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Identification of Vibrio species isolated from
cultured olive flounder (Paralichthys
olivaceus) in Jeju Island, South Korea
Hanchang Sohn1,2, Jeongeun Kim1, Changnam Jin2 and Jehee Lee1,2,3*

Abstract
Olive flounder (Paralichthys olivaceus) is the major species developed for aquaculture in South Korea. Over the long
history of olive flounder aquaculture, complex and diverse diseases have been a major problem, negatively
impacting industrial production. Vibriosis is a prolific disease which continuously damages olive flounder
aquaculture. A bacterial disease survey was performed from January to June 2017 on 20 olive flounder farms on
Jeju Island. A total of 1710 fish were sampled, and bacteria from the external and internal organs of 560 fish were
collected. Bacterial strains were identified using 16 s rRNA sequencing. Twenty-seven species and 184 strains of
Vibrio were isolated during this survey, and phylogenetic analysis was performed. Bacterial isolates were
investigated for the distribution of pathogenic and non-pathogenic species, as well as bacterial presence in tested
organs was characterized. V. gigantis and V. scophthalmi were the dominant non-pathogenic and pathogenic strains
isolated during this survey, respectively. This study provides data on specific Vibrio spp. isolated from cultured olive
flounder in an effort to provide direction for future research and inform aquaculture management practices.
Keywords: Vibriosis in aquaculture, Vibrio population distribution, Aquaculture bacterial disease, Olive flounder, 16S
rRNA bacterial identification

Introduction
Olive flounder (Paralichthys olivaceus) is an important
aquaculture species in South Korea. In 2016, annual production reached 40,000 tons and constituted 51.9% of
the total aquaculture production on Jeju Island alone
(Kim 2017). After the establishment of brood stock management in the 1980s, the development and improvement of breeding skills have led to a sharp increase in
aquaculture production. However, as a result of enlarged
aquaculture industry, recessive seed production, and
disease emergence, diverse disease patterns have been
observed in cultured olive flounder. In the past, olive
flounder disease was affected by high water temperature
and singular infection by either bacteria, viruses, or parasites (Kim et al. 2006). Recently, disease patterns have
shown co-infection by bacteria, viruses, and parasites,
* Correspondence: jehee@jejunu.ac.kr
1
Department of Marine Life Sciences, Jeju National University, Jeju-do,
Jeju-si102, Jejudaehak-ro, 63243, Republic of Korea
2
Fish Vaccine Research Center, Jeju National University, Jeju,
JejuSelf-Governing Province, 63243, Republic of Korea
Full list of author information is available at the end of the article

which have led to mass mortality and caused difficulty in
disease diagnosis (Cho et al. 2008).
Edwardsiellosis, streptococcosis, and vibriosis are the
main bacterial diseases occurring in cultured olive flounder (Cho et al. 2008). Vibriosis is caused by the genus
Vibrio, a facultatively anaerobic, oxidase-positive, gramnegative bacilli. Many species in this genus require salt
for growth. More than 100 Vibrio spp. have been reported and are predominantly associated with a variety
of marine, estuarine, or other aquatic habitats (Janda et
al. 2015). Although Vibrio spp. are known to cause disease in humans, animals, and marine organisms, it is
understood that only limited Vibrio species, such as V.
anguillarum, V. harveyi, and V. ordali, are responsible
for causing infection (Janda et al. 2015). The well-known
clinical signs of vibriosis are hemorrhagic septicemia,
lethargy, weight loss, and dark skin lesions. Previous
studies have reported that olive flounder mortality
caused by bacterial disease was 6.75%. In 6.75% cases of
infection, vibriosis-related mortality was reported in
24.2% (Jee et al. 2014). In olive flounder, Vibrio spp. were

© 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
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the most dominant bacteria isolated from the samples
collected between 2007 and 2011 (Cho et al. 2008; Jung
et al. 2012). Given the long history of olive flounder
aquaculture, many epidemiological surveys have been
conducted for the purpose of monitoring disease outbreak (Choi et al. 2010; Jung et al. 2006; Kim 2002; Oh
et al. 1998; Park et al. 2016, 2009).
Bacterial identification previously relied on sequencing of
the 16S rRNA gene (Frans et al. 2011; Bjelland et al. 2012;
Jensen et al. 2003; Terceti et al. 2016; Wiik et al. 1995).
However, species identification relying on 16S rRNA gene
sequencing may not guarantee accuracy, thereby leading to
the necessity of utilizing software such as EzBioCloud
(https://www.ezbiocloud.net/). EzBioCloud search tools
support genomic data with taxonomic identification at
genus, species, or subspecies levels (Yoon et al. 2017).
In this study, we investigated bacterial diseases in cultured olive flounder and identified Vibrio spp. using
EzBioCloud. We hypothesize the variety of Vibrio sp.
collected and consistent colonization patterns in organ tissues of olive flounder. Also, few characteristics of isolated
Vibrio species are provided in the results of this paper.

Materials and methods
Fish samples

The bacterial disease survey was conducted from January 2017 to June 2017. Investigations were performed at
the olive flounder farms in Seongsan, Pyoseon/Namwon,
Daejeong/Hangyeong, and Gujwa/Jocheon (Fig. 1). A
total of 1710 olive flounder samples were obtained from
20 fish farms, and fish samples included fry (total length
8–16 cm), juveniles (total length 22–37 cm), and adults
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(total length over 50 cm). Five hundred seventy fish were
randomly selected for bacterial isolation.
Bacterial isolation

Bacteria were isolated from gill, intestine, kidney, and liver
tissues and incubated on a brain-heart infusion agar plate
(BHIA) supplemented with 1% NaCl at 25 °C for 48 h.
Secondary culture was performed for specific bacterial isolation. Isolated bacteria were stored at − 50 °C using BHIA
broth supplemented with 1% NaCl and containing a total
concentration of 20% glycerol for future use.
Isolation of Vibrio spp. and 16S rRNA analysis

Bacterial stocks were cultured in BHIA agar supplemented
with 1% NaCl for 48 h. Cultured plates were sent to
Macrogen for 16S rRNA sequencing (Seoul, South Korea).
The 16S rRNA sequences were merged using Unipro
UGENE software version 1.29, and bacterial strains were
identified using EzBioCloud (https://www.ezbiocloud.net/)
(Yoon et al. 2017). We selected Vibrio spp. from among
the identified bacteria using the sequencing results and
further divided the Vibrio spp. into pathogenic and nonpathogenic species based on the previous literature. The
distribution of pathogenic and non-pathogenic Vibrio spp.
was investigated by monthly period and isolated by the
organ they were collected from. In addition, the distribution of dominant Vibrio spp. was investigated. A phylogenetic tree was constructed using Molecular Genetics
Analysis (MEGA) software version 7.0 (Kumar et al.
2016), by neighbor-joining method to determine the
differences between other bacterial species present and
the relationships within Vibrio spp. Bootstrap value was
calculated from 1000 replicates.

Fig. 1 Map of surveyed aquaculture farms. (A) Pyoseon/Namwon. (B) Daejung/Hangyeong. (C) Seongan. (D) Gujwa/Jocheon
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Results
We identified Vibrio spp. among the bacteria isolated
from cultured olive flounder in Jeju Island, South Korea
(Fig. 1). A total of 26 Vibrio spp. and 184 strains were
identified by 16S rRNA sequencing and utilizing the
EzBioCloud search tool. Fifteen non-pathogenic and 11
pathogenic Vibrio spp. were isolated from gill, intestine,
kidney, and liver tissues. Non-pathogenic species were
mostly isolated from gill and skin tissue; pathogenic species isolated from the intestine were present in high
numbers (Tables 1 and 2). V. gigantis was the dominant
isolate among non-pathogenic species, detected in high
levels in gill tissues. V. scophthalmi was the dominant
isolate among the pathogenic species; thirty-six isolates
from the intestine and 29 isolates from the gill were
collected (Fig. 2). Non-pathogenic species showed the
highest number of isolates in March. On the other hand,
pathogenic species showed an increasing number of
isolates throughout the period, except in April, which
showed a small number of isolates (Fig. 3). V. gigantis
(30 strains) and V. scophthalmi (88 strains) were the
dominant species of all Vibrio sampled. V. scophthalmi
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Table 2 Summary of pathogenic Vibrio spp. isolated from the
gill, intestine, kidney, liver, and skin
Pathogenicity

Species

Organ

Number of
isolates

Pathogenic

Vibrio alginolyticus

Liver

1

Vibrio atypicus

Gill

1

Kidney

1

Gill

1

Vibrio cortegadensis

Skin

1

Vibrio crassostreae

Gill

2

Vibrio harveyi

Gill

1

Intestine

2

Kidney

3

Vibrio kanaloe

Gill

1

Vibrio lentus

Gill

1

Kidney

1

Skin

2

Gill

29

Intestine

36

Kidney

10

Vibrio scophthalmi

Table 1 Summary of non-pathogenic Vibrio spp. isolated from
the gill, intestine, kidney, liver, and skin
Pathogenicity

Species

Organ

Number of isolates

Non-pathogenic

Vibrio atlanticus

Gill

5

Intestine

1

Skin

1

Vibrio diabolicus

Gill

Vibrio gallaecicus

Vibrio pomeroyi

Liver

7

Skin

6

Gill

4

Liver

1

Skin

2

Gill

1

1

Intestine

1

Gill

1

Kidney

5

Skin

2

Liver

2

Gill

17

Skin

1

Intestine

1

Gill

1

Kidney

1

Liver

2

Skin

9

Vibrio hangzhouensis

Gill

1

Vibrio hyugaensis

Gill

3

Vibrio jasicida

Kidney

1

Vibrio maritimus

Gill

1

Vibrio neocaledonicus

Gill

1

Vibrio renipiscarius

Gill

2

Skin

2

Vibrio gigantis

Vibrio rotiferianus

Gill

2

Vibrio sagamiensis

Intestine

1

Vibrio splendidus

Intestine

1

Vibrio tasmaniensis

Gill

2

Eye

1

Gill

1

Vibrio variabilis

Vibrio tapetis subsp. tapetis

Vibrio vulnificus

showed a continuous increase in isolate numbers during
this study (Fig. 4). The phylogenetic tree showed a distinct
difference between the other bacterial genera present
(Fig. 5); certain species were grouped with a specific clade
or with the same species, whereas V. maritimus, V. variabilis, V. vulnificus, V. jasicida, V. alginolyticus, and V. sagamiensis showed uncertain grouping.

Discussion
Isolated Vibrio strains were divided into two groups,
non-pathogenic and pathogenic species. Most nonpathogenic species were isolated from gill (37 strains)
and skin (14 strains) tissue. Within the isolated species,
V. gigantis was dominant. V. gigantis was originally isolated from oyster species; Faury et al. (2004) reported it
was isolated from Pacific oyster (Crassostrea gigas)
hemolymph. Currently, the pathogenicity of V. gigantis
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Fig. 2 Number of Vibrio spp. isolated

is either unreported or unknown. Previous studies have
mentioned that is related to bioluminescent features.
However, not all strains of V. gigantis possess this feature, suggesting that it may differ based on strain isolation location and relationship with NaCl concentration
in the environment (Omeroglu and Karaboz 2012).
Other non-pathogenic species were mainly isolated from
external organs. Although pathogenicity was uncertain,

Vibrio sp. is considered a bacterial flora. As our results
have shown numerous isolates in external organs such
as gills and skin, these Vibrio spp. are thought to exist
ubiquitously in the marine environment and further
investigation is needed to specify pathogenicity and biological characteristics.
Within pathogenic species, isolated organ distribution
has shown primary isolation from gill (78 strains) and

Fig. 3 Distribution of Vibrio spp. a Monthly distribution of non-pathogenic and pathogenic Vibrio spp. b Organ distribution of non-pathogenic
and pathogenic Vibrio spp.
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Fig. 4 Distribution of dominant Vibrio spp. a Monthly distribution of dominant Vibrio spp. b Organ distribution of dominant Vibrio spp.

intestinal (44 strains) tissue. The dominant pathogenic
species, V. scophthalmi, was first isolated from the intestine of turbot (Scophthalmus maximus) in Spain (Cerda
Cuellar et al. 1997). It was also isolated from reared
clams, olive flounder, summer flounder (Paralichthys
dentatus), and common dentex (Dentex dentex) (Beaz
Hidalgo et al. 2008; Kim et al. 2013; Qiao et al. 2013).
Pathogenicity of V. scophthalmi in turbot has been associated with ascites disease, including liver and splenic
hemorrhage (Qiao et al. 2013). V. scophthalmi pathogenicity in olive flounder was described as an opportunistic
pathogen, showing clinical signs under certain conditions such as stress (Qiao et al. 2012). V. scophthalmi
was also reported to occur in relation to V. ichthyoenteri,
a causative agent of intestinal necrosis and bacterial enteritis in olive flounder (Ishimaru et al. 1996; Kim 2002).
Our results have shown that V. scophthalmi has a high
specificity for colonizing intestinal tissue due to the
number of strains isolated from that area. In this study,
the number of V. scophthalmi was elevated compared to
other Vibrio spp., possibly indicating that V. scophthalmi
may display a physiological relationship with olive flounder. As Vibrio spp. are ubiquitously found in cultured
olive flounder, this topic requires further research.
Vibrio harveyi is a significant pathogen against marine
vertebrates and invertebrates and also has a relationship
in quorum-sensing (Austin and Zhang 2006; Lago et al.
2009; Li et al. 2011). It has been isolated from many species and identified as a cause of disease or mass mortality
in its host. Our results showed the isolation of six strains
of V. harveyi distributed throughout the gills, intestines,
and kidneys. Although it is considered a main cause
of mass mortality and vibriosis in olive flounder on Jeju
Island, the number of isolates was comparatively low.
V. tapetis subsp. tapetis is known as the causative
agent of epizootic Brown Ring Disease (BRD) infection

in adult clams and exhibits shell deformation, growth reduction, and an organic brown deposit on the shell inner
surface (Borrego et al. 1996). Jensen et al. (2003) suggested that this species may affect mortality rates in marine vertebrates by showing pathogenicity against corkwing
wrasse (Symphodus melops), which could indicate the potential for displaying disease symptoms in olive flounder.
Previous studies have shown that V. tapetis subsp. tapetis
was closely associated with hemolymph, which functions
to transport oxygen in bivalves and crustaceans. Our results have shown that V. tapetis subsp. tapetis was primarily detected in kidney samples. However, our isolated
strains were rather small; specific studies are required to
consider the influence and the effect may cause against
olive flounder.
Other pathogenic species, V. alginolyticus, V. atypicus,
V. cortegadensis, V. crassostreae, V. harveyi, V. kanaloe,
V. lentus, V. pomeroyi, and V. tapetis subsp. tapetis, have
been reported to show pathogenicity in marine organisms; however, there are no conclusive findings regarding
their interaction with olive flounder (Borrego et al. 1996;
Declercq et al. 2015; Farto et al. 2003; Faury et al. 2004;
Lago et al. 2009; Macia et al. 2001; Wang et al. 2010).
Our results showed that gill, intestine, and skin tissues
provided the highest levels of isolates within Vibrio spp.
Gill and skin tissue supported the highest levels of nonpathogenic species, while pathogenic species were primarily supported by gill and intestinal tissue. Pathogenic
species have also shown typical isolation on kidney and
liver tissue. Clinical signs observed in olive flounder
show a relationship between the loss of body fluid and
ascites, which is caused by liver and kidney dysfunction
(Mchutchison 1997). We suggest that for the purpose of
diagnosing or isolating strains from a sample, organ selection needs to be considered. In order to screen out
entire species from the culture environment, external
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must focus on the organ targeted by that bacteria, ensuring inclusion of kidney and liver tissues in testing.
As many Vibrio spp. have been isolated from cultured
olive flounder, multiple past studies have focused on
bacterial genus distribution (Cho et al. 2008; Kim et
al. 2010, 2006).
Comparison of isolate numbers by month showed that
non-pathogenic species had the highest isolate levels in
March (17 strains), while other months showed a relatively even number of isolates. With the exception of
April (14 strains), the number of isolated pathogenic
species increased from month to month. The increase of
total numbers of pathogenic isolates may indicate a relationship with water temperature. This is supported by
our findings, which showed the highest number of isolates in May and June, indicating that as the water
temperature rose, Vibrio spp. distribution in the water
also increased and that increased water temperature may
act as a causative agent for the spread of disease.
The Vibrio phylogenetic tree showed a distinct difference
from other bacterial genera. V. scophthalmi, V. harveyi, V.
cortegadensis, V. tapetis subsp. tapetis, V. atlanticus, V. lentus, V. gigantis, V. crassostreae, V. pomeroyi, and V. gallaecicus showed a relationship within strains; however, V.
maritimus, V. variabilis, V. vulnificus, V. jasicida, V. alginolyticus, and V. sagamiensis did not show any relationship
within the isolates. Previous studies have shown relationships within species, such as Harvey clade or Splendidus
clade, which our results have supported (Lasa et al. 2014).
16S rRNA sequences were used to identify specific species
and the evolutionary relationship within genus or species
(Wiik et al. 1995). However, according to our results, there
is difficulty in identifying specific divisions in the same Vibrio sp. using only 16S rRNA sequencing. In previous studies, with a help of other target genes, such as atpA, fstZ,
gapA, pyrH, recA, rpoA, rpoD, and topA, few species of Vibrio have shown a consistent group within same species
(Balboa and Romalde 2013). For more analysis in Vibrio
spp., it is considered that with the help of 16S rRNA genes,
other housekeeping genes of Vibrio spp. is required.

