:5n-3 (EPA)
(R = − 0.967, p = 0.007). Also, C22:6n-3 (DHA), PUFA,
total n-3, and n-3/n-6 ratio had negative correlation
with Igf-II (R = − 0.994, p = 0.001; R = − 0.879, p = 0.005;
R = − 0.994, p = 0.001; and R = − 0.910, p = 0.032, respectively). MyoG correlated negatively (R = − 0.885, p = 0.04)
with muscle lipid content while Igf-II correlated positively
(R = 0.926, p = 0.024) with muscle protein content.

Discussions
Results of the proximate composition of the muscle
show that, with the exception of protein content (p <
0.05), there were no significant differences among treatments for moisture, ash, and lipid. The non-significant
difference observed in the lipid content of this study is
in agreement to the results of Nanton et al. (2007) in
which substituting FO with VO did not significantly influence muscle lipid content in salmon. Similarly, Asdari
et al. (2011) reported a non-significant difference in
moisture and ash content of Pangasius nasutus muscle
when FO was substituted with soybean oil, palm oil, and
linseed oil of which our results confirm. Growth in fish
to some extent is largely dependent upon the accumulation of protein in skeletal muscle (Bureau et al. 2006).
Fish fed 25% PO recorded the least protein content in
the muscle and correlated with its least growth performance. This could imply feeding fish with 25% PO might
have degraded protein which is central to differences in
growth response. In addition to the above, the differences that occur in muscle growth of fish are usually as
a result of biological phenomenon which includes interactions between endogenous hormonal/genetic factors
and external factors (Asaduzzaman et al. 2017). It is
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Fig. 1 Real-time PCR gene expression profiles of A growth hormone (GH), B insulin-like growth factor-II (Igf-II), C paired box protein (Pax-7), D
caplain-3 (Capn-3), E myogenin (MyoG), F myoblast determination protein (MyoD), G proteasome subunit alpha type-5 (Psma-α5), and H insulinlike growth factor-I (Igf-I) in muscle of O. niloticus juvenile fed diets with different levels of palm oil (PO) for 8 weeks. Values are expressed relative
to β-actin and are mean ± SEM (n = 3). Means not bearing the same superscript letters are significantly different (p < 0.05)

therefore important to study the effects of replacing fish
oil with palm oil on genes that regulate growth.
O. niloticus fed 25% PO recorded the least level of Pax-7
enzyme activity and was significantly lower than groups
fed 50% PO and 75% PO. Also, this same group (25% PO)
downregulated mRNA expression of Pax-7 compared to
all other groups and could imply feeding O. niloticus with
25% PO could hinder muscle cell proliferation indicating
Pax-7 plays an essential role in the specification of the
muscle progenitor cells during hyperplastic muscle growth
of fish (Kacperczyk et al. 2009).
The non-significant differences in mRNA expression
and enzyme activities among groups recorded in this
study are in agreement to an earlier study in Senegalese
Table 6 Correlations among growth-related gene expression
values and relevant muscle fatty acids, lipid, protein, and wg, fcr,
and sgr
Genes

Fas

Pearson R

p value

Pax-

18:2(n-6) (LA)

− 0.938

0.019

GH

n-3/n-6

0.926

0.024

Psma-α5

16:1(n-9)

0.887

0.045

Psma-α5

MUFA

0.986

0.002

Capn-3

18:3(n-3) (LNA)

0.858

0.050

Igf-I

14:0

− 0.953

0.012

Igf-I

16:3n-3

− 0.879

0.049

Igf-I

n-3

− 0.864

0.050

Igf-I

20:4n-3

0.878

0.050

Igf-II

14:0

− 0.886

0.045

Igf-II

20:0

− 0.897

0.003

Igf-II

18:1(n-9)

0.898

0.038

Igf-II

16:3(n-3)

− 0.893

0.041

Igf-II

20:(5n-3) (EPA)

− 0.967

0.007

Igf-II

22:(6n-3) (DHA)

− 0.993

0.001

Igf-II

n-3

− 0.994

0.001

Igf-II

PUFA

− 0.879

0.005

Igf-II

SFA/PUFA

0.886

0.049

Igf-II

n-3/n-6

− 0.910

0.032

Igf-II

Protein

0.926

0.024

MyoG

Lipid

− 0.849

0.040

Pax-7 paired box protein 7, Igf-I insulin-like growth factor-I, Igf-II insulin-like
growth factor-II, GH growth hormone, Psma-α 5 proteasome subunit alpha
type-5, Capn-3 caplain-3, MyoD myoblast determination protein, MyoG
myogenin, LA linoleic acid, LNA linolenic, ARA arachidonic acid, EPA
eicosapentaenoic acid, DHA docosahexaenoic acid, SFA saturated fatty acids,
MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid

sole (Campos et al. 2010). MyoD primarily control how
myoblast are differentiated into skeletal muscle; hence,
the reduction of MyoD enzyme activity in fish fed 25%
PO might have been an attributing factor that led to the
lowest growth rate recorded in this group. In principle,
increase in MyoD mRNA expression or enzyme activity
could be related to intense satellite proliferation. Also,
reduced or lower expression levels or enzyme activities
could be related to low muscle growth rate and increased muscle catabolism and can be confirmed by low
protein content in the muscle and its lower weight gain.
Several studies have used Igf and GH to infer and predict growth performance in fish subject to numerous
biotic and abiotic factors that affect growth. This is because, through the growth hormone-insulin-like growth
factor axis, the endocrine system controls growth in fish
as well as other vertebrates (Picha et al. 2008). It also
provides an integral signal for growth and nutrient partitioning and is also involved in tissue differentiation, metabolism, reproduction, behavior, and immunity. In this
study, mRNA expression of GH was upregulated in fish
fed 50% PO. It was, however, not significantly different
from groups fed 0% PO, 25% PO, 75% PO, but 100%
PO. Also, mRNA expression of IGF-I and IGF-II were
indifferent irrespective of dietary PO inclusion levels.
Feeding Senegalese sole with different lipid levels did
not influence mRNA expression of both IGF-I and IGFII in the muscle (Campos et al. 2010) and is in agreement with our results.
To have an understanding of how muscle fatty acids,
lipid, and protein contents influence growth-related
genes, Pearson’s correlation was used. IGF-I and IGF-II
seem to be controlled by the quantity of n-3 PUFA available in both feed and muscle. This is because n-3 PUFA
correlated significantly with IGF-I and IGF-II. As n-3
PUFA decreased in both muscle and feed, IGF-I and
IGF-II increased even though there were no significant
differences as in the case of the muscle n-3 PUFA.
DHA and EPA are essential for the growth of tilapia
since they cannot be synthesized by tilapia. This study
reported a strong negative correlation between Igf-II and
DHA as well as EPA. This signifies that diets deficient in
both EPA and DHA hinder the growth of muscle.

Conclusion
In conclusion, enzymes that are responsible for hypertrophy and hyperplasia (Pax-7, MyoD, and Capn-3) can
be manipulated by replacing fish oil with palm oil in diet
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formulation. However, mRNA expression and enzyme
activities show no correlation and might not affect the
growth performance. This study provides essential information and an in-depth understanding of the function
of growth-related genes at the translational level. In the
future, it is important to study the changes of gene
expression over a period of time as the patterns will
change along the lifespan of fish.
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Abstract
Background: The monitoring of pathogens of fishery auction markets is important to obtain safe fishery products
regarding hygiene and sanitation. In this study, aerobic, coliform, Escherichia coli, and Vibrio cholerae were monitored in
the fishery products and environmental samples obtained from fishery auction markets.
Methods: The fishery products (flounder, octopus, skate, rock cod, sea bass, snail, monkfish, flatfish, comb pen shell,
corb shell, conger eel, hairtail, croaker, and pilchard) were placed in filter bags, and the environmental samples
(samples from the water tanks at the fishery auction markets, seawater from the fishery distribution vehicles, ice from
wooden or plastic boxes, and surface samples from wooden and plastic boxes used for fish storage) were collected.
Aerobic bacteria, E. coli, and coliform in the samples were enumerated on aerobic count plates and E. coli/coliform
count plates, respectively. For V. cholerae O1 and V. cholerae non-O1 quantification, most probable number (MPN)-PCR
analysis was performed.
Results: Aerobic and coliform bacteria were detected in most samples, but E. coli was not detected. Wooden boxes
were contaminated with high levels of aerobic and coliform bacteria in all seasons (spring, summer, and fall). During
fall, V. cholerae non-O1 were detected in snails, hairtails, croakers, flatfishes, pilchards, plastic boxes, and water samples.
Conclusions: These results indicate an increased prevalence of V. cholerae contamination in fishery products in fall,
including food contact samples, which can be vehicles for cross-contamination.
Keywords: Fish, Food safety, Microbial contamination, Environmental, Detection

Background
Global fish production increased to 171 million tons in
2016, and the amount of fish consumed has been growing
continually (20.5 kg/person/year in 2017) (FAO 2018). A
considerably dynamic import and export of fishery products has been evidenced between countries (FAO 2019).
More fish and fishery products were consumed in S. Korea
in 2016 (59.9 kg/person/year) than meat (56.0 kg/person/
year). The degree of self-sufficiency in S. Korea was 67.3%
in 2016 (KREI 2017). Fishery products arrive at the auction market directly after harvesting. Sanitation from
* Correspondence: yyoon@sm.ac.kr
1
Department of Food and Nutrition, Sookmyung Women’s University, Seoul
04310, Korea
2
Risk Analysis Research Center, Sookmyung Women’s University, Seoul 04310,
Korea
Full list of author information is available at the end of the article

collection to distribution is essential for obtaining safe
fishery products that are protected from crosscontamination (Ahmed 1991). S. Korea is surrounded by
the East, West, and South Sea (Chough et al. 2000). Especially, the West Sea is comprised of mudflats and has high
tides and estuary waters (Cho et al. 1999; Koh and Shin
1988). Therefore, fishery products from the West Sea may
become cross-contaminated from these environments. In
particular, Di et al. (2017) detected V. cholerae (0.1%) in
the tidal water collected from the southern coast in June
and V. cholerae (0.5%) in the tidal water in September
2013. Therefore, the microbial contamination of products
from the West Sea should be monitored.
Foodborne illness occurring through the consumption of
fish (17%) is common, followed by dairy (11%) and chicken
(10%) in the USA from 2009 to 2015 (Dewey-Mattia et al.
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2018). Vibrio spp. are gram-negative bacilli and major pathogens which present in coastal or estuarine environments
(Horseman and Surani 2011; Reidl and Klose 2002). V. cholerae is a causative agent for cholera in humans which
grows in 0–3% NaCl and relatively low salinity. There was a
foodborne outbreak, caused by V. cholerae in 2016 through
domestic sea water (KCDC 2017). For the case of 2016, raw
seafoods (sea bass, sea squirt, abalone, crab, mackerel, flatfish, rockfish, shrimp, sea cucumber, octopus, and squid)
were assumed as causative foods for three patients in the
outbreak (Kim et al. 2018). The V. cholerae O1 isolated
from the South Sea seawater and the fecal samples collected
from three patients were Ogawa serotype, El Tor biotype,
and contained cholera toxin (ctx) (KCDC 2017). The O1
serotype of V. cholerae is known as exhibiting explosive
growth (Maheshwari et al. 2011; Labbé and García 2013).
Since 2016, monitoring of V. cholerae has been ongoing,
and the importance of tracking V. cholerae has been emphasized in S. Korea.
The monitoring of fishery auction markets for pathogens is essential for obtaining safe fishery products with
regard to hygiene and sanitation. Therefore, the fishery
auction markets in the West Sea, S. Korea were monitored
in this study. Microbial contamination was evaluated by
detecting V. cholerae and other hygiene indicator microorganisms in environmental samples from the fishery auction markets and the fishery products harvested in the
West Sea.

Methods
Sample collection and preparation

Seventy-eight fishery products (N = 41) and environmental samples (N = 37) were collected at two fishery auction
markets in the West Sea, S. Korea from March to
September 2017. Of the 78 samples, 29, 24, and 25 were
collected in spring (March–April), summer (July–August), and fall (September), respectively. Because of
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season and daily circumstances in each market, types of
fishery products samples were different between markets
(Table 1). The fishery products that were harvested in
each season were collected before, during, and after the
auction. The environmental samples of the fishery auction markets were collected from water in tanks, seawater in fishery distribution vehicles, ice in wooden or
plastic boxes, and from the wooden and plastic boxes
used for fish storage. The surfaces (10 × 10 cm2) of the
wooden and plastic boxes were swabbed using a swabsampler (3 M, St. Paul, MN, USA). All samples were
transported in an ice cooler to a laboratory. Twentyfive-gram samples were removed from the gills of the
fish and the edible portion of the shellfish for microbial
analysis.
Quantification of aerobic, coliform, and E. coli bacteria

The fishery product samples were placed aseptically into
filter bags (3 M) and 50 mL of 0.1% alkaline peptone
water (APW; Becton, Dickinson and Company, Sparks,
MD, USA) was added. After shaking 30 times, a 1-mL
aliquot of the homogenate was serially diluted with 9 mL
APW. The diluents were plated on an Aerobic Count
Plate (Petrifilm™; 3 M) and an E. coli/Coliform Count
Plate (Petrifilm™; 3 M). One milliliter of collected water,
seawater, ice, and suspension was taken from swabsamples of wooden and plastic boxes were also diluted,
and the diluents were plated on both plates of the environmental samples. All plates were incubated at 35 °C for
24 h. The red aerobic bacteria, blue with gas E. coli, and
red and blue coliform colonies were manually counted.
Quantification of V. cholerae by MPN-PCR analysis

The suspensions (10, 1, and 0.1 mL) from filter bags
contained 25 g or 25 mL samples with 225 mL APW
were inoculated in five test tubes containing 10 mL
APW to target 1 × APW final concentration. All test

Table 1 Information of the collected samples (fishery products and environmental samples)
Type of samples
Fishery products
(N = 41)

Environmental samples (N = 37)

Season

Samples
Market A

Market B

Spring
(March–April)

Flounder (3), octopus (1), skate (1)

Monkfish (3), flatfish (3), comb pen shell (3)

Summer
(July–August)

Flounder (3), rock cod (3), sea bass (3)

Flounder (1), comb pen shell (1), snail (1), corb shell (1),
flatfish (1), rock cod (1), conger eel (1)

Fall (September)

Snail (3)

Hairtail (2), croaker (2), flatfish (2), pilchard (2)

Spring
(March–April)

Water (2), seawater (1), wooden box
(2), plastic box (2)

Water (3), ice (1), wooden box (2), plastic box (2)

Summer
(July–August)

Water (1), seawater (1), wooden box
(1), plastic box (1)

Water (1), ice (1), wooden box (1), plastic box (1)

Fall (September)

Water (2), ice (1), wooden box
(2), plastic box (2)

Water (2), ice (1), wooden box (2), plastic box (2)

Water water in water tanks of fishery auction markets, seawater seawater in fishery distribution vehicles, wooden box surfaces of wooden boxes for fish storage,
plastic box surfaces of plastic boxes for fish storage, ice ice in wooden or plastic boxes

Choi et al. Fisheries and Aquatic Sciences

(2019) 22:26

tubes were incubated at 35 °C for 14 h. For PCR analysis,
1 mL aliquots of the cultures were centrifuged at 13,
475×g for 2 min, and the supernatants were removed.
The pellets were suspended with 0.1 mL distilled water
then heated at 100 °C for 10 min. After centrifuging at
13,475×g for 2 min, the supernatants were used as a
DNA template. The primers for V. cholerae (F: 5′-CACCAAGAAGGTGACTTTATTGTG-3′, R: 5′-GAACTT
ATAACCACCCGCG-3′; 586 bp) and V. cholerae O1 (F:
5′-CTCAGACGGGATTTGTTAGGCACG-3′, R: 5′-TC
TATCTCTGTAGCCCCTATTACG-3′; 302 bp) were
used (Kim et al. 2015; Rajpara et al. 2013; Nandi et al.
2000). PCR amplification was performed using a FastMix
kit (Intron Bio, Gyeonggi, Korea) composed of dNTP,
DNA polymerase, reaction buffer, and MgCl2. For the
amplification of V. cholerae and V. cholerae O1, the following steps were performed: initial denaturation at
94 °C for 4 min, 30 cycles of denaturation at 94 °C for 1
min, annealing at 55 °C for 90 s, extension at 72 °C for
90 s, and final extension at 72 °C for 10 min. The results
of amplification were electrophoresed on 1.5% agarose
gel for 20 min and visualized using UV light. The number of positive test tube samples per five test tubes that
were analyzed by PCR analysis was counted for each dilution, and the most probable number (MPN) of V. cholerae and V. cholerae O1 was determined using an MPN
table (FDA 2010).

Results and discussions
From March to September 2017, 41 fishery products
(March–April, 14; June–July, 16; and September, 11)
and 37 environmental samples (March–April, 15; June–
July, 8; and September, 14), which were collected from
two fishery auction markets located in the West Sea of
S. Korea, were analyzed for microbial contamination.
At fishery auction market A, aerobic bacteria were detected in the fishery products (1.5 × 102–2.2 × 104 CFU/
g) and the environmental samples (2.7 × 10–2.2 × 106
CFU/mL or /100 cm2), and coliform were detected in
the fishery products (7.2 × 10–1.9 × 102 CFU/g) and the
environmental samples (6.0 × 10–1.6 × 102 CFU/mL or
/100 cm2) in spring (Table 2). E. coli and V. cholerae
were below the limit of detection in all samples. Aerobic
bacteria and coliform were detected in flounder irrespective of the period of the fishery auction (before, during, and after the auction). Of the environmental
samples, the wooden boxes for fish storage were the
most contaminated with aerobic bacteria (1.7 × 104–
2.2 × 106 CFU/100 cm2), followed by the plastic fish
boxes (5.8 × 103–8.0 × 103 CFU/100 cm2), and even seawater in the fishery distribution vehicle (4.3 × 103 CFU/
mL) and water in the tanks of the fishery auction market
(2.7 × 10–3.0 × 10 CFU/mL). In particular, coliform was
detected in the wooden (6.0 × 10–1.6 × 102 CFU/100
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cm2) and plastic boxes (1.5 × 102 CFU/100 cm2) (Table 2).
In summer (June–July), aerobic bacteria were detected
in the fishery products (7.5 × 102–2.0 × 104 CFU/g) and
the environmental samples (1.6 × 103–1.3 × 107 CFU/mL
or /100 cm2). Coliform was detected in the fishery products (1.4 × 102–2.6 × 103 CFU/g) and the environmental
samples (5.7 × 102–2.5 × 104 CFU/mL or /100 cm2).
However, E. coli and V. cholerae were below the limit of
detection in all samples. In addition, there was no difference between aerobic and coliform bacteria respective to
the period of the auction (before, during, and after the
auction) and in the fishery products (flounder, rock cod,
and sea bass). Among the environmental samples,
wooden boxes were the most contaminated with aerobic
(1.3 × 107 CFU/100 cm2) and coliform bacteria (2.5 × 104
CFU/100 cm2), compared to other environmental samples (Table 3). In fall (September), V. cholerae non-O1
were detected only in snails (20−5,400 MPN/100 g). Aerobic bacteria were detected in the snails (2.6 × 10–8.4 ×
103 CFU/g) and the environmental samples (1.3 × 103–
5.8 × 107 CFU/g). Similar to the results of contamination
in spring and summer, the wooden boxes were the most
contaminated with aerobic (1.8 × 107–5.8 × 107 CFU/100
cm2) and coliform bacteria (3.6 × 105–5.4 × 105 CFU/100
cm2) (Table 4).
For fishery auction market B, aerobic bacteria were detected in the majority of fishery products (3.9 × 10–1.3 × 103
CFU/g) and environmental samples (1.5 × 102–5.2 × 107
CFU/mL or /100 cm2) in spring (March–April). Among the
environmental samples, aerobic bacteria were at the highest
levels in the wooden boxes (1.1 × 106–5.2 × 107 CFU/100
cm2), followed by the plastic boxes (5.8 × 103–1.1 × 104 CFU/
100 cm2), ice in the boxes (1.4 × 103 CFU/mL), and water in
the tanks (1.5 × 102–1.1 × 103 CFU/mL) at the fishery auction
market. In addition, aerobic bacteria were detected in the
monkfish (9.0 × 10–1.2 × 103 CFU/g) and flatfish (3.9 × 10–
1.3 × 103 CFU/g). Coliform were detected only in the monkfish (1.1 × 102 CFU/g) and the wooden box for fish storage
(2.5 × 102 CFU/100 cm2). However, E. coli and V. cholerae
were below the limit of detection in all fishery products and
environmental samples (Table 2). In summer (June–July),
aerobic (fishery products: 1.4 × 102–1.1 × 106 CFU/g, environmental samples: 1.4 × 102–1.3 × 106 CFU/mL or /100 cm2)
and coliform bacteria (fishery products: 4.2 × 10–1.2 × 105
CFU/g, environmental samples: 1.4 × 102–4.0 × 105 CFU/mL
or /100 cm2) were detected in higher quantities, compared to
the samples in spring. E. coli and V. cholerae were below the
limit of detection (Table 3). In fall (September), aerobic (fishery products: 2.3 × 104–2.7 × 105 CFU/g, environmental samples: 9.8 × 102–1.3 × 108 CFU/mL or /100 cm2) and coliform
bacteria (fishery products: 3.7 × 102–5.2 × 104 CFU/g, environmental samples: 3.3 × 102–3.4 × 104 CFU/mL or /100 cm2)
were similar to the samples from summer. E. coli were below
the limit of detection (Table 4). Meanwhile, V. cholerae non-
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Table 2 Microbial contaminations (aerobic bacteria, coliform, Escherichia coli, and Vibrio cholerae) of the fishery products and the
environmental samples collected from the fishery auction market A and B in spring (March–April)
Samples

Time

Bacteria
Aerobic bacteria
(CFU/g or CFU/mL
or CFU/100 cm2)

Coliform (CFU/g or E. coli (CFU/g or
CFU/mL or CFU/
CFU/mL or CFU/
100 cm2)
100 cm2)

V. cholerae (MPN/100 g or MPN/100 mL or MPN/
100 cm2)
V. cholerae O1

Market A Market B Market A Market B Market A Market B Market A

V. cholerae non-O1

Market B

Market A

Market B

–

< 20

–

Fishery products
Flounder

Before auction 1.0 × 103 −

Octopus

< 15

–

< 20

1.9 × 10

–

< 15

–

< 20

–

< 20

–

9.3 × 10

–

< 15

–

< 20

–

< 20

–

2

During auction 2.2 × 104 –

< 15

–

< 20

–

< 20

–

–

< 15

–

< 15

–

< 20

–

< 20

–

Before auction –

9.0 × 10

–

< 15

–

< 15

–

< 20

–

< 20

During auction –

7.5 × 102 –

1.1 × 102 –

< 15

–

< 20

–

< 20

2

Skate

During auction 2.2 × 10

Monkfish

1.2 × 102 –

–

1.2 × 10

–

< 15

–

< 15

–

< 20

–

< 20

Before auction –

5.1 × 10

–

< 15

–

< 15

–

< 20

–

< 20

3.9 × 10

–

< 15

–

< 15

–

< 20

–

< 20

1.3 × 103 –

< 15

–

< 15

–

< 20

–

< 20

After auction

Flatfish

–

–

During auction 1.5 × 10
After auction

7.2 × 10

6.6 × 103 –

2

3

During auction –
After auction

–

Before auction –

< 15

–

< 15

–

< 15

–

< 20

–

< 20

Comb pen shell During auction –

< 15

–

< 15

–

< 15

–

< 20

–

< 20

–

< 15

–

< 15

–

< 15

–

< 20

–

< 20

2.7 × 10

1.5 × 102 < 15

< 15

< 15

< 15

< 20

< 20

< 20

< 20

3.0 × 10

6.1 × 102 < 15

< 15

< 15

< 15

< 20

< 20

< 20

< 20

After auction
Environmental samples
Water

–

3

1.1 × 10

Seawater

4.3 × 103 –

Ice

–

Wooden box

–

< 15

–

< 15

–

< 20

–

< 20

< 15

–

< 15

–

< 20

–

< 20

–

1.4 × 103 –
6

2.2 × 10

1.7 × 104 5.2 × 107 6.0 × 10
Plastic box

< 15

1.1 × 106 1.6 × 102 < 15

–

< 15

–

< 20

–

< 20

< 15

< 15

< 20

< 20

< 20

< 20

2.5 × 102 < 15

< 15

< 20

< 20

< 20

< 20

< 15

< 15

< 15

< 20

< 20

< 20

< 20

5.8 × 103 5.8 × 103 1.5 × 102 < 15

< 15

< 15

< 20

< 20

< 20

< 20

3

8.0 × 10

4

1.1 × 10

< 15

Water water in water tanks of fishery auction markets, seawater seawater in fishery distribution vehicles, ice ice in wooden or plastic boxes, wooden box surfaces of
wooden boxes for fish storage, plastic box surfaces of plastic boxes for fish storage, – not analyzed

O1 were detected in the hairtail (200 MPN/100 g), croaker
(40–110 MPN/100 g), flatfish (20 MPN/100 g), large-eyed
herring (45 MPN/100 g), water in the tanks at the fishery
auction market (20 MPN/100 mL), and the plastic boxes (20
MPN/100 cm2) in fall, which was little bit higher than market
A sample numbers for V. cholerae presence (Table 4).
The seasonal differences in microbial contamination
for fishery products and environmental samples at two
fishery auction markets were observed. Aerobic bacteria
were detected in most fishery products and environmental samples in all seasons (spring, summer, and fall).
Coliform was detected in most samples in fall and summer, followed by spring. E. coli and V. cholerae O1 were
not detected in any sample collected in all seasons
(spring, summer, and fall). Meanwhile, V. cholerae non-

O1 of the fishery products (20−5,400 MPN/100 g in the
snail, hairtail, croaker, flatfish, and pilchard) and the environmental samples (20 MPN/100 mL or /100 cm2 in
water and plastic boxes) were detected only in fall (Tables 2, 3, and 4). V. cholerae detected in the fishery products may have been contaminated by seawater, as crosscontamination between these products and environmental samples in fishery auction markets can occur. Aerobic, coliform, and E. coli bacteria are hygiene indicator
microorganisms for sanitary quality. Vibrio spp. are a
cause of foodborne illness caused by the consumption of
fishery products. V. cholerae is a pathogen in marine environments which causes cholera by producing the cholera toxin (CT), a vital virulence factor. V. cholerae O1
and O139 are representative serotypes (Halpern and
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Table 3 Microbial contaminations (aerobic bacteria, coliform, Escherichia coli, and Vibrio cholerae) of the fishery products and the
environmental samples collected from the fishery auction market A and B in summer (June–July)
Samples

Time

Bacteria
Aerobic bacteria
(CFU/g or CFU/mL
or CFU/100 cm2)

E. coli (CFU/g or
CFU/mL or CFU/
100 cm2)

Coliform
(CFU/g or CFU/mL
or CFU/100 cm2)

V. cholerae (MPN/100 g or MPN/100 mL or MPN/
100 cm2)
V. cholerae O1

Market A Market B Market A Market B Market A Market B Market A

V. cholerae non-O1

Market B

Market A

Market B

–

< 20

–

Fishery products
Flounder

Before auction 1.6 × 103 −
3

During auction 1.9 × 10
After auction

Rock cod

–

< 15

–

< 15

2

1.9 × 10

2.0 × 104 8.4 × 104 6.6 × 102 1.0 × 104 < 15

–

< 20

–

< 20

–

< 20

–

< 15

< 20

< 20

< 20

< 20

Before auction 7.5 × 102 –

1.4 × 102 –

< 15

–

< 20

–

< 20

–

3

–

1.9 × 102 –

< 15

–

< 20

–

< 20

–

3

–

During auction 1.3 × 10
After auction

1.0 × 10

3

During auction 1.9 × 10
After auction

–

< 15

–

< 20

–

< 20

–

2.6 × 102 –

< 15

–

< 20

–

< 20

–

2

3.3 × 10

Before auction 2.2 × 103 –
Sea bass

3.2 × 102 –

–

–

< 15

–

< 20

–

< 20

–

2.6 × 103 –

< 15

–

< 20

–

< 20

–

2

2.0 × 10

9.9 × 103 –

Comb pen shell After auction

–

3.5 × 10

–

4.5 × 10

–

< 15

–

< 20

–

< 20

Snail

After auction

–

1.4 × 102 –

4.2 × 10

–

< 15

–

< 20

–

< 20

Corb shell

After auction

–

3.9 × 10

Flatfish

After auction

–

1.1 × 106 –

Rock cod

After auction

–

3.8 × 10

Conger eel

After auction

–

3.6 × 104 –

2

3

4

–

–

< 15

–

< 20

–

< 20

1.2 × 105 –

< 15

–

< 20

–

< 20

–

< 15

–

< 20

–

< 20

3.6 × 103 –

< 15

–

< 20

–

< 20

< 15

< 20

< 20

< 20

< 20

2

6.6 × 10

–

3

8.4 × 10

Environmental samples
Water

8.1 × 103 6.6 × 102 3.2 × 103 1.4 × 102 < 15

Seawater

1.6 × 10

–

Ice

–

1.4 × 102 –

3

7

2

5.7 × 10
6

4

–

< 15

–

< 20

–

< 20

–

< 15

–

< 15

–

< 20

–

< 20

5

Wooden box

1.3 × 10

< 15

< 15

< 20

< 20

< 20

< 20

Plastic box

3.3 × 106 1.5 × 105 1.0 × 103 2.4 × 104 < 15

< 15

< 20

< 20

< 20

< 20

1.3 × 10

2.5 × 10

4.0 × 10

Water water in water tanks of fishery auction markets, seawater seawater in fishery distribution vehicles, ice ice in wooden or plastic boxes, wooden box surfaces of
wooden boxes for fish storage, plastic box surfaces of plastic boxes for fish storage, – not analyzed

Izhaki 2017). Although the isolates in this study were
identified as V. cholerae non-O1, and most V. cholerae
non-O1 do not produce this toxin, it has been reported
as the third most common group of Vibrio bacteria that
causes diarrheal disease (CDC 2019). The prevalence of
Vibrio in fishery products may be affected as the sea surface temperature of S. Korea continues to increase, having increased by 1.1 °C over the last 50 years (East Sea
1.7 °C, West Sea 0.3 °C, and South Sea 1.4 °C increase)
(NIFS 2019). Chávez et al. (2005) and Singleton et al.
(1982) suggest that warm temperatures may influence
the occurrence of V. cholerae O1 and non-O1. Thus, a
detection rate of V. cholerae in fishery products will be
gradually increased.
Little increase was observed in the bacterial cell counts
(aerobic and coliform bacteria) of the fishery products
(flounder, monkfish, flatfish, rock cod, sea bass, snail,
hairtail, croaker, and pilchard), as the time period of the
fishery auction (before, during, and after auction)

progressed (Tables 2, 3, and 4). The bacterial cell counts
in the fishery products may increase as temperature increases, and fishery products can be cross-contaminated
by storage facilities (wooden or plastic boxes) that have
not been decontaminated. Coliform in the wooden boxes
were detected in spring (6.0 × 10–2.5 × 102 CFU/100
cm2), summer (2.5 × 104–4.0 × 105 CFU/100 cm2), and
fall (9.6 × 103–4.3 × 105 CFU/100 cm2) (Tables 2, 3, and
4). Therefore, the replacement or decontamination of
storage facilities at fishery auction markets is required to
prevent cross-contamination. In particular, the bacteria
in wooden boxes could accumulate if the boxes are not
decontaminated to be microbiologically safe.

Conclusions
In conclusion, V. cholerae can be detected in fall and
can cross-contaminate between the fishery products and
environmental factors such as water and storage boxes
in the fishery auction markets. Therefore, food safety
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Table 4 Microbial contaminations (aerobic bacteria, coliform, Escherichia coli, and Vibrio cholerae) of the fishery products and the
environmental samples collected from the fishery auction market A and B in fall (September)
Samples

Time

Bacteria
Aerobic bacteria
(CFU/g or CFU/mL
or CFU/100 cm2)

Coliform (CFU/g or E. coli (CFU/g or
CFU/mL or CFU/
CFU/mL or CFU/
100 cm2)
100 cm2)

V. cholerae (MPN/100 g or MPN/100 mL or MPN/
100 cm2)
V. cholerae O1

Market A Market B Market A Market B Market A Market B Market A

V. cholerae non-O1

Market B

Market A

Market B

Fishery products
Snail

Before auction 2.6 × 102 −

Hairtail

–

< 20

–

5400

–

5.9 × 10

–

< 15

–

< 20

–

130

–

–

< 15

–

< 15

–

< 20

–

20

–

2.6 × 10

Before auction –

6.3 × 10

–

–

5

1.9 × 10

–

2.3 × 10

–

Before auction –

2.9 × 10

–

–

< 20

–

< 20

< 15

–

< 20

–

200

–

–

< 15

–

< 20

–

40

5.9 × 102 –

< 15

–

< 20

–

110

3

1.2 × 10

–

–

< 15

–

< 20

–

< 20

2.0 × 103 –

< 15

–

< 20

–

20

–

< 15

–

< 20

–

45

5.3 × 102 –

< 15

–

< 20

–

< 20

< 15

< 20

< 20

< 20

20

2

3.7 × 10

5.8 × 104 –
4

< 15

1.1 × 10

2.7 × 105 –
4

–

1.9 × 104 –

3

1.6 × 105 –

Before auction –

After auction

2

4

Before auction –

After auction
Pilchard

< 15

–

After auction
Flatfish

–

After auction

After auction
Croaker

3.2 × 10

During auction 8.4 × 10

3

–

4

5.2 × 10

9.9 × 104 –

Environmental samples
Water

1.3 × 103 9.8 × 102 1.1 × 103 6.0 × 102 < 15
3

2.9 × 10
Ice
Wooden box

Plastic box

3

1.6 × 10

1.1 × 10

2

< 15

< 15

< 20

< 20

< 20

< 20

3.3 × 102 < 15

< 15

< 20

< 20

< 20

< 20

< 15

< 15

< 15

< 20

< 20

< 20

< 20

5.8 × 107 5.5 × 106 3.6 × 105 9.6 × 103 < 15

< 15

< 20

< 20

< 20

< 20

< 15

< 15

< 20

< 20

< 20

20

9.6 × 106 6.0 × 107 8.2 × 103 3.4 × 103 < 15

< 15

< 20

< 20

< 20

< 20

5.5 × 104 1.1 × 106 3.9 × 10
7

1.8 × 10

6

5.2 × 10

7

3.2 × 10

8

1.3 × 10

5

5.4 × 10

4

2.0 × 10

6.9 × 10

4

3.4 × 10

Water water in water tanks of fishery auction markets, seawater seawater in fishery distribution vehicles, ice ice in wooden or plastic boxes, wooden box surfaces of
wooden boxes for fish storage, plastic box surfaces of plastic boxes for fish storage, – not analyzed

practices at fishery auction markets such as the frequent
replacement and decontamination of storage facilities
and tools should be performed to prevent foodborne disease outbreaks. Overall, the results of this study may be
useful in establishing food safety practices for fishery
auction markets in S. Korea.
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Abstract
Background: In order to assess the high value-added use of the alginate-free residue of sea tangle, an animal
study was performed to evaluate the functional activities and key compounds present. In the animal study, sea
tangle and the alginate-free residue demonstrated good anti-hyperlipidemic and anti-arteriosclerotic abilities.
Results: The functional compounds in the alginate-free residue of the sea tangle were effectively extracted by
supercritical fluid extraction (SFE). The optimum extraction temperature and pressure were 40 °C and 6500 psi (M1)
in the SFE, a better method in comparison to the conditions of 70 °C and 4500 psi (M2), respectively. The antiatherosclerotic effects of the alginate-free residue of sea tangle (M1, M2) were investigated in Sprague-Dawley rats
treated with poloxamer 407, Triton WR 1339, corn oil, and a high-fat diet. The M1 fraction reduced the serum lipid
levels with greater efficacy than the M2 fraction. In the hyperlipidemic rats, treatment with M1 decreased the serum
triglyceride (TG), total cholesterol (TC), and low-density lipoprotein-cholesterol (LDL-C) levels when compared to the
levels in normal rats.
Conclusion: Our results demonstrated that the alginate-free residue of sea tangle reduces serum TC, TG, and LDLC. These results suggest that the alginate-free residue of sea tangle contains physiologically active components,
such as fucosterol, that may exert beneficial effects in the prevention of atherosclerosis.
Keywords: Antihyperlipidemic, Fucosterol, Saccharina japonica, Sea tangle

Background
A number of seaweed species are consumed as food in
several countries and documented as drugs in traditional
Chinese medicine. Fucoidan extracted from L. japonica
is an antioxidant, with the fatty acid composition of n–3
fatty acids, polysaccharides, vitamins, minerals and trace
elements (Jeong et al., 1993), and minor compounds
such as sterols. Saccharina japonica is also well known
for several biological activities, including antioxidant,
anti-mutagenic, and antibacterial activities (Okai et al.,
1993; Wang et al., 2006; Park et al., 2009).
Recently, many studies have reported on prospective natural resources regulating the serum cholesterol and triglyceride (TG) levels (Ghule et al., 2006; Lemhadri et al., 2006).
Hypercholesterolemia and hyperlipidemia are important risk
* Correspondence: daesung@mabik.re.kr
1
National Marine Biodiversity Institute of Korea (MABIK), Seocheon,
Chungcheongnam-do 325-902, Republic of Korea
Full list of author information is available at the end of the article

factors in the initiation and progression of atherosclerotic
disease (Goldstein et al., 1973; Harrison et al., 2003). Hypercholesterolemia is characterized by an increase in serum
lipids such as TC, low-density lipoprotein cholesterol (LDLC), and TG (Levine et al., 1995). Hyperlipidemia mainly
demonstrates increased levels of total cholesterol (TC), TG,
and LDL-C, along with a decrease in the high-density
lipoprotein-cholesterol (HDL-C). Studies have indicated the
potential of synthetic and natural sources that could regulate
plasma TC and TG levels in coronary atherosclerosis (Ghule
et al., 2009).
The sea tangle is often used as a functional food or
alginate extraction material in Korea and Japan. The
alginate-free residue of sea tangle is discarded as waste.
For the purpose of high value-added use of the alginatefree residue of sea tangle, we investigated the antihyperlipidemic and anti-atherosclerotic effects of the
alginate-free residue from sea tangle.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Methods
Materials and chemicals

The sea tangle (Saccharina japonica) was obtained from a
local supplier (Gangneung, Gangwon-do, Korea) in March
2007. Poloxamer-407 (Pluronic F-127) and corn oil were
purchased from Sigma (St. Louis, MO, USA). TC (Cholestezyme-V), TG (Triglyzyme-V), and high-density lipoproteincholesterol (HDL-C; HDL-C555) were assayed using commercially available kits (Asan Pharm. Co., Ltd., Korea).
Preparation of samples

The functional compounds (M1 and M2) in the alginatefree residue of sea tangle were effectively extracted by
supercritical fluid extraction (SFX 3560, Lincoln, USA).
Supercritical CO2 was used as a solvent and extraction
was performed using 1.0 g sea tangle in a 10-mL extractor.
The extraction was performed for 20 min with a fluid flow
rate of 1.0 mL/min, measured at the pump head. The extraction was performed at 40 °C and 6500 psi in the sample cartridge for 10 min, followed by extraction through
the cartridge at 70 °C. The extracted sample was collected
in collection vial with ethanol.
Animals and treatments

Sprague-Dawley male rats weighing 130–150 g were obtained from the Dae-han Biolink Co., Ltd. (Chungbuk, Republic of Korea), maintained under constant conditions
(temperature 20 ± 2 °C, humidity 40–60%, light 12-h
cycle) and acclimatized for 1 week. The rats had free access to drinking water, with the feed prepared according
to the recommendations of the American Institute of Nutrition (AIN-76). After the animals were fed the AIN-76
diets, 50 or 100 mg (lipid solution/kg of body weight in
5% Tween 80) of the alginate-free residue extracted from
sea tangle powder was orally administered, once a day for
2 weeks. Following this period, the rats were fasted for 24
h and killed and dissected under CO2 anesthesia. All animal experiments were approved by the University of
Kyungsung Animal Care and Use Committee.
Experimental procedures

The poloxamer-407 hyperlipidemic diet model was determined according to the method described by Wout
et al. (1992). The rats were administered a 300 mg/kg
dose of poloxamer 407 intraperitoneally, prepared by
combining the agent with saline solution.
The Triton WR-1339 hyperlipidemic diet model was performed according to the method described by Kusama
et al. (1998). Triton WR-1339 (200 mg/kg) was injected
into the tail vein after a fasting period of 16 h. After inducing hyperlipidemia, the animals were anesthetized with the
CO2 gas and blood was gathered for analysis 18 h later.
According to Duhault et al. (1976), we administered
corn oil in the diet at 3 g/kg. The compositions of the
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normal and high-fat diet are shown in Table 1. The
high-fat-diet–treated rats were orally administered the
test substance for the last week, with the high-fat diets
fed daily for 6 weeks.
Extraction of feces lipids

Based on the method of Folch et al. (1957), the lipids
were extracted by homogenization of the feces with 2:1
chloroform-methanol (v/v), followed by centrifugation.
The lipids were extracted based on the dry weight of the
feces and assayed for TC and TG concentration using a
standard enzymatic assay kit (Asan Pharm., Korea).
Glucose analysis

The levels of TG, TC, and HDL-C were determined by
enzymatic colorimetric methods using commercial kits
(Shinyang Chemical Co., Busan, Korea). The concentration of LDL-C was calculated using the following equation (Friedwald et al., 1972).
LDL-C = TC–HDL-C–(TG/5)
Identification of M1 with HPLC

High-performance liquid chromatograph (HPLC, Hitachi,
Tokyo, Japan) system was performed using a Lichrospher
RP-18e column (8 × 250 mm, Merck). The mobile phase
used was methanol/acetonitrile (7:3, v/v) at a flow rate of
1.0 mL/min, and detection was performed at 450 nm and
210 nm by a diode array detector (L7455 type, Hitachi).
The amounts of M1 fractions were quantified from their
peak area by the use of a standard curve identified with
fucosterol.
Statistical analysis

All results are presented as the mean ± SD. Data were
evaluated by one-way ANOVA using SPSS (IBM SPSS,
Table 1 Composition of the normal and high-fat diet (Unit:
g/100 g)
Ingredients

Normal diet

High-fat diet

Casein

20

29

Corn starch

60

10

Sugar

0.0

10

Lard

0.0

35

Corn oil

9.0

5.0

Cellulose

5.0

5.0

AIN76 mineral mixture

3.5

3.5

AIN76 vitamin mixture

1.0

1.0

Cholesterol

1.0

1.0

DL-methionine

0.3

0.3

Choline

0.2

0.2

AIN76 mixture: Nutritional Biochemicals, ICN Life Science Group,
Cleveland, Ohio
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Table 2 Effect of M1and M2 on the serum lipid levels in
poloxamer-407 injected rats
Treatment

Dose

Triglyceride

mg/kg

mg/dL

Total cholesterol

Table 4 Effect of M1 on the serum triglyceride, total cholesterol
and low-density lipoprotein-cholesterol (LDL-C) levels in Triton
WR 1339-induced hyperlipidemic rats
Treatment

d

c

Normal

80.6 ± 8.46

66.5 ± 9.49

Poloxamer-407

1101.6 ± 63.7a

770.3 ± 48.8a

100

881.3 ± 52.2c

620.9 ± 33.6b

Control

M2

100

996.5 ± 70.3b

728.6 ± 43.1a

M1

Armonk, NY, USA), after which the differences between
the means values were assessed using Duncan’s multiple
range test. Results were considered statistically significant
at P < 0.05.