Fig. 5 Phylogenetic tree of Vibrio spp. constructed using the neighborjoining method. Bootstrap value was calculated from 1000 replicates

organs such as gills and skin need to be included in
the sampling. To target a specific strain which is assumed to have either pathogenic characteristics or to
act against resulting pathogenic symptoms, research

Conclusion
A total of 27 species and 184 strains of Vibrio were isolated in this survey. Bacterial isolation patterns differed
depending on the organs targeted for sampling. External
and internal organs enabled the observation of multiple
species. By targeting internal organs, such as the intestine,
kidney, and liver, species with pathogenic characteristics
were observed. V. gigantis was the dominant isolate
among the non-pathogenic species, which was detected at
high levels in gill tissues, and V. scophthalmi was the
dominant isolate among the pathogenic species, which
was found most abundantly in internal organs. Many species identified were not relevant to disease in olive
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flounder; however, these strains have exhibited pathogenicity in other marine organisms. Although many studies
have tried to characterize new Vibrio sp. and bacterial isolates by genus, they lacked species-specific identification.
The present study identified specific isolates from Vibrio
species for future epidemiological surveys and development of improved disease prevention methods. This study
confirmed that a wide variety of Vibrio species are found
in cultured olive flounder and indicated that a wider survey range is necessary to mitigate negative impacts on future populations.
Abbreviation
BHIA: Brain-heart infusion agar
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Abstract
Corexit 9500 is a dispersant commercially available in Nigeria that is used to change the inherent chemical and
physical properties of oil, thereby changing the oil’s transport and fate with potential effects on the environment.
The aim of this study was to assess the biochemical (enzymes and electrolyte) toxicity of Corexit 9500 dispersant on
the gills, liver and kidney of juveniles of Clarias gariepinus after exposure for 21 days. One hundred sixty fish were
used without gender consideration. Range-finding tests were conducted over a 96-h period after acclimatisation of
the test organisms in the laboratory. The test organisms (10/treatment) were exposed to Corexit 9500 in the following
concentrations—0.00, 0.0125, 0.025 and 0.05 ml/l in triplicate. Twenty-one days later, fish was dissected. 0.5 g from each
of the following organs—gills, liver and kidney tissues—was removed, homogenised and tested for enzymes [superoxide
dismutase (SOD), catalase (CAT), alanine aminotransferase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP)],
urea, creatinine and electrolytes (sodium (Na+), potassium (K+), chloride (Cl−), bicarbonate (HCO3−)) following standard
methods. In the gills, SOD and ALT to AST ratio were significantly lower than in control while the creatinine
was significantly higher in the toxicant. In the kidney, creatinine was significantly higher in fish exposed to
the toxicant. In the liver, ALP increased in the toxicant while urea was decreased. The mean electrolyte
concentrations (Na+, K+, Cl− and HCO3−) increased significantly in the concentration of the toxicant (P < 0.05). The
alterations observed in the activities of these electrolytes and enzymes indicated that Corexit 9500 interfered with
transamination and metabolic functions of the fish.
Keywords: Enzymes, Corexit 9500, Creatinine, Electrolytes, Clarias gariepinus

Background
Clarias gariepinus contributes greatly to the commercial catch of the artisanal fishers in freshwater communities of the Niger Delta and Nigeria at large and is also a
preferred species for aquaculturist (Potts et al. 2008;
FAO 2010-2016). In Nigeria, the Niger-Delta region has
been affected by oil spills, with the resultant use of dispersants thus triggering acute responses in fish and
other aquatic lives. Fishes are veritable tools for assessing the effect of pollution in aquatic environments because of their mobile nature (Van der Oost et al. 2003)
and some physiological responses from the kidney, gills,
liver and heart serve as biomarkers that indicate changes
in biological response (ranging from molecular, cellular
* Correspondence: ugbomeh.adaobi@ust.edu.ng
Department of Animal and Environmental Biology, Rivers State University,
Nkpolu Oroworukwo, Port Harcourt, Nigeria

and physiological to behavioural changes), caused by exposure or toxic effect of environmental chemicals
(Sribanjam et al. 2018). Biochemical markers are quantifiable responses of the exposure of an organism to a pollutant, and the use of different factors is more beneficial
than the use of a single biomarker (Kanchan et al. 2011).
The analysis of these biochemical alterations is often
used to determine the effect of pollutants on the various
organs in the field or in experimental studies (Fontainhas-Fernandes et al. 2008).
Corexit 9500 is one of the several dispersants that are
commercially available in Nigeria and are used to change
the inherent chemical and physical properties of oil,
thereby changing the oil’s transport, fate and potential
effects on the environment (NRC [National Research
Council], 2005). The use of dispersants in Nigeria is restricted to the offshore environment, and Corexit 9500

© 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.

Ugbomeh et al. Fisheries and Aquatic Sciences

(2019) 22:15

Page 2 of 8

which is found in our markets is not among the approved
dispersants in Nigeria (DPR [Department of Petroleum
Resources] 2018, 2002). Its availability however implies
that there is a demand for it. Approximately 250 barrels of
dispersant (Gold Crew, Corexit 9500 and Corexit 9527)
was applied in the 1998 rupture of a 24-in. pipeline from
the IDOHO platform of Mobil in the Qua Ibo Terminal
(Olagbende et al. 1999). Corexit 9500A has been observed
to increase the mobility of polycyclic aromatic hydrocarbons (a component of crude oil) making them easily available to a larger number of organisms (Zuijdgeest and
Huettel 2012) thereby increasing their potential toxicity.
There is a paucity of information on the enzymatic and
electrolytic responses of Corexit 9500 on the gills, liver
and kidney of the juveniles of Clarias gariepinus. This
study is focused on providing start-up information about
the biochemical effects of Corexit 9500 on the gills, liver
and kidney and the physicochemical interactions of the
medium over a 3-week period.

(DO) and temperature of the test media were measured in
situ to determine its correctness for fish survival based on
recommended quality parameters (Lelei and Sikoki 2013;
APHA 1992) using a standard Hanna multi-parameter
probe (model no: HI98130).

Methods

Biochemical analysis
Enzymes

Procurement of Corexit 9500

Corexit 9500 (lot no. BPOJ1337A) was purchased from a
chemical shop in Port Harcourt in 4-l plastic containers
and used in the preparation of the test solution. In order
to determine the appropriate concentration, preliminary
range-finding test was carried out on a group of five fishes
which were exposed to six spaced sample dilutions of the
stock solution in logarithmic series of 0.1, 1, 3, 5, 7, 9 and
15 ml/l for 24 h. The test fishes and control were first observed after an exposure period of 8 h (USEPA 2010) and
4-h intervals. The lowest concentration with signs of behavioural anomaly (erratic swimming, hyperventilation)
was noticed at 5 ml/l plastic basin after about 8 h.
Procurement and acclimatisation of fish

Live juveniles (300) of Clarias gariepinus were obtained
from a private fish farm in Port Harcourt City and acclimatised for 14 days in the laboratory (Lelei and Sikoki 2013).
The mean length of fish was 8.40 ± 2.40 cm and mean
weight 3.28 ± 1.28 g SE. The preparation of test stock solution for chronic testing was according to Taylorharry et al.
(2019). A 25-l plastic basin was used for dilution of test solution. However, the test concentrations of 0.00 (control),
0.0125, 0.025 and 0.05 ml/l of Corexit 9500 in dilution
water were prepared by separately mixing 0.2, 0.4 and 0.8
ml/l of Corexit 9500 in 16 l of water. A 2-ml syringe was
used for measuring the dispersant into the 1 l of water
(OECD 1992) while the fish was randomly introduced into
the test basins. The test concentration and water in the
plastic basins were renewed after every 2 days. All treatment concentrations had 3 replicates of ten fish, and there
were no gender considerations. The pH, dissolved oxygen

Dissection and tissue homogenisation

At the end of 3 weeks, the fishes from each concentration
were immobilised by cervical dislocation before dissection.
The gills, liver and kidneys were separated from the anterior and posterior part of the gut, placed in separate Petri
dishes and preserved in appropriate solution for biochemical analysis. 0.5 g each of the gills, liver and kidney tissues
was homogenised separately on ice, in 4 ml of phosphate
buffer (0.1 M) at pH 7.4 using laboratory pestle and mortar. It was immediately spun at 3000 r/min in a centrifuge
for 10 min, and the supernatants were collected for enzymes (SOD, CAT, ALT, AST, ALP), urea, creatinine and
electrolyte (Na+, K+, Cl−, HCO3−) assay.

Superoxide dismutase (SOD) and catalase (CAT) levels
were measured quantitatively according to the sandwich
enzyme-linked immunosorbent assay (ELISA) method
(Uotila et al. 1981, Lequin 2005) using Elabscience® Kits.
ALT and AST were estimated according to Reitman and
Frankel (1957) method using Randox® Kits, while ALP
was estimated according to the phenolphthalein method
(Romel et al. 1968) using Teco® Kit. Urea was estimated
according to the Urease-Berthelot method (Fawcett and
Scott 1960) using Randox® Kit while creatinine was estimated according to the Jaffe-Slot method (Aitken et al.
2003) using DiagnosticumZrt® Kit. Calculations were
made with formulae based on the methodology of the
various trade names as follows:
pg
Absorbance of test
1. SOD ðml
Þ ¼ Absorbance
of standard 
Concentration of standard
ng
Absorbance of test
2. CAT ðml
Þ ¼ Absorbance
of standard 
Concentration of standard
Absorbance of test
3. ALP ðIUlÞ ¼ Absorbance
of standard 
Concentration of standard
Absorbance of test
4. Urea ðmmol
l Þ ¼ Absorbance of standard 
Concentration of standard
5. Creatinine ðμmol
l Þ ¼

Absorbance 1 of testAbsorbance 2 of test
Absorbance 1 of standardAbsorbance 2 of standard



Concentration of standard
Electrolytes (sodium, potassium, chloride and bicarbonate
ions)

Were determined by automation using the ion-selective
electrode (ISE) method (Bailey 1976). The samples were
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aspirated through the probe of the ISE machine and the
results read and copied from the display monitor of the
machine.
Statistical method

Data obtained from this study were collated and
subjected to one-way analysis of variance (ANOVA),
and Tukey was used for mean separation using JMPSAS version 12. Results were considered significant
at P < 0.05.

Results
Physicochemical parameters

The physicochemical parameters (Table 1) of all the test
media showed that temperature was not different at P <
0.05 (26.17–26.53 °C). The DO of control was significantly
higher than that of the treatments, with the lowest DO in
the 0.05 ml/l treatment. pH was acidic for all treatments
including the control but was more acidic with increasing
concentration of Corexit 9500 (5.84–5.51). The pH of
control was different from treatment 0.025 and 0.05 ml/l
but not from 0.0125 ml at P < 0.05.
Enzyme activity in the gills, liver and kidneys

The mean level of the enzymes in the gills of C.
gariepinus treated with Corexit 9500 is shown in
Table 2. AST was significantly highest in treatment
0.0125 ml/l (42.00 ± 1.92 μl/l) than other treatments.
Control (12.66 ± 0.23 μl/l) had the lowest mean concentration. The AST concentration in all the treatments was higher than the control (P < 0.05). The
mean level of alanine aminotransferase (ALT) in the
gills showed that treatment 0.0125 ml/l (41.33 ±
2.19 μl/l) had the highest mean value while the control (16 μl/l) had the least. The ALT to AST ratio decreased in the treatments (0.88–0.94) compared to
the control. Alkaline phosphatase (ALP) was lowest in
0.025 ml/l (12.66 ± 1.09 μl/l) followed by the control
Table 1 Mean ± SD of physicochemical parameters in exposure
tanks
Treatments
(ml/l)

Temp (°C)
Mean
± SD

Range

DO (ml/l)
Mean
± SD

Range

pH
Mean
± SD

Range

Control

26.50 ±
0.14a

26.3–
26.6

6.15 ±
0.33a

6.1–
6.2

5.84 ±
0.12a

5.80–
5.85

0.0125

26.53 ±
0.35a

26.4–
26.6

5.63 ±
0.22b

5.5–
5.7

5.56 ±
0.08bc

5.55–
5.60

0.025

26.17 ±
0.16a

26.1–
26.3

5.76 ±
0.41b

5.6–
5.9

5.64 ±
0.24b

5.62–
5.68

0.05

26.31 ±
1.19a

26.3–
26.4

5.35 ±
0.22c

5.2–
5.5

5.51 ±
0.10c

5.44–
5.64

Groups with the different superscript letters in the same column are
significantly different from each other (P < 0.05)

(16.33 ± 4.01 μl/l) while the highest concentration was
recorded in 0.0125 ml/l (208.66 ± 23.10 μl/l). The
mean levels of ALP in the control (16.33 ± 4.01 μl/l)
and 0.025 ml/l (12.66 ± 1.09 μl/l) treatment were not
different but differed from 0.0125 ml/l and 0.05 ml/l
(30.50 ± 2.01 μl/l) (P < 0.05).Creatinine was highest in
the fishes exposed to Corexit 9500 than the control.
Although there were differences in the mean values
of creatinine across the treatments, they were not statistically significant (P < 0.05).
The mean ± SE of urea recorded from the samples
showed that those treated with 0.025 ml/l had the
highest concentration (14.40 ± 2.24 μl/l) followed by the
control (12.45 ± 1.18 μl/l). Results showed no difference
between control and other treatments (P < 0.05), but
there was a difference between 0.025 ml/l and 0.0125
ml/l. The distribution of the enzyme catalase among
the treated samples showed that the control had the
highest concentration (8.76 ± 1.03 μl/l) followed by
0.05 ml/l (7.27 ± 1.12 IU/l) then 0.0125 ml/l (5.68 ±
0.94 IU/l) while 0.025 (4.86 ± 0.83 IU/l) was the least.
The control differed significantly from 0.025 ml/l (P <
0.05) but was not significantly different from 0.0125
ml/l and 0.05 ml/l (P > 00.05) as shown in Table 2.
All treatment values were lower than the control, and
there was also a variation in the mean concentrations
of SOD across the treatments. All fishes exposed to
Corexit 9500 had SOD levels lower than the control.
In the kidney, creatinine was higher in the exposed
fishes than in the control. Levels increased with increasing concentration of the dispersant (Table 3). AST, ALT,
urea and catalase levels were not different in the control
and treatments (P > 0.05). The ALT to AST ratio increased in higher exposure concentrations. SOD and
ALP levels in exposed fishes were different from the
control (P < 0.05) at concentrations except 0.025 ml/l.
In the liver (Table 4), AST and ALT concentration
levels were not different between control and treatments
except at 0.05 ml/l (P < 0.05). ALP concentrations were
different from the treatments (P < 0.05) except in 0.025
ml/l. The control differed significantly from the treatments (P < 0.05) for urea, whereas creatinine, catalase
and SOD treatments did not differ significantly from the
control at P > 0.05.

Electrolyte levels
Gills

The Na+, K+, Cl− and HCO3− ion concentrations in the
gills of C. gariepinus exposed to Corexit 9500 were all
different from the control at P < 0.05 (Table 5). Higher
concentrations of Na+, K+ and Cl− with increasing treatment concentrations and the reverse for HCO3− was
observed.
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Table 2 Mean (± SE) concentrations of gill enzymes of C. gariepinus treated with Corexit 9500 dispersant
Treatments
(ml/l)

SOD (mmol/l)

CAT (mmol/l)

ALT (Iμ/l)

AST (IU/l)

ALP (IU/l)

Urea (IU/l)

Creatinine (IIU/l)

ALT to
AST (ratio)

Control

2.79 ± 0.23a*

8.76 ± 1.03a

16.00d

12.66 ± 0.23d

16.33 ± 4.01c

12.43 ± 1.18ab

190.00a

1.26

b

ab

a

a

a

b

a

0.0125

0.35 ± 0.02

5.68 ± 0.94

41.33 ± 2.19

42.00 ± 1.92

208.66 ± 23.10

11.44 ± 0.97

123.33 ± 2.97

0.98

0.025

0.92 ± 0.01ab

4.86 ± 0.83b

27.00b

30.66 ± 0.92b

12.66 ± 1.09c

14.40 ± 2.24a

139.66 ± 9.18c

0.88

c

b

c

0.93

0.05

ab

0.86 ± 0.01

ab

c

7.27 ± 1.12

21.50 ± 3.02

23.00 ± 2.10

ab

30.50 ± 2.01

12.32 ± 4.01

132.11 ± 2.01

*Groups with the different superscript letters in the same column are significantly different from each other (P < 0.05)

Enzymes

Kidneys

The Na+ and K+ ion concentrations in the kidney of fish
exposed to Corexit 9500 were not different from those
of the controls (P > 0.05). Also, the Cl− and HCO3− concentrations of the controls were not different from the
lower exposure concentrations of 0.0125 ml/l and 0.025
ml/l (P > 0.05) but were different from levels of fish exposed to 0.05 ml/l of Corexit 9500 (P < 0.05) (Table 6).
Liver

Na+ and HCO3− levels in the liver of C. gariepinus in the
control and 0.025 ml/l exposure level were not different (P > 0.05), but were different with the higher exposure concentrations (P < 0.05). Levels of Na+, K+
and Cl− increased with increasing exposure concentrations, but HCO3− decreased with increasing exposure concentrations of the dispersant (Table 7).

Discussions
Physicochemical parameters

The decrease in dissolved oxygen (DO) with increasing
concentrations of Corexit 9500 could be attributed to the
ability of the dispersant to reduce soluble oxygen in the
medium. The reduced dissolved oxygen with higher concentration of Corexit 9500 might have caused stress in the
fish resulting in suffocation and fish death during the acute
testing. This perception corroborates prior reports of Baden
(1982) that water bodies contaminated with toxicants and
other aquatic pollutants usually have a high biological oxygen demand and a reduction in DO. Boyd and Lichthoppler
(1979) also reported that low DO of water could have
stress-related adverse outcomes on the growth and behaviour of fish. The increased acidity in the treatments may also
have impacted the fish.