Triglyceride

mg/kg

mg/dL
98.4 ± 15.9d

Normal

M1

Values represent mean ± S.D. (n = 8). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test

Dose

a

50
100

Total cholesterol

LDL-C

79.6 ± 9.36c

18.2 ± 2.43c

736.5 ± 30.8

a

191.4 ± 14.5

67.3 ± 8.57a

639.5 ± 45.7b

167.0 ± 10.8b

53.7 ± 4.53b

c

b

49.0 ± 5.07b

424.8 ± 38.5

150.9 ± 7.53

Values represent mean ± S.D. (n=9). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test

were reduced in the M1-treated groups compared with
control rats; however, no dose-dependent differences
were observed between M1 and M2.
The effect of M1 on 30% corn oil-induced hyperlipidemia

Results
The effect of M1 and M2 on poloxamer 407-induced
hyperlipidemia

We assessed the effect of the oral administration of M1
and M2 100 mg/kg of body weight, once a day for 2
weeks, on the serum lipid levels in poloxamer 407induced hyperlipidemic rats. Serum TG and TC levels
were reduced by M1 and M2 when compared to the
control rats, in poloxamer 407-induced hyperlipidemic
rats (Table 2). M1 demonstrated a more potent effect on
the serum lipid levels than the M2 fraction. Hence, we
proceeded to assess if M1 possessed a dose-dependent
effect. The administration of the M1 at a dose of 50 and
100 mg/kg body weight significantly reduced serum lipid
levels when compared to the control rats (Table 3).

Table 5 shows the serum lipid levels following the oral
administration of M1 50 and 100 mg/kg body weight.
The serum lipid levels such as TG and TC were remarkably increased in the control rats induced corn oil; however, the administration of M1 significantly reduced the
serum TG and TC levels.
The effect of M1 on high fat diet-induced hyperlipidemia

Rats with hyperlipidemia induced by Triton WR 1339
demonstrated remarkably high serum levels of TG, TC,
and LDL-C. However, the administration of the M1 at
doses of 50 and 100 mg/kg body weight significantly
reduced the TG levels in the hyperlipidemic rats as compared to the control rats (Table 4). The TC and LDL-C

The effects of M1 on the serum lipid levels of rats fed a
high-fat diet are shown in Table 6. The rats fed a highfat diet reported significantly increased levels of serum
of TG, TC, and LDL-C compared to the normal rats.
The serum lipid levels including TG, TC, and LDL-C
were significantly reduced by M1 100 mg/kg, with no
reduction observed in the serum lipid levels of the control rats (Table 6). The abdominal fat pad weights in the
normal and diet-induced obesity rats fed with M1 were
also assessed. The weights of the retroperitoneal WAT,
epididymal WAT, and total abdominal WAT per body
weight of rats were significantly lower in the dietinduced obesity rats treated with M1 100 mg/kg body
weight than the control rats (Table 7). The fecal contents of the diet-induced obesity rats were not altered
when compared to dose-dependent of M1. The rats fed

Table 3 Effect of M1 on the serum lipid levels in poloxamer407 treated rats

Table 5 Effect of M1 on the serum triglyceride and total
cholesterol levels in 30% corn oil-induced hyperlipidemic rats

Treatment

Treatment

The effect of M1 on Triton WR 1339-induced
hyperlipidemia

Dose

Triglyceride

mg/kg

mg/dL

Total cholesterol

Normal

81.7 ± 9.53d

Poloxamer-407

1207.8 ± 100.5a

M1

69.8 ± 8.56c
b

800.6 ± 50.4a
a

50

937.5 ± 87.9

740.6 ± 47.8

100

741.6 ± 94.7c

531.2 ± 63.2a

Values represent mean ± S.D. (n=9). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test

Dose

Triglyceride

mg/kg

mg/dL

Total cholesterol

Normal

86.8 ± 10.5c

Control

230.7 ± 19.7a

98.8 ± 7.79a

50

b

197.6 ± 20.3

91.6 ± 9.66a

100

172.9 ± 11.1b

86.7 ± 5.24b

M1

73.5 ± 8.56c

Values represent mean ± S.D. (n=9). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test
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Table 6 Serum lipid contents of the normal and diet-induced
obesity rats fed with M1 for 2 weeks

Table 8 Feces lipid contents of the normal and diet-induced
obesity rats fed with M1 for 2 weeks

Treatment

Treatment Dose

Dose

Triglyceride

mg/kg

LDL-C

66.9 ± 4.57c

20.6 ± 4.26c

Dry
weight

Total lipid

g/day

mg/g

Normal

2.46 ±
0.17a

66.4 ±
6.83c

16.4 ±
1.36c

3.9 ± 0.79c

Control

1.01 ±
0.11b

133.2 ±
5.87b

17.8 ±
1.58c

15.6 ± 2.31b

50

0.93 ±
0.15b

140.5 ±
7.66b

21.3 ±
2.17b

18.6 ± 2.46a,b

100

0.85 ±
0.13b

153.9 ±
6.05a

26.8 ±
1.90a

20.5 ± 1.47a

mg/dL
76.9 ± 4.80c

Normal

a

Control
M1

Total cholesterol

121.3 ± 11.3

a,b

a

119.0 ± 3.56

a

mg/
kg

Triglyceride Total
cholesterol

a

76.5 ± 10.5

a

50

111.6 ± 9.53

115.2 ± 5.27

65.2 ± 5.28

100

97.7 ± 5.23b

106.3 ± 3.11b

51.4 ± 3.26b

Values represent mean ± S.D. (n=9). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test

the M1 100 mg/kg of body weight diet decreased of total
lipid, TG and TC (Table 8). The rats fed M1 100 mg/kg
reported lower blood leptin and insulin levels than the
control rats (Table 9).

M1

Values represent mean ± S.D. (n=9). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test

Discussion
Hyperlipidemia, obesity, and diabetes mellitus are chronic
diseases associated with serious complications that may
consequently increase the risk of atherosclerosis. Thus,
regulating the serum cholesterol levels is important, as increased serum levels of TC and LDL-C are the significant
determinants in the development of atherosclerosis (Jeong
et al., 2010).
In the present study, we investigated the effects of the
alginate residue extracted from sea tangle on the serum
lipid profile of hyperlipidemic and diet-induced obesity
rats. The results demonstrated that M1 administration
in the hyperlipidemic rats significantly decreased the
serum TC, TG, and LDL-C levels. Previous studies have
reported the hypolipidemic effects of edible seaweeds,
dietary fiber, plant sterols, and herbal extracts, as indicated by decreased serum TC, TG, and LDL-C levels on

rats (Nigon et al., 2001; Ara et al., 2002; Yamada et al.,
2003; Megalli et al., 2005; Jeong et al., 2010). According
to these studies, lowering serum TC and LDL-C levels
plays an important role in reducing the risk of developing atherosclerosis.
In addition, the diet-induced obesity rats treated with
M1 reported decreased abdominal fat weight compared to
the control rats. These results suggest that the M1 fraction
effects obesity by reducing the abdominal fat weight in
obese rats. We also investigated the total lipid, TG, and
TC levels in the fecal contents of the control and dietinduced obesity rats fed with M1. The M1-treated rats reported increased fecal content of the total lipid, TG, and
TC levels. This data indicated that M1 lowered the serum
lipid through the increased excretion of total lipid, TG,
and TC from the body. Hence, it was concluded that M1
demonstrated hypolipidemic activity in rats. Moreover,
lowering the serum cholesterol level is crucial for the prevention of cardiovascular diseases (Hideomi et al., 2005).
M1 treatments also exerted anti-hyperlipidemic effects by
regulating the serum lipid levels in rats with induced
hyperlipidemia. HPLC was performed to confirm the presence of functional components in the M1 fraction, and
the identification of fucosterol in the M1 fraction was
confirmed by the comparison of retention times with the

Table 7 Abdominal fat pad weights in the normal and dietinduced obesity rats fed with M1 for 2 weeks

Table 9 Serum leptin and insulin levels in the normal and dietinduced obesity rats fed with M1 for 2 weeks

Treatment

Treatment

Identification of compounds

To find a key functional anti-hyperlipidemic compound
in M1, the properties were compared with the reference
substance after separation using the HPLC (data not
shown). The results demonstrated fucosterol as the key
functional compound (Fig. 1).

Dose

Retroperitoneal

mg/kg

g

Epididymal

Total abdominal

Normal

6.44 ± 0.37c

7.82 ± 0.46c

Control

10.58 ± 0.83a

12.06 ± 0.53a

M1

a,b

a,b

Dose

Leptin

mg/kg

mg/dL

Insulin

14.26 ± 0.97c

Normal

8.76 ± 0.47c

22.56 ± 1.54a

Control

26.25 ± 6.43a

4.16 ± 0.30a

a

a,b

50

9.53 ± 0.46

11.17 ± 0.50

20.70 ± 0.86

100

8.69 ± 0.50b

10.53 ± 0.49b

19.22 ± 0.95b

Values represent mean ± S.D. (n=9). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test

M1

3.56 ± 0.19b

50

24.83 ± 3.29

4.06 ± 0.28a

100

16.55 ± 3.10b

3.97 ± 0.21a,b

Values represent mean ± S.D. (n=9). Values sharing the same column
superscript letter are not significantly different from each other (P < 0.05) by
Duncan’s multiple range test
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Fig. 1 Structure of fucosterol

reference standard. In previous studies, fucosterol, isolated
from marine algae Pelvetia siliquosa, has been investigated
for anti-oxidant and anti-diabetic activities (Lee et al.,
2003; Lee et al., 2004). Furthermore, many studies have reported that among the serum lipids, LDL-C is the most
dangerous, as the oxidation of LDL leads to its increased
infiltration in the arterial walls (Aviram, 1993). Therefore,
reducing the oxidation of LDL-C is essential due to the
presumed involvement in the development of atherosclerotic disease.

Conclusions
Our results demonstrated that the alginate-free residue
of sea tangle reduces serum levels of TC, TG, and LDLC. These results suggest that the alginate-free residue of
sea tangle contains physiologically active components,
such as fucosterol, that may exert beneficial effects in
the prevention of atherosclerosis.
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Abstract
Background: In the present study, we evaluated four commonly used housekeeping genes, viz., actin-β, elongation
factor-1α (EF1α), acidic ribosomal protein (ARP), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as
internal references for quantitative analysis of immune genes in nervous necrosis virus (NNV)-infected seven-band
grouper, Hyporthodus septemfasciatus.
Methods: Expression profiles of the four genes were estimated in 12 tissues of healthy and infected seven-band
grouper. Expression stability of the genes was calculated using the delta Ct method, BestKeeper, NormFinder, and
geNorm algorithms. Consensus ranking was performed using RefFinder, and statistical analysis was done using
GraphpadPrism 5.0.
Results: Tissue-specific variations were observed in the four tested housekeeping genes of healthy and NNVinfected seven-band grouper. Fold change calculation for interferon-1 and Mx expression using the four
housekeeping genes as internal references presented varied profiles for each tissue. EF1α and actin-β was the most
stable expressed gene in tissues of healthy and NNV-infected seven-band grouper, respectively. Consensus ranking
using RefFinder suggested EF1α as the least variable and highly stable gene in the healthy and infected animals.
Conclusions: These results suggest that EF1α can be a fairly better internal reference in comparison to other tested
genes in this study during the NNV infection process. This forms the pilot study on the validation of reference
genes in Hyporthodus septemfasciatus, in the context of NNV infection.
Keywords: Housekeeping gene, Expression stability, RT-qPCR, Nervous necrosis virus
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Introduction
The analysis and quantification of mRNA expression in
different animal experimental settings are crucial in understanding the cause or outcome of a biotic or abiotic
factor under study. The reverse transcriptase quantitative
PCR (RT-qPCR) is a versatile and widely used technique
to study the absolute or relative gene expression studies
due to its accuracy, sensitivity, reproducibility, and wider
dynamic range (Bustin et al. 2005; Huggett et al. 2005).
The quality and accuracy of the data generated from a
qPCR experiment relies on the normalization of the output with a constitutively expressed gene to avoid experimental errors caused by cDNA concentration, variations
in RNA, reverse transcription efficiency, and PCR efficiency (Dheda et al. 2004). The ideal reference gene for
qPCR should have a constant expression in different tissues/cells or developmental stages and should be unaffected by the experimental situations (Radonic et al.
2004). Housekeeping genes such as those encoding βactin,
glyceraldehyde-3-phosphate
dehydrogenase
(GAPDH), and elongation factor 1 alpha (EF1α) are commonly used as internal references. Although housekeeping
genes are generally involved in the maintenance of cellular
homeostasis, they are assumed to be constitutively
expressed; however, many studies demonstrated that the
expression levels of these genes vary significantly with different factors (Ingerslev et al. 2006; McCurley and Callard
2008; Su et al. 2011; Paria et al. 2016). Therefore, it is crucial to evaluate suitable reference genes to choose the best
performing candidate in all the experimental settings to
prevent the misinterpretation of qPCR output and to get
an accurate gene expression profile.
Grouper is an important warm and temperate water
fish, distributed in the tropical, subtropical, and temperate zone waters (Meng et al. 1995) with great economic
value for aquaculture. They belong to the family Epinephelinae, comprising of 159 marine species in 15 genera.
The seven-band grouper, Hyporthodus septemfasciatus,
is a high-valued marine finfish having an immense aquaculture potential in Southeast Asia. They inhabit the
shallow water zones around 5–30 m in Korea, Japan, and
China (Heemstra and Randall 1993). They are regarded
as candidate species for aquaculture due to their limited
resource and high economic value. The studies on the
seven-band grouper have been increasing in recent years
and has been focused mainly on the reproductive biology, early development, and disease pathology including
the viral nervous necrosis (VNN) that causes heavy mortality in the larval and juvenile groupers during the summer season (Kim et al. 2012). The reports on gene
expression profiling studies in seven-band grouper are
limited; however, to understand the biology of the fishes
and molecular mechanisms associated with infections, it
is important to examine the functional genes involved in
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these aspects. The identification of a suitable reference
gene in seven-band grouper is crucial for accurate immune gene expression profiling. The objective of the
current study was to validate housekeeping genes of
seven-band grouper to identify a candidate reference
gene as an internal control for expression profiling studies during NNV infection.

Materials and methods
Ethics statement

Juveniles of healthy seven-band grouper (7.8 g ± 0.5 g)
were maintained in the wet lab facility at 20–22 °C and
daily fed with a commercial diet. All animal experiments
were approved by the Institutional Animal Care and Use
Committee (IACUC) of Chonnam National University
(CNUIACUC-YS-2018-3).
Sample preparation

To study the expression of the housekeeping genes in
normal seven-band grouper, tissues including brain, gill,
eye, heart, spleen, liver, gut, head kidney, trunk kidney,
blood, muscle, and skin were collected and stored immediately at − 80 °C. Tissues of three animals were pooled,
and five such replicates were used to study the gene expression. For NNV challenge study, fish were injected
intramuscularly with 100 μL of 103.5 TCID50 NNV in L15. Fish injected with sterile L-15 were used as control.
At 0, 12, 24, 48, and 72 h of viral challenge, fish were
sacrificed and the aforementioned tissues were collected
and pooled in the same manner as described above.
RNA extraction and cDNA synthesis

Total RNA from the tissues were extracted using Tri reagent (MRC, USA) according to manufactures instruction. One microgram of the DNase treated total RNA
was reverse-transcribed by ReverTraAce qPCR RT Kit
(Toyobo, Japan) primed with random hexamers according to manufacturer’s instruction. The prepared firststrand cDNA was diluted in nuclease-free water to get
100 ng/μL and stored at − 20 °C until use.
Primer designing for reference genes and PCR efficiency

A total of four reference genes were selected for gene expression analysis viz., actin- β, elongation factor-1α (EF1α),
acidic ribosomal protein (ARP), and glyceraldehyde 3phosphate dehydrogenase (GAPDH). Specific primers for
each of the genes were designed based on the nucleotide
sequences from the H. septemfasciatus brain transcriptome
data (Kim et al. 2017) using Primer-BLAST suite (https://
www.ncbi.nlm.nih.gov/tools/primer-blast/) (Table 1). The
optimal annealing temperature of each primer was about
60 °C and the amplicons were within the range of 100–150
bp. PCR specificity was confirmed with a single melt peak
in dissociation curve analysis. PCR efficiency was calculated
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Table 1 Sequence, efficiency and correlation coefficient of the primers used in the present study
Gene

Primer sequence (5′-3′)

Efficiency E (%)

Correlation coefficient (R2)

Actin-β

AGCAGGAGTACGATGAGTCC
GTATGCAGAGCCAGTCGTTTG

102

0.995

Glyceraldehyde-3-phoospate dehydrogenase (GAPDH)

TGCCCACGCAAACATCATTC
TGAATGCCATGCCTGTCAGC

104

0.994

Acidic ribosomal protein (ARP)

GCCACGTGGAAGTCCAACTA
ACAGACGGATGGTCTGCATC

101

0.999

Elongation factor 1-α (EF1α)

CGAGAAGTTCGAGAAGGAAGC
GATGAGCTGCTTCACACCAAG

100

0.992

based on the slope of a standard curve generated using tenfold serial dilutions (10, 10−1, 10−2, 10−3, and 10−4) of liver
cDNA.

USA). The difference was considered to be significant at p < 0.05.

Results
Quantitative real-time PCR

All reactions were carried out on in an Exicycler 96
Real-Time Quantitative Thermal Block (Bioneer,
Korea) using the AccuPower 2XGreenStar qPCR
Master Mix (Bioneer, Korea) following the manufacturer’s instructions. The reactions were performed
in triplicates with 10 μM of each primer and 100 ng
of cDNA per reaction. The thermal profile consisted
of 95 °C for 10 min, followed by 40 cycles of 95 °C
for 10 s and 60 °C for 10 s. A dissociation curve analysis of the amplification was performed from 60 to
95 °C ateither 0.1 °C/s melting rate with a smooth
curve setting averaging 1 point to confirm that only
the specific PCR product was amplified and
detected.
Fold change expression of immune genes

To further evaluate the expression stability of housekeeping genes, a comparative fold change expression
analysis of immune genes, IFN-1 and Mx, at 48 h postinfection was undertaken. Fold change was separately
calculated for both immune genes with actin- β, EF1α,
ARP, and GAPDH as internal controls using the comparative CT method (2−ΔΔCT method) (Livak and
Schmittgen 2001).
Data analysis

Gene expression stability was evaluated using delta
Ct method (Silver et al. 2006) and four commonly
used programs viz., geNorm V3.5 (Vandesompele
et al. 2002), NormFinder (Andersen et al. 2004), and
BestKeeper V1 (Pfaffl et al. 2004). The comprehensive ranking of the expression stability was evaluated
using the RefFinder program (Xie et al. 2012). Statistical analysis for the differences in the expression
level of actin-β, EF1α, ARP, and GAPDH was done
by linear regression and two-way analysis of variance
(ANOVA) using GraphPad Prism 5.0 (La Jolla, CA,

Quantitative real time PCR efficiency and intra- and interassay variability

The four housekeeping genes, viz., actin-β, EF1α,
ARP, and GAPDH were amplified by qPCR from 12
different tissues of the healthy and NNV-infected animals. The amplified products ranged from 100 to
150 bp. The PCR efficiency was calculated using the
equation: PCR efficiency (E%) = (10–1/slope − 1) ×
100. All reactions displayed efficiency between 100%
and 105% (Table 1). Intra-assay variation was < 1.19%
and inter-assay variation was < 0.98% in this study,
indicating high reproducibility of the assay.
Expression level and stability of housekeeping genes in
healthy tissues

Expression levels were evaluated in 12 different tissues for all four housekeeping genes. The mean expression levels for all the studied genes were in the
range of 14–18 Ct values (Fig. 1, Additional file 1).
However, GAPDH showed significant variation in its
expression across the normal tissues with Ct value
of 14.7 in the eye and 25.6 in the liver. Compared
with all the tissues, the gut showed expression for
all the housekeeping genes. The highest variation in
expression of the house keeping genes was in the
muscle. Heart displayed significant variation in its
expression for all the four genes: skin and spleen
for actin-β and GAPDH, respectively; liver for EF1α
and GAPDH, respectively; and head kidney and
trunk kidney for EF1α and actin-β, respectively (Fig.
2).
For expression stability analysis, the stability ranking for the four genes obtained from the delta Ct
method, Bestkeeper, geNorm, and NormFinder programs were compared. ARP was found to be the
most stable expressed gene by the delta Ct, norm
finder, and the geNorm, whereas, EF1α by the bestkeeper and geNorm (Fig. 3). The overall ranking for
stability of candidate reference genes determined by
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Fig. 1 Graphical representation of absolute Ct values for each gene analyzed in healthy and infected seven-band grouper. Whiskers represent the
maximum and minimum values. Data represented as mean ± SEM, asterisk shows significant difference at p < 0.05

Fig. 2 Expression levels of candidate reference genes in different tissues of healthy and infected seven-band grouper. Data represented as mean
± SEM of ten replications. a-d indicates the expression levels of ARP, actin-β , EF1α and GAPDH respectively
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Fig. 3 Determination of the expression stability in healthy (a–d) and NNV-infected (e–h) seven-band grouper tissues evaluated using different
programs (viz., Delta Ct, Bestkeeper, NorrnFinder, and geNorm)

RefFinder was in the order: ARP > EF1α > actin-β >
GAPDH.
Expression level and stability of housekeeping genes in
NNV-infected tissues

Variation in the expression profile of selected housekeeping
genes was analyzed in all the 12 tissues of fish challenged
with the NNV. As shown in Fig. 1, the Ct values of the four
genes ranged between 14.89 and 16.88. The most highly
expressed gene was EF1α in the gut followed by ARP,
actin-β, and EF1α in the heart. The most variable expression was recorded for GAPDH with the expression level of
14.08 in the eye and 22.52 in the liver. Significant variation
in the expression of all the four genes was observed in the

spleen while the expression of GAPDH, actin-β, and ARP
was variable in the liver. EF1α and GAPDH showed significant expression in the gut, actin-β showed significant expression in the eye, and EF1α showed significant expression
in the gill, which was followed by significant expression of
ARP in the blood, skin, and muscle.
Actin-β was found to be the most stable expressed gene
in the NNV-infected tissues as predicted by all the four
methods (Fig. 3). The decreasing order of stability was further EF1α followed by GAPDH and ARP. Comprehensive
stability ranking according to the refFinder suggested that
actin-β is the most suitable gene with a geomean value of
1.0, and the overall stability order was actin-β > EF1α >
GAPDH > ARP.
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Time-dependent expression of housekeeping genes postNNV challenge

Following the NNV challenge, the variation in the expression of housekeeping genes was evident. As represented in Fig. 4a, the expression of EF1α was found to
be more consistent compared with other genes. Statistical analysis showed a significant difference in the expression among all genes and also with time for ARP,
actin-β, and GAPDH. Expression of EF1was not statistically different across the time points showing a stable
expression. Further analysis by linear regression (Fig. 4b)
also represented a stable expression of EF1α followed by
actin-β, whereas there was a significant difference in the
expression of ARP and GAPDH.