In this study, the mean concentration of some of the
enzymes increased as the concentration of the toxicant increased while some decreased in the organs examined indicating elevation or decrease observed as dose-dependent.
This is in accordance with the report of Pesce et al. (2008),
who noticed that the disparity in metabolic enzyme activities in fish was directly proportional to the concentration
of the toxicant. In fish, the gills are critical organs of respiration and respiratory distress has been observed to be one
of the early symptoms of water poisoning in fish
(Ortiz et al. 2003). The enzyme activities in the gills
of C. gariepinus exposed to Corexit 9500 increased
significantly when compared to the control (especially
AST, ALT and ALP). This may be due to an effect on
the micellar layer on fish gill surface responsible for
the absorption of anthropogenic substances from the
polluted environment through epithelial cells with the
subsequent elevation of enzyme activities (Monferran
et al. 2008). Enzymes are considered as sensitive biochemical toxicity indicators in the organs of fish. The
enzymes AST and ALT are transaminases basically
found in most organs of fish, catalyse transamination
between an amino acid and α-keto acid and are important in protein synthesis (Fanta et al. 2003).
There was a reduction in creatinine levels in the gills
and an increase in the kidney of fish exposed to Corexit
9500 when compared to the control. This shows variations in the effect of the toxicant on fish organs. In the
liver, there was no significant difference between control
and treatments. Creatinine kinase (CK) is found in several tissues, and it catalyzes the degradation of waste
product creatinine. Could increase or decrease in creatinine levels in the gills and kidney respectively be as a

Table 3 Mean (± SE) values of kidney enzymes in C. gariepinus treated with Corexit 9500 dispersant
Treatments
(ml/l)

SOD (mmol/l)

CAT (mmol/l)

ALT (IU/l)

AST (IU/l

ALP (IU/l)

Control

4.70 ± 0.98a*

10.79 ± 1.99a

4.00 ± 1.00a

4.50 ± 0.64a

7.00b

0.0125

c

1.50 ± 0.07

a

a

14.11 ± 2.13

a

a

a

5.00

14.72 ± 1.10a
a

6.00
a

Urea (IU/l)

30.66 ± 1.24
a

b

Creatinine (IU/l)

ALT to
AST (ratio)

30.00a

0.89

a

76.66 ± 2.91b

0.83

a

c

11.33 ± 2.63

0.025

4.44 ± 0.98

21.19 ± 2.14

5.33 ± 1.01

4.66 ± 0.17

6.66 ± 1.23

24.09 ± 3.62

100.00

1.14

0.05

2.91 ± 0.71b

14.33 ± 4.10a

4.00 ± 0.91a

3.50 ± 0.24a

31.50 ± 2.01a

12.55 ± 2.30a

200.00d

1.14

*Groups with the different superscript letters in the same column are significantly different from each other (P < 0.05)
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Table 4 Mean (± SE) values of liver enzymes in C. gariepinus treated with Corexit 9500 dispersant
Treatments (ml/l)

SOD (mmol/l)

CAT (mmol/l)

ALT (IU/l)

AST (IU/l)

ALP (IU/l)

Urea (IU/l)

Control

1.76 ± 0.03a*

22.24 ± 2.18a

5.33 ± 0.45b

4.33 ± 0.14a

10.33 ± 0.91c

15.69 ± 0.93a

113.33 ± 2.13a

c

0.0125

1.67 ± 0.1

0.025
0.05

a

a

ab

10.96 ± 1.02

8.33 ± 0.23

0.77 ± 0.0a

11.54 ± 1.93a

4.50 ± 0.41b

a

a

1.67 ± 0.0

11.74 ± 0.97

a

a

5.33 ± 0.91

5.50 ± 0.72a
a

16.00 ± 1.20

b

12.33 ± 0.21

Creatinine (IU/l)

223.66 ± 1.72

11.38 ± 1.11

150.00 ± 3.14a

14.00 ± 1.87c

12.24 ± 1.09bc

55.00 ± 1.96a

b

b

76.33 ± 2.24

13.09 ± 0.9

130.00 ± 4.81a

*Groups with the different superscript letters in the same column are significantly different from each other (P < 0.05)

result of increased or decreased activity of CK brought
about by differing effects of the toxicant? This however
was not measured, as elevated CK will result in decreased creatinine levels (Sparling 2016) which might indicate muscle damage. Creatinine leaves the muscle and
enters the blood where it becomes a waste item to a
greater extent from the muscle breakdown. It is excreted
by filtration through the glomeruli of the kidney and discharged as urine (Adamu and Kori-Siakpere 2011). Consequently, it is regularly utilised in the analysis of renal
function test particularly the glomeruli filtration rate
(Murray et al. 2003). Akani and Gabriel (2016) reported
a significant decrease in creatinine level of C. gariepinus
exposed to concentrations of oilfield wastewater.
Urea is a waste product metabolised in the liver and
an end product of protein catabolism excreted by the
kidney. The level of urea in the fishes exposed to concentrations of Corexit 9500 was significantly different
from the control in the gills and liver but not in the kidney. This means Corexit may affect the metabolism of
urea in the liver but might not affect its elimination in
the kidney. Mahmoud et al. (2012) recorded a significant
increase in urea and creatinine when they exposed C.
gariepinus to mercury chloride. The low value of urea in
the liver in this study may be attributed to its inability to
metabolise protein as reported by Kori-Siakpere (2000).
The main function of the liver is the detoxification of
chemical substances that come in contact with organisms by metabolising xenobiotics to non-harmful substances. Consequently, in the event of contact with
xenobiotics or toxicants, the chemistry of the liver may
be distorted to counteract the adverse outcome of pollutants (Abdullaev et al. 1985; Obomanu et al. 2009).
Enzymes and electrolytes are components of liver
function test, which are dependable indicators of liver

metabolism and wellness of the organism under test
(Sreekala and Zutshi 2010; Iweala and Okeke 2005;
Uboh et al. 2011). The observed increase in liver enzymes was an indication of underlying liver injury in the
fish. Elevation of tissue enzymes AST, ALT and ALP indicates liver damage which may be hepatitis or necrosis
of cells (Gabriel and George 2005; Yousafzai and Shakoori 2011). Toxicants have been observed to amplify
the cellular membrane permeability, thereby enhancing
enzyme leaching or leaking out of the liver to the blood,
or they may have decreased the permeability, forcing the
enzymes to accumulate in the cells (Gabriel et al. 2009).
Increase in AST and ALT suggests active transamination,
so as to maintain energy cycle (Adams et al. 1996). ALP
in the cellular external membrane plays a significant role
in phosphate metabolism, and it prevents the external
membrane from being damaged (Durrieu and TranMinh 2002). The increase in this enzyme implies overproduction of phosphate bound esters, which helps in
the preservation of cell integrity (Gabriel et al. 2009;
Gabriel and George 2005).
Superoxide dismutase (SOD) is a collection of metalloenzymes that play a vital antioxidant role, and comprises the
main protection against the toxic effects of superoxide radicals in aerobic organisms. SOD catalyses the conversion of
superoxide radicals to hydrogen peroxide (H2O2) and oxygen, and it is the first enzyme of response in oxi-radicals
(Kappus 1985). In the liver, the mean concentration of SOD
decreased significantly as the concentration of the toxicant
increased (P < 0.05). The SOD was reduced in the gills,
liver and kidney. This means that there were no oxi-radicals
initiated by the Corexit 9500. This finding in this study disagrees with Mandeep and Rajinder (2017), who observed
oxidative stress response in the liver, kidney and gills
of Ctenopharyngodon idellus exposed to chlorpyrifos

Table 5 Mean (± SE) concentration values of electrolytes in the gills of C. gariepinus treated with Corexit 9500
Treatments (ml/l)

Na+ (mmol/l)

Control

138.33 ± 5.27c*
b

K+ (mmol/l)

Cl− (mmol/l)

HCO3− (mmol/l)

4.26 ± 0.65c

97.33 ± 3.76c

24.00 ± 2.03a

a

b

20.66 ± 1.99b

0.0125

151.33 ± 9.57

5.90 ± 0.43

103.00 ± 5.3

0.025

154.00 ± 12.01ab

5.70 ± 1.12ab

104.33 ± 5.86ab

0.05

a

155.00 ± 3.45

b

5.55 ± 0.97

a

106.00 ± 3.67

*Groups with the different superscript letters in the same column are significantly different from each other (P < 0.05)

20.00bc
18.50 ± 2.86c
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Table 6 Mean (± SE) values of electrolytes in the kidney of C. gariepinus treated with Corexit 9500
Treatments (ml/l)
Control

Na+ (mmol/l)

K+ (mmol/l)
a*

137.50 ± 11.0

3.55 ± 0.12

HCO− (mmol/l)

b

24.50 ± 2.31a

96.00

137.33 ± 4.91

4.16 ± 0.09

97.66 ± 7.23

24.66 ± 3.33a

0.025

138.33 ± 7.10a

4.00a

96.66 ± 5.21b

22.66 ± 3.01ab

a

136.50 ± 4.23

a

Cl− (mmol/l)

0.0125

0.05

a

a

a

4.25 ± 0.47

ab

a

20.50 ± 6.02b

99.50 ± 2.87

*Groups with the different superscript letters in the same column are significantly different from each other (P < 0.05)

(a toxicant). The significant decrease of SOD in gills
could be attributed to an inability to produce the enzyme in the presence of Corexit 9500, also indicating
some form of stress.
Catalase (CAT) is an enzyme that is situated in the peroxisomes and assists in the removal of hydrogen peroxide,
which is metabolised to oxygen and water (Van Der Oost
et al. 2003). The concentration of catalase fluctuated
across the various concentration of the treatment showing
no significant difference between the control and the
treatments (P < 0.05). The initial elevation in the enzyme
level indicates an elevated antioxidant level in order to
neutralise the impact of reactive oxygen species (ROS).
Furthermore, the decrease in CAT activity might be as a
result of influx of superoxide radicals. The current observations are in agreement with the findings of other
workers—Ballesteros et al. (2009) (Jenynsia multidentata
exposed to endosulphan) and Ferreira et al. (2010)
(Rhamdia quelen exposed to agrochemicals).
Electrolytes

The examination of biochemical reactions of electrolytes in
an organism exposed to a toxicant revealed that aquatic
pollutants act by destroying the permeability of cell membranes replacing the structural or electrochemical important elements in the cell which cause functional failures
(Yelwa and Solomon 2016; Adhikari et al. 2004). The dual
function of electrolytes in animals lies in controlling fluid
distribution and maintaining a normal muscular irritability
(Abernathy et al. 2003). Na+, Ca2+ and K+ are the main cations of the extracellular fluid while carbonate HCO3− and
chloride ions (Cl−) are the chief anions of the intracellular fluid (Celik et al. 2005). In this study, the
mean level of Na+, Cl− and K+ increased significantly
in the gills of C. gariepinus while HCO3− decreased

with increasing concentration of Corexit 9500 in the liver.
The increase in the ionic concentrations and decrease in
HCO3− of the treated samples could be as a result of the
effects of Corexit 9500 on the electrolyte balance of C.
gariepinus. In the kidney, there was a decrease in HCO3−
concentration but Cl− increased with increase in the concentration of Corexit 9500, while in the gills, Na+ and K+
were not different from the control. Circulating levels of
Na+ have been shown as a valuable measurement of stress,
mainly due to the active movement of this ion across the
gill structure, depending on its concentration in the external medium (Bentley 1971).

Conclusion and recommendations
In conclusion, Corexit 9500 elevated some enzymes
(AST, ALT, ALP) in the test organism, inhibited the production of some enzymes (creatinine, CAT, SOD) and
produced a significant change in the levels of urea in the
liver. Some electrolyte levels (Na+, K+, Cl−) were elevated, while there was inhibition in the levels of HCO3−
in the test organism.
Corexit 9500 can be concluded to be highly toxic to
C. gariepinus even at very low concentration (LC50 of
0.115 ml/l at 96 h) as its administration altered the level
of liver and gill enzymes, and intracellular electrolytes,
thereby affecting adversely the anti-oxidative defense system in various organs of the fish.
The physicochemical parameters measured could provide
useful information for evaluating the toxicological effects of
Corexit 9500 on the fish and help in the diagnosis of the
pollution. Study on long-termeffects of dispersants on
growth, reproduction and normal functions of the aquatic
organism are recommended. Concentrations of dispersant
used in oil spills should be appropriately assessed, and their
use near fish breeding grounds should be avoided.

Table 7 Mean ± SE values of electrolytes in the liver of C. gariepinus treated with Corexit 9500 dispersant
Treatments (ml/l)

Na+ (mmol/l)

Control

136.66 ± 2.90b*

Cl− (mmol/l)

3.83 ± 0.24c

97.33 ± 2.17c

23.00 ± 1.71a

142.00 ± 3.37

5.03 ± 0.82

101.66 ± 5.18

22.33 ± 3.01a

0.025

152.50 ± 2.12a

5.35 ± 0.12ab

104.00. ±4.13ab

19.50 ± 1.71b

a

152.66 ± 3.24

b

HCO− (mmol/l)

0.0125

0.05

b

K+ (mmol/l)

a

5.50 ± 0.67

b

a

105.00 ± 2.17

*Groups with the different superscript letters in the same column are significantly different from each other (P < 0.05)

19.66 ± 1.11b
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Abstract
Two dietary experiments were performed to evaluate the impact of the herb Mentha piperita as a dietary supplement
on Catla catla. In Experiment 1, fingerlings (0.45–2.60 g) were fed on diets supplemented with M. piperita at different
levels (P1, P2, P3, and P4 at 2, 4, 6, and 8 g Kg−1 of feed) and C1 served as the control with no peppermint
supplementation. In Experiment 2, fingerlings (0.40–3.15 g) were fed with diets containing autochthonous probiotic
bacteria Bacillus coagulans (3000 colony forming unit g−1) along with M. piperita (PP1-PP4 at 2, 4, 6, and 8 g Kg−1 of
feed) and feed C2 served as control containing probiotics but no peppermint. Significantly (P < 0.05) high values of
growth parameters, digestive enzyme activities, low reed conservation ratio, low excretion of ammonia, and
orthophosphates were observed in fingerlings fed with P3 for Experiment 1 and PP3 for Experiment 2. Hematological
counts, phagocytic activity, and respiratory burst activity were also enhanced in fingerlings fed with M. piperita
supplementation revealing that dietary administration of peppermint at optimum level can enhance the growth,
digestibility, and immunity of C. catla fingerlings; however, incorporation of B. coagulans showed better growth and
immunity revealing that synergistic effects of M. piperita and autochthonous probiotic in C. catla diets can lead to its
sustainable aquaculture.
Keywords: Autochthonous, Bacillus coagulans, Immunity, Mentha piperita, Phagocytic, Probiotic

Background
Intensification of aquaculture makes fishes more
prone to outbreak of many infectious diseases. High
intensity of fishes and shortfall of hygienic conditions
not only diminish the fishes well-being but also increase the probability of fish diseases due to the facilitation of pathogen dispersal (Quesada, Paschoal,
and Reyes, 2013). As fish demand is continuously increasing with the increasing human population, there
is an immediate need for increased disease resistance,
growth performance, and feed efficiency in intensified
fish culture without the usage of antibiotics or chemotherapeutics. Conventionally used antibiotics, chemotherapeutics for improving fish health (Ghosh,
Sinha, and Sahu, 2007), many antimicrobials, and
* Correspondence: anitabhatnagar@gmail.com
Department of Zoology, Kurukshetra University, Kurukshetra, Haryana 136119,
India

other veterinary drugs that may act as prophylactics and
growth performers (Rico et al., 2013) are not safe for the
environment as well as for human health, and these drugs
may result in the development of a resistant strain of bacteria and virus (Seyfried, Newton, Rubert, Pedersen, and
McMahon, 2010). Synthetic immunostimulants could
have a good approach towards replacing these antimicrobials and chemotherapeutics but to a limited extent due to
its retaining residues in the environment. So there is a
drift towards the use of herbal and plant extracts to manage disease in aquaculture as these are environmentfriendly methods that have the potential to improve
aquatic prosperity. Among plants, Mentha piperita
(peppermint) is a hybrid mint produced by the cross of
water mint and spearmint and also one of the most important medicinal plants produced all over the world.
Mentha sp. have some significant properties like anticancer and anti-inflammatory (Blumenthal, 1998) and many
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remarkable impacts on hematological and immunological
responses (Nobakht and Mehmannavaz, 2010). Furthermore, many reported literature have proven that
peppermint acts as an important feed additive for increasing growth performance and immune response
as well as disease resistance for different fishes.
Probiotics have also gained appreciation as an approach towards combating and controlling diseases in
aquaculture. According to FAO/WHO (2001), probiotics
are live microbes which when administered in suitable
extent confers health assistance on the host. Several
species of different bacteria such as Bacillus in Catla
catla and Cirrhinus mrigala (Bandyopadhyay, 2004),
Lactobacillus (Balcazar et al., 2007), and Aeromonas
and Pseudomonas (Nayak and Mukherjee, 2011) in
different carp species have been isolated and purified
from the fish gut and integrated in formulated diet to
study their effects on growth and immunity. In earlier
studies, in our laboratory, attempts have been made to use
commercial probiotics in fish feed (Sushma, 2007). Studies
were further undertaken and Bacillus coagulans CCI was
isolated as autochthonous probiotic bacteria from the fish
gut of Catla catla (Bhatnagar, Raparia, and Kumari, 2012)
and evaluated that the effect of dietary incorporation of
isolated Bacillus coagulans CC1 resulted in enhanced
growth performance and nutrient retention when incorporated in fish diet at an optimum level (Bhatnagar and
Raparia, 2014). C. catla is one of the important Indian
Major Carps and a very constitutive part of our food
chain. Its economic importance is gradually declining due
to its disease outbreak. Plant extracts along with probiotics can strongly make an alternative way to replace synthetic immune stimulants and enhance the aquatic health
leading to sustainable aquaculture. However, to the best of
author’s knowledge, literature is not available demonstrating the use of plant extract and autochthonous probiotics
in synergism. Therefore, the current study was undertaken
to assess the impact of M. piperita and B. coagulans on
growth performance, nutritional physiology, and immunity of C. Catla.
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(Sultan Fish Farm, Village Butana, Nilokheri, Kurukshetra,
India) and were Acclimated for 15 days. Two experiments (Table 1) were conducted to evaluate the effect
of medicinal plant Mentha piperita (Peppermint) with
or without probiotic bacterium Bacillus coagulans on
growth performance and associated nutritional physiology of Catla catla in the Aquaculture Research
Unit, Department of Zoology, Kurukshetra University,
Kurukshetra.
Feed preparation

Peppermint leaves (as leaves contain its active biological
components) were collected from its natural habitat and
identified properly. Leaves were dried for three to four
days initially in the shade and then in an oven for 55 °C;
thereafter, they were crushed into powder form using a
pestle and mortar. Uniform powdered form of peppermint leaves was obtained by using a fine-meshed sieve
and thoroughly mixed directly with basal diet. Basal diet
was prepared by using groundnut oil cake (650 g), rice
bran (32 g), duckweed (266 g), wheat flour (32 g), and
mineral mixture (10 g). For Experiment 1, five isonitrogenous and isocaloric diets (C1, P1, P2, P3, P4) of 40%
protein content were prepared (Table 2). Basal diet
served as control. In Diet P1 to P4, Peppermint was
added at 2 g Kg−1, 4 g Kg−1, 6 g Kg−1, and 8 g Kg−1 of
feed, respectively. For Experiment 2, five isonitrogenous
and isocaloric diets (C2, P1, PP2, PP3, PP4) of 40% protein content were prepared (Table 2). Control (C2) diet
was prepared by adding probiotics Bacillus coagulans at
the rate of 3000 CFU g−1 of feed to basal diet. In Diet
PP1 to PP4, incorporation of probiotics Bacillus coagulans at the rate of 3000 CFU g−1 of feed along with
peppermint was done at 2 g Kg−1, 4 g Kg−1, 6 g Kg−1, and
8 g Kg−1 of feed, respectively. All ingredients were thoroughly grounded, sieved, mixed, and then followed by
preparation of dough homogeneously. Feed were prepared in the form of pellets by using a pelletizer. Feed
was then oven-dried at the temperature of 60 ° C and
stored in air tight containers. Probiotics-supplemented
diet was stored at 4 °C to maintain it contamination-free.

Materials and methods
Sample collection

Experimental setup

The experimental fish fingerlings of Catla catla were procured from the fish farm in the vicinity of Kurukshetra

The experiment was conducted in the Aquaculture Research Unit, Department of Zoology, Kurukshetra

Table 1 Experimental details
Experiment 1

Experiment 2

1 Diet C1 No M. piperita, No probiotic bacterium B. coagulans Diet C2

No M. piperita but probiotic bacterium B. coagulans @ 3000 CFU g−1

2 Diet P1 M. piperita @ 2 g Kg−1

Diet PP1 M. piperita @ 2 g Kg−1 + probiotic bacterium B. coagulans @ 3000 CFU g−1

−1

3 Diet P2 M. piperita @ 4 g Kg

Diet PP2 M. piperita @ 4 g Kg−1 + probiotic bacterium B. coagulans @ 3000 CFU g−1

4 Diet P3 M. piperita @ 6 g Kg−1

Diet PP3 M. piperita @ 6 g Kg−1 + probiotic bacterium B. coagulans @ 3000 CFU g−1

−1

Diet PP4 M. piperita @ 8 g Kg−1 + probiotic bacterium B. coagulans @ 3000 CFU g−1

5 Diet P4 M. piperita @ 8 g Kg
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Table 2 Proximate composition (% dry weight basis) of experimental diets containing Mentha piperita without or with probiotic
bacterium Bacillus coagulans (Experiment 1 and Experiment 2)
Proximate analysis

Dietary treatments

Experiment 1
C1

P1
A

Crude protein (%)

P2
A

P3
A

40.97 ± 0.030

41.27 ± 0.040

41.47 ± 0.030

B

B

A

P4
A

41.88 ± 0.040

41.20 ± 0.032A

Crude fat (%)

9.05 ± 0.030

9.11 ± 0.040

9.28 ± 0.050

9.29 ± 0.020

9.30 ± 0.030A

Crude fiber (%)

6.28 ± 0.030C

6.43 ± 0.040AB

6.38 ± 0.020BC

6.44 ± 0.020AB

6.52 ± 0.020A

AB

AB

7.28 ± 0.020AB

4.24 ± 0.030BC

4.35 ± 0.020AB

C

A

Total ash (%)

7.34 ± 0.030

Moisture (%)

4.47 ± 0.060A

B

7.19 ± 0.050

7.29 ± 0.020

4.29 ± 0.010BC
A

A

B

4.20 ± 0.030C
B

7.22 ± 0.020

Nitrogen free extract (%)

39.23 ± 0.020

38.89 ± 0.080

38.67 ± 0.070

38.14 ± 0.080

38.62 ± 0.030B

Gross energy (kJ g−1)

19.99 ± 0.010C

20.03 ± 0.010C

20.10 ± 0.010AB

20.11 ± 0.010A

20.04 ± 0.010BC

Experiment 2
C2

PP1

PP2

PP3

PP4

Crude Protein (%)

40.97 ± 0.030A

41.27 ± 0.040A

41.47 ± 0.030A

41.88 ± 0.040A

41.20 ± 0.032A

Crude fat (%)

9.21 ± 0.010C

9.31 ± 0.020B

9.42 ± 0.010A

9.47 ± 0.010A

9.41 ± 0.010A

B

A

C

BC

Crude fiber (%)

6.31 ± 0.010

6.37 ± 0.010

6.44 ± 0.010

6.54 ± 0.020

6.56 ± 0.010A

Total Ash (%)

7.32 ± 0.020AB

7.25 ± 0.030B

7.35 ± 0.020AB

7.38 ± 0.030A

7.34 ± 0.010AB

A

4.33 ± 0.020AB

B

Moisture (%)

AB

4.30 ± 0.020

Nitrogen free extract (%)
−1

Gross energy (kJ g )

4.34 ± 0.020

39.20 ± 0.070A
B

20.05 ± 0.010

38.71 ± 0.060B
AB

20.07 ± 0.003

A

4.43 ± 0.010

4.45 ± 0.040

38.23 ± 0.030C
AB

20.08 ± 0.010

37.66 ± 0.070D

38.48 ± 0.040BC

A

20.06 ± 0.010AB

20.10 ± 0.010

Note: All values are mean ± S.E. of mean. Values with different superscript in the same row are significantly (P < 0.05) different (Tukey’s honest test)

University, Kurukshetra. The Acclimated fingerlings
were distributed in different aquaria (60 × 30 × 30 cm)/
plastic tubs (50 L capacity) containing 10 fingerlings
each under laboratory conditions (24 ± 1 °C). All
groups of fishes in both experiments were fed daily at
3% BW in 2 installments at 10:00 and 17:00 h for 90
days provided 50–60% exchange of dechlorinated
water daily along with constant aeration. Uneaten
food was collected after 4 h of feeding for further
analysis. Every individual fingerling was weighed at
the start of the experiment, after every 15 days, and
at the end of the experiment for the assessment of
growth performance parameters.

for 4 h) were analyzed for both carcass and for feed.
Crude fiber (by acid/alkali digestion method) was also
analyzed for fish feed. NFE was estimated by subtraction method; NFE = 100 − (crude protein + fat +
moisture).

Apparent protein digestibility (APD) and proximate
analysis

Ammonia and phosphate excretion in holding water

Fecal matter was also collected daily and then ovendried for determination of apparent protein digestibility with the help of chromic oxide (Cr2O3) as a
digestibility marker according to Cho, Slinger, and
Bayley (1982). Proximate analysis was performed following AOAC (1995). In proximate analysis, moisture
content (evaporation in hot air oven at 95 °C for 48
h), crude protein (by Kjeldahl method), crude fat (by
using petroleum ether in Soxhlet apparatus), and ash
content (by incineration in muffle furnace at 550 °C

Water quality

During experimentation, at every 15th day, water
quality parameters likewise temperature, pH, dissolved
oxygen (DO), chloride, calcium, total alkalinity, electrical conductivity, and total hardness were analyzed
following APHA (1998) to check the effect of feed on
water characteristics.

At the end of 90 days feeding trials, fishes were offered the same diet and were allowed for 2 h to consume the feed. After 2 h, excess of feed was removed
and fixed levels of water of all aquaria were maintained for experiments. After that, water samples
from each aquarium were collected at 2-h intervals to
evaluate the excretory levels of total ammonia (NNH4) and reactive orthophosphate (o-PO4) following
APHA (1998). The quantity of nitrogen and phosphate excreted by fish in holding water were calculated as follows:
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Total N−NH4 =o‐PO4 excretion

‐1
‐1
mg
kg
BW
2h


ðN‐NH4 =o‐PO4 Þ120 ‐ðN‐NH4 =o‐PO4 Þ0  a
¼
Fish biomass=kg
where (N ‐ NH4/o ‐ PO4)0 and ( N ‐ NH4/o ‐ PO4)120 =
Concentration at times 0 and 120 min (2 h) post feeding.
a = amount of holding water (L) in which fishes were
kept.
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Nitroblue tetrazolium (NBT) assay

The oxygen radical production by blood phagocytes during respiratory burst activity was measured through Nitroblue tetrazolium (NBT) assay using spectrophotometer at
540 nm as described by Anderson and Siwicki (1995).
Serum bactericidal activity

Various growth parameters were calculated for evaluating dietary performances and nutritional indices (Garg,
Bhatnagar, Kalla, and Johal, 2002).

Serum from blood samples of each treatment was
collected for serum bactericidal activity (Kajita, Sakai,
Atsuta, and Kobayashi, 1990). The number of viable bacteria was calculated by counting the colonies from the
resultant incubated mixture on TSA plates in duplicate
(two plates per sample) after 24-h incubation. Less bacterial count will show better serum bactericidal activity.

Intestinal enzyme activities

Total serum protein determination

At the end of the feeding trial, two fingerlings from each
treatment were taken, kept on ice tray, and their intestines
were removed which was further processed for the
determination of different intestinal enzyme activities such
as protease (Walter, 1984), cellulase (Sadasivam and
Manickam, 1996), and amylase (Sawhney and Singh, 2000).

The serum protein was determined according to Gornall,
Bardawill, and David (1949). The blood samples were
taken in a test tube which was not heparinized and
allowed to stay until the clotted blood settled down. The
serum was then transferred into another test tube. The
serum was centrifuged for 10 min at 3000 rpm. After that,
0.1 ml of serum was treated with 5 ml of Gornal reagent
(1.5 g CuSO4.5H2O, 6 g KNaC4H4O6, 500 ml H2O, 300 ml
of 10% NaOH) and was shaken for 1 min. The absorbance
of the mixture was determined spectrophotometrically at
540 nm, and the serum protein values were deduced by
using a standard curve.

Growth parameters

Collection of blood

Blood sample was collected from 5–6 fish from each
treatment (fish were anesthetized using MS 222, SigmaAldrich) so as to pool the blood for the immunological,
serological, and hematological diagnosis by caudal vein/
heart puncture using a heparinized syringe, which was
previously rinsed with EDTA solution and transferred
immediately to an Eppendorf tube.
Hematological diagnosis

The collected blood samples were used for the estimation
of total leucocyte count (TLC) and total erythrocyte count
(TEC) with the help of hemocytometer using a Neubauer’s
counting chamber following Dacie and Lewis (1963).
Phagocytic assay

The phagocytic assay was performed according to the
method of Siwicki, Anderson, and Rumsey (1994) and
Park and Jeong (1996) with a slight modification. Blood
samples were collected for determination of the phagocytic cells and phagocytosed bacteria for each treatment.
Phagocytic activity (PA) and phagocytic index (PI) was
determined by enumerating 100 phagocytes per slide
under a microscope, and the average of three slides was
calculated:
Phagocytic activity (i.e., percentage of cell with
engulfed bacteria) = Number of phagocytic cells with
engulfed bacteria/Number of phagocytic cells × 100.
Phagocytic index (i.e., number of engulfed bacteria per
cell) = Number of engulfed bacteria/Number of phagocytic cells.

Challenge trial

From each treatment, 10 fishes were challenged with A.
hydrophila after feeding trial of 90 days (Austin, Stuckey,
Robertson, Effendi, and Griffith, 1995). Percent survival
was measured for 10 days based on the observation that
mortality reached its elevation after 1 week (Sahoo, De,
Ghosh, and Maitra, 1998) and relative percentage survival
(RPS) was calculated by the following formula (Ellis, 1988)
Relative Percentage Survival
Percent mortality in treated group
 100
¼ 1−
Percent mortality in control group
Kaplan-Meier survivorship curve was also constructed
on MS Excel to show the pattern of fingerlings fed on
different supplemented diets of M. piperita with and
without probiotic in both experiments during challenge
trial with the fish pathogenic bacterium, A. hydrophila,
for ten days (Kaplan and Meier, 1958).
Statistical analysis

Data were subjected to one way ANOVA followed by
Tukey’s honest test to test the significant differences
between different dietary treatments (Tukey, 1977).
Statistical significance was settled at a probability
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value of P < 0.05. All statistics were performed using
SPSS Version 18.0.

rate of (@) 3000 CFU g−1 in comparison to other treatments and control.

Results

Intestinal enzyme activities
Experiment 1

Growth and digestibility
Experiment 1

Specific protease, amylase, and cellulase activities were
significantly high in those fingerlings whose diet was
supplemented with M. piperita in comparison to control
with highest value in dietary treatment P3.

The growth parameters such as weight gain (WG), specific
growth rate (SGR), protein efficiency ratio (PER), gross
conversion efficiency (GCE), feed conversion ratio (FCR),
and apparent protein digestibility (APD) of fish fed with a
distinctive level of peppermint-supplemented diets are
shown in Table 3. ANOVA followed by Tukey’s honest
test revealed that WG, SGR, PER, GCE, and APD values
were significantly (P < 0.05) high in all treatments in comparison to control with the highest value in dietary treatment P3. While FCR values were significantly low in all
the treatments in comparison to control.

Experiment 2

After completion of the experiment, the increase of intestinal enzymes activity of fishes fed on different
peppermint-supplemented diets along with probiotic
bacterium Bacillus coagulans as comparison to control
diet (Table 4) was clearly examined. Significantly (P <
0.05) higher intestinal enzymes activity was revealed in
treatment PP3 in this experiment.

Experiment 2

Water quality characteristics
Experiment 1

The WG, SGR, PER, GCE, FCR, and APD of fish fed with
different inclusion levels of peppermint-supplemented diets with probiotic bacterium Bacillus coagulans are shown
in Table 4. Significant increase in the values of these parameters was realized in treatment PP3 for this experiment. Significantly, low FCR values were recognized in
fishes fed on a diet containing 6 g kg−1 of M. piperita
along with probiotic bacterium Bacillus coagulans at the

No significant variations were observed in water quality
parameters. These parameters do not show any definitive trend with varying inclusion of peppermint in
supplemented diet (Table 5). However, significantly
(P < 0.05) low values of total ammonia excretion
(454.33 ± 2.18) and reactive orthophosphate production (290.67 ± 1.20) were recognized in fish fed on

Table 3 Effect of dietary inclusion of M. piperita without probiotic bacterium B. coagulans on growth performance and intestinal
enzyme activities of C. catla (Experiment 1)
Growth parameters

Dietary treatments
C1

P1

P2

P3

Initial weight (g)

1.04 ± 0.01

1.01 ± 0.004

1.02 ± 0.003

1.05 ± 0.020

C

Final weight (g)

2.50 ± 0.010

C

B

2.79 ± 0.360

2.90 ± 0.090

2.78 ± 0.250B

A

3.05 ± 0.050

1.47 ± 0.020

1.78 ± 0.030

1.87 ± 0.080

2.00 ± 0.070

1.72 ± 0.030B

Growth % gain in BW

141.09 ±
4.150C

175.82 ±
3.170AB

181.92 ±
7.590AB

192.18 ±
9.920A

161.48 ±
2.240BC

Growth per day in BW

0.92 ± 0.030C

1.04 ± 0.010AB

1.05 ± 0.040AB

1.09 ± 0.050A

0.99 ± 0.010B

Specific growth rate (SGR) (% BW d−1)

0.38 ± 0.010C

0.44 ± 0.010AB

0.45 ± 0.010AB

0.46 ± 0.150A

0.42 ± 0.003BC

B

Feed conversion ratio (FCR)

3.13 ± 0.090

2.74 ± 0.030

2.68 ± 0.110

2.58 ± 0.080

2.81 ± 0.050AB

Gross conversion efficiency (GCE)

0.32 ± 0.010C

0.36 ± 0.004AB

0.37 ± 0.020AB

0.39 ± 0.010A

0.36 ± 0.010B

C

AB

AB

A

Protein efficiency ratio (PER)
Apparent protein digestibility (APD) (%)
−1

B

AB

1.06 ± 0.002

A

Weight gain (g)

A

AB

AB

P4

0.04 ± 0.001

0.04 ± 0.001

0.05 ± 0.002

0.05 ± 0.002

0.04 ± 0.003BC

74.25 ± 0.620B

74.32 ± 0.600B

75.68 ± 0.530AB

77.67 ± 0.420A

75.50 ± 0.670AB

−1

D

Protease activity (mg of tyrosine liberated mg of protein h ) 1.77 ± 0.010

2.14 ± 0.010

Amylase activity (mg of maltose liberated mgof protein−1 h−1)

1.29 ± 0.020E
E

−1

Cellulase activity (mg of glucose liberated mg of protein
h−1)

B

0.97 ± 0.010

C

2.21 ± 0.010

A

2.33 ± 0.010

2.14 ± 0.010C

1.47 ± 0.010D

1.72 ± 0.010B

2.09 ± 0.010A

1.57 ± 0.010C

D

C

A

1.29 ± 0.010B

1.11 ± 0.010

B

1.20 ± 0.010

1.40 ± 0.010

Weight gain (g) = W2 − W1; Growth % gain in BW = (W2 − W1)/W1 × 100; Growth per day in % BW = {2(W2 − W1)/t(W1 + W2)} × 100; SGR = (ln W2 − ln W1)/t × 100;
FCR = Feed Offered (Dry wt.) (g)/Body weight gain (Wet wt.) (g); GCE = Body weight gain (Wet wt.) (g)/Feed Offered (Dry wt.) (g); PER = Wet Weight Gain (g)/Crude
protein fed (%)
Where, W1 = Initial Weight (g), W2 = Final Weight (g), Duration of experiment (No. of days)
Note: All values are mean ± S.E. of mean. Values with different superscript in the same row are significantly (P < 0.05) different (Tukey’s honest test)
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Table 4 Effect of dietary inclusion of M. piperita with probiotic bacterium B. coagulans on growth performance and intestinal
enzyme activities of Catla catla (Experiment 2)
Growth rarameters