Fold change expression of immune genes

To evaluate the performance of housekeeping genes
in the fold change evaluation of immune genes, expression of IFN-1 and Mx in the brain, eye, spleen,
kidney, and blood was analyzed (Fig. 5). Significant
variation in the fold change expression and calculation thereof was observed in the tissues using different housekeeping genes. Fold change varied from
0.5–1.5 fold for IFN-1 in the blood and spleen between the four housekeeping genes. In the case of
Mx expression, pronounced variation in the fold
change was evident in the blood and kidney.

Identification of a candidate reference gene for infection
studies in H. septemfasciatus

Consensus ranking of each gene was calculated from the
geometric mean of the refFinder (Fig. 3) stability values
of healthy tissues and infected tissues. Thus, EF1α
(1.624) was found to be the most suitable internal reference control for infection-related gene expression studies in H. septemfasciatus followed by actin-β (1.646),
ARP (2.181), and GAPDH (3.464).
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Discussion
In the present study, we analyzed the stability of four
seven-band grouper housekeeping genes as internal standards for quantitative immune gene expression studies
in relation to NNV-infection. The expression of housekeeping genes varies with various factors such as development, stress, and infection, and a thorough validation
of housekeeping genes for different factorial conditions
is desirable (Bustin 2000). Studies on reference gene validation have been undertaken in various fish species for
different experimental conditions (Olsvik et al. 2005;
Fernandes et al. 2008; Tang et al. 2007; Zheng and Sun
2011; Purohit et al., 2016; Paria et al. 2016; Wang et al.
2017). In our study, EF1α was found to be the most
stable gene in all the healthy tissues, whereas GAPDH
was ranked as the least stable gene by all the four
methods. The concurrent finding has also been observed
for the gene expression profile of Epinephelus akaara,
wherein GAPDH and actin-β were the least stable genes
(Wang et al. 2017). Paria et al. (2016) reported that EF1α
and actin-β as the most stably expressed transcripts in
the normal tissues of Asian seabass. EF1α was found to
be the most consistently expressing gene in Atlantic salmon tissues (Olsvik et al. 2005; Ingerslev et al. 2006; Jorgensen et al. 2006) and showed least tissue specific
expressions in Atlantic halibut (Øvergård et al. 2010).
These observations were contradictory in case of zebrafish and Japanese founder, where actin-β was the most
stable expressed gene (Casadei et al. 2011; Zheng and
Sun 2011). These differences in the expression patterns
of housekeeping genes can be as a result of physiological
differences pertaining to the different fish species.
Actin-β, GAPDH, and B2M are commonly used internal
controls for grouper gene expression studies using the
RT-qPCR method (Tang et al. 2008; Huang et al. 2009;
Luo et al. 2010; Liu et al. 2012). However, the evidence
based on the previous studies cannot be generalized because the expression stability of these genes in grouper
species per se is still unclear. From our observations,

Fig. 4 Time-dependent expression profile of housekeeping genes following NNV infection in the tissues of seven-band grouper. a Mean Ct value
of housekeeping gene transcription in grouper tissues following NNV infection (n = 5). b Linear regression curve of housekeeping gene
expression (p < 0.05, n = 5)
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Fig. 5 Fold change expression values of IFN-1 and Mx in different organs of seven-band grouper analyzed with different housekeeping genes.
Data represented as mean ± SEM of five replications. a, b represents the fold change expression comparison of IFN-1 and Mx gene respectively

actin-β was the most stable expressed gene in NNVinfected tissues. In half-smooth tongue sole, actin-β was
found to be the stable expressing gene in all the 12 tested
tissues following LPS or Vibrio anguillarum challenge (Li
et al. 2010). In NNV-infected Atlantic halibut, RPL7 and
EF1α were found to be the candidate reference genes
(Øvergård et al. 2010), whereas, in European seabass, ribosomal protein L13a was identified as the stably expressing
gene following NNV challenge (Mitter et al. 2009).
GAPDH was not a suitable choice for the infection-related
gene expression studies in seven-band grouper owing to
its high degree of variability in the infected tissues. This
shortcoming of GAPDH as an internal control has been
reported in other fish species, including infectious salmon
anemia virus infection in Atlantic salmon and Edwardsiella tarda infection in Japanese flounder (Jorgensen et al.
2006; Zheng and Sun 2011). The instability in the expression of GAPDH might be due to its diverse range of functions in glycolysis, DNA replication and repair, protein
phosphotransferase/kinase reactions, membrane transport
and fusion, translational regulation and phosphotransferase activity, and nuclear RNA export, resulting in its transcript abundance sensitive to cell homeostasis which
could alter during a viral or bacterial infection.
Using the four methods, stability in the expression of
housekeeping genes was highly variable in healthy and
NNV-infected tissues. Based on the integration of the stability results in healthy and NNV-infected tissues, only
EF1α satisfied the stability threshold for the infectionrelated gene expression studies out of the four reference
genes studied. The results were in concordance with the
findings of Paria et al. (2016) highlighting EF1α as a candidate internal reference in normalizing RT-qPCR data in
infection-related gene expression studies.

Conclusion
In conclusion, the expression and stability of the four
housekeeping genes tested in this study have tissuedependent variation in healthy as well as NNV-infected

fish seven-band grouper tissues with significant variation
in the fold change calculations for immune genes.
Considering the consensus ranking of overall stability,
EF1α was found to be the most suitable reference gene
in infection studies of grouper. The outcome of this
study may potentiate future research works on gene expression studies in response to NNV infection in H.
septemfasciatus.
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1186/s41240-019-0142-3.
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control and infected group.
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Risk-based approach to develop a national
residue program: prioritizing the residue
control of veterinary drugs in fishery
products
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Abstract
Veterinary drugs are widely used to protect production-related diseases and promote the growth of farmed fish.
The use of large amounts of veterinary drugs may have potential risk and cause adverse effects on both humans
and the environment. In this study, we developed risk-based ranking based on a scoring system to be applied in
the national residue program. In this approach, the following three factors of veterinary drugs that may occur as
residues in fishery products were considered: potency (acceptable daily intake), usage (number of dose and
withdrawal period), and residue occurrence. The overall ranking score was calculated using the following equation:
potency × usage (sum of the number of sales and withdrawal period) × residue occurrence. The veterinary drugs
that were assigned high score by applying this approach were enrofloxacin, amoxicillin, oxolinic acid, erythromycin,
and trimethoprim. The risk-based approach for monitoring veterinary drugs can provide a reliable inspection
priority in fishery products. The developed ranking system can be applied in web-based systems and residuemonitoring programs and to ensure safe management of fishery products in Korea.
Keywords: Risk, Priority, Veterinary medicine, Inspection, Fishery products

Background
Aquatic products are a major food resource with a lowcost and high-efficiency productivity, and farmed fish
production have been continuously increasing (Kim
et al. 2010; Kim et al. 2014). In Korea, seafood consumption per capita was approximately 60 kg in 2014–2016,
maintaining the highest level of fishery product
consumption in the world (FAO 2016). To meet the
demand for fish and crustaceans, most of them are produced under dense farming conditions, which can be a
stress factor and increase the possibility of disease prevalence (Uchida et al. 2016). Thus, the authorized veterinary drugs such as antibiotics and anthelmintics have
been continuously used to prevent diseases in fishery
* Correspondence: hskang1235@korea.kr; adstar@cheminet.kr
1
Pesticide and Veterinary Drugs Residue Division, National Institute of Food
and Drug Safety Evaluation, Osong, Cheongju, Chungcheongbuk-do 361-709,
Republic of Korea
3
CHEM.I.NET Ltd., Room 302, 773-3, Mok-dong, Yangcheon-gu, Seoul, South
Korea
Full list of author information is available at the end of the article

farm (Kim et al. 2019). However, overuse or noncompliance of withdrawal period of veterinary drugs has been
increasing due to the shift in farming environment such
as changes in climate and incidence of antibiotic resistant bacteria (Kang et al. 2018).
An analysis of the sales of antimicrobials in animal
husbandry and fish farm by the Korea Animal Health
Products Association (KAHPA) revealed that approximately 1000 tons of antimicrobials was sold each year
during 2011–2015. The highest volume of antimicrobials
was sold for use in pigs farms (53%, 481 tons) followed
by fishery (22%, 201 tons), poultry (17%, 157 tons), and
cattle industries (8%, 71 tons) (KAHPA 2019; Lee et al.
2018). As a large amount and several kinds of veterinary
drugs are used yearly, useful tools are needed to develop
more effective risk management strategies under limited
budget of governmental authorities (Kang et al. 2019).
The Irish government has developed a national residue
program for effective prioritization residue evaluation
and sampling plan such as veterinary drugs and
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pesticides in livestock products. The risk-based approach
is applied in the national residue program to determine
the prioritization of veterinary drugs through ranking
system based on risk factors such as potency, usage, and
residue occurrence (Danaher et al. 2016). The ranking
system reflects the factors considering the risk through a
simplified model for prioritization of compounds to save
cost and time. Thus, similar ecological models have been
proposed in other countries for the management of veterinary drugs. Indeed, Italy has developed the priority
model “RANKVET” considering 48 veterinary drug residue occurrences in environment compartments to assess
the potential risks (Di Nica et al. 2015). Portugal applies
prioritization based on antibiotic usage, ecosystem exposure, and antibiotic metabolism in livestock and
humans (Almeida et al. 2014).
Global regulatory authorities have established the
maximum residue limits (MRLs) for veterinary drugs in
animal products to protect potential human health effect. The Korean Ministry of Food and Drug Safety sets
the MRLs for 55 veterinary drugs in fishery products,
and 18 substances are managed as prohibited substances
in consideration of their carcinogenicity and genotoxicity
(MFDS 2019). However, risk-based priority study to support national residue inspection remains still limited in
Korea. In this study, we classified three factors that can
evaluate the risk for effective management of veterinary
drugs used in fishery products: (1) potency, (2) usage,
and (3) residue occurrence. We then collected data and
assigned scores according to each indicator. Our results
of risk-based prioritization can be applied to the safety
management of veterinary drugs and the establishment
of domestic inspection sampling plans in aquatic animal
products.
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residue occurrence (detection rate + noncompliant sample number).
Sample selection and data collection

Taking into consideration the detection characteristics,
the substances were selected (Table 1). In terms of the
selected veterinary drugs, data on ADI, number of veterinary drug sales (usage), withdrawal period of veterinary
drugs in fishery products, and veterinary drug residue
occurrence in fishery products (detection rate, noncompliant history) were collected.
Compilation of data for risk analysis

To select the priority of test samples, the classification
criteria were divided into three categories as follows and
coded, and the priority was determined by scoring.
1) Potency (Pr): ADI was used as a basic data for assessing the safety of veterinary drugs for risk-based
prioritization. The data provided by the European Medicine Agency (EMA) and FAO/WHO Joint Expert Committee of Food Additives (JECFA) were utilized as the
ADI used in this study.
2) Usage (Ur): The number of sales was calculated
based on the Korea Animal Health Product Association’s
2013 statistics (KAHPA 2019). The withdrawal period
was used in the veterinary drug guidebook for fishery
products presented by National Institute of Fisheries and
Science (NIFS 2016).
3) Residue occurrence (Rr, f): It was calculated based
on the research data conducted by the National Institute
of Food and Drug Safety Evaluation in 2014–2016 (Kang
et al. 2018; Shin et al. 2018). In addition, the number of
noncompliant sample and detection rate were utilized
for the residue occurrence.

Methods
Prioritization model

Ranking for prioritization

In previous studies, most of the priority models and systems have been applied in eco-surveillance. Thus, to
prioritize veterinary drugs used in fishery products, a
priority equation based on risk-based approach in domestic animal production by the Food Safety Authority
Ireland (FSAI) was used. The collected data, the coded
data, and the score were applied in the following equation. Based on the calculated scores, the substances were
classified into four groups according to the quartiles.

The collected data were scored by dividing the data on
the potency, usage, and residual level into four classes to
prioritize the veterinary drugs used in fishery products.
For easy substitution in the calculated equation, the
scores were assigned up to 4 points.

Priority r ¼ Pr  Ur  Rr; f
where Priorityr is the risk-based predicted priority of
veterinary drugs in fishery products,
Pr is the ADI of veterinary drugs, Ur is the usage
(number of sales + withdrawal period), and Rr, f is the

1) The potency was calculated based on the ADI. The
ADI was scored as 0.1<, 0.01–0.1, 0.001–0.01, and <
0.001 mg/kg bw/day. When there was no ADI, it
was calculated based on the maximum score.
2) The usage was calculated by dividing the number of
sales and withdrawal period of the veterinary drugs,
scoring them, and adding the scores. The unit of
dose was kg, and it was assigned scores as follows:
high (10,000 kg or more), middle (1000–10,000 kg),
low (1–1000 kg), and very low (< 1 kg). The
withdrawal period was assigned scores as follows:
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Table 1 Target veterinary drugs and their MRL in fishery
products by the Food Code
Class

Compound

MRL (mg/kg)

Amphenicols

Florfenicol

0.2b

Florfenicol amine

0.2b

Cephalosporins

Quinolones

Macrolides

Thiamphenicol

0.05

Cefalexin

0.2

not set, 50–100 days, 10–50 days, and 10 days or
less.
3) The residue occurrence was calculated based on the
number of noncompliant samples and detection
rate. The frequency of noncompliant samples with
respective Korean MRL values was assigned scores
as follows: 5 times or more, 3–5 times, 1–2 times,
and zero. The detection rate of each veterinary drug
in aquatic animals was assigned scores as follows:
1% or higher, 0.1–1%, 0.01–0.1%, and < 0.

Ceftiofur

n.a.a

Desfuroyl Ceftiofur

n.a.

Ciprofloxacin

0.1b

Difloxacin

0.3

Enrofloxacin

0.1b

Results and discussion

Flumequine

0.5

Data collection of veterinary drugs

Nalidixic acid

0.03

Norfloxacin

n.a.

Ofloxacin

n.a.

Oxolinic acid

0.1

Pefloxacin

n.a.

Clindamycin

0.1

Erythromycin

0.2

The target veterinary drugs with set MRLs were selected
as study substances (Table 1). To determine risk-based
priorities for the target drugs, five indicators (viz., ADI,
number of sales, withdrawal period, number of noncompliant samples, and detection rate) were selected, and
the scores of 1–4 were assigned to each indicator
(Tables 2 and 3). Priorityr is described in the Methods.
Priorityr was calculated based on the calculated scores
and classified into four groups based on the quartiles of
the scores. Ten substances were assigned the 75th or

Josamycin

0.05

Kitasamycin

0.2

Lincomycin

0.1

Spiramycin

0.2

Penicillins

Amoxicillin

0.05

Table 2 Scoring categories for risk-ranking of veterinary drugs
in fishery products

Ampicillin

0.05

Parameter

Pleuromutilins

Tiamulin

0.1

Potency (Pr)

Sulfonamidesc

Sulfachlorpyrazine

0.1

Acceptable daily intake

Sulfachlorpyridazine

0.1

Sulfadiazine

0.1

Sulfadimethoxine

0.1

Tetracyclines

Others

a

Description

1

> 0.1 mg kg-1 bw day-1

2

0.01–0.1 mg kg-1 bw day-1

3

0.001–0.01 mg kg-1 bw day-1

4

< 0.001 mg kg-1 bw day-1

1

< 0 (very low)

Sulfadoxine

0.1

Sulfaguanidine

0.1

Sulfamerazine

0.1

Sulfamethazine

0.1

2

1–1000 (low)

Sulfamethoxazole

0.1

3

1000–10,000 (medium)

Sulfamethoxypyridazine

0.1

4

> 10,000 (high)

Sulfamonomethoxine

0.1

1

< 10 days

Sulfaphenazole

0.1

2

10–50 days

Sulfaquinoxaline

0.1

Sulfathiazole

0.1

3

50–100 days

Sulfisoxazole

0.1

4

-

Usage (Ur)
Number of sales

Withdrawal Period

Trimethoprim

0.05

Residue occurrence (Rr, f)

Chlortetracycline

0.2b

Noncompliant samples

1

Zero

Doxycycline

0.05

2

One or two

Oxytetracycline

0.2b

3

Three to five

Tetracycline

0.2b

4

Greater than five

Ormethoprim

0.1

Praziquantel

0.02

Non-applicable
MRL is given for the sum of the parent drug and its metabolite or epimer
c
MRL is given for the sum of sulfonamides
b

Score

Detection rate

1

< 0%

2

0–0.1%

3

0.1–1%

4

> 1%
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Table 3 Overall-rank coding and scoring of veterinary drugs in aquatic products
Substance

ADI
(mg/
kg)

ADI Number
Rank of Sales
(kg)

Amoxicillin

0.002

3

112,021

4

20

2

4

3

0.88

3

Ampicillin

0.003

3

37,359

4

20

2

0

1

0

1

Cefalexin

0.5

1

656

2

5

1

0

1

0

1

Ceftiofur

0.02

2

7308

3

-

4

0

1

0.07

2

Chlortetracycline

0.03

2

75,454

4

-

4

0

1

0.07

2

3.82

Number
of sales
rank

Withdrawal
period
(days)

Withdrawal
period (days)
rank

Number of
noncompliant
samples

Number of
noncompliant
samples rank

Detection
rate

Detection
rate rank

Ciprofloxacin

0.002

3

0

1

-

4

0

1

Clindamycin

0.03

2

600

2

15

2

0

1

1

4

Difloxacin

0.01

3

-

1

-

4

0

1

1

Doxycycline

0.003

3

1553

3

-

4

0

1

Enrofloxacin

0.002

3

40,668

4

-

4

7

4

11.61

4

Erythromycin

0.0007 4

6671

3

30

3

0

1

0.22

3

Florfenicol

0.01

3

63,815

4

14

2

0

1

0.44

3

Flumequine

0.03

2

2704

3

8

1

0

1

0.44

3

Josamycin

0.002

3

0

1

-

4

0

1

Kitasamycin

0.5

1

572

2

-

4

0

1

Lincomycin

0.03

2

7300

3

10

2

0

1

0.07
0.51

1

1
1
2

Nalidixic acid

0.002

3

0

1

-

4

0

1

Norfloxacin

-

4

0

1

-

4

0

1

3

Ofloxacin

-

4

0

1

-

4

0

1

Ormethoprim

0.1

2

-

1

-

4

0

1

0.29

3

Oxolinic acid

0.0025 3

6349

3

28

3

1

2

2.79

4

Oxytetracycline

0.03

2

191,780

4

30

3

0

1

7.71

Pefloxacin

-

4

0

1

-

4

0

1

Praziquantel

0.17

1

-

1

-

4

0

1

0.07
0.29

1
1

4
1
2

Spiramycin

0.05

2

1322

3

-

4

0

1

Sulfachlorpyrazine

0.05

2

-

1

30

3

0

1

3

Sulfachlorpyridazine

0.05

2

873

2

30

3

0

1

0.07

Sulfadiazine

0.05

2

8487

3

30

3

1

2

0.51

3

Sulfadimethoxine

0.05

2

1606

3

30

3

0

1

0.15

3

Sulfadoxine

0.05

2

332

2

30

3

0

1

Sulfaguanidine

0.05

2

38

2

30

3

0

1

1

Sulfamerazine

0.05

2

219

2

30

3

0

1

1

Sulfamethazine

0.05

2

10,269

4

30

3

0

1

0.37

3

Sulfamethoxazole

0.05

2

21,816

4

30

3

0

1

0.07

2

Sulfamethoxypyridazine 0.05

2

219

2

30

3

0

1

0.15

3

Sulfamonomethoxine

0.05

2

198

2

30

3

0

1

1

Sulfaphenazole

0.05

2

-

1

30

3

0

1

1

Sulfaquinoxaline

0.05

2

780

2

30

3

0

1

1

Sulfasoxazole

0.05

2

-

1

30

3

0

1

1

Sulfathiazole

0.05

2

22,902

4

30

3

0

1

1

Tetracycline

0.03

2

0

1

-

4

0

1

Thiamphenicol

0.045

2

82

2

15

2

0

1

Tiamulin

0.03

2

13,598

4

-

4

0

1

0.07

2

Trimethoprim

0.02

2

6614

3

-

4

1

2

2.2

4

1
2

1

0.07

2
1

Kang et al. Fisheries and Aquatic Sciences

(2019) 22:29

higher scores and, therefore, were selected as priority
substances (Table 4).
The ADI value can be an indicator of safety of veterinary drugs. Among the veterinary drugs collected, four
veterinary drugs including erythromycin had no ADI or
had low values (< 0.001 mg/kg bw/day), and therefore,
they were assigned 4 points. The usage of drugs was as
follows: oxytetracycline > amoxicillin > chlortetracycline
> florfenicol> enrofloxacin. There were 17 veterinary
drugs, including ceftiofur, which did not have a withdrawal period or had no set withdrawal period and,
therefore, were assigned 4 points. When the usage was
ranked by adding the scores of the number of sales and
withdrawal period, enrofloxacin and tiamulin showed
high values. Thus, frequently used veterinary drugs occupied a high proportion of those with high scores. In
terms of residue occurrence, 4 points were assigned to a
high number of noncompliant samples, and enrofloxacin
showed the highest number of noncompliant samples (7
cases); thus, 4 points were assigned. Moreover, substances with the detection rate of 1% or more were
assigned 4 points, and they included chlortetracycline
and enrofloxacin (Table 3).
Determination of risk-based priority

Enrofloxacin (fluoroquinolone) had the highest score of
192. Enrofloxacin had 3 ADI points (0.002 mg/kg bw/
day), a high value of usage (40,668 kg), and withdrawal
period, and the highest number of noncompliant samples (7 cases). Enrofloxacin is used for the prevention
and treatment of infection by pathogenic bacteria such
as Vibriosis, and the amount of active ingredients is 100
g/kg or L (NIFS 2016). In this study, enrofloxacin had
high scores in potency, usage, and residue occurrence,
and therefore, it was ranked high among the prioritized
substances, but it was ranked low in the risk-based national residue program in Ireland. In the corresponding
study, the use of enrofloxacin, in livestock products, was
analyzed, and therefore, it was difficult to compare the
results of the corresponding study with those of this
study because of lack of sufficient information when
used in fishery products (FSAI 2014). Next, the total
score of amoxicillin was 108, indicating a high score
among the investigated substances. In fact, amoxicillin,
trimethoprim, and sulfadiazine among quartile (Q4) substances among the substances investigated in this study
were shown to have high priority for management in
consideration of frequency of use in the UK and toxicological results based on ADI (Capleton et al. 2006).
Moreover, amoxicillin was shown to be a high-priority
substance as a result of Ireland’s national residue program monitoring, which was derived using the same formula as in this study. Oxolinic acid, trimethoprim,
ciprofloxacin, florfenicol, and oxytetracycline were
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Table 4 Risk-based ranking of veterinary drugs in aquatic
products
Substance

Score

Priority

Quartile

Enrofloxacin

192

1

Q4

Amoxicillin

108

2

Oxolinic acid

108

2

Erythromycin

96

4

Trimethoprim

84

5

Ciprofloxacin

75

6

Florfenicol

72

7

Oxytetracycline

70

8

Nalidixic acid

60

9

Sulfadiazine

60

9

Spiramycin

56

11

Sulfamethazine

56

11

Chlortetracycline

48

13

Sulfadimethoxine

48

13

Tiamulin

48

13

Ceftiofur

42

16

Doxycycline

42

16

Sulfamethoxazole

42

16

Norfloxacin

40

19

Ofloxacin

40

19

Pefloxacin

40

19

Sulfamethoxypyridazine

40

19

Ormethoprim

40

19

Ampicillin

36

24

Flumequine

32

25

Difloxacin

30

26

Josamycin

30

26

Lincomycin

30

26

Sulfachlorpyridazine

30

26

Tetracycline

30

26

Sulfathiazole

28

31

Sulfadoxine

20

32

Sulfaguanidine

20

32

Sulfamerazine

20

32

Sulfamonomethoxine

20

32

Sulfaquinoxaline

20

32

Clindamycin

16

37

Sulfachlorpyrazine

16

37

Sulfaphenazole

16

37

Sulfasoxazole

16

37

Thiamphenicol

16

37

Praziquantel

15

42

Kitasamycin

12

43

Cefalexin

6

44

Q3

Q2

Q1
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mostly detected in fishery products in Korea, and the occurrence pattern was similar to the results of this study
(Kang et al. 2018). Nalidixic acid had no number of sales
but had higher priority than that of other compounds
due to the detection rate and ADI. Our findings suggest
that nalidixic acid can be used continuously in fishery
products according to veterinarian prescription. On the
contrary, cephalosporin-based cephalexin had the lowest
score (total 6 points) because of a high ADI value and
short withdrawal period. Cefalexin was also found to
have a very low priority in the results.
Applications of the study

In this study, a risk-based approach was used to
prioritize veterinary drugs used in fishery products for
the development of new governmental risk management.
The risk of veterinary drugs was ranked based on the
risk-based approach by using the following three risk
factors: (1) potency, (2) usage, and (3) residue occurrence. These factors were investigated based on the risk
of the substances, priority was set up based on scientific
grounds, and monitoring test was conducted, thereby increasing the efficiency of the national inspection priority.
Ireland not only applies the priority of the substances to
be tested to the actual national residue program using
the risk-based priority in the calculation program but
also uses it to estimate the minimum number of samples
required for the monitored livestock products. To effectively accomplish the safety management of national residue substances, a risk-based prioritization program is
necessary. As of May 2018, the Korea Food Code
suggested simultaneous multi-residue method (50 substances) as a qualification method (MFDS 2019). However, it is difficult for an individual food safety lab to
analyze all veterinary drugs including illegal use in terms
of time and cost. Analyzing substances according to the
priority presented in this study is expected to increase
the efficiency of analysis in the food safety lab.
Limitation of this study

Risk-based priority has an uncertainty for each factor in
the calculated model. Although the usage is calculated
based on the data of veterinary drug sales, priority
should be calculated by analyzing the actual dose of veterinary drugs used in aquatic products. In this study, we
used the withdrawal period data according to veterinary
drug guidebook for fishery products presented by the
National Institute of Fisheries and Science. However, a
low-cost intraperitoneal or intramuscular injection has
recently been developed. Thus, the withdrawal period
might differ with the administration route (injection and
oral). Additionally, in 2016–2018, the MRLs were updated by the Korean regulation. Ceftiofur, trichlorfone,
and ethoxyquin were updated by the Korean Food Code.
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Thus, newly generated data need constant updating
through a web-based system. Lastly, carryover from feed
to food of unavoidable and unintended residues of veterinary drugs and pesticides should be added in risk-based
priority for the national residue program.

Conclusions
This study can be applied to the prioritization of monitoring and safety management of veterinary drugs in
fishery products, and it can be actively utilized in the
establishment of future national residue programs and
domestic food re-inspection system in fishery products.
In the future, dataset and equation for all factors of the
risk-based approach should be updated in newly developed web-based system.
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Potential of fascaplysin and palauolide
from Fascaplysinopsis cf reticulata to reduce
the risk of bacterial infection in fish farming
Tepoerau Mai1* , Jordan Toullec1,2, Simon Van Wynsberge1,3,4, Marc Besson5,6, Stephanie Soulet1, Sylvain Petek1,2,
Emmanuelle Aliotti1, Merrick Ekins7,8, Kathryn Hall7, Dirk Erpenbeck9, David Lecchini5, Mehdi A. Beniddir10,
Denis Saulnier1 and Cécile Debitus1,2

Abstract
Marine natural products isolated from the sponge Fascaplysinopsis cf reticulata, in French Polynesia, were
investigated as an alternative to antibiotics to control pathogens in aquaculture. The overuse of antibiotics in
aquaculture is largely considered to be an environmental pollution, because it supports the transfer of antibiotic
resistance genes within the aquatic environment. One environmentally friendly alternative to antibiotics is the use
of quorum sensing inhibitors (QSIs). Quorum sensing (QS) is a regulatory mechanism in bacteria which control
virulence factors through the secretion of autoinducers (AIs), such as acyl-homoserine lactone (AHL) in gramnegative bacteria. Vibrio harveyi QS is controlled through three parallel pathways: HAI-1, AI-2, and CAI-1. Bioassayguided purification of F. cf reticulata extract was conducted on two bacterial species, i.e., Tenacibaculum maritimum
and V. harveyi for antibiotic and QS inhibition bioactivities. Toxicity bioassay of fractions was also evaluated on the
freshwater fish Poecilia reticulata and the marine fish Acanthurus triostegus. Cyclohexanic and dichloromethane
fractions of F. cf reticulata exhibited QS inhibition on V. harveyi and antibiotic bioactivities on V. harveyi and T.
maritimum, respectively. Palauolide (1) and fascaplysin (2) were purified as major molecules from the cyclohexanic
and dichloromethane fractions, respectively. Palauolide inhibited QS of V. harveyi through HAI-1 QS pathway at 50
μg ml–1 (26 μM), while fascaplysin affected the bacterial growth of V. harveyi (50 μg ml–1) and T. maritimum (0.25
μg). The toxicity of fascaplysin-enriched fraction (FEF) was evaluated and exhibited a toxic effect against fish at 50
μg ml–1. This study demonstrated for the first time the QSI potential of palauolide (1). Future research may assess
the toxicity of both the cyclohexanic fraction of the sponge and palauolide (1) on fish, to confirm their potential as
alternative to antibiotics in fish farming.
Keywords: Porifera, Marine natural products, Quorum sensing inhibitors, Antibiotic, Fascaplysinopsis cf reticulata

Background
The overuse of antibiotics in the environment may have
important economic and sanitary outcomes (Martinez
2009; Hatosy and Martiny 2015). Indeed, the release of
antibiotics in natural environments exerts a strong pressure on bacteria strains and supports the selection of
resistant bacteria. The recurrent use of antibiotics decreases their effectiveness over time (Blair et al. 2015).
To reduce the overuse of antibiotics and minimize the
impacts to the environment and human society, there is
* Correspondence: mai.tepoerau@live.fr
1
EIO, ILM, IFREMER, IRD, UPF, BP 6570, 98702 FAA’A, Tahiti, French Polynesia
Full list of author information is available at the end of the article

an urgent need for alternatives to antibiotics (Editorials
2013; Spellberg and Gilbert 2014).
In aquaculture antibiotic resistance causes mass mortality of cultured species (Karunasagar et al. 1994) which result in economic loss for farmers (Shrestha et al. 2018).
Aquaculture itself largely contributes to the dissemination
of antibiotics resistance genes in the aquatic environment
(WHO, 2006; Shah et al. 2014), which increases the risks
on human health (Aly and Albutti 2014). Policy on antibiotics in aquaculture is becoming more strict, and antibiotics are forbidden in some countries (Lulijwa et al. 2019).
Finding antibiotic alternatives in this field is the focus of
the current research (Pérez-Sánchez et al. 2018) due to
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the promising market they represent. To reduce the
selective pressure exerted on bacteria strains, novel strategies target natural products that inhibit the expression of
virulence genes without exerting a strong bactericide activity (Moloney 2016; Spellberg and Gilbert 2014). Such
promising products include inhibitors of quorum sensing
(Chen et al. 2018; Pérez-Sánchez et al. 2018) which exhibited in vitro and in vivo effectiveness in aquaculture
(Manefield et al. 2000; Brackman et al. 2008; Pande et al.
2013).
Quorum sensing (QS) is a cell-to-cell communication
process in bacteria based on the secretion and detection
of signal molecules (i.e., autoinducers) by bacteria. Specifically for gram-negative bacteria, autoinducers (AIs) consist of small molecules, mainly acyl-homoserine lactone
(AHL) derivatives (Waters and Bassler 2005). Quorum
sensing allows the expression of target genes involved in
biofilm formation, toxin secretion, and bioluminescence
(Henke and Bassler 2004a). It is influenced by the concentration in AIs related to the bacterial density and the genetic similarity of bacteria neighbors (Schluter et al. 2016).
A model species for testing the relevance of antibiotic
alternatives in aquaculture is V. harveyi. Vibrio harveyi is
a luminescent bacteria inhabiting the marine environment
and pathogens in aquaculture, specifically when it is associated with Tenacibaculum maritimum (Reverter et al.
2016). The QS of V. harveyi is well documented, with
three parallel QS systems that are regulated by three couples of signal molecules and cognate sensors: V. harveyi
autoinducer-1 (HAI-1) and LuxN sensor; autoinducer-2
(AI-2) and LuxPQ sensor; Cholerae autoinducer-1 (CAI1); and CqsS sensor (Henke and Bassler 2004a). Together
these three systems encode bioluminescence and virulence
factors as biofilm formation, type III secretion, and a
secreted metalloprotease genes (Henke and Bassler 2004a;
Henke and Bassler 2004b).
Quorum sensing inhibitors (QSIs) of V. harveyi have
already been identified from a variety of marine organisms,
including bacteria, algae, and sponges (Givskov et al. 1996;
Peters et al. 2003; Rasch et al. 2004; Teasdale et al. 2009;
Dobretsov et al. 2011; Natrah et al. 2011; Kalia 2013; Tello
et al. 2013; Saurav et al. 2017). Marine sponges are promising sources of antibiotic alternatives because (i) they are
known to be a reservoir of diverse microbial communities
(Thomas et al. 2016) and (ii) as primitive sessile organisms
featured with a simple multicellular structure, their main
defense against pathogen rely on the production of secondary metabolites with antibiotic and antibiofilm (Feng et al.
2013), and QS inhibition activities against pathogens (Blunt
et al. 2005; Müller et al. 2013; Quévrain et al. 2014). In this
study, Vibrio harveyi and T. maritimum were used as
model species to test antibiotic and QS inhibition bioactivities of two compounds isolated from the sponge Fascaplysinopsis cf reticulata collected in French Polynesia. Because
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of the cytotoxicity of fascaplysin (2) reported in the literature (Hamilton 2014), we also evaluated the toxicity of F. cf
reticulata extract on two fish species (Poecilia reticulata
and Acanthurus triostegus) to check the safety of using this
sponge in fish farming.

Methods
Sponge sampling

Sponge samples were collected manually using SCUBA,
between 45 and 65 m depth in the Tuamotu Archipelago
(French Polynesia) during the 2011 Tuam expedition
aboard the Alis vessel (Debitus 2011), on the outer reef
of Anuanuaro Atoll (20°25.394’S, 143°32.930’W). Samples were frozen immediately at –20 °C on board until
being processed.
Purification and characterization of secondary
metabolites.

The sponge collected was freeze dried and grounded to obtain 95 g of dry sponge powder. It was extracted using 100
ml of 80% ethanol and then rinsed twice in 100% ethanol.
The solvent was evaporated under reduced pressure, and
the remaining ethanolic extract was dissolved in water and
successively partitioned three times with cyclohexane and
three times with dichloromethane. The cyclohexanic fraction was subjected to silica gel chromatography (40–60-μm
mesh) and then eluted with cyclohexane and ethyl acetate
mixtures of increasing polarity. Further semi-preparative
HPLC on normal phase column eluted with cyclohexane/
ethyl acetate 55/45 vol/vol allowed the isolation of palauolide (1) (5 mg). The purification of the dichloromethane
fraction (called fascaplysin-enriched fraction (FEF)) using
reverse phase HPLC (column: Interchrom Uptisphere strategy, 5 μm; solvent: (water/acetonitrile 70:30), TFA 0.1%) led
to the isolation of fascaplysin (2) (17% of FEF, 0.02% dry
sponge weight, 19 mg). High-performance liquid chromatography analysis was performed on HPLC (Agilent Technologies 1260 Infinity) with diode array (Agilent G1315C)
and evaporative light-scattering (Agilent G4260C) detection. Yields were calculated using the ratio compound
weight/freeze-dried sponge weight. Structure elucidation of
the two known compounds was performed on the basis of
1
H and 13C NMR and mass spectra.
Fish toxicity bioassay

The toxicity effect of F. cf reticulata’s FEF on fish was
evaluated on two fish species that can be easily found in
French Polynesia and reared in the laboratory: P. reticulata (the guppy or mosquito fish) and A. triostegus (the
convict tang fish). Poecilia reticulata specimens (5–8 cm
length) were collected from a freshwater pool at Tahiti
at night. Poecilia reticulata specimens were appealed
with a flashlight and then caught with a landing net (5mm mesh size) and kept in 3 L plastic jar containing

Mai et al. Fisheries and Aquatic Sciences

(2019) 22:30

freshwater. Young settlers (or recruits, 1,5, 2 cm length)
and juveniles (3–7 cm length) of A. triostegus (at the two
distinct developmental stages) were caught during full
moon nights on the foreshore puddles and on the reef
crest using a net of the northeast coast of Moorea Island
(17°29'52.19"S, 149°45'13.55”W). Acanthurus triostegus
recruits (fish larvae undergoing metamorphosis) were
transparent at the time of capture, demonstrating that
they had just entered the reef following their pelagic larval stage, while the juveniles (old settlers, already metamorphosed and settled when captured) were already
fully pigmented when caught, demonstrating that they
had already settled in this reef area for at least a week
(Lecchini et al. 2004).
A preliminary assay was performed on P. reticulata by
balneation, as described previously for environmental
toxicity studies of acetylcholinesterase (AChE) inhibitor
pesticides (Wester and Vos 1994; Bocquené and Galgani
2004; El-Demerdash et al. 2018). Fascaplysin-enriched
fraction ethanolic solution was further tested in duplicate at 1 and 5 μg ml–1 during 72 h (chronic toxicity)
and at 50 μg ml–1 during 1 h (acute toxicity) in 2-L
tanks, each containing five fishes. Solvent controls were
run for each experiment. For the 72-h experiment,
water, FEF, and EtOH were renewed, and fishes were fed
once a day with commercial flakes. Abnormal behavior
of fishes after exposure to FEF was evaluated qualitatively, such as swimming difficulties (i.e., irregularity of
swim velocity, asymmetric pectorals fins movements,
upside down swimming, and quick jumps) and loss of
appetite.
Since the preliminary assay highlighted a modification
of P. reticulata behavior by FEF (see results section), a second toxicity assay was performed on A. triostegus focusing
on feeding behavior by using a quantitative method. The
effect on FEF exposition on A. triostegus feeding behavior
was assessed on two distinct developmental stages in
order to compare the activity of FEF at both stages of development. The bioassays on A. triostegus were performed
in 3-L tanks. Fishes (young settlers or juveniles) were exposed to FEF at 1 μg ml–1 in groups of four or five individuals during 24, 48, and 72 h. Rubble with encrusting turf
algae were placed in the tank for fish to feed on 1 h per
day during 3 days. The feeding behavior was assessed by
counting the number of bites on the algae encrusted rubble in each aquarium. Six video sequences of 5 or 10 min
per aquarium per day were analyzed. Results are expressed
in number of bites per fish per hour.
Antibacterial and quorum sensing inhibition bioassays on
Vibrio harveyi

Every purified compound was tested in triplicate at four
concentrations, 1, 5, 10, and 50 μg ml–1 against the wild
strain V. harveyi BB120 (Johnson and Shunk 1936; Bassler
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et al. 1997), and three derived mutants, JAF 375 (Freeman
and Bassler 1999), JMH 597, and JMH 612 (Henke and
Bassler 2004a). All strains were obtained from Bassler laboratory (Bassler et al. 1997; Freeman and Bassler 1999;
Henke and Bassler 2004a). Each mutant only expressed
one of the three QS systems of V. harveyi: JAF 375 (CAI-1
activated), JMH 597 (AI-2 activated), or JMH 612 (HAI-1
activated) (Freeman and Bassler 1999; Henke and Bassler
2004a). Quorum sensing inhibition bioassay was performed by combining simultaneously luminescence kinetics (in relative luminescence units, RLU) and absorbance
kinetics (at λ = 600 nm) (Givskov et al. 1996; Brackman
et al. 2008; Steenackers et al. 2010). Absorbance kinetics
was used to measure the growth of V. harveyi with any
tested compound or controls. Data was obtained using a
Fluostar Omega spectrophoto-luminometer (BMG Labtech Fluostar OPTIMA, Ortenberg, Germany).
The quorum sensing inhibition bioassay was modified
from Mai et al. (2015). A V. harveyi colony was grown on
Zobell agar plates (BD Bacto™ peptone, 5 g; BD BBL™ yeast
extract, 1 g; BD Bacto™ agar, 17 g; sterilized sea water, 1 L)
for 24 h. The plates were then suspended in liquid Lennox
L broth base medium (Invitrogen, Carlsbad, CA, USA)
which was supplemented with artificial sea salts (Sigma Aldrich Co., St Louis, MO, USA) at 40 g l–1 and was then incubated for 16 h under constant orbital stirring at 27 °C.
This suspension (50 μl) was then diluted in Marine Broth
(CONDA®, Madrid, Spain) (10 ml) and was incubated for
30 min while stirring at 27 °C. Compounds were dissolved
in absolute ethanol, deposited in sterile 96-μClear® bottom
wells microplates (Greiner Bio-One, Germany) that were
dried at room temperature under a laminar flow hood.
Each sample was tested in triplicate for each concentration
of purified compound tested (1, 5, 10, and 50 μg ml–1).
Compounds were then dissolved in Marine Broth (100 μl)
by sonication at 50/60 Hz for 30 min, and a bacterial
suspension (100 μl) was added in the appropriate wells.
The 96 wells plates were incubated at 27 °C for 12 h in a
microplate incubator reader, with luminescence and absorbance reading conducted every 10 min, after 1 min of
double orbital stirring. The sterility of the culture medium
was checked throughout the experiment, as well as the absorbance of each tested compound. Luminescence and absorbance data at the N-cycle reading (L N-cycle and A N-cycle)
were respectively obtained after subtracting the mean of
the first ten cycles of the luminescence and absorbance (L
mean first 10 cycles and A mean first 10 cycles) from the raw data
(L N-cycle raw data and A N-cycle raw data) (Eqs. 1 and 2).
LN−cycle ¼ LN−cycle raw data −Lmean first 10 cycles

ð1Þ

AN−cycle ¼ AN−cycle raw data −Amean first 10 cycles

ð2Þ

The kinetic curves obtained were sigmoidal. Any delay
or inhibition of both growth and luminescence curves
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compared to the control curves (which mean an inhibition of growth rate) is translated to an antibiotic effect
of the compound. By contrast, no change in bacterial
growth between tested and control curves associated
with a delay of luminescence between tested and control
curves translated to a QSI effect of the compound.
Antibacterial activity on Tenacibaculum maritimum

Antibiotic activity on T. maritimum could not be performed through the absorbance kinetics method as previously described for V. harveyi strains, because T.
maritimum precipitated at the beginning of the experiment
which prevented measuring absorbance. Antibiotic activity
on T. maritimum was tested using the disk diffusion
method on solid agar medium (Bauer et al. 1966). This bioassay was performed on a strain of the marine bacteria
named TFA4 (Reverter et al. 2016). Pure compounds were
dissolved in 100% ethanol to obtain impregnated disks (cellulose disks, 6 mm diameter) with 0.5, 0.25, 0.125, and
0.0625 μg of compound. Disks were air-dried in a laminar
flow cabinet and then deposited on Zobell agar plates, previously seeded with TFA4 strain. Petri dishes were incubated at 27 °C for 2 days.
Statistical analyses

Absorbance was modeled as a logistic function of time
(t) (Kingsland 1982) according to Equation 3, where
Amax is the maximum or asymptotic value of absorbance,
k is the steepness of the curve, and t0 is the x value of
the sigmoid’s midpoint.

bacterial concentration (i.e., fixed absorbance A = 0.055,
which corresponded to half the maximum absorbance
Amax of control).
For all parameters involved in QS activity (k and inflection points) as well as in toxicity (number of bites per unit
of time per fish), differences between concentration were
tested using the non-parametric Kruskal-Wallis test (function kruskal.test of pgirmess package in R.3.1.0) and a
multiple comparison test after Kruskal-Wallis (function
kruskalmc), suitable for small samples. A QSI activity was
evidenced when (1) V. harveyi population growth rate (k,
see Eq. 3) was not significantly lower with compound (or
extract) compared to control (Kruskal-Wallis test and
multiple comparison test after Kruskal-Wallis, α = 0.05)
and (2) the inflection point of luminescence is significantly
higher with compound (or extract) compared to control
(Kruskal-Wallis test and multiple comparison test after
Kruskal-Wallis, α = 0.05).