Dietary treatments
C2

PP1

PP2

PP3

Initial weight (g)

1.05 ± 0.010

1.03 ± 0.010

1.05 ± 0.010

1.06 ± 0.002

1.03 ± 0.010

Final weight (g)

2.81 ± 0.010C

2.93 ± 0.050BC

3.02 ± 0.060AB

3.21 ± 0.150A

2.78 ± 0.390C

Weight gain (g)

1.75 ± 0.001C

1.90 ± 0.040BC
B

Growth % gain in BW
Growth per day in BW
−1

1.97 ± 0.080AB
AB

PP4

2.15 ± 0.010A
AB

1.75 ± 0.040C
A

166.53 ± 2.640

184.27 ± 1.940

188.10 ± 9.410

202.58 ± 1.340

169.73 ± 3.220B

1.01 ± 0.010B

1.07 ± 0.010AB

1.07 ± 0.030AB

1.12 ± 0.003A

1.02 ± 0.010B

B

AB

AB

A

Specific growth rate (SGR) (% BW d )

0.42 ± 0.003

0.45 ± 0.003

0.46 ± 0.020

0.48 ± 0.003

0.43 ± 0.010B

Feed conversion ratio (FCR)

2.76 ± 0.030AB

2.64 ± 0.030C

2.74 ± 0.090AB

2.53 ± 0.020BC

2.84 ± 0.010A

B

Gross conversion efficiency (GCE)

0.36 ± 0.004

Protein efficiency ratio (PER)

0.04 ± 0.003C

AB

0.38 ± 0.004

0.05 ± 0.001BC
B

Apparent protein digestibility (APD) (%)

74.64 ± 0.490

Protease activity (mg of tyrosine liberated mg of protein−1 h−1) 2.23 ± 0.020C
−1

Amylase activity (mg of maltose liberated mg of protein

−1

D

h ) 1.68 ± 0.020

Cellulase activity (mg of glucose liberated mg of protein−1 h−1) 1.20 ± 0.020E

AB

B

A

0.37 ± 0.010

0.35 ± 0.002B

0.40 ± 0.003

0.05 ± 0.002AB

0.05 ± 0.0003A

A

A

0.04 ± 0.001C

77.43 ± 0.640

78.37 ± 0.630

78.96 ± 0.680

76.62 ± 0.570AB

2.30 ± 0.020B

2.33 ± 0.020B

2.62 ± 0.020A

2.27 ± 0.020BC

E

B

A

1.84 ± 0.010

2.13 ± 0.020

2.40 ± 0.010

1.93 ± 0.010C

1.35 ± 0.010D

1.47 ± 0.020C

1.73 ± 0.010A

1.55 ± 0.010B

Weight gain (g) = W2 − W1; Growth % gain in BW = (W2 − W1)/W1 × 100; Growth per day in % BW = {2(W2 − W1)/t(W1 + W2)} × 100; SGR = (ln W2 − ln W1)/t × 100;
FCR = Feed Offered (Dry wt.) (g)/Body weight gain (Wet wt.) (g); GCE = Body weight gain (Wet wt.) (g)/Feed Offered (Dry wt.) (g); PER = Wet Weight Gain (g)/Crude
protein fed (%)
Where, W1 = Initial Weight (g), W2 = Final Weight (g), Duration of experiment (No. of days)
Note: All values are mean ± S.E. of mean. Values with different superscript in the same row are significantly (P < 0.05) different (Tukey’s honest test)

peppermint-supplemented diet @ 6 g Kg−1 (treatment
P3) compared to all other treatments in the first
experiment.
Experiment 2

Water quality parameters showed insignificant variations among all treatments. These parameters do not
follow any specific trend with different diets containing different inclusion level of peppermint with probiotic bacterium Bacillus coagulans (Table 5). Despite
this, PP3-treated fingerlings showed significantly (P <
0.05) low values of ammonia excretion (363.33 ± 2.03)
and orthophosphate production (206.67 ± 1.76) than
all other treatments.

Whole body proximate analysis
Experiment 1

After 90 days of feeding trial, final carcass composition of C. catla fingerlings of all treatments were analyzed and presented in Table 6. In this experiment,
the carcass composition of test animals containing
peppermint showed a significant increase in carcass
protein, carcass lipid, and total gross energy in comparison to control fingerlings. Treatment P3-fed group
fingerlings showed a significant increase in carcass
protein (15.93 ± 0.03). Lipid content (6.99 ± 0.03) and
gross energy (8.79 ± 0.01) were found to be highest in
fishes of treatment P3.

Experiment 2

In this experiment, the carcass composition of fingerlings fed on different incorporation levels of peppermint with probiotic bacterium Bacillus coagulans was
analyzed and given in Table 6. Significantly highest
carcass protein (16.14 ± 0.04) was observed in fingerlings of PP3 followed by PP2 (15.91 ± 0.02)-fed group
fingerlings in the second experiment. Lipid values
(7.00 ± 0.03) were significantly high in treatment PP3
followed by treatment PP4 (6.95 ± 0.02) and gross energy was also observed significantly higher in treatment PP3 followed by treatment PP2 fed group
fingerlings.
Hematological parameters
Experiment 1

The total erythrocytes were significantly (P < 0.05)
higher in fishes fed on diet P3 (Fig. 1a). The total
leucocytes were also significantly (P < 0.05) high in
fishes fed on diet P3 (42.67 ± 0.88) than other treatments and control (Fig. 1b).
Experiment 2

In this experiment, the values of total erythrocytes
and leucocytes of fingerlings fed on different diets
containing different inclusion level of peppermint
along with probiotic bacterium are shown in Fig. 1a,
b. The total erythrocytes (2.06 ± 0.02) and total leucocytes count (46.33 ± 1.45) of treatment PP3-fed group

Bhatnagar and Saluja Fisheries and Aquatic Sciences

(2019) 22:16

Page 7 of 14

Table 5 Effect of fish fed on M. piperita-supplemented diet without or with probiotic bacterium B. coagulans on water quality
characteristics (Experiment 1 and Experiment 2)
Physico-chemical parameters

Dietary treatments

Experiment 1
C1
−1

P1
A

Dissolved oxygen (DO) mg L

6.71 ± 0.040

−1

Conductivity ( μ mhos cm

)

Alkalinity (mgL−1)
−1

Chloride (mg L

6.60 ± 0.040A

A

7.42 ± 0.050A

7.66 ± 0.020

26.25 ± 0.070A
A

26.33 ± 0.220A
A

26.13 ± 0.050 A

662.22 ± 0.710

664.17 ± 5.170

668.00 ± 2.080

660.56 ± 12.650

661.50 ± 3.770A

191.11 ± 1.440A

188.67 ± 2.400A

187.00 ± 2.500A

186.22 ± 1.730 A

190.33 ± 2.510 A

A

)

7.59 ± 0.060

26.23 ± 0.080A

A

P4
A

6.45 ± 0.020

A

7.57 ± 0.130

26.50 ± 0.200 A

Temperature (°C)

6.71 ± 0.060

A

7.60 ± 0.040

P3
A

6.73 ± 0.130

A

pH

P2
A

A

A

A

A

39.37 ± 0.240 A

39.59 ± 0.500

38.43 ± 0.430

38.22 ± 0.330

Calcium (mgL−1)

18.73 ± 0.680A

18.33 ± 0.170 A

19.39 ± 0.490 A

19.11 ± 0.280 A

−1

A

A

A

Hardness (mgL )

A

83.22 ± 0.730

Total NH3-N excretion ( mg Kg−1 BW day−1 )
−1

Total o-PO4 production ( mg Kg

−1

BW day

)

80.11 ± 0.950

79.78 ± 0.950

38.16 ± 0.140

78.33 ± 1.680

18.78 ± 0.480 A
78.00 ± 1.900A

766.67 ± 2.330A

521.67 ± 2.030C

459.67 ± 3.050D

454.33 ± 2.180E

568.67 ± 3.180B

A

D

C

E

383.33 ± 3.170

307.67 ± 2.900

346.00 ± 2.640

290.67 ± 1.200

364.00 ± 2.300B

C2

PP1

PP2

PP3

PP4

Experiment 2
−1

A

Dissolved oxygen (DO) mg L

6.80 ± 0.030

pH

7.57 ± 0.050

Temperature (°C)
Conductivity ( μ mhos cm

)

Chloride (mg L

7.55 ± 0.070

7.54 ± 0.150

26.35 ± 0.010 A
C

189.33 ± 1.200 A
A

)

6.58 ± 0.020

A

653.83 ± 3.170

Alkalinity (mgL−1)

AB

6.38 ± 0.080

A

26.19 ± 0.140 A
−1

−1

B

ABC

26.43 ± 0.050 A
BC

188.67 ± 1.890 A

39.54 ± 0.360

39.20 ± 0.190

A

18.41 ± 0.490 A

A

A

Total o-PO4 production ( mg Kg

BW day

676.33 ± 2.330A
)

A

344.67 ± 1.45

190.67 ± 2.220 A

187.45 ± 0.390 A

18.92 ± 0.500 A

−1

674.11 ± 3.320AB

186.22 ± 1.920 A

A

−1

26.45 ± 0.170 A
A

679.17 ± 0.480

19.10 ± 0.410 A

Total NH3-N excretion ( mg Kg−1 BW day−1 )

26.41 ± 0.170 A

657.28 ± 5.410

−1

81.22 ± 0.730

7.69 ± 0.190 A

7.60 ± 0.090

Calcium (mgL−1)
Hardness (mgL )

6.53 ± 0.040B

A

6.58 ± 0.080

A

662.45 ± 5.550
A

39.70 ± 0.480

AB

79.56 ± 1.100
535 ± 2.880B

81.11 ± 1.390

439 ± 2.300D
B

295.33 ± 1.45

C

307 ± 2.88

A

39.70 ± 0.240 A

18.55 ± 0.540 A

18.55 ± 0.860 A

39.59 ± 0.250

A

80.56 ± 2.350A

81.56 ± 0.590

363.33 ± 2.030E
E

206.67 ± 1.76

445.33 ± 2.910C
289.33 ± 2.33D

Note: All values are mean ± S.E. of mean. Values with different superscript in the same row are significantly (P < 0.05) different (Tukey’s honest test)

fingerlings depicted significant (P < 0.05) increase in
comparison to other treatments and control.

Phagocytic activity
Experiment 1

The phagocytic activity and phagocytic indices of fish
fed on a peppermint-supplemented diet after 90 days
were significantly higher in treatment P3 (M. piperita @
6 g Kg−1) followed by P2 (M. piperita @ 4 g Kg−1), P1
(M. piperita @ 4 g Kg−1), P4 (M. piperita @ 8 g Kg−1),
and control (Table 7).

Experiment 2

The phagocytic activity (82.09 ± 0.83) and phagocytic
index (2.96 ± 0.01) of fingerlings fed on peppermint
along with probiotics at 6 g Kg−1 (treatment PP3)
showed significant (P < 0.05) increase than all other
treatments in the second experiment (Table 7).

Respiratory burst activity
Experiment 1

In this experiment, respiratory burst activity of treatment P3 (0.84 ± 0.01) followed by treatment P2 (0.71 ±
0.010), treatment P4 (0.63 ± 0.01), and P1 (0.53 ± 0.01)
was significantly (P < 0.05) higher than control treatment
(0.48 ± 0.01) (Table 7).
Experiment 2

Respiratory burst activity of fingerlings fed on different inclusion levels of peppermint with probiotics was analyzed
in which treatment PP3-fed group fingerlings exhibited
significantly (P < 0.05) higher values of respiratory burst
activity in comparison with fingerlings of all other treatments in the second experiment (Table 7).
Serum bactericidal activity
Experiment 1

Serum Bactericidal Activity is a measure of total bacterial colony count (103 CFU ml−1). The respective total
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Table 6 Proximate carcass composition of experimental diets containing M. piperita without or with probiotic bacterium B.
coagulans (Experiment 1 and Experiment 2)
Proximate composition

Dietary treatments

Experiment 1
Initial value
Crude protein (%)

C1

P1
D

P2
CD

P3
B

P4
A

9.27 ± 0.020

15.34 ± 0.020

15.43 ± 0.020

15.55 ± 0.020

15.93 ± 0.030

Crude fat (%)

4.03 ± 0.020

D

6.48 ± 0.010

C

B

A

Total ash (%)

2.59 ± 0.010

3.67 ± 0.010D

Moisture (%)
Nitrogen free extract (%)
−1

Gross energy (kJ g )

D

6.65 ± 0.010

6.76 ± 0.010

3.82 ± 0.020C

6.81 ± 0.030B

6.99 ± 0.020

3.94 ± 0.020B
C

4.17 ± 0.010A

3.98 ± 0.020B

64.76 ± 0.030

63.72 ± 0.020

64.25 ± 0.030

64.25 ± 0.080

63.87 ± 0.030

64.47 ± 0.030B

21.94 ± 0.040

14.46 ± 0.040A

13.67 ± 0.040B

13.43 ± 0.070BC

12.21 ± 0.010D

13.20 ± 0.050C

C

BC

7.54 ± 0.020

8.60 ± 0.0020

8.62 ± 0.010

Initial value

C2

PP1

C

15.52 ± 0.010BC

B

C

A

8.67 ± 0.010

8.62 ± 0.003BC

8.79 ± 0.004

Experiment 2

Crude protein (%)

D

PP2
C

PP3
B

PP4
A

9.27 ± 0.020

15.62 ± 0.040

15.77 ± 0.030

15.95 ± 0.020

16.14 ± 0.040

Crude fat (%)

4.03 ± 0.020

C

6.69 ± 0.030

B

A

A

Total ash (%)

2.59 ± 0.010

3.62 ± 0.010C

Moisture (%)
Nitrogen free extract (%)
−1

Gross energy (kJ g )

6.82 ± 0.030

6.93 ± 0.020

3.59 ± 0.020C

3.76 ± 0.030B

3.93 ± 0.020A

62.88 ± 0.020

63.10 ± 0.030

63.23 ± 0.020

62.94 ± 0.020C

21.94 ± 0.040

14.97 ± 0.090A

14.52 ± 0.060B

14.02 ± 0.050C

13.62 ± 0.140D

14.31 ± 0.020B

8.90 ± 0.010

A

8.92 ± 0.003

B

3.98 ± 0.020A

62.72 ± 0.010
A

C

6.95 ± 0.020A

7.00 ± 0.030

64.76 ± 0.030

7.54 ± 0.020

D

15.79 ± 0.020C

A

8.92 ± 0.010

A

A

8.94 ± 0.010

8.94 ± 0.010A

Note: All values are mean ± S.E. of mean. Values with different superscript in the same row are significantly (P < 0.05) different (Tukey’s honest test)

bacterial count of fish serum against pathogenic strain
fed on different diets such as P1, P2, P3, and P4 are
4.88 ± 0.05, 4.62 ± 0.03, 4.03 ± 0.15, and 4.36 ± 0.08
(103 CFU ml−1) indicating significantly improved activity in fingerlings of group P3. The value in the serum
of fishes in the control (C1) was 5.10 ± 0.08 (Table 7).
Experiment 2

Serum Bactericidal Activity of fingerlings fed on peppermint at 6 g Kg−1 along with probiotics showed significantly (P < 0.05) better response than other treatments
in the second experiment as viable bacterial colony
count is lowest compared to the rest of treatments including control (Table 7).
Total serum protein
Experiment 1

Total serum protein (μg ml−1) in this experiment was
found significantly (P < 0.05) higher in the fingerlings fed
on peppermint-supplemented diet at 6 g Kg−1(3.94 ±
0.01) followed by 4 g Kg−1 (3.59 ± 0.02), 8 g Kg−1(3.51 ±
0.01), and 2 g Kg−1 (3.42 ± 0.02) (Table 7).
Experiment 2

In this experiment, significantly (P < 0.05) higher total
serum protein was detected in fingerlings fed on
peppermint-supplemented diet along with probiotics at 6
g Kg−1. The respective total serum protein values (μg
ml−1) of fingerlings of different treatments such as P1, P2,

P3, and P4 are 3.42 ± 0.02, 3.59 ± 0.02, 3.94 ± 0.01, and
3.51 ± 0.01, and in the control the value is 3.38 ± 0.01.
Relative percent survival after challenge trial
Experiment 1

Post challenge relative survival rates of fingerlings fed
on peppermint-supplemented dietary treatment P3
(67.93 ± 6.62) were recognized significantly (P < 0.05)
high in comparison to other dietary treatments such
as P2 (50.95 ± 4.97) followed by P4 (33.96 ± 3.31) and
P1 (16.98 ± 1.65), while the fingerlings fed on control
diet showed the highest mortality (60.00 ± 5.77) and
fingerlings of treatment P3 exhibited the lowest mortality (20.00 ± 5.77) (Fig. 2a). The Kaplan-Meier plots
for survival of fish in Experiment 1 after challenge
trial are presented in Fig. 3 a revealing that there is a
significant difference between the survival trends in
each treatment. The initial mortality was observed in
treatment control, P1 and P4, while in treatment P2
and P3 mortality was observed after 3 days and 6
days, respectively.
Experiment 2

Post challenge relative survival rates of fingerlings fed on
peppermint-supplemented dietary treatment along with
probiotics at 6 g Kg−1 (82.22 ± 9.68) were examined significantly (P < 0.05) high in contrast with other dietary
treatments such as PP2 (56.11 ± 16.95) followed by PP4
(41.11 ± 4.84) and PP1 (20.55 ± 2.42), while the fingerlings fed on the control diet revealed the highest

a

2.2

TEC Count (106mm-3)
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Fig. 1 Effect of M. piperita-supplemented diet without or with probiotic bacterium B. coagulans on hematological parameters (on total
erythrocytes count (a) and on total leucocytes count (b)) of C. Catla. M. piperita-supplemented diet without probiotic bacterium B. coagulans (C1
= Control, P1 = 2 g Kg−1, P2 = 4 g Kg−1, P3 = 6 g Kg−1, P4 = 8 g Kg−1) and M. piperita-supplemented diet with probiotic bacterium B. coagulans
(C2 = Control, PP1 = 2 g Kg−1, PP2 = 4 g Kg−1, PP3 = 6 g Kg−1 and PP4 = 8 g Kg−1)

mortality (50.00 ± 5.77) and fingerlings of treatment PP3
exhibited the lowest mortality (10.00 ± 5.77) (Fig. 2b).
The Kaplan-Meier plots for survival of fish in Experiment 2 after challenge trial are presented in Fig. 3 b revealing that there is a significant difference between the
survival trends in each treatment. The initial mortality
was observed in treatment control, P1 and P4, while in
treatment PP2 and PP3 mortality was observed after 3
days and 7 days, respectively.