Results
Purification of the Fascaplysinopsis cf reticulata extract

The hydro-alcoholic extraction of sponge powder (95 g)
provided 2.8 g of extract. The partitioning of this extract
led to cyclohexanic (1.46 g, yield 1.54% w/w) and dichloromethane (0.112 g, yield 0.11% w/w) fractions. The
purification of the cyclohexanic fraction conducted to
the known palauolide (1) (0.005 g, yield 0.005% w/w)
and the dichloromethylenic fraction to the alkaloid fascaplysin (2) (0.019 g, yield 0.02% w/w) (Fig. 1).
Quorum sensing inhibition
Effect of palauolide

Y¼

Amax
1 þ expð−kðt−t0 ÞÞ

ð3Þ

Y ¼

Lmax
1 þ aexpð−k ðt−t 0 ÞÞ

ð4Þ

Luminescence was also modeled as a logistic function,
following Equation 4, where Lmax is the maximum or
asymptotic value of luminescence. Equation 4 includes
an a parameter to adequately model the high steepness
found for luminescence curves. For each compound and
concentration tested, the parameters of the logistic curve
were fitted using the function “nls” of the package “stat”
in R.3.1.0. The effect of compounds on the growth and
the bioluminescence of V. harveyi populations were evaluated by comparison of the growth rate (assimilated to
the parameter k) and the curve inflection points. For the
absorbance kinetics, the inflection point was equal to t0.
For the luminescence kinetics, the derivative (Y’) of the
sigmoid function was calculated, and the inflection point
was identified as the time for which Y’ was maximal.
Furthermore, to provide comparable values of bioluminescence, luminescence values were compared at a fixed

Absorbance and luminescence kinetics of the V. harveyi
wild strain (Fig. 2 a and b) highlighted a dose-dependent
effect of palauolide (1) on BB120 bacterial growth. During the growth of V. harveyi bacterial strains, the growth

Fig. 1 Chemical structure of palauolide (1) and fascaplysin (2)
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Fig. 2 Effect of palauolide (1) on BB120 strain. (a) Absorbance kinetics, (b) luminescence kinetics (RLU), (c) steepness data (k) of absorbance
kinetic, (d) luminescence value (RLU) measured for absorbance at 0.055 (represented on (A) by a dashed line, corresponding to the absorbance
value at the inflection point of control) without palauolide (black, control), with palauolide 1 μg ml–1 (blue, C4), 5 μg ml–1 (green, C3), 10 μg ml–1
(orange, C2), and 50 μg ml–1 (red, C1). Data are reported as means ± SD from three technical replicates (*significant Kruskall-Wallis p value < 0.05
by comparing with control)

rate (k parameter) of absorbance increased as the concentration of palauolide (1) increased (Table 1, Fig. 2c).
As a consequence, the sigmoid midpoint (t0) decreased
as concentration of palauolide (1) increased (data not
shown). At 50 μg ml–1 of palauolide (1), the growth rate
of absorbance (k = 0.0127 ± 0.0005) reached values significantly higher than for controls (k = 0.0086 ± 0.0008;
multiple comparison test after Kruskal-Wallis; p < 0.05).
Also not significant due to the lack of statistical power,
similar trends were obtained for the three derived QS
mutants (Table 1). Despite the stimulating effect of
palauolide (1) on V. harveyi growth, a delay in luminescence activation of approximately 17 min was observed
for the highest concentrations tested 50 μg ml–1, compared to the luminescence curve of the control (Fig. 2b,
red and black curves, respectively). At the same growth
stage (A = 0.055), a decrease in RLU was observed for
the highest concentration of palauolide (1) compared to
control. Such decrease was found for the BB120 wild
strain (RLU respectively at 106 210 ± 24 385 at 50 μg
ml–1 (26 μM) of palauolide (1) compared to 172 416 (±
2 489) for control; Table 1; Fig. 2d) and the JMH 612
mutant only (RLU respectively at 99 806 ± 18 002 at 50
μg ml–1 (26 μM) of palauolide (1) compared to 189 392
± 2 609 for control; Table 1; Fig. 2d). For the JMH 612
mutant, the delay between the luminescence kinetics at
50 μg ml–1 and the luminescence kinetics of control was

50 min in average. These results indicate that palauolide
(1) boosted bacterial growth and inhibited V. harveyi QS
through HAI-1 QS pathway.
Effect of fascaplysin

Vibrio harveyi BB120 population growth rate (k, see Eq.
3) was significantly lower with fascaplysin (2) at 50 μg ml–
1
(k = 0.0021) compared to control (k = 0.0121; p value <
0.05). Similar results were obtained for mutant JAF 375,
with lower growth rate (k = 0.0036) and with fascaplysin
(2) at 50 μg ml–1 compared to control (k = 0.0119). Strong
decreases of population growth rate were also obtained
for mutants JMH 597 and JMH 612 with fascaplysin (2) at
50 μg ml–1 compared to control. For several replicates involving the two last mutants, population growth was null
or negative with fascaplysin (2) at 50 μg ml–1, which prevented the growth model to be fitted and k estimates to
be provided (Table 2; Additional file 1). This suggests an
antibiotic effect of fascaplysin (2) on V. harveyi and prevents concluding on a QS inhibition effect.
Antibiotic bioassay

Palauolide did not display any antibiotic activity against
the marine pathogen T. maritimum. By contrast fascaplysin (2) displayed antibiotic activity at 0.25 μg per disk
(11 mm) and 0.5 μg per disk (18 mm) against T. maritimum (TFA4) (disk diffusion bioassay).
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Table 1 Steepness of absorbance kinetic (k) and luminescence value measured for absorbance at 0.055 (RLU) estimated for various
concentration of palauolide (1) and Vibrio harveyi strains
Strain

Concentration of palauolide

BB120

Control

C4

C3

C2

C1

JAF 375

Control

C4

C3

C2

C1

JMH 597

Control

Replicate

k

RLU

1

0.0093

173985

2

0.0088

173717

3

0.0077

169546

All

0.0086 ( ± 0.0008)

172416 ( ± 2489)

1

0.0100

173727

2

0.0104

174212

3

0.0093

172441

All

0.0099 ( ± 0.0006)

173460 ( ± 915)

1

0.0105

178786

2

0.0116

179795

3

0.0107

179754

All

0.0110 ( ± 0.0006)

179445 ( ± 571)

1

0.0119

174835

2

0.0116

178950

3

0.0117

178843

All

0.0117 ( ± 0.0001)

177542 ( ± 2345)

1

0.0122

107211

2

0.0131

81339

3

0.0129

130080

All

0.0127 ( ± 0.0005)*

106210 ( ± 24385)

1

0.0144

131953

2

0.0140

134519

3

0.0135

131708

All

0.0139 ( ± 0.0005)

132727 ( ± 1557)

1

0.0160

129253

2

0.0168

131105

3

0.0183

130501

All

0.0170 ( ± 0.0012)

130286 ( ± 944)

1

0.0151

146894

2

0.0154

146197

3

0.0171

145802

All

0.0159 ( ± 0.0011)

146298 ( ± 553)

1

0.0172

140852

2

0.0163

141282

3

0.0160

140905

All

0.0165 ( ± 0.0006)

141014 ( ± 235)

1

0.0170

159632

2

0.0179

158643

3

0.0165

158767

All

0.0171 ( ± 0.0007)

159014 ( ± 539)

1

0.0094

147880

2

0.0081

146686

3

0.0100

147955
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Table 1 Steepness of absorbance kinetic (k) and luminescence value measured for absorbance at 0.055 (RLU) estimated for various
concentration of palauolide (1) and Vibrio harveyi strains (Continued)
Strain

Concentration of palauolide
C4

C3

C2

C1

JMH 612

Control

C4

C3

C2

C1

Replicate

k

RLU

All

0.0091 ( ± 0.0010)

147507 (± 712)

1

0.0120

150354

2

0.0118

147321

3

0.0121

147103

All

0.0119 ( ± 0.0001)

148259 ( ± 1818)

1

0.0132

154515

2

0.0138

152906

3

0.0140

153875

All

0.0137 ( ± 0.0004)

153765 ( ± 810)

1

0.0129

152211

2

0.0123

151867

3

0.0122

152261

All

0.0125 ( ± 0.0003)

152113 ( ± 214)

1

0.0159

150802

2

0.0183

161802

3

0.0145

157737

All

0.0162 ( ± 0.0019)

156780 ( ± 5562)

1

0.0057

186864

2

0.0083

192076

3

0.0087

189235

All

0.0076 ( ± 0.0017)

189392 ( ± 2609)

1

0.0074

186349

2

0.0076

189886

3

0.0087

189302

All

0.0079 ( ± 0.0007)

188512 ( ± 1896)

1

0.0088

187819

2

0.0076

174498

3

0.0078

184672

All

0.0081 ( ± 0.0007)

182330 ( ± 6963)

1

0.0089

190911

2

0.0086

188991

3

0.0089

188746

All

0.0088 ( ± 0.0002)

189549 ( ± 1186)

1

0.0106

120398

2

0.0097

91967

3

0.0091

87053

All

0.0098 ( ± 0.0008)

99806 ( ± 18002)

Control, C4, C3, C2, and C1, respectively, refer to palauolide (1) concentration at 0, 1, 5, 10, and 50 μg ml–1. Estimated values of k and RLU are provided for each
replicate (n = 3) and for all replicates (mean ± standard deviation over the three replicated). Values significantly different from controls (α = 0.05) are marked with
a star (*)

Fish toxicity assay

At 50 μg ml–1 of FEF, P. reticulata exhibited signs of
hyperventilation as well as motility disarrangement (i.e.,
jerky movements with sudden accelerations or motionless

periods) within the first hour of treatment. None motility
disarrangement was observed at 1 μg ml–1 FEF solutions,
but changes to the feeding behavior were noticed for P.
reticulata, i.e., P. reticulata tasted the food flakes but did
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Table 2 Steepness of absorbance kinetic (k) estimated with
fascaplysin (2) at 50 μg ml–1 (C1), and without fascaplysin
(control), for the various Vibrio harveyi strains
Strain

Dose

Replicate

k

BB120

Control

1

0.0118

C1

JAF 375

Control

C1

JMH 597

Control

C1

JMH 612

Control

C1

2

0.0123

All

0.0121

1

0.0024

2

0.0017

All

0.0021

1

0.0117

2

0.0120

All

0.0119

1

0.0051

2

0.0021

All

0.0036

1

0.0108

2

0.0118

All

0.0113

1

0.0019

2

<0

All

-

1

0.0137

2

0.0119

All

0.0128

1

<0

2

<0

All

-

not ingest them. At 5 μg ml–1 of FEF, all of the P. reticulata died within 12 h.
The experiment on A. triostegus was only performed
at 1 μg ml–1 of FEF. For each time of incubation (24, 48,
and 72 h), the number of bites of A. triostegus (both recruits and juveniles) decreased significantly compared to
control A. triostegus (Fig 3). After 24 h of incubation
with 1 μg ml–1 FEF solution, the number of bites decreased by 91.3% (± 1. 6%, p value < 0.01) for recruits
and by 95.9% (±0.8%, p value < 0.001) for juveniles compared to the control A. triostegus (Fig 3). This trend was
confirmed for others times of exposition.

Discussion
The isolation of palauolide (1) and the major compound
fascaplysin (2) from the French Polynesian F. cf reticulata
extracts is similar to those results obtained by Sullivan
and Faulkner (1982) on Palauan sponges.
The QSI potential of the French Polynesian sponge F.
cf reticulata against the QS-dependent phenotypic expression in V. harveyi was demonstrated for the first

time. Palauolide (1) revealed a potential as QSI by inhibiting V. harveyi luminescence at 26 μM. In quantitative
analysis, palauolide (1) delayed the activation of bioluminescence expression to 50 min of V. harveyi BB120.
The V. harveyi growth rate was also significantly increased (p value < 0.05). The boosted growth rate of V.
harveyi with palauolide (1) can be interpreted as a consequence of QS inhibition, because the expression of
bioluminescence slows down bacterial growth rate to
save energy (Nackerdien et al. 2008). The present data
corroborates well with the result obtained previously on
the QSI at 23 μM of isonaamidine A isolated from the
sponge Leucetta chagosensis (Mai et al. 2015). Other
studies compared bioluminescence data at a time t, to
determine the inhibition of QS (Brackman et al. 2008;
Teasdale et al. 2009; Natrah et al. 2011). For example,
Brackman et al. (2008) showed inhibition of V. harveyi
bioluminescence with cinnamaldehyde and derivatives at
100 μM, 6 h after the addition of compounds (Brackman
et al. 2008). Skindersoe et al. (2008) found that manoalide, a compound of similar structure to palauolide (1),
inhibits QS at IC50 = 0.66 μM. The better bioactivity of
manoalide compared to palauolide (1) could be explained from the sensitivity of the intracellular bioassay
used by authors.
The mode of action of palauolide (1) on the inhibition of
QS has potential as an antibiotic alternative in aquaculture
for Vibrio species. Our bioassay on V. harveyi double mutants JAF 375, JMH 597, and JMH 612 highlighted interference of palauolide (1) on V. harveyi QS, specifically with
the acyl-homoserine lactone: HAI-1. Quorum sensing regulates bioluminescence and virulence factors of bacteria
through autoinducers (Henke and Bassler 2004a) such as
HAI-1 used for intraspecies communication (Waters and
Bassler 2005; Yang et al. 2011). Acyl-homoserine lactone
molecules are found in the family Vibrionaceae (Yang
et al. 2011). Palauolide (1) can therefore interfere with Vibrio species QS through HAI-1 pathway and then be used
as an antivirulent against Vibrio species as antagonist of
AIs. Most of antagonists of QS sensors are small molecules
(Swem et al. 2008; Gamby et al. 2012) with structural similarities to AIs such as brominated furanone derivatives
(Givskov et al. 1996; Rasch et al. 2004; Steenackers et al.
2010). Palauolide (1) is a sesterterpene composed by a δhydroxybutenolide moiety and a carbon skeleton. The potential of palauolide as a competitor of HAI-1 is most likely
due to its small structure and the moderate polarity of its
chemical structure. This enables palauolide (1) to cross
over the external membrane lipid of bacteria and to bind
on the periplasmic sensors Lux N (Swem et al. 2008).
Further research would indicate if there is an antagonist
effect of palauolide (1) on the HAI-1 sensor, such as
testing against additional V. harveyi mutants (Swem
et al. 2008; Blair and Doucette 2013).
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Fig. 3 Number of bites on coral pieces of Acanthurus triostegus (a) juveniles and (b) recruits per hour without FEF, fascaplysin-enriched fraction
(C), with ethanolic solvent (S), with fascaplysin-enriched fraction powder (FEF) at 1 μg ml–1. Error bars represent standard deviation of the mean
(N = 6) (**p value < 0.01 significant, *** p value < 0.001 very significant compare to control without fascaplysin-enriched fraction (C)s)

Fascaplysin (2) supplies a broad range of biological activity within F. cf reticulata. First, as other β-carboline alkaloids as dysideanin (20 μg) and didemnolines A-D (100
μg), fascaplysin is a strong antibiotic (0.25 μg) (Charan
et al. 2002; Hamilton 2014). In the sponge, fascaplysin (2)
is the major compound which represents 0.02% of the lyophilized sponge weigh. It exhibits many biological activities including cytotoxicity against tumoral cells (Segraves
et al. 2004; Shafiq et al. 2012; Hamilton 2014; Cells et al.
2015; Kumar et al. 2015), antimicrobial activities (Roll et al.
1988), and the inhibition of acetylcholinesterase (Bharate
et al. 2012; Manda et al. 2016). For microbial disease treatments in aquaculture, fascaplysin (2) is not ideal. Despite
its antibiotic activity against marine pathogens V. harveyi
(Table 2) and T. maritimum, fascaplysin (2) is toxic toward
both fresh and saltwater fish, P. reticulata and A. triostegus,
respectively. Indeed, fascaplysin (2) modified fish behavior
and displayed an anorexic effect. The AchE inhibition
properties of fascaplysin (Bharate et al. 2012) could explain
both its toxicity (Bocquené and Galgani 2004; Modesto
and Martinez 2010; Assis et al. 2012) and its effect on loss
of appetite of fish (Schneider 2000).
The toxicity of palauolide (1) on fish was not tested in
this study because previous work highlighted a weaker
cytotoxic activity of palauolide (1) compared to fascaplysin (2) (Charan et al. 2002; Hamilton 2014). However,
we recommend performing additional toxicity bioassays
of palauolide (1) on fish before using it as alternative of
antibiotic in fish farming.

Conclusion
In conclusion, the presence of palauolide (1) and fascaplysin (2) in F. cf reticulata, with QS inhibition and antibiotic
properties, respectively, could act as complementary where

QSIs help and increase antibiotic action on biofilm formation (Brackman et al. 2011). However, the toxicity on fish
of the major compound of F.cf reticulata fascaplysin (2)
(yield 0.02% w/w) prevents the use of the sponge extract in
fish farming context. We recommend in future research to
test toxicity of the cyclohexanic fraction of the sponge and
palauolide (1) on fish before concluding on the potential of
the cyclohexanic fraction and palauolide (1) as an alternative to antibiotics in fish farming.
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Abstract
Background: The black-chinned tilapia, Sarotherodon melanotheron, is the most abundant fish species in the Nakwa
(an open lagoon) and Brenu (a closed lagoon) in the Central Region of Ghana. Aspects of the life history
characteristics and the ecology of the fish populations in both lagoons were studied to assess the bio-ecological
status of this important resource.
Methods: Fish samples were obtained from fishermen that fish on the Nakwa and Brenu lagoons using cast, drag
and gill nets. The age of the fish was assessed from otoliths analysis and its growth modelled following the von
Bertalanffy growth function. Morphometric characteristics of the fish populations were analysed using power
regression and ANOVA for parameters comparisons, and Student’s t test to determine whether species grew
isometrically. The percentage occurrence method was used to analyse the stomach contents of the fish.
Results: A total of 382 fish samples from both lagoons were measured, comprising 209 from Nakwa lagoon and
176 from Brenu lagoon. The size and weight of fish samples ranged between 3.9–11.5 cm total length and 1.0–27.3
g for Nakwa Lagoon and 5.6–12.8 cm total length and 3.2–29.8 g for the Brenu Lagoon. The estimated von
Bertalanffy growth parameters were L∞ = 12.04 cm and K = 2.76/year for the Nakwa Lagoon samples and L∞ =
13.44 cm and K = 3.27/year for Brenu Lagoon samples. Daily otolith incremental rate ranged from 0.01–0.03 mm per
day to 0.01–0.02 mm per day for Nakwa and Brenu lagoons, respectively. Stomach content analysis of the fish
samples revealed that the species are planktivorous and the range of food varied between the lagoons. Green
algae were the most prevalent food item in the stomachs of the fish samples from Nakwa with the frequency of
69% whilst diatoms (80.5%) were most prevalent phytoplanktonic food item for the fish in Brenu lagoon.
Conclusions: The estimates of asymptotic length for the species in both lagoons are close to known values of the
species length at first sexual maturity and points to intensive fishing pressure. As a consequence, a comprehensive
sample-based survey is required in both lagoons to derive estimates of management reference points. The results
of the stomach content analysis are beneficial to the construction of diet matrix for ecosystem models of the two
systems.
Keywords: Ghana, Lagoon, Tilapia, Fish growth, Otoliths, Age, Food
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Introduction
Ghana’s coastline is endowed with many lagoons that
support the livelihood of adjacent local communities
(Dankwa et al. 2004; Davies-Vollum et al. 2019). Cichlids, especially the tilapias, are among the most important fish resources endemic to the aquatic ecosystems of
tropical Africa (Panfili et al. 2004). They are known to
be continuous spawners with multiple reproduction
rates (Legendre and Ecoutin 1989; Jiménez-Badillo 2006)
and feed on a range of plankton organisms and detrital
matter (Kone and Teugels 2003; Ofori-Danson and
Kumi 2006). In Ghana, there are two upwelling seasons
that drive marine fisheries. The major upwelling season
is from July through September, and the minor upwelling season is from late December to early February.
These are the high seasons for fishing (MoFAD 2015).
During the off-season, the price of marine fish is high
but there is reduced fishing activity due to scarcity of
surface shoals (Bannerman and Quartey 2004). Tilapias
constitute an important food source, providing protein
and also play a very important role in the economy of
coastal inhabitants, especially during the off season for
marine fishing (Blay and Asabere-Ameyaw 1993). Due to
their potential to adapt and thrive in varying environmental conditions, they have either invaded or have been
introduced into several water bodies in various regions
around the world (Lazard 1990). Sarotherodon melanotheron is a tilapia confined to brackish waters in lagoons and estuaries (Dankwa et al. 2016; Myers et al.
2018). The species, though not developed for aquaculture, is an important resource in the commercial and
subsistence fisheries of many West African lagoons
(Ekau and Blay 2000). It constitutes a high proportion
(50–95%) of total catch in the lagoons along the coast of
Ghana (Blay and Asabere-Ameyaw 1993; Koranteng
et al. 2000; Panfili et al. 2004; Dankwa et al. 2016).
Information on age is fundamental in studying the impact of environmental factors on growth and survival,
particularly of the juvenile stages of fish (Ekau and Blay
2000). Labropoulou and Papaconstantinou (2000) also
posited that age information is valuable for studying
population characteristics such as growth, recruitment,
mortality and reproduction, and it is often required before more detailed studies on life-history strategies and
ecology can be carried out. The use of otoliths in ageing
fish is often reliable such that the information on age
and growth is used to (1) determine the effect of fishing
on the stocks and the effectiveness of management policies, (2) understand life history events and (3) maximise
yield whilst still ensuring the sustainability of the resource (Campana and Jones 1992). Otoliths have been
widely used for estimating fish age since the first description of daily micro-increments by Pannella (1971).
Examining the otolith microstructure provides a dated
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record of past fish growth which has been used for age
determination and as a source of information on growth
rate and life history (Aguilera et al. 2009; Smylie et al.
2016). Validation of daily deposition of otolith is required before it can be used for the determination of age
and growth. Many scientists have validated daily microincrement of otolith of different fishes including horse
mackerel (Waldron and Kerstan 2001), tilapias (Panfili
and Tomas 2001) and tropical reef fish, Macentrus mollucensis (Fowler 1990).
Ekau and Blay (2000) found a one to one relationship
between days of rearing and daily increment in the otoliths of S. melanotheron from Fosu and Benya lagoons
and Kakum estuary of Ghana, thus verifying daily deposition. However, the use of otolith to accurately estimate
and also make a comparison of the age and growth of
this important resource in the lagoons of Ghana is very
limited. According to Gauldie (1990), fishes in their natural
environment are constrained by changing environmental
conditions that influence the metabolic and growth rates.
Fishes show differences in growth patterns which are
caused by several intrinsic and extrinsic factors such as environmental temperature, food availability, metabolic activity and reproductive activity which can subsequently
produce different budget of anabolism and catabolism
reflected in the L∞ and K parameters (Isaac 1990).
Feeding experiments conducted on different fishes revealed that food intake and food deprivation have an influence on microstructure deposition. Increment width
and periodicity appear to be sensitive indicators of feeding history in fish larvae and juveniles (McCormick and
Molony 1992; Molony 1996; Massou et al. 2002). Preliminary investigations of these two lagoons revealed differences in their characteristics and the level of catch of the
fishery resources. There is also generally limited information on age and growth of the species which often are
very important for effective management of the resources. This study, therefore, sought to use fish size
and otolith size as proxies to determine the age and
growth of Sarotherodon melanotheron from the two lagoons and to assess the range of food items available to
the species in both lagoons.

Materials and methods
Description of the study areas

The study was carried out on the Nakwa and Brenu Lagoons in Ghana (Fig. 1). The Nakwa lagoon lies adjacent
to the Ekumfi Nakwa fishing community. It is located on
5° 13′ 00″ N, 0° 54′ 00″ W. The lagoon is relatively
shallow with a surface area of 3.6 km2. It opens into the
sea during a greater part of the year and therefore experiences both tidal influence from the sea and fresh water
discharge from the Ochie River. The mouth is frequently
dredged to allow for passage of outboard motor-
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Fig. 1 Map showing the locations of Brenu and Nakwa lagoons in Ghana

powered canoes. On the periphery of this lagoon are
mangroves, shrubs and large tracts of marshland mostly
covered with Paspalum vaginatum. Beside fishing in the
adjacent sea, residents of Nakwa and Ekumpuano derive
much of their livelihood from this lagoon.
Brenu lagoon, on the other hand, is located on 5° 4′
60″ N, 1° 25′ 0″ W near Brenu Akyenim. The lagoon
covers an area of 0.82 km2. The Brenu lagoon is closed
and cut off from the adjacent sea by a sand bar for the
greater part of the year and contact with the sea is reestablished during the rainy season, either naturally or

artificially, to prevent flooding of nearby villages and
farms. Dilution is mainly from rainfall and small creeks
that feed into it. Therefore, the lagoon experiences hypersaline conditions in the dry season due to increased
evaporation (Yankson 1982). It is bordered by large
strands of mangroves, mostly Avicennia sp. and small
patches of marsh. Fishing in the lagoon is seasonal. Residents of the nearby communities of Brenu Akyenim and
Ampenyi-Ayensudo exploit resources from this lagoon
for their livelihood, mostly in the dry season, when farm
activities are minimal.
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Data collection

Fish samples from the two lagoons were obtained from
fishermen using cast, drag and gill nets between September 10 and October 26, 2010. The samples were kept
chilled in sealed poly bags to reduce digestion of stomach contents to the minimum and transported to the laboratory. In the laboratory, standard length (SL) was
measured from the tip of the snout to the caudal peduncle. The lengths were taken with measuring board to
the nearest 0.1 cm. Body weights of individual fishes
were measured to the nearest 0.01 g with an electronic
balance after wiping the water and other particles from
the body surface. A total of 382 fish samples from both
lagoons were measured, comprising 209 from Nakwa lagoon and 176 from Brenu lagoon.
After length and weight measurements, fishes were
then gutted for examination of stomach contents. The
extracted stomachs were stored in 10% formalin to preserve the food items. At the laboratory of the University
of Cape Coast, Ghana, the samples were removed from
the formalin solution, split open on a petri dish and contents examined using a binocular microscope (× 400
magnification). With the help of identification manuals,
organisms in the stomach were identified and grouped
into broad categories of food items. From each of the lagoons, forty-two (42) stomachs were analysed.
Pairs of sagittal otoliths of the fish were extracted
using instruments from dissection kits. This involved
completely removing the heads of the specimen and
then dividing it horizontally to separate the head into
upper and lower sections. Otoliths were extracted with
forceps after carefully teasing off the flesh, cleaned in
70% alcohol, dried and stored in capped vials for preparation and examination. One hundred and thirty-eight
pairs were sorted for examination and 110 samples were
used for analysis.
Simon et al. (2010) found no difference in shape and
size between left and right otoliths and therefore samples
of right-sided otoliths of the 138 pairs were sorted under
the dissecting microscope and used for the ageing and
growth assessment. At the Biolab of the Center for Tropical Marine Research, Bremen, the otolith samples were
weighed to the nearest 0.1 mg with an electronic balance
and the length on the longest axis measured to the nearest
0.001 mm using a dissecting microscope at × 250. Measured otoliths were embedded in epoxy resin block and
sectioned with a linear precision saw (Buehler Isomet
4000). Sectioned otoliths were mounted on microscope
slides with a transparent glue, ground on wet waterproof
silicon carbide abrasive paper (FEPA P # 1000, 1200, 2400
and 4000 grits) with intermittent monitoring under the
light microscope until the nucleus was reached, polished
with Buehler Cerium oxide polishing compound and
etched with 2% ethylenediamine tetra acetate (EDTA) for
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5 min and then rinsed with distilled water. This process
enhanced the visibility of growth rings making them more
readable under the microscope.
The otoliths were analysed under the microscope and
photographed with a digital microscope camera (ZEISS
AxioCamICc 3) and AxioVision 4.8.2 software. Daily increment counts were carried out on the photographed
images using the Image-Pro Plus analysis software (version 5). Daily growth increment consisted of light and
dark zones visible as the area from the beginning of a
dark band to the beginning of the next dark band (Geffen 1982) and these increment counts were used to estimate the age of the fishes. Growth increments were
counted from the nucleus to the edge of the otolith.
Otolith readings were carried out thrice, without reference to the length and weight of the fishes, to minimise
errors and also eliminate biases that might be introduced
during reading.
Statistical analysis

The length-weight relationship (LWR) of the fish species
was analysed using the equation:
W −aLb ;
where W = weight (g), L = standard length (cm), a =
constant and b = growth exponent. The LWR analysis
were conducted in the R statistical computing environment using the package ‘FSA’-Fisheries Stock Assessment (Ogle 2016).The condition factor, to estimate the
wellbeing of the fishes, was calculated with the equation:
0

K ¼

W
 100;
Lb

where K′ = condition factor, W = body weight, L =
standard length and b = length exponent (slope). For
each population, the exponent b of the length-weight
regression was checked to determine whether the
value was significantly different from 3 or the population exhibited isometric growth (i.e. the exponent b
value is statistically not different from 3). For this
purpose, the Student’s t test was conducted as
expressed by the equation: ts = (b−3)/SE (Sokal and
Rohlf 1987), where ts is the t test value, b the exponent and SE the standard error of the exponent b.
The formula is implemented in the R package FSA
with the function called ‘hoCoef()’.
The von Bertalanffy growth model of the form:


Lt ¼ L∞ 1  e−K ðt−t 0 Þ ;
where Lt is the length of the fish at time t, L∞ is the
asymptotic length of fish in cm, K is the growth coefficient and to being the age at length zero, was used to
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analyse the relations between length and age of the fish
samples from the two lagoons. The model was also fitted
in R using ‘FSA’ package. The estimated L∞ and K values
were used to calculate the growth performance index
(Ø′) = logK + 2 × logL∞ (Pauly and Munro 1984), to
compare the growth performance of the black-chinned tilapia between the two lagoons. An error level of 0.05 was
used for all statistical tests. The percentage occurrence
method was used to analyse the stomach content of the
fish specimen. All statistical analyses were performed in
the R environment for statistical computing (R CT 2019).

Results
The standard lengths of the fish samples were in a range
of 3.0–8.6 cm and 4.2–9.9 cm for Nakwa and Brenu lagoons, respectively (Additional file 1: Figure S1). The
most abundant size class from Nakwa lagoon is 3.6–4.0
cm but size classes of 4.1–4.5, 4.6–5.0, 5.1–5.5 and 5.6–
6.0 cm constituted some substantial proportions of the
catch. Percentage frequency of the fish samples decreased with increasing size classes from 3.5 to 4.0 cm
(Additional file 1: Figure S1). Fish samples with sizes between 5.1 and 9.0 cm were observed to constitute quite a
substantial proportion of the fish caught in the Brenu lagoon. The results also show that fish from Brenu lagoon
(mean ± SD = 6.86 ± 1.16 cm) were generally bigger
compared with the population from Nakwa lagoon
(mean ± SD = 4.62 ± 0.95 cm).
The length-weight relationship for fish samples from
the two lagoons (Fig. 2) showed very high coefficients of
determination, with r2 = 0.971 for Nakwa and 0.968 for
Brenu lagoons (Table 1). The exponent b of the lengthweight relationship, which give an indication of the
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increase in fish size in relation to body weight, was
3.0022 for Nakwa and 2.8399 for Brenu. Fish are said to
exhibit isometric growth when length increases in equal
proportions with body weight for constant specific gravity. The value of exponent b for isometric growth is 3
and values greater or lesser than 3 indicate allometric
growth (Gayanillo et al. 2005). A Student’s t test showed
that the exponent b values of the length-weight relationships for the fish samples from the two lagoons were different. The estimated b value of 3.0022 (confidence
interval 2.94, 3.07) for Nakwa lagoon was not statistically
different from 3 (p = 0.9512), therefore suggested that
the population in Nakwa exhibit isometric growth. In
contrast, the exponent b value of 2.8399 (confidence
interval 2.76, 2.92) of the length-weight relationship for
the fish samples from Brenu lagoon was statistically different from 3 (p < 0.0001), and thus indicated allometric
growth for the population in this lagoon.
The condition factor of fish samples from Brenu lagoon
(5.40 ± 0.48) was significantly higher than the value found
for samples from Nakwa lagoon (3.96 ± 0.39) (Student’s t
test of the samples gave p < 0.05; Table 2). The condition
factor for fish samples from Nakwa lagoon, however,
showed very minimal changes across the size bins. The
mean values ranged between 3.85 ± 0.31 at a length of 6.5
cm and 4.27 ± 0.00 at the size of 8.5 cm.
Otoliths of fish samples from the two lagoons, used
for the analysis, ranged in size from 1.70–3.72 mm (n
= 82) for Nakwa lagoon to 2.49–4.67 mm (n = 28) for
Brenu lagoon. A high correlation was found between
otolith size and otolith weight and also between otolith size and fish size (Fig. 3). Allometric coefficients
of the otolith size-otolith weight relationships were

Fig. 2 Length-weight data with the best-fit models (solid lines), 95% confidence bands (red dashed lines) and 95% prediction bands in the blue
zones for Sarotherodon melanotheron from Nakwa (a) and Brenu (b) lagoons of Ghana. The predictions were made using the length-weight
models (Table 1) derived from the fish samples. The models can be used to predict the weight of Sarotherodon melanotheron samples for which
only standard lengths are measured. Values of the response variable (i.e. Weight) were predicted from the fitted model using predict function of
the R package ‘FSA’

(2019) 22:31
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Table 1 Length-weight, otolith length-otolith weight and otolith length-standard length relationships of Sarotherodon melanotheron
from Nakwa and Brenu Lagoons of Ghana
Models

Nakwa

Brenu
3.002

0.039SL

0.054SL2.839

a (Cl 95%a)

0.035–0.044

0.046–0.062

b (Cl 95%b)

2.93–3.07

2.76–2.92

r2

0.971

0.968

Growth type

b

Length-weight relationship: FW = aSL

Isometric

Allometric (−)

N

209

176

Otolith length and otolith weight: OW = aOLb

0.1724OL2.70

0.2547OL2.50

a (Cl 95%a)

0.1577–0.2016

0.2176–0.2981

b (Cl 95%b)

2.56–2.84

2.35–2.66

0.9507

0.9498

r2

0.9815

1.8327OL

0.8611OL1.6598

1.6743–2.0060

0.7756–0.9560

b (Cl 95%b)

0.8814–1.0816

1.5554–1.7642

r2

0.8245

0.9495

b

Otolith length and standard length: SL = aOL
a (Cl 95%a)

FW, fish weight; SL, standard length; OL, otolith length; OW, otolith length; CI, confidence interval

found to be 2.4696 and 2.7242, for Brenu and Nakwa,
respectively. For otolith size-fish size relationships, the
allometric coefficients were 1.6598 and 0.9815 for
Brenu and Nakwa, respectively. The results of
ANOVA suggest that the Sarotherodon melanotheron
populations in Brenu and Nakwa have significantly
different slopes (F = 15.6, p = 0.0001264) and (F =
50.9, p < 0.0000005), for the otolith size-otolith
weight relationship and otolith size-fish length relationship, respectively. See Additional file 1: Tables S1

and S2 for the ANOVA results and Additional file 1:
Figure S1 for the length frequency histogram.
Out of the 110 samples of otoliths prepared for age estimation, 40 (Nakwa = 29; Brenu = 11) were selected for analysis.
The rest were rejected due to preparation errors, inability to
visualise and count the rings and also inconsistency in all the
otolith readings. Otoliths accepted showed clear zones with
each zone consisting of opaque and translucent bands. The
population from Brenu had a higher growth performance
index (Ø′ = 2.77) than those from Nakwa (Ø′ = 2.60). Other

Table 2 Condition Factor of Sarotherodon melanotheron from Nakwa and Brenu Lagoons of Ghana
Standard
length
(cm)

Nakwa

2.6–3.0

3.55 ± 0.00

3.1–3.5

3.74 ± 0.54

3.376, 4.094

3.6–4.0

4.05 ± 0.39

3.947, 4.153

4.1–4.5

3.89 ± 0.37

3.788, 4.001

5.37 ± 0.00

4.6–5.0

3.97 ± 0.43

3.814, 4.128

5.85 ± 0.78

4.955, 6.753

5.1–5.5

4.07 ± 0.32

3.933, 4.203

5.28 ± 0.29

5.143, 5.416

5.6–6.0

3.90 ± 0.36

3.739, 4.066

5.27 ± 0.36

5.122, 5.415

6.1–6.5

3.76 ± 0.21

3.561, 3.951

5.48 ± 0.37

5.316, 5.638

6.6–7.0

3.76 ± 0.31

3.372, 4.151

5.38 ± 0.66

5.019, 5.745

7.1–7.5

4.50 ± 0.00

5.34 ± 0.47

5.151, 5.534

7.6–8.0

3.96 ± 0.00

5.52 ± 0.41

5.357, 5.683

5.56 ± 0.47

5.315, 5.809

5.20 ± 0.53

4.829, 5.575

Mean ± SD

8.1–8.5
8.6–9.0

4.3 ± 0.00

Brenu
Confidence limits

Mean ± SD

9.1–9.5

5.39 ± 0.00

9.6–10.0

4.37 ± 0.00

Confidence limit
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Table 3 Estimates of the parameters of the von Bertalanffy
growth equation of Sarotherodon melanotheron from Nakwa
and Brenu lagoons of Ghana
Lagoon

Parameters

Estimates

Standard errors

Nakwa Lagoon

L∞

12.04 cm

10.07

K
to
Brenu Lagoon

Fig. 3 Relationship between otolith length and otolith weight (a)
and relationship between otolith length and standard length (b) of
Sarotherodon melanotheron populations in Nakwa (red) and Brenu
lagoons (blue) of Ghana. See Table 1 for details on the parameters
of the otolith length-otolith weight; and otolith length and fish
standard length relationships

details of the estimated growth parameters are presented in
Table 3 and Additional file 1: Figure S2.
The daily increment rates of S. melanotheron ranged
between 0.01 and 0.03 mm day−1 in Nakwa lagoon and
0.01 to 0.02 mm day−1 in Brenu lagoon (Fig. 4). In both
lagoons, there was an initial increase in the daily increment rings over the first 20 days. In the Nakwa lagoon,
increment remained constant over the next 50 days and

−1

2.76 year
−

0.02 year

4.62
-

L∞

13.44 cm

25.91

K

3.27 year−1

15.89

to

0.02 year

-

then increased over the 60th day. An unstable pattern
characterised the increment over the rest of the days
with the highest increment occurring over the 120th
day. In Brenu lagoon, however, there was a rise over the
60th day and a fall on the 90th day. Increment rose to
the maximum near the 100th day and became relatively
stable to the last day.
A total of 83 stomachs were examined for categorisation of food items. This comprised 42 and 41 stomachs
of fish samples from Nakwa and Brenu lagoons respectively. Green algae were the commonest phytoplankton
food items that occurred in the stomachs of fish samples
from Nakwa lagoon (69.0 %), compared with Brenu lagoon (26.8%). Spirogyra sp., Geminella sp. and Mougeotia sp. were mostly encountered in the fish samples from
Nakwa whilst few species of Euglena, Microspora, Chrysoccocus and Treubaria were also seen (Fig. 5 and Additional file 1: Table S3). Elakatrothrix and Oocystis spp.
were seen in samples from Brenu lagoon in addition to
Microspora, Spirogyra and Euglena spp. (Fig. 5). Phytoplankton food items that were most common in the stomachs of fish samples from Brenu lagoon were the diatoms
(80.5%). The diatoms mostly present were the Navicula
spp. and few species of Gyrosigma, Flagilaria, Coscinodiscus
and Merismopedia. Species of Diatoma, Striatella, Tabellaria, Rhizosolena and Surirella in addition to Flagillaria,
Gyrosigma and Navicula formed 61.9% of phytoplankton
food that occurred in stomachs of fish samples from Nakwa
lagoon. About 51.2% and 35.7% of the blue-green algae occurred in the stomachs of fish samples from Brenu and
Nakwa lagoons respectively. Species of Lyngbya and Anabaena were mostly encountered with species of Spirulina,
Gloeotrichia, Nodularia, Oscillatoria and Gomphospheria
constituting little to proportions of food in stomachs of fish
samples from Brenu. Gloeotrichia, Spirulina, Oscillatoria,
Lyngbya together with Aphanizomenon spp. were seen in
the stomachs of fish samples from Nakwa lagoon. About
the same amount of desmids were eaten by fishes from
both lagoons. There were also Closterium and Pleurotaenium spp. in the stomachs of fish samples from Nakwa lagoon whilst Closterium, Pleurotaenium, Desmidium and
Microsterias were found in the fish samples from Brenu
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Fig. 4 Relationship between daily otolith increment (mm) and number of rings (days) for Sarotherodon melanotheron from Nakwa lagoon (n = 20) (a)
and Brenu lagoon (n = 11) (b) of Ghana. The line shows the trend of the relationship between the daily otolith increment and the number of
rings (days)

lagoon. Detrital matter was always present in food ingested
by fishes from the two lagoons whilst sand particles represented 59.5% and 97.6% of food items ingested by fish samples from Nakwa and Brenu respectively. Animal food
organisms such as rotifers made up more than 40% of food
in stomachs of fish from Nakwa but only about 15% food
in stomachs of fish from Brenu lagoons. Sand particles and
unidentified organisms constituted 59.5% and 90.5% respectively in stomachs of fish from Nakwa lagoon compared with 97.6% of sand particles and 82.9% of
unidentified organisms ingested by fish from Brenu lagoon.