Discussion
Plant extracts have been reported to various prospective
as a growth stimulator in aquatic creatures (Citarasu,
Babu, Sekar, and Petermarian, 2002). The present study
concedes that C. catla when fed on M. piperita-supplemented diets significantly (P < 0.05) increased the growth
performance along with a better immune response. M.
piperita has been acknowledged as appetite accelerator

because it promotes daily feed consumption (Nobakht
and Mehmannavaz, 2010), and subsequently, low
values of FCR ultimately led to high weight gain, high
growth % in body weight, high SGR, high GCE in M.
piperita-fed group fishes. The reason might be attributed that M. piperita could upgrade the digestibility
and proper utilization of nutrition leading to protein
synthesis which impacted ultimately on growth performance. The results in first experiment of our study
are thus in accordance with the study of Talpur
(2014) and Adel, Amiri, Zorriehzahra, Nematolahi,
and Esteban (2015a) who fed M. piperita diets to
Asian seabass, Lates calcarifer (Bloch), for 8 weeks
and fry Caspian white fish for 4 weeks, respectively,
and observed significantly higher growth rate in test
fishes in comparison to control.
Crude protein and gross energy of fishes fed on a
peppermint-supplemented diet at 6 g Kg−1 (treatment P3)
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Table 7 Effect of fish fed on M. piperita-supplemented diet without or with probiotic bacterium B. coagulans on immunological
parameters (Experiment 1 and Experiment 2)
Immunological parameters

Dietary treatments

Experiment 1
C1

P1
C

Phagocytic activity

67.13 ± 0.540

Phagocytic index
Respiratory burst activity (NBT)
3

−1

P2

P3

75.40 ± 0.740

77.24 ± 1.190

C

B

A

71.73 ± 0.890

B

E

1.43 ± 0.003

1.83 ± 0.010

2.04 ± 0.010

0.48 ± 0.010D

0.53 ± 0.010D

0.71 ± 0.010B

A

P4

E

AB

BC

A

67.96 ± 1.260C

2.54 ± 0.003

1.64 ± 0.040D

0.84 ± 0.010A

0.63 ± 0.010C

D

Serum bactericidal activity (10 CFU ml )

5.10 ± 0.080

4.88 ± 0.050

4.62 ± 0.030

4.03 ± 0.150

4.37 ± 0.080CD

Serum protein (μg ml−1)

3.38 ± 0.010C

3.42 ± 0.020C

3.59 ± 0.020B

3.94 ± 0.010A

3.51 ± 0.010B

Experiment 2
C2

PP1

PP2

PP3

PP4

Phagocytic activity

73.52 ± 1.280D

71.65 ± 0.590E

76.43 ± 0.150B

82.09 ± 0.830A

74.26 ± 0.980C

Phagocytic index

1.92 ± 0.010D

2.11 ± 0.010C

2.19 ± 0.010B

2.96 ± 0.010A

1.77 ± 0.010E

Respiratory burst activity (NBT)

0.80 ± 0.010

0.83 ± 0.010

0.89 ± 0.010

1.02 ± 0.010

0.90 ± 0.010B

Serum bactericidal activity (103 CFU ml−1)

4.75 ± 0.030A

4.40 ± 0.050B

3.80 ± 0.050C

3.43 ± 0.040D

3.81 ± 0.030C

E

C

B

A

3.70 ± 0.010D

−1

Serum protein (μg ml )

C

3.55 ± 0.010

C

3.81 ± 0.010

B

3.92 ± 0.010

A

4.17 ± 0.010

Note: All values are mean ± S.E. of mean. Values with different superscript in the same row are significantly (P < 0.05) different (Tukey’s honest test)

were found significantly high when compared with other
treatments. The NFE in test fish may illustrate that they
do not accumulate carbohydrate in their tissue as a major
part was used as a reservoir of energy. The NFE content
recognized during proximate analysis might be developed
from basic sources such as glycoproteins and glycolipids.
Our results for NFE content in fishes during proximate analysis are in thus accordance with the findings
by Bob-Manuel and Alfred-Ockiy (2011) and Orire
and Sadiku (2014) in which they observed NFE (%)
content in the range of 16.33–38.11 and 0.17–8.66,
respectively. Peppermint promotes the synthesis of
protein in high amounts and thus high protein accumulation. Enzymatic activity results of the present
study concluded that peppermint can upgrade intestinal enzymes and microbiota of fish. Significant differences were observed in enzymatic activities (protease,
amylase, cellulose) of treated groups as compared to
control. On the contrary, no significant (P < 0.05) difference was observed in protease activity but significant (P < 0.05) difference was recorded for amylase
activity of Caspian brown trout when they were fed
on a peppermint-supplemented diet by Adel, Safari,
Pourgholam, Zorriehzahra, and Esteban (2015b). The
reason might be due to different feeding habits of
Caspian brown trout in their study and C. catla in
the present study. As vegetable protein is difficult to
digest in non-carnivorous fish, it requires more proteolytic enzyme activity for utilizing the protein
present in the diet. In our study, total leucocytes and
total erythrocytes count were also increased significantly (P < 0.05) in M. piperita-supplemented diet-fed

group which is similar to the findings of Adel et al.
(2015 a, b) and Nya and Austin (2009) who obtained
increased levels of RBC and WBC when Caspian
brown trout were fed on different peppermintsupplemented diets and Oncorhynchus mykiss fed on
different ginger-supplemented diets. However, post
challenge data reveal that WBC count of blood increased and RBC count of blood decreased, as the increase of WBC count is an important phenomenon of
defense when any foreign microorganism causes any
infection. Our results coincide with the results of Talpur
and Ikhwanuddin (2012) and of Talpur, Ikhwanuddin, and
Bolong (2013) who also realized the increase count of
WBC when L. calcifer were fed on garlic- and gingersupplemented diet, and Talpur (2014) determined similar
results when L. calcifer were fed on different M.
piperita-supplemented diets.
Phagocytosis and respiratory burst activity is acknowledged as a predominant mechanism countering bacterial
defense. Mentha species have phenomenal antimicrobial
and antioxidant properties as reported by Mimica-Dukic,
Bozin, Sokovic, Mihajlovic, and Matavulj (2003) and
Mahboubi and Haghi (2008). The result of the present
study manifested high phagocytic activity (Table 7) in
peppermint-supplemented diet which clearly revealed that
supplementation of M. piperita in diet enhanced the nonspecific immune response significantly (P < 0.05) which is
related to the results of Abasali and Mohamad (2010) and
Talpur (2014) who reported the remarkably increased activity of phagocytosis in C. carpio and Lates calcifer after
feeding on M. piperita-supplemented diets. The superoxide anion production can be assessed by Nitroblue
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Fig. 2 Percent mortality of C. Catla fed on M. piperita-supplemented diet without (a) or with (b) probiotic bacterium B. coagulans (Experiment 1
and Experiment 2). M. piperita-supplemented diet without probiotic bacterium B. coagulans (C1 = Control, P1 = 2 g Kg−1, P2 = 4 g Kg−1, P3 = 6
g Kg−1, P4 = 8 g Kg−1) and M. piperita-supplemented diet with probiotic bacterium B. coagulans (C2 = Control, PP1 = 2 g Kg−1, PP2 = 4 g Kg−1,
PP3 = 6 g Kg−1, and PP4 = 8 g Kg−1)

tetrazolium assay (NBT) by calibrating free oxygen radicals (Anderson and Siwicki, 1995). The outcome of the
present study illustrated that respiratory burst activity was
observed to be significantly (P < 0.05) higher in treatment
P3 fed group fingerlings containing M. piperita at 6 g Kg−1
of feed.
A crucial immune response which is concerned with
the conquering of pathogenic microbes is serum bactericidal activity (Ellis, 1999). Serum bactericidal activity of
all treated fed group fingerlings showed significant increase than the control treatment. Remarkably, better
serum bactericidal activity was observed in treatment P3
(containing peppermint 6 g Kg−1 of feed), as pathogenic
bacteria plate count was found to be lesser in this treatment in comparison to others. Our results are constant
with the results of Nya and Austin (2009) who achieved
elevated serum bactericidal activity when Oncorhynchus

mykiss were fed on ginger-supplemented diets; Abasali
and Mohamad (2010) who calculated the bacterial count
and observed the increased serum bactericidal activity
after feeding on M. piperita in C. carpio; Talpur and Ikhwanuddin (2012), Talpur et al. (2013), and Talpur and
Ikhwanuddin (2013), who assessed the increased serum
bactericidal activity after feeding on garlic, neem leaf
and ginger, respectively, in L. calcifer; and Talpur (2014)
who found the significantly (P < 0.05) high serum bactericidal activity in L. calcifer after feeding on M. piperita. This improved serum bactericidal activity in these
studies and also in the present study clearly reveal better
immune response which might be attributable to the existence of bioactive components such as phenol, tannins,
and flavanoids (Pramila et al., 2012) in M. piperita leaves
which are known for antimicrobial and antiinflammatory properties (de Sousa Araújo, Alencar, de
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Fig. 3 Plots of Kaplan-Meier estimates of survival of C. Catla after
challenge trial in different M. piperita-supplemented diets without (a)
or with (b) probiotic bacterium B. coagulans (Experiment 1 and
Experiment 2). M. piperita-supplemented diet without probiotic
bacterium B. coagulans (C1 = Control, P1 = 2 g Kg−1, P2 = 4 g Kg−1,
P3 = 6 g Kg−1, P4 = 8 g Kg−1) and M. piperita-supplemented diet
with probiotic bacterium B. coagulans (C2 = Control, PP1 = 2 g Kg−1,
PP2 = 4 g Kg−1, PP3 = 6 g Kg−1, and PP4 = 8 g Kg−1)

Amorim, and de Albuquerque, 2008). The serum protein
level was also monitored and significantly (P < 0.05)
higher values were observed in fingerlings fed on M.
piperita at 6 g Kg−1 than their respective control treatment fingerlings which resembled with the results of
Sunitha et al. (2017) who observed significant increase
in serum protein in Cyprinus carpio after feeding on
Phyllanthus niruri. The values of serum protein reflect
the capability of the liver for protein synthesis and signify
renal functioning and blood osmolarity (Sunitha et al.,
2017). Thus, high serum protein in treatment P3 clearly
reveals better capability of protein synthesis and thus coinciding with high growth and high carcass protein; therefore, supplementation of M. piperita at 6 g Kg−1 appears
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to be optimum dose. Moreover, increasing level of serum
protein in the group of fish fed on M. piperita-supplemented diets might be due to active components such as
menthone, isomenthone, and 1, 8-cineole (Mimica-Dukic
et al., 2003), which helps in the prevention of different infectious diseases leading to better immunity.
In the second experiment, probiotic bacterium Bacillus
coagulans at 3000 CFU g−1 of feed was also incorporated
along with different levels of M. piperita . The result
showed high growth performance in terms of WG, SGR,
PER, GCE, and APD with low FCR in group of fishes fed
on diet PP3 (with M. piperita @ 6 g Kg−1of feed and B.
coagulans @ 3000 CFU g−1). WBC and RBC count was
significantly high along with high phagocytic activity, respiratory burst activity, and better serum bactericidal
activity with low excretion of metabolites (ammonia excretion and reactive phosphate production) in group of
fingerlings of treatment PP3 which further demonstrated
that inclusion of M. piperita @ 6 g Kg−1 of diet is
optimum for better growth performance, nutrient retention, and immunity of C. catla. On comparing the results
of Experiment 1 and 2, it was observed that the growth
performance, nutrient retention, and immunity parameter
values were high for the respective groups of Experiment
2 with significantly higher value in treatment PP3 where
fishes were fed on a diet containing M. piperita @ 6
g Kg−1 of diet and B. coagulans @ 3000 CFU g−1. This
might be attributed to the reason that the presence of
autochthonous probiotic bacterium supplemented in diet
altered the microbial metabolism of fishes or might be
due to the colonization of probiotic bacteria in the gut of
fishes that expanded its exogenous enzyme production ultimately promoting the growth performance (Bhatnagar
et al., 2012). It has been accounted that probiotic bacterium also provides the unsaturated fatty acid and vitamins
involved in host nutrition (Sakata, 1990).
On comparison with TLC and TEC count in Experiment 1 and 2, TLC and TEC count increased with increasing dose of M. piperita up to the level of 6 g Kg−1
of diet and then count declined with further increasing
the dose in the first experiment. It clearly revealed that
M. piperita-supplemented diet @ 6 g Kg−1 of feed is
optimum. However, in Experiment 2, the same trend
was observed, but with the addition of probiotic along
with M. piperita-supplemented diet, TLC and TEC
count were increased more at each respective dose level
(Fig. 1). This might be due to the reason that active
compounds present in M. piperita and probiotic bacterium synergistically stimulated the humoral immunity at
optimum level. Probiotic bacterium incorporated in diet
inflected an immune response of fishes by depressing
the pathogenic responses by enhancing leucocyte count
which involved in phagocytic activity. Balcazar (2003)
illustrated the incorporation of several probiotic
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bacterium strain (Bacillus and Vibrios sp.), decidedly impacted the development and survival of adolescents of
white shrimp, and displayed a defensive impact against
Vibrio harveyi because of an incitement of immune system by expanding phagocytic activity and antiviral activity. Moreover, Nikoskelainen, Ouwehand, Bylund, and
Salminen (2003) demonstrated that supplementation of
Lactobacillus rhamnosus @ of 105 CFU g−1 of feed accelerated the respiratory burst activity in Oncorhynchus
mykiss. Significant high phagocytic activity, phagocytic
index, respiratory burst activity, and better serum bactericidal activity of probiotic-supplemented fingerlings in
our study also supported this view as it enhanced the
production of phagocytes during invasive attack of
pathogen by defense mechanism. In addition to this,
supplementation of M. piperita in the diet also improved
feed consumption expanding the intestinal activity with
proper utilization of feed which resulted in synergistic
effects on growth performance and immunomodulatory
responses in Catla catla. The challenge trial acknowledged that oral administration of M. piperita-supplemented diet along with probiotic bacterium boosted the
defiance of C. catla from pathogenic infection and coincided with the results of Bhatnagar and Lamba (2017) in
which B. cereus was when incorporated in diets at different inclusion level for Cirrhinus mrigala showed the
high survival of probiotic-fed group fishes as compared
to the control diet fishes.
The Kaplan-Meier assessment is the simplest way to
figure out the survival over time despite all these complications related with subjects or circumstances. This
survival pattern clearly indicated that treatment P3 and
PP3 showed high survival while high mortality was detected in fingerlings of control treatment in both experiments conceding the immunostimulating effects of
dietary supplementation of M. piperita as well as of
probiotics.

Conclusion
The results of the present study signified that use of M.
piperita-supplemented diet can significantly improve
growth and immunity in C. catla without compromising
water quality, and further improvement can be obtained
when such diets are further supplemented with autochthonous probiotic bacterium. Since, to the knowledge of
authors, no work has been conducted yet on the synergistic effect of autochthonous probiotic bacterium- and
plant-supplemented diet, so it can make a better approach towards detailing of an ideal diet by using supplementation of different plant extract along with other
autochthonous probiotics for better growth performance
and immunity of fish that can prompt sustainable
aquaculture.
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Abstract
Bacillus is a diverse genus consisting of more than 200 species with extensive genetic diversity. Their beneficial
effects in industrial shrimp farming have been well documented. However, little is known about the biodiversity of
the Bacillus spp. in this aquaculture system. Taxonomic analysis by 16S rRNA sequencing does not always allow
species-level identification of Bacillus spp. In this study, 26 Bacillus isolates from two industrial Litopenaeus vannamei
shrimp ponds in Bac Lieu Province, Vietnam, were analyzed for their genetic diversity by multi-locus sequence
typing (MLST). A total of 22 sequence types were identified and segregated into four distinct clusters,
corresponding to B. subtilis, B. velezensis, B. siamensis, and B. licheniformis. Bacillus subtilis and B. velezensis accounted
for more than 73% of the Bacillus isolates. Notably, the MLST scheme exhibited high discriminatory power and
might be further simplified to be a convenient method to identify species of the genus Bacillus.
Keywords: Bacillus group, Probiotics, Biodiversity, Industrial shrimp farming, MLST, Multi-locus sequence typing

Background
According to the Food and Agriculture Organization of
the United Nations (FAO), aquaculture is the fastestgrowing sector of food production in the world today
(FAO 2018). In Vietnam, the shrimp farming area is approximately 600,000 ha, producing 300000 tons of black
tiger and whiteleg shrimps per year (VASEP 2018). Although the procedure for industrial shrimp farming has
been established, sustainable development of this model
could be severely compromised by an increased risk of infectious diseases such as white spot syndrome virus, early
mortality syndrome (EMS), and white feces syndrome.
As a result, probiotics have been increasingly
employed in the form of feed supplements for shrimp
farming. In Vietnam, probiotics were used in 91% of the
surveyed shrimp farms (Rico et al. 2013). By definition,
probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit to
the host (Mack 2005). Indeed, their beneficial effects in
* Correspondence: hoa.lequang@hust.edu.vn
2
School of Biotechnology and Food Technology, Hanoi University of Science
and Technology, Hanoi, Vietnam
Full list of author information is available at the end of the article

shrimp farming have been shown in numerous studies.
For instance, probiotics improve water quality, produce
inhibitory compounds against pathogens, or enhance the
host’s growth and immune system (Gatesoupe 1999;
Gomes et al. 2009; Irianto and Austin 2002; Verschuere
et al. 2000).
Bacteria belonging to Bacillus genus are often included
in probiotics used in aquaculture as they are believed to
confer multiple benefits to both the environment and
the cultured animals (van Hai and Fotedar 2010; Zokaeifar et al. 2012). These bacteria are non-pathogenic,
spore-forming, and capable of secreting compounds with
antimicrobial properties (Zokaeifar et al. 2012). They
have been used to promote growth and control diseases
in shrimp aquaculture (Dalmin et al. 2001; Wang et al.
2005; Zokaeifar et al. 2014). However, there is a lack of
knowledge on the genetic diversity of Bacillus bacteria
in industrial shrimp aquaculture, which is the overall
trend of shrimp farming in Vietnam.
Conventionally, culture methods or molecular techniques such as polymerase chain reaction-denaturing
gradient gel electrophoresis (PCR-DGGE) (Piterina and
Pembroke 2013) or 16S rRNA sequencing (Qin et al.
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2016) have been used to explore the bacterial contents
of aquaculture systems. However, these are time-consuming and often fail to reflect the diversity of closely
related bacterial groups, particularly species of the Bacillus genus. Recently, multi-locus sequence typing
(MLST), which characterizes bacterial strains using
internal fragments of multiple housekeeping genes,
has gained broad acceptance among epidemiologists
(over 50 MLST schemes have been published and
made available on the Internet at https://pubmlst.org/
databases/) (Larsen et al. 2012). MLST is a standardized approach, highly unambiguous, and reproducible.
Furthermore, MLST has been successfully used to
study the phylogenetic diversity of the Bacillus cereus
group (Sorokin et al. 2006).
In this study, we aimed to explore the genetic diversity
of the Bacillus group in two industrial shrimp ponds
(with and without EMS) that are frequently supplemented with probiotic products. An MLST scheme using
seven housekeeping genes (glpF, ilvD, ptA, purH, pycA,
rpoD, and tpiA) was applied to identify Bacillus isolates
from these shrimp ponds.