Discussion
Fish samples collected from these lagoons showed differences in their sizes. Fish samples from Brenu lagoon
were of significantly bigger sizes (mean ± SD) with a
maximum length of 12.8 cm compared with fishes from
Nakwa lagoon (mean ± SD) with a maximum length of
11.5 cm. In Nakwa lagoon, unimodal size class of fish
samples was observed. In Brenu lagoon, however, three
different size classes were evident in the fish samples
(Additional file 1: Figure S1). The estimated b values derived from the allometric length-weight relationship for
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Fig. 5 Frequency of occurrence of various food items in the stomachs of Sarotherodon melanotheron from Nakwa and Brenu lagoons of Ghana

the Brenu lagoon showed that the weights of fish samples from the lagoon are lighter for their lengths. The b
value of the model for the Brenu lagoon was significantly
different from 3 (p < 0.05). A proportional relationship between length and weight of fish samples from
Nakwa lagoon was observed, implying that fishes in
this lagoon exhibited an isometric growth pattern.
This is in agreement with the findings on S. melanotheron from Ologo Lagoon, Lagos (Ndimele et al.
2010) and Eleiyele Lake in Southwestern Nigeria
(Ayoade and Ikulala 2007). Other studies found isometric and allometric growth in different cichlids in
the same waterbody (Abowei et al. 2009; Dankwa
et al. 2016) and among different fishes from the same
environment (Kumolu-Johnson and Ndimele 2010).
Although fish samples from Brenu lagoon show negative allometric growth, their condition factors are significantly higher (5.398 ± 0.479) than fish samples from
Nakwa lagoon (3.955 ± 0.389) (p < 0.05). Abowei et al.
(2009) stated that the condition factor of a fish reflects,
through its variations, information on the physiological
state of the fish in relation to its welfare. Saliu (2001)
also reported that condition factor might be influenced
by both biotic and abiotic factors such as feeding regimes and state of gonadal development. No much variation was observed in the condition factor across sizes of
fish samples in Nakwa lagoon but the condition factor
was high in small-sized fish and low in the large-sized
fishes. The results of this preliminary study show that the
condition factor of the fish samples varied between the lagoons. The mean condition factors for S. melanotheron
from both lagoons are greater than 1 and this shows that

the fish samples are above average condition in their environment (Wade 1992; Abobi 2015). The difference in
growth may be due to the relatively low aeration and high
salinity levels in the Brenu lagoon. The lagoon bottom is
very muddy due to deposition of fine allochthonous
material which expectedly increases the biological oxygen
demand and thus, the reduced dissolved oxygen concentration. Also, there is very little or no mixing of the water as
the sand bar cuts off the seawater from entering the lagoon
which may be the cause of the decreased oxygen and relatively higher salinity levels. The lagoon itself is being used
by the locals for salt production. Low fishing activities in
addition to strict adherence to off fishing days in the lagoon
could also contribute significantly to the observed results.
Nakwa lagoon, on the other hand, has vibrant fishing activities. The mouth of the lagoon is the landing site for the
marine fishermen and the exposure to the sea coupled with
riverine influence are factors that could explain the high
oxygen levels in Nakwa.
Otolith length and otolith weight were highly correlated with the coefficient of determination (r2) of 0.9507
and 0.9498 for Nakwa and Brenu, respectively. The relationship between otolith size and fish size (standard
length) from both lagoons was also highly correlated but
with very small allometric growth coefficients (1.6598
for the fish samples from Brenu lagoon and 0.9815 for
the samples from Nakwa).
Fish species of the family Cichlidae are important resources in the aquatic ecosystems of tropical Africa
(Fryer and Iles 1972; Panfili et al. 2004). The estimated
parameters of the LWR, the otolith length-otolith weight
relationship and the otolith length-fish standard length
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relationship can be used to approximate the fish weight
and otolith weight provided data on the fish length and
otolith length are available. The estimated parameters
are useful as baseline information can support data collection and analysis of S. melanotheron populations in
other tropical lagoons.
Results of otolith age determination showed that for S.
melanotheron from both lagoons with a size range between
3.9–7.9 cm and 7.0–10.2 cm, estimated ages of 56–166 days
and 85–150 days were seen for Nakwa and Brenu lagoons
respectively. The mean ages of fish samples were significantly different between the two lagoons (p < 0.05). Fish
samples from Brenu lagoon showed a higher condition factor; K′ ± SE value of 3.27 ± 15.8932 compared with the
value of 2.76 ± 4.6202 for samples from Nakwa lagoon
(Table 2). The difference observed in the condition factors
may be due to variation in environmental conditions in the
lagoons. Panfili et al. (2004) observed a reduction in growth
rate with the corresponding reduction in size at maturity of
S. melanotheron with increasing salinity. They concluded
that the observation in the reduction in size at maturity
may be due to the reduction of growth and early maturity.
Dankwa et al. (2016) also observed stunted growth of fish
from the Fosu lagoon with length at first sexual maturity of
6 cm for both males and females. This study, however,
found that the growth rate in Brenu lagoon, with high salinity, is higher with increased size at maturity and comparatively low growth rate in Nakwa lagoon with reduced size
at maturity. They thus tend to approach length at infinity
faster than fish samples from Nakwa lagoon. The high
asymptotic length calculated from fish samples from Brenu
lagoon may be as a result of the large fish sizes in the
samples (13.44 ± 25.9103). Asymptotic lengths of S.
melanotheron from this study fall in range of asymptotic lengths computed for this species in other lagoons: 11.5 cm (Densu delta), 12.5 cm (Muni lagoon),
12.5 cm (Sakumo Lagoon), 12.4 cm (Songhor Lagoon),
and 17.5 cm (Keta Lagoon), 14 cm (Fosu Lagoon)
along the coast of Ghana (Entsua-Mensah et al. 2000;
Dankwa et al. 2016). The comparatively low growth
rate and asymptotic length of fish samples from
Nakwa lagoon could be due to the high variability in
salinity which may impact their physiology and also
the high level of fishing activities which continually
take out bigger sizes of fish from the stock.
The daily increment of otolith rings per day of the
species in both lagoons did not show a pronounced difference (Fig. 4). This could be due to the fact that
temperature which is the main factor impacting metabolic activities in fishes did not show much difference
between the lagoons since the lagoons experienced similar illumination.
The results of the von Bertalanffy growth parameters are preliminary and such as the estimated values
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should be applied with cautious. As a consequence,
a comprehensive survey is needed in both lagoons to
derive robust estimates of species growth parameters,
exploitation rates and management reference points.
The range of food present, how well fishes make use
of food in their environment in addition to the existing
physicochemical conditions affects their growth and
well-being. Food present in the stomach of fish samples
from Nakwa lagoon was less varied than that in fishes of
Brenu lagoon. Results of the food habit of the S. melanotheron agreed with other findings that showed that
the species are planktivorous (Ofori-Danson and Kumi
2006; Ayoade and Ikulala 2007; Ndimele et al. 2010).
Also present in the stomachs of fish samples from both
lagoons are high proportions of detritus and sand particles. This suggests that the fish samples from both lagoons, especially those at Brenu, feed mostly on the
substratum.

Conclusions
Nakwa and Brenu lagoons are very important lagoons
along the coast of Ghana that support artisanal fisheries of the most abundant fish species, S. melanotheron. The estimated b values derived from the
length-weight relationship of the species indicated
that the S. melanotheron population from Nakwa lagoon grew isometrically and the samples from Brenu
lagoon grew allometrically but had higher condition
factor compared with the species population from
Nakwa lagoon. The species are fast-growing as indicated by the rate at which the species approach the
asymptotic length. Food habits of the species showed
that they are omnivorous and are predominantly bottom feeders.
Though the study was conducted within a short
period of time, it provides the basis for further work
on this important species in the lagoons and for better management of the resources. It is recommended
that further studies be carried out during the two
major seasons in the country to obtain knowledge of
seasonal differences in the growth and conditions of
the species in the lagoons. Otolith analysis proved to
be successful in ageing the fishes but with much difficulty for the adults, in terms of preparation of samples. Further work should focus on juvenile otoliths
since they are most sensitive to the conditions in
their environment.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s41240-019-0146-z.
Additional file 1: Figure S1. Length frequency distribution of
Sarotherodon melanotheron from Nakwa and Brenu lagoons of Ghana.

Zuh et al. Fisheries and Aquatic Sciences

(2019) 22:31

Table S1. Anova table for linear model: Otolith weight ~Otolith
length*factor lagoon. Table S2. Anova table for linear model: Standard
length ~Otolith length*factor lagoon. Figure S2. Length-at-age plot for Sarotherodon melanotheron from (a) Nakwa and (b) Brenu lagoons respectively.
Table S3. Percentage frequency of occurrence values of various food categories in the stomachs of Sarotherodon melanotheron from Nakwa and
Brenu Lagoons of Ghana.
Acknowledgements
We are thankful to Deutscher Akademischer Austauschdienst (DAAD) for
providing funds for the study. Our sincere appreciation goes to Stefanie
Bröhl and Constanze von Waldthausen for their time and assistance during
the laboratory work.
Authors’ contributions
CKZ conceived the study and participated in its design and coordination,
carried out the data collection, performed the laboratory analyses and
participated in the writing of the manuscript. SMA performed the statistical
analysis, participated in the data interpretation and the manuscript writing.
BBC wrote the draft manuscript and participated in the data interpretation.
All authors read and approved the final manuscript.
Funding
This work was supported by the Leibniz Centre for Tropical Marine Research
(ZMT) and the Deutscher Akademischer Austauschdienst.
Availability of data and materials
All data sets generated and/or analysed during the current study are
available with the corresponding author
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Universität Bremen, Fachbereich 02 Biologie/Chemie, Bremen, Germany.
2
Department of Fisheries and Aquatic Resources Management, University for
Development Studies, Tamale, Ghana. 3Faculty of Renewable Natural
Resources, Kwame Nkrumah University of Science and Technology, Kumasi,
Ghana.
Received: 5 August 2019 Accepted: 3 December 2019

References
Abobi SM. Weight-length models and relative condition factors of nine (9)
freshwater fish species from the Yapei Stretch of the White Volta, Ghana.
Elixir Appl Zool. 2015;79:30427–31.
Abowei J, Davies O, Eli A. Study of the length-weight relationship and condition
factor of five fish species from Nkoro River, Niger Delta, Nigeria. Curr Res J
Biol Sci. 2009;1:94–8.
Aguilera B, Catalán IA, Palomera I, Olivar MP. Otolith growth of European sea bass
(Dicentrarchus labrax L.) larvae fed with constant or varying food levels.
Scientia Marina. 2009;73:173–82.
Ayoade A, Ikulala A. Length weight relationship, condition factor and stomach
contents of Hemichromis bimaculatus, Sarotherodon melanotheron and
Chromidotilapia guentheri (Perciformes: Cichlidae) in Eleiyele Lake,
Southwestern Nigeria. Revista de biologia tropical. 2007;55:969–77.
Bannerman P, Quartey R. Report on the observations of commercial light
fishing operation in Ghana. Tema: The Marine Fisheries Research Division
(MFRD); 2004.
Blay J, Asabere-Ameyaw A. Assessment of the fishery of a stunted population of
the cichlid, Sarotherodon melanotheron (Rüppel), in a “closed” lagoon in
Ghana. J Appl Ichthyology. 1993;9:1–11.

Page 11 of 12

Campana S, Jones C (1992) Analysis of otolith microstructure data. In: Otolith
microstructure examination and analysis.(Eds DK Stevenson and SE
Campana.) pp. 73–100. Canadian Special Publication of Fisheries and
Aquatic Sciences 117.
Dankwa H, Shenker J, Lin J, Ofori-Danson P, Ntiamoa-Baidu Y. Fisheries of
two tropical lagoons in Ghana, West Africa. Fisheries Manage Ecol. 2004;
11:379–86.
Dankwa HR, Quarcoopome T, Owiredu SA, Amedorme E. State of fish and
fisheries of Fosu Lagoon, Ghana. Int J Fisheries Aquat Stud. 2016;4:259–64.
Davies-Vollum KS, Zhang Z, Agyekumhene A. Impacts of lagoon opening and
implications for coastal management: case study from Muni-Pomadze
lagoon, Ghana. J Coastal Conserv. 2019;23:293–301.
Ekau W, Blay J. Validation of daily increment deposition and early development
in the otoliths of Sarotherodon melanotheron. J Fish Biol. 2000;57:1539–49.
Entsua-Mensah M, Ofori-Danson P, Koranteng K. Management issues for the
sustainable use of lagoon fish resources. In: Biodiversity and sustainable use
of fish in the coastal zone, ICLARM Conference Proceedings; 2000. p. 24–7.
Fowler AJ. Validation of annual growth increments in the otoliths of a small,
tropical coral reef fish. Marine Ecology Progress Series. 1990:25–38.
Fryer G, Iles TD. Cichlid fishes of the great lakes of Africa. Edinburgh: Oliver and
Boyd, Edinburg, Scotland; 1972.
Gauldie R. A measure of metabolism in fish otoliths. Comparative Biochemistry
and Physiology Part A: Physiology. 1990;97:475–80.
Gayanillo F, Saparre P, Pauly D. FAOICLARM stock assessment tools II (FiSAT II).
Rome: FAO Computerized information series (Fisheries); 2005.
Geffen A. Otolith ring deposition in relation to growth rate in herring (Clupea
harengus) and turbot (Scophthalmus maximus) larvae. Marine Biology. 1982;
71:317–26.
Isaac VJ (1990) The accuracy of some length-based methods for fish population
studies. WorldFish.
Jiménez-Badillo L. Age-growth models for tilapia Oreochromis aureus
(Perciformes, Cichlidae) of the Infiernillo reservoir, Mexico and reproductive
behaviour. Revista de biología tropical. 2006;54:577–88.
Kone T, Teugels GG. Food habits of brackish water tilapia Sarotherodon
melanotheron in riverine and lacustrine environments of a West African
coastal basin. Hydrobiologia. 2003;490:75–85.
Koranteng K, Ofori-Danson P, Entsua-Mensah M. Fish and fisheries of the Muni
lagoon in Ghana, West Africa. Biodivers Conserv. 2000;9:487–99.
Kumolu-Johnson C, Ndimele P. Length-weight relationships and condition factors
of twenty-one fish species in Ologe Lagoon, Lagos, Nigeria. Asian J Agric Sci.
2010;2:174–9.
Labropoulou M, Papaconstantinou C. Comparison of otolith growth and somatic
growth in two macrourid fishes. Fisheries Res. 2000;46:177–88.
Lazard J. Transferts de poissons et développement de la production piscicole:
exemple de trois pays d’Afrique subsaharienne; 1990.
Legendre M, Ecoutin J-M. Suitability of brackish water tilapia species from the
Ivory Coast for lagoon aquaculture. I–Reproduction. Aquat Living Resour.
1989;2:71–9.
Massou A, Panfili J, Laë R, Baroiller J-F, Mikolasek O, Fontenelle G, Bail PY. Effects
of different food restrictions on somatic and otolith growth in Nile tilapia
reared under controlled conditions. J Fish Biol. 2002;60:1093–104.
McCormick M, Molony B. Effects of feeding history on the growth characteristics
of a reef fish at settlement. Mar Biol. 1992;114:165–73.
MoFAD. National Fisheries Management Plan, Government of Ghana; 2015. p. 48.
Molony B. Episodes of starvation are recorded in the otoliths of juvenile
Ambassis vachelli (Chandidae), a tropical estuarine fish. Mar Biol. 1996;125:
439–46.
Myers P, Espinosa R, Parr CS, Jones T, Hammond GS, Dewey TA (2018) The
Animal Diversity Web (online). Accessed at http://animaldiversity.org.
Ndimele P, Kumolu-Johnson C, Aladetohun N, Ayorinde O. Length-weight
relationship, condition factor and dietary composition of Sarotherodon
melanotheron, Rüppell, 1852 (Pisces: cichlidae) in Ologe Lagoon, Lagos,
Nigeria. Agric Biol J North Am. 2010;1:584–90.
Ofori-Danson P, Kumi GN (2006) Food and feeding habit of Sarotherodon
melanotheron, Rüppell, 1852 (Pisces: Cichlidae) in Sakumo Lagoon, Ghana.
West African Journal of Applied Ecology 10.
Ogle D. Introductory fisheries analyses with R: CRC Press; 2016.
Panfili J, Mbow A, Durand J-D, Diop K, Diouf K, Thior D, Ndiaye P, Laë R. Influence
of salinity on the life-history traits of the West African black-chinned tilapia
(Sarotherodon melanotheron): comparison between the Gambia and Saloum
estuaries. Aquat Living Resour. 2004;17:65–74.

Zuh et al. Fisheries and Aquatic Sciences

(2019) 22:31

Panfili J, Tomas J. Validation of age estimation and back-calculation of fish length
based on otolith microstructures in tilapias (Pisces, Cichlidae). Fishery Bull.
2001;99:139.
Pannella G. Fish otoliths: daily growth layers and periodical patterns. Science.
1971;173:1124–7.
Pauly D, Munro J (1984) Once more on the comparison of growth in fish and
invertebrates. Fishbyte (Philippines).
R CT (2019) R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna. https://www.R-project.org/.
Saliu J. Observation on the condition factor of Brycinus nurse (Pisces:
Cypriniformes, Characidae) from Asa Reservoir, Ilorin, Nigeria. Trop Freshwater
Biol. 2001;10:9–17.
Simon K, Mazlan A, Samat A, Zaidi C, Aziz A. Size, growth and age of two
congeneric archer fishes (Toxotes jaculatrix Pallas, 1767 and Toxotes
chatareus Hamilton, 1822) inhabiting Malaysian coastal waters. Sains
Malaysiana. 2010;39:697–704.
Smylie M, Shervette V, McDonough C. Age, growth, and reproduction in two coastal
populations of Longnose Gars. Trans Am Fisheries Soc. 2016;145:120–35.
Sokal RR, Rohlf FJ. Introduction to biostatistics. New York; 1987.
Wade J. The relationship between temperature, food intake and growth of
brown trout, Salmon trutta (L.) fed natural and artificial pelleted diet in earth
ponds. J Aquat Sci. 1992;7:59–71.
Waldron ME, Kerstan M. Age validation in horse mackerel (Trachurus trachurus)
otoliths. ICES J Mar Sci. 2001;58:806–13.
Yankson K. Gonad maturation and sexuality in the West African bloody cockle,
Anadara senilis (L.). J Molluscan Stud. 1982;48:294–301.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

Fish Aquat Sci

Honor Society Members
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Chang-Bum Ahn
Ginnae Ahn
Gun Wook Baeck
Hea-Ja Baek
Sungchul C. Bai
Hee-Guk Byun
Yong-Jun Cha
Suengmok Cho
Byeong-Dae Choi
Woo-Chang Choi
Ik Kyo Chung
Yong-Hyun Chung
Soo-Jin Heo
Min Soo Heu
Jae-Sang Hong
Sung-Yun Hong
Jae-Young Je
You-Jin Jeon
Bo-Young Jeong
Hyun-Su Jo
Jae Yoon Jo
Won-Kyo Jung
Seok-Joong Kang
Young Shil Kang
Do-Hyung Kim
Dong Soo Kim
Dong-Soo Kim
Hak-Ju Kim
In-Bae Kim
Jae-Il Kim
Jin Hong Kim
Jin Koo Kim
Jin-Soo Kim
Jong-Man Kim
Kil-Nam Kim
Pyong-Kih Kim
Sang Moo Kim
Seon-Bong Kim
Sung-Koo Kim
Won-Suk Kim
Yong-Tae Kim
Young-Mog Kim
Chang-Suk Kong
Dae-Jae Lee
Jeong-Yeol Lee
Jihoon Lee
Jong Soo Lee
Kyeong-Jun Lee
Kyounghoon Lee
Ogk Lee
Sang-Hoon Lee
Sang-Min Lee
Seungluyl Lee
Chae-Woo Ma
Soo-Kyung Moon
Taek-Jeong Nam
Kwon-Sam Park
Pyo-Jam Park
Sun-Joo Park
Won-Gyu Park
AquaGenTech Co., Ltd.
HONGJIN Co., Ltd.
HORIM Fisheries Co., Ltd.
Korea Institute of Coastal Ecology
Marine Eco-Technology Institute

Chonnam National University
Chonnam National University
Gyeongsang National University
Pukyong National University
Pukyong National University
Gangneung-Wonju National University
Changwon National University
Korea Food Research Institute
Gyeongsang National University
CIBE institute for biotechnology-facorp.
Pusan National University
Pukyong National University
Korea Institute of Ocean Science & Technology
Gyeongsang National University
Inha University
Pukyong National University
Pukyong National University
Jeju National University
Gyeongsang National University
Kunsan National University
Pukyong National University
Pukyong National University
Gyeongsang National University
Korea Fisheries Resources Agency
Pukyong National University
Pukyong National University
Jeonbuk Institute for Food-Bioindustry
SeoJin Biotech Co., Ltd
Pukyong National University
Pukyong National University
MSBio
Pukyong National University
Gyeongsang National University
Korea Institute of Ocean Science & Technology
Korea Basic Science Institute
Gangwon State University
Gangneung-Wonju National University
Pukyong National University
Pukyong National University
Silla University
Kunsan National University
Pukyong National University
Silla University
Pukyong National University
Hanseo Univrsity
Chonnam National University
Gyeongsang National University
Jeju National University
Chonnam National University
Biofloc Co., Ltd.
Korea Food Research Institute
Gangneung-Wonju National University
The Korea Federation of Abalone Industry Assocation
Soonchunhyang University
Gyeongsang National University
Pukyong National University
Kunsan National University
Konkuk University
Pukyong National University
Pukyong National University