Methods
Bacterial isolates

Bacillus bacteria were isolated from sediment, water, and
shrimp intestine samples of two industrial whiteleg
shrimp (Litopenaeus vannamei) ponds in Bac Lieu Province, Vietnam, following the procedure described by Cao
et al. (2011) with some modifications. Briefly, 1 g of sample was homogenized in 100 mL of nutrient broth (NB)
by Stomacher® 400 Circulator (Seward) and incubated at
80 °C for 10 min to inactivate vegetative bacteria and
fungi in order to isolate Bacillus spores that withstood
this heat pretreatment. The supernatant was then subjected to tenfold serial dilution before being spread onto
nutrient agar (NA). After incubation at 37 °C for 24 h,
individual colonies were streaked onto NA to obtain
pure isolates. Upon isolation, bacterial isolates were subjected to catalase test and gram staining and positive isolates were stored in 50% glycerol at − 80 °C. A total of 26
isolates was obtained, among which 11 (sediment, n = 2;
water, n = 4; intestine n = 5) were isolated from the pond
that was free of EMS, while 15 (sediment, n = 8; water,
n = 4; intestine n = 3) were isolated from the pond that
had been affected by EMS during the last three consecutive years. Details on the origin and morphology of the
isolates are presented in Table 1.
DNA extraction

DNA extraction and subsequent experiments were performed at Laboratory of Genetic Engineering, School of
Biotechnology and Food Technology, Hanoi University
of Science and Technology, Hanoi, Vietnam.
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Total DNA of bacterial isolates was extracted following Burrell et al. (1998) with some modifications. Briefly,
2 mL of overnight LB culture was centrifuged at 10,
000×g for 5 min and the supernatant was discarded. Cell
pellet was then resuspended in 600 μL of Tris-EDTA
(50 mM Tris pH 8.0, 5 mM EDTA). Subsequently, 50 μL
of freshly prepared lysozyme (10 mg/mL) was added to
the mixture and incubated at 37 °C for 2 h. A volume of
35 μL of sodium dodecyl sulfate (10% (w/v)) and 15 μL
of proteinase K (10 mg/mL) was then added to the mixture, followed by another incubation step at 37 °C for 1
h. After extracting with an equal volume (700 μL) of
chloroform/isoamyl alcohol (24:1, v/v), the nucleic acids
from 500 μL of supernatant were precipitated by adding
50 μL of sodium acetate (3 M pH 5.2) and 1.4 mL of
100% ethanol and incubating for 1 h at room
temperature. Following a centrifugation at 12,000×g for
30 min, DNA pellet was washed by 1 mL of 70% ethanol,
air dried, and resuspended in 200 μL of TE (10 mM Tris
pH 8.0, 1 mM EDTA) containing 10 μg/mL of RNase A.
After incubating at 37 °C for 1 h to remove RNA, DNA
was further purified and concentrated into a 50-μL volume using Amicon Ultra 0.5 mL 100K centrifugal filters
(Millipore) following the protocols provided with the filters. DNA concentration and quality were assessed based
on absorbance at 260, 280, and 230 nm using NanoDrop2000 (Thermo Fisher).

16S rRNA sequencing

16S rRNA gene of bacterial isolates was amplified by
PCR using universal primers 8F (5′-AGAGTTTGATCC
TGGCTCAG-3′) and 1510R (5′-GGCTACCTTGTTAC
GA-3′) (Ding and Yokota 2002). PCR reactions were
performed with an initial denaturation at 94 °C for 3
min, followed by 30 cycles of denaturation at 94 °C for
30 s, annealing at 52 °C for 30 s, and extension at 72 °C
for 1.5 min. Final extension step was performed at 72 °C
for 10 min. Reaction mixtures of 50 μL contained 25 μL
of GoTaq® G2 Hot Start Colorless Master Mix 2X (Promega, USA), 0.4 pmol/μL of each primer, and 10 ng of
DNA template. Negative and positive (B. subtilis strain
WB800N) controls were included in each PCR amplification. PCR products were purified using QIAquick PCR
purification kit per the manufacturer’s specifications
(QIAGEN, Germany) and sent to Macrogen (Seoul,
Korea) for sequencing by Sanger method. Low-quality
ends of DNA sequences were trimmed by DNA Chromatogram Explorer Lite (HeracleSoftware). DNA sequences were then BLAST searched against GenBank
databases (http://www.ncbi.nlm.nih.gov) and analyzed
using Bioedit (Hall 1999). MEGA X (https://www.megasoftware.net/) was used to construct the 16S phylogenetic tree using the neighbor-joining method with Kimura
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Table 1 Origin and morphology of 26 bacterial isolates used in this study
Sample ID

Origin

Shape

Edge

Elevation

Color + opacity

BRB 2.1

EMS, intestine

Circular

Entire

Flat

White, opaque

BRB 2.2

EMS, intestine

Circular

Undulate

Umbonate

White, opaque

BRB 6.3

EMS, intestine

Irregular

Lobate

Flat

White, translucent

BDB 1.1

EMS, sediment

Circular

Entire

Raised

White, opaque

BDB 1.2

EMS, sediment

Irregular

Undulate

Raised

White, opaque

BDB 11.1

EMS, sediment

Circular

Entire

Umbonate

White, opaque

BDB 3.1

EMS, sediment

Irregular

Undulate

Flat

White, opaque

BDB 3.2

EMS, sediment

Circular

Undulate

Flat

Buff

BDB 3.4

EMS, sediment

Irregular

Undulate

Flat

White, opaque

BDB 3.5

EMS, sediment

Irregular

Entire

Raised, wrinkled

White, opaque

BDB 6.1

EMS, sediment

Circular

Entire

Flat

White, translucent

BNB 1.1

EMS, water

Circular

Undulate

Umbonate

White, opaque

BNB 1.2

EMS, water

Circular

Undulate

Umbonate

White, opaque

BNB 5.2

EMS, water

Circular

Entire

Umbonate

White, opaque

BNB 9.3

EMS, water

Circular

Entire

Flat, wrinkled

White, opaque

BRK 1.1

Non-EMS, intestine

Irregular

Lobate

Flat

White, opaque

BRK 4.4

Non-EMS, intestine

Irregular

Lobate

Flat

White, opaque

BRK 5.4

Non-EMS, intestine

Circular

Undulate

Flat, wrinkled

White, opaque

BRK 6.1

Non-EMS, intestine

Circular

Undulate

Flat

White, opaque

BRK 7.3

Non-EMS, intestine

Circular

Entire

Flat

White, opaque

BDK 2.3

Non-EMS, sediment

Circular

Entire

Flat, wrinkled

White, opaque

BDK 9.2

Non-EMS, sediment

Circular

Undulate

Raised, wrinkled

White, opaque

BNK 2.2

Non-EMS, water

Circular

Undulate

Flat, wrinkled

White, opaque

BNK 2.3

Non-EMS, water

Circular

Entire

Flat, wrinkled

White, opaque

BNK 7.1

Non-EMS, water

Circular

Undulate

Flat, wrinkled

White, opaque

BNK 8.1

Non-EMS, water

Circular

Entire

Raised, wrinkled

White, opaque

2-parameter substitution model (Kikuchi 2009; Kimura
1980) and 1000 bootstrapping tests.
MLST analysis

Intragenic regions of seven housekeeping genes (glpF,
ilvD, ptA, purH, pycA, rpoD, and tpiA) were selected for
MLST analysis (www.pubmlst.org/bsubtilis). Primers for
PCR amplification of the seven genes were designed
using Primer3 software (Untergasser et al. 2012), and
their sequences are shown in Table 2. PCR amplifications were performed using Promega GoTaq® G2 Hot
Start Colorless Master Mix 2X as mentioned above. Reactions of 50 μL contained 25 μL of GoTaq® G2 Hot Start
Colorless Master Mix 2X, 0.4 pmol/μL of each primer,
and 10 ng of DNA template. One single cycling program
was used for amplification of the seven genes: initial denaturation at 95 °C for 3 min, 40 cycles of denaturation
(95 °C, 30 s), annealing (54 °C, 30 s), extension (72 °C, 50
s), and one final elongation step at 72 °C for 5 min.
Negative and positive (B. subtilis strain WB800N)

controls were included in each PCR amplification. Following amplification, PCR products were purified using
QIAquick PCR purification kit or QIAquick® Gel Extraction Kit (Qiagen, Germany) per the manufacturer’s specifications and sent to Macrogen (Seoul, Korea) for
sequencing.
Obtained DNA sequences were trimmed at both ends
to obtain regions corresponding to B. subtilis sequences
available on PubMLST database (www.pubmlst.org/
bsubtilis), and aligned using CLUSTALW (MEGA X).
The number of polymorphic sites of each gene fragment
was manually counted using the alignment outputs. Different alleles were determined on the basis of one-nucleotide difference and were assigned arbitrary numbers.
For each bacterial isolate, a combination of seven alleles
defined its allelic profile and sequence type (ST). Coverage of the complete coding sequences was identified
using BLAST search against GenBank databases. MEGA
X software was used to construct phylogenetic trees
using the neighbor-joining method with Kimura 2-
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Table 2 Primer sequences for MLST analysis
Primer

Sequence (5′–3′)

Annealing temperature

Expected size

rpoD-F

GCCGAAGAAGAATTTGACCTTAA

54 °C

854 bp

rpoD-R

CGTTTRCTTCTGCTHGGATGTCT

glpF-F

WTGACAGCATTTTGGGG

54 °C

690 bp

glpF-R

GTAAAATACRCCGCCGA
54 °C

622 bp

54 °C

610 bp

54 °C

620 bp

54 °C

545 bp

54 °C

568 bp

ilvD-F

ATGAGATATTCGCTGCC

ilvD-R

CTTCGTTAATGCGTTCTAAAGAG

ptA-F

ATACATATGAAGGSATGGAAGA

ptA-R

TAGCCGATGTTTCCTGCT

tpiA-F

TCAGCTTCGTTGAAGAAGTGAAA

tpiA-R

GGACTCTGCCATATATTCTTTA

PycA-F

AAATCAGARGCGAAAGC

PycA-R

CCTGAGCGGTAAGCCAT

purH-F

TTTGAGAAAAAACAATCGCT

purH-R

TCGGCTCCCTTTTCGTCGG

parameter substitution model (Akita et al. 2017; Kimura
1980) and 1000 bootstrapping tests. Sequence type analysis and recombinational tests (START) software (version 1.0.5) (http://www.mlst.net) was used to calculate G
+ C content and dN/dS value. Discrimination indices
(DI) were computed as previously described (Hunter
and Gaston 1988).

Results
Sequencing of 16S rRNA identified 26 Bacillus isolates

Pioneer work on prokaryotic taxonomy has recommended that identification to the species level is defined
as a 16S rDNA sequence similarity of ≥ 99% with that of
the type strain sequence in GenBank database (Cai et al.
2003; Stackebrandt and Ebers 2006; Benga et al. 2014).
In the present study, the 16S rRNA gene fragment was
amplified and sequenced using the universal primer 8F
and 1510R (Ding and Yokota 2002). Approximately
1400 bp (range 1380–1421 bp) of the 16S rRNA gene sequence was successfully obtained for each isolate (Additional file 1: Table S1) with Phred scores higher than 20
(Ewing and Green 1998). These sequences were blasted
against the 16S rRNA sequence database at NCBI. The
results (Additional file 1: Table S1) indicated that all isolates belong to the genus Bacillus with the highest similarity scores ranging from 99.8 to 100%. However, it was
not able to identify these isolates at the species level. For
example, isolate BRB 2.2, BDB 1.1, BDB 11.1, BDB 3.5,
BNB 1.1, BNB 1.2, BNB 5.2, BRK 5.4, BDK 2.3, BNK 2.2,
BNK 2.3, BNK 7.1, and BNK 8.1 could be any species of
B. amyloliquefaciens, B. velezensis, B. subtilis, or B. siamensis. The difference between the highest and second
highest similarity scores was less than 0.1% for all

isolates except for BRB 6.3 and BDB 6.1 (Additional file 1:
Table S1).
The neighbor-joining phylogenetic tree, based on 16S
rRNA sequences of the isolates and type of strains retrieved from the GenBank database, contains four clades:
B. licheniformis, B. subtilis/B. tequilensis, B. amyloliquefaciens/B. siamensis, and B. velezensis (Fig. 1). From this
phylogenetic tree, it is evident that the isolates BRB 6.3
and BDB 6.1 are closely related to B. licheniformis, while
the isolates BNB 1.2, BNB 5.2, BNB 1.1, BRK 5.4, BDB
11.1, BNK 2.2, and BRB 2.2 are closely related to B. velezensis. Nevertheless, identification of the other isolates
was inconclusive. Indeed, the low bootstrap values on
the remaining part of the tree indicated that 16S rRNA
sequencing is not suitable for phylogenetic analysis of all
isolates at the species level (Hampl et al. 2001). This
may be due to the high similarity of 16S sequences from
Bacillus isolates in the present study.
All of these results clearly showed that 16S rRNA gene
alone was not able to identify all Bacillus isolates at the
species level. Therefore, they were subjected to genotyping by an MLST scheme that utilizes internal fragments
of seven housekeeping genes.
MLST analysis

From the sequencing results, allelic and sequence profiles of the seven housekeeping genes (glpF, ilvD, ptA,
purH, pycA, rpoD, and tpiA) were presented in Table 3.
The lengths of analyzed fragments ranged from 384 to
470 bp, covering from 11.6 (pycA) to 55.1% (tpiA) of the
complete gene sequences. Multiple sequence alignment
did not show any insertions or deletions; however, SNPs
were frequently observed. We found 146 (38.0%), 164
(34.9%), 105 (25.4%), 137 (34.3%), 168 (42.1%), 108
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Fig. 1 Neighbor-joining phylogenetic tree based on 16S rRNA sequences of 26 Bacillus isolates from EMS-free and EMS-affected shrimp ponds
and representative Bacillus reference strains. Names of different clades were placed on the right-hand side. GenBank accession numbers are
indicated in parentheses. Isolates from the EMS-affected pond are indicated by asterisks

Table 3 Allelic profiles of the seven housekeeping genes used in MLST analysis
Gene Size of fragment analyzed Coverage of complete CDS (%) Number of Number of
Percentage of
Avg G + C DI
alleles
polymorphic sites polymorphic sites content (%)

dN/dS
ratio

glpF

384

46.6

18

146

38.0

50.0

0.972 0.061

ilvD

470

28.0

16

164

34.9

54.5

0.957 0.040

pta

414

42.6

15

105

25.4

51.4

0.942 0.020

purH

399

25.9

17

137

34.3

50.4

0.96

pycA

399

11.6

19

168

42.1

49.6

0.966 0.048

rpoD

384

34.4

11

108

28.1

49.2

0.908 0.001

tpiA

420

55.1

13

89

21.2

49.3

0.932 0.041

DI discrimination index

0.080
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(28.1%), and 89 (21.2%) polymorphic sites for glpF, ilvD,
pta, purH, pycA, rpoD, and tpiA, respectively. Moreover,
for each locus, we found 11 to 19 alleles, which were
counted on the basis of one-base difference. Average (G +
C) content of each gene was about 49–54%. This range is
similar to the (G + C) contents of the corresponding gene
sequences from the B. subtilis strain 168, which is the first
reference genomic data for the Bacillus genus. Average
dN/dS values were much less than 1 (maximum at 0.080),
indicating that the seven gene fragments are under negative selection pressure and mutations were mainly synonymous (Kryazhimskiy and Plotkin 2008). Synonymous
substitutions were at least 12.5 times (1/0.080) more frequent than amino acid changes at any locus. This could
be explained by the crucial functions of these housekeeping genes in Bacillus bacteria.
The discrimination indices (DI) were also computed to
compare the discriminatory power of the individual
genes. The lowest DI value of the seven loci was 0.908,
indicating a high discriminatory power and the efficiency
in differentiating the isolates in our study. glpF was
scored the highest at 0.972 (18 alleles, 38.0% polymorphic sites). Interestingly, the most polymorphic fragment (pycA, 42.1% polymorphic sites) did not exhibit
the highest DI (0.966). These results may allow us to further simplify the MLST scheme by using the most discriminatory loci.
After concatenation of the seven fragments, a total of
22 sequence types was distinguished among the 26 isolates. A neighbor-joining phylogenetic tree based on
concatenated sequences (Fig. 2) was constructed using
MEGA X software. Based on the BLAST search of the
concatemer sequences, representative reference sequences were selected from GenBank databases as
ingroups and outgroups. Clustering of all sequences revealed four major, non-overlapping clades, supported by
the bootstrap value of 100. They corresponded to the
four species of the Bacillus genus: B. velezensis, B. siamensis, B. subtilis, and B. licheniformis, respectively. We
observed an uneven distribution of the isolates between
these groups. Bacillus velezensis and B. subtilis clades (8
and 11 isolates, respectively) accounted for more than
73% of the total samples. Regarding the Bacillus contents in EMS-free and EMS-affected ponds, no significant difference was observed with one exception for the
B. licheniformis group. Indeed, two B. licheniformis isolates were exclusively present in the EMS-affected pond.
The remaining isolates from EMS-free and EMS-affected
ponds were quite evenly distributed between the three
clades of B. subtilis, B. velezensis, and B. siamensis.

Discussion
In the present study, we described the diversity and
population structure of Bacillus isolates from two
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industrial whiteleg shrimp ponds in Bac Lieu Province,
Vietnam, by 16S rRNA sequencing and multiple-locus
sequence typing. Notably, one pond was affected with
EMS while the other was free of EMS. Both ponds were
frequently supplemented with probiotic products.
Initially, 26 Bacillus spp. were detected by 16S rRNA
sequencing. Although being useful for phylogenetic
studies at the genus level, the discriminatory power at
species level of the 16S method remained questionable
as at least four species of the Bacillus group were identified per isolate while performing BLAST searches of the
sequenced 16S fragments. This may be due to the high
similarity of 16S sequences between closely related species (Stackebrandt and Goebel 1994). It has also been
shown that 16S rRNA sequences of some Bacillus species are almost identical (Janda and Abbott 2007). On
the other hand, the MLST scheme used in the present
study allowed determination of the exact species of all
the 26 isolates. Overall, all the seven genes exhibited a
satisfactory discriminatory power (DI ≥ 0.908). Interestingly, the locus with the most polymorphic sites did not
exhibit the highest DI (Table 2). Therefore, we suggest
that using the locus with the highest discriminatory
power (glpF, purH, and pycA) could be enough to differentiate bacterial isolates of B. subtilis, B. velezensis, B.
siamensis, and B. licheniformis. Nevertheless, a larger
population is required to evaluate this hypothesis
extensively.
The neighbor-joining phylogenetic tree based on the
concatenated MLST fragments showed four distinct
clades corresponding to the four Bacillus species and being supported by reliable bootstrap values (higher than
80). The isolates were majorly B. subtilis and B. velezensis (73%). The dominance of B. subtilis could be due to
that they are commonly used in probiotics or biocontrol
agents (Buruiană et al. 2014; Farzanfar 2006). For B.
velezensis, several studies have pointed out that they can
act as biocontrol agents (Palazzini et al. 2016) and exhibit antimicrobial activity against fish pathogenic bacteria (Yi et al. 2018), including Vibrio parahaemolyticus,
which is the leading cause of EMS in cultured shrimps.
Therefore, they could have been used regularly and became widespread in industrial shrimp ponds in Vietnam.
However, this is not the case for the B. licheniformis species. Despite being popular in probiotic products (Elshaghabee et al. 2017), only two isolates of this species were
found in EMS-affected pond. Nevertheless, we cannot
exclude the possibility that bacterial isolates identified in
this study could also originate from natural sediments in
the ponds. In fact, Bacillus spp. are ubiquitous and
found abundantly in soil (Garbeva et al. 2003).
All Bacillus species detected in this study have been
previously shown to have beneficial effects in aquaculture
systems. For instance, B. subtilis and B. licheniformis are
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Fig. 2 Neighbor-joining phylogenetic tree based on concatenated MLST DNA sequences of 26 Bacillus isolates from EMS-free and EMS-affected
shrimp ponds and representative Bacillus reference strains. Names of different clades were placed on the right-hand side. GenBank accession
numbers are indicated in parentheses. Isolates from the EMS-affected pond are indicated by asterisks

commonly used in commercialized probiotic products
and their benefits have been thoroughly investigated (van
Hai and Fotedar 2010; Zokaeifar et al. 2012). Several studies have also pointed out the effects of B. velezensis and B.
siamensis as probiotics or biocontrol agents in industrial
aquaculture farming (Buruiană et al. 2014; Meidong et al.
2017; Palazzini et al. 2016). They play a pivotal role in nutrient cycling, nutrition of the cultured animals, water
quality, and disease control (Moriarty 1997).

The antagonist effects of Bacillus bacteria against V.
parahaemolyticus, presumably the direct cause of EMS
in shrimps, have been reported (Liu et al. 2015; Tran et
al. 2013; Xu et al. 2013). However, there was no significant difference in Bacillus content between the EMSfree and EMS-affected shrimp ponds except that two B.
licheniformis isolates were exclusively found in the EMSaffected pond. This preliminary result needs further research with a larger sample size to be confirmed. Of
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note, the ability of secreting antibacterial compounds is
characteristic of a few Bacillus strains only (Azevedo et
al. 1993; Liu et al. 2015). Therefore, antimicrobial activity to V. parahaemolyticus needs to be tested for each
Bacillus isolates in order to determine whether there
was a difference in antimicrobial profile between isolates
from EMS-free and EMS-affected shrimp ponds.

Conclusions
In conclusion, we have shown that MLST is a more efficient phylogenetic tool than the 16S rRNA sequencing
for identifying Bacillus species isolated from shrimp
aquaculture. Using this approach, we have identified four
major Bacillus species including B. subtilis, B. velezensis,
B. siamensis, and B. licheniformis from EMS-free and
EMS-affected industrial shrimp ponds, among which B.
subtilis and B. velezensis accounted for more than 73%
of the isolates. Further research will be dedicated to
evaluate the antagonistic activity of the isolates against
V. parahaemolyticus strains causing EMS.
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Abstract
The development of sex-specific genetic assays in a species provides both a method for identifying the system of
sex determination and a valuable tool to address questions of conservation and management importance. In this
study, we focused on the identification of single nucleotide polymorphisms (SNPs) that differentiate genetic sex in
burbot Lota lota. Burbot are the only true freshwater representative of the cod family and a species of conservation
and management importance throughout Eurasia and North America. To identify sex-specific SNPs, we utilized
restriction site-associated DNA sequencing (RADseq) to interrogate thousands of SNPs in burbot samples of known
phenotypic sex. We discovered 170,569 biallelic SNPs, none of which fit the pattern expected under female
heterogamety. However, we identified 22 SNPs that fit the pattern expected under male heterogamety (males
heterozygous XY, females fixed XX) and, from these, developed two genetic assays that robustly (~ 97% genotyping
success) and accurately (> 99% correct) sexed burbot samples. These sex-specific genetic assays will benefit
growing conservation aquaculture programs for this species and allow future assessments of sex-specific migration,
growth, and mortality.
Keywords: Sex-specific, Burbot, RAD, SNP, Conservation, Supplementation

Introduction
Burbot Lota lota are a holoarctic species adapted to coldwater rivers and lakes throughout Eurasia and North
America. Although their exclusive freshwater life history
differs from other species in the order Gadiformes, as
adults, they share the piscivorous behavior of their marine
cousins and often serve as an apex predator in the
environments in which they live. Worldwide, many burbot
populations have been extirpated or are in severe decline,
attributed to habitat alterations or loss from dam development, invasive species, over-exploitation, and climate
change (Stapanian et al. 2010). In response to these
declines, several breeding and reintroduction programs
have been initiated in both Europe and North America
(Paragamian and Hansen 2011; Vught et al. 2007). One of
the largest conservation reintroduction programs for
burbot exists in Idaho as part of an effort to restore a
transboundary population native to the Kootenai River
* Correspondence: matthew.campbell@idfg.idaho.gov
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basin in the USA and Canada. This population once
supported a popular sport and commercial fishery and has
been an important food resource for the Kootenai Tribe
of Idaho for millennia (EPA 2016 and references within).
However, as a result of dam development, which altered
flow and temperature regimes and nutrient supply within
the Kootenai River, the population crashed in the late
1970s (Paragamian et al. 2000). With the identification of
fewer than 50 wild fish estimated in 2004 and little to no
recruitment, the population was considered functionally
extinct (Paragamian et al. 2008).
In an effort to rebuild the population, managers
started experimenting with conservation aquaculture
techniques for burbot in 2006 (Jensen et al. 2008) and
the first stocking of hatchery-reared burbot in the
Kootenai River occurred in 2009. Supplementation has
continued annually and has involved the angling and
spawning of wild burbot from Moyie Lake in British
Columbia, Canada. Moyie Lake was chosen as a donor
population because it is in the Kootenai River Basin and
large enough to avoid impacting the spawning
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population. Following spawning on Moyie Lake, fertilized eggs are transported to hatchery facilities in Idaho
for incubation, hatching, and rearing, prior to release
into the Kootenai River. While the egg-collection program from Moyie Lake broodstock has been successful
in increasing the burbot population in the Kootenai
River, successful reproduction of hatchery-released fish
has not yet been documented (Ross et al. 2018).
Given the logistical constraints (time, cost, and international transport) of using Moyie Lake broodstock,
managers have been interested in collecting and incorporating adults that have survived and reached sexual maturity within the Kootenai River. Additionally, managers
were interested in experimenting with spawning techniques that more closely mimic the reproductive behavior of wild burbot. In the wild, burbot are communal
spawners, forming spawning balls consisting of many
males surrounding one or two females (Cahn 1936). To
mimic this behavior, managers have experimented with
volitional spawning in tanks. Complicating these experiments is that burbot exhibit few sexually dimorphic
characteristics and broodstock management requires
segregating males and females prior to the spawning
window before distributing to tanks in different sex
ratios. To aid in broodstock management, our goal in
this study was to identify sex-specific genetic assays in
burbot. If successful, we would provide a tool that could
assist in conservation aquaculture and population monitoring and provide evidence of the species’ sex determination system.

Methods
RADseq library preparation

We extracted DNA from 18 phenotypic males and 18
phenotypic females used during spawning at Moyie Lake
in 2015, using the nexttec™ Genomic DNA Isolation Kit
from XpressBio (Thurmont, Maryland). To construct
RAD libraries, we followed methods developed and
described by Ali et al. (2016). Briefly, extracted DNA
was quantified using a Qubit® 2.0 Fluorometer (Life
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Technologies) and the Qubit® dsDNA HS Assay Kit and
normalized to 100 ng in a 10-ul volume. Digests were
performed with the PstI restriction enzyme (New
England Biolabs, Ipswich, MA, USA) at 37 °C for 60 min,
then 85 °C for 30 min. BestRad adaptors were ligated to
the digested DNA (SbfI cut sites), and the ligated DNA
was sheared using a Q800R2 DNA Sonicator (Qsonica,
LLC) for 4:30 min at 20% capacity and 4 °C. Resulting
DNA fragments (~ 400 bp) were cleaned and isolated
using micro-magnetic beads (Dynabeads, Life Technologies). Sequencing libraries were produced via PCR with
P1 and P2 primers. Resulting libraries were sequenced
on a NextSeq 500 platform (Illumina, San Diego, CA,
USA) to generate raw sequencing paired-end reads of
150 base pairs.
Bioinformatics and candidate selection

Data analysis was primarily performed with Stacks v1.28
(Catchen et al. 2013). First, a custom Python script was
used to evaluate paired reads and “flip” them as necessary so that the restriction enzyme cut site was present
in read one. The Stacks programs process_radtags and
clone_filter were then used with default settings to
demultiplex and remove reads with ambiguous barcodes,
no cut site, low quality scores, or PCR duplicates. The
de novo Stacks pipeline (ustacks, cstacks, and sstacks)
was then used with default settings (m, M, and n set to
three, two, and one, respectively) to discover and genotype SNPs. After genotyping, candidate sex-linked SNPs
were chosen based on having the pattern of one sex being only heterozygous and the other sex being fixed for
one allele. We selected top candidates for further testing
based on the total number of fish genotyped by Stacks
for a given SNP.
Candidate testing and validation

Primers and fluorescently labeled hydrolysis probes
were designed for the four top candidates. Additional
samples were genotyped for each via PCR and endpoint quantification of fluorescence on an Applied

Table 1 Two sex-specific SNP assays developed in this study
Assay Name

Complete sequence

Forward primer
sequence

Reverse primer sequence VIC probe

FAM probe

Llo186187_37 TGCAGCGCACCTGTGA
AGGGGTATGAATAGAGG
GGGG[G/T]GTGTGAACCC
AGAGCTGCCAGACTGA
CTGGCGCCG

TGCAGCGCACCTGTGAA CGGCGCCAGTCAGTCT

Llo100864_67 TGCAGATGCAGGTGTGATC
CTTCATGTCTGAACGGTCC
CCTGGTGACACCAGCATCA
GTCACTGTCTGG[C/G]CTGCT
CTGCTCTCCTGGCCCCTCT
CCCTCCCGCTGT

ACGGTCCCCTGGTGACA ACAGCGGGAGGGAGAGG AGTCACTGTCTAGGCTGC CACTGTCTGGGCTGC

TTCACACCCCCCCCTC

TTCACACACCCCCCTC
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Biosystems 7500 real-time PCR system with Taqman
Universal PCR Master Mix (Thermo Fisher). The
thermoprofile used for all markers was as follows: (1)
initial denature at 95 °C for 10 min, (2) denature at
92 °C for 15 s, (3) anneal and extend at 62 °C for 1
min, and (4) repeat steps 2 and 3, 44 more times.
The genotypes of these samples were evaluated for
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concordance with known phenotypic sex and for the absence of fish homozygous for the presumptive Y-linked allele (all candidates indicated male heterogamety).

Results
A total of 669,825,766 raw reads were acquired for all
samples, and after removal of reads with ambiguous

Fig. 1 Allelic discrimination plot for Llo186187_37. Example of an allelic discrimination plot showing diagnostic clustering of XX females (red circles)
and XY males (green circles) using the Llo186187_37 assay. The x-axis is associated with the “A” nucleotide, while the y-axis is associated with the “G”
nucleotide. The black x’s on the bottom left of the plot are no template controls

Vu et al. Fisheries and Aquatic Sciences

(2019) 22:18

Page 4 of 5

Table 2 Genotyping success and accuracy of the two sex-specific assays developed in this study when run on males and females of
known phenotypic sex
Genetic assay

Phenotypic sex

Attempted

Failed

Genotyped as female

Genotyped as male

Genotyping success

Genotyping accuracy

Llo186187_37

Known females

445

10

435

0

0.98

1.00

Known males

475

30

0

445

0.94

1.00

Known females

445

0

440

5

1.00

0.99

Known males

475

15

0

460

0.97

1.00

Llo100864_67

barcodes or cut sites, low quality, or PCR duplicates, a
total of 567,127,714 reads (84.7%) remained for analysis.
A total of 170,569 biallelic SNPs were found that were
genotyped in at least 13 males and 13 females. Of these,
none fit the pattern expected under female heterogamety
(females heterozygous, males fixed). Twenty-two SNPs
were found that fit the pattern expected under male heterogamety (males heterozygous, females fixed). Four of
these SNPs were genotyped using Stacks at a minimum
of 34 samples and were selected for Taqman assay development. Initial testing of the Taqman assays identified
two (Llo186187_37 and Llo100864_67) that yielded scorable clusters and expected genotypes and were chosen
for further testing and verification (Table 1, Fig. 1). The
other two assays were discarded from further testing.
The two chosen assays were subsequently screened on
445 mature phenotypic females and 475 mature phenotypic males (Table 2). Assay Llo186187_37 yielded an
average genotyping success rate of 96% and accurately
sexed all successfully genotyped samples. Assay Llo100864_
67 yielded an average genotyping success rate of 98%. It
accurately sexed all successfully genotyped phenotypic
males and accurately sexed 440/445 of the phenotypic
females (99%).

Discussion
Systems of sex determination vary widely among fish species, with examples of both environmental sex determination (Struussmann et al. 1996) and genetic sex
determination. Within the category of genetic sex
determination, systems of male heterogamety (male-determining allele is dominant (Chourrout and Quillet 1982,
Komen et al. 1991)) and female heterogamety (female-determining allele is dominant (Dabrowski et al. 2000,
Glennon et al. 2012)) are most common. However, isolated examples of polygenic systems can also be found
(Vandeputte et al. 2007, Delomas and Dabrowski 2018).
The identification of a SNP with genotypes that are
predictive of phenotypic sex demonstrates genetic sex
determination in burbot. Males and females were observed to be heterozygous and homozygous for the major
allele, respectively, at this locus, and so it can be inferred
that burbot have a system of male heterogamety (males
are XY and females are XX). This system has been

observed in the Atlantic cod Gadus morhua (Whitehead
et al. 2012), which is in the same order, Gadiformes, as
burbot, but sex determination systems have been observed
to vary even among species in the same genus (Cnaani et
al. 2008), and so this is not necessarily due to conservation
of the sex-determining mechanism.
The successful development of two sex-specific genetic
assays for burbot should be of immediate use to managers working on reintroduction and supplementation
efforts aimed at recovering burbot populations. Immediately, it will help managers of conservation supplementation efforts in the Kootenai River basin, as they
experiment with volitional spawning techniques. In
addition, these assays should greatly benefit future conservation and management efforts by providing a tool to
assist in estimates of sex-specific migration, growth, and
mortality of this species. These monitoring and evaluation efforts will be necessary in the Kootenai River and
for other supplemented populations worldwide, aimed at
providing sustainable subsistence and recreational
harvest of burbot into the future.

Conclusion
This study is the first to identify sex-specific genetic
markers in burbot and the first to provide evidence that
burbot have a genetic sex-determining system of male
heterogamety. The two sex-specific SNP genetic markers
we developed were both robust (~ 98% genotyping completeness) and accurate (~ 99% concordance with known
phenotypic sex). This study provides another example of
the utility of RAD sequencing for the identification of
sex-specific genetic assays and the system of sex determination in non-model organisms. The successful development of sex-specific genetic assays for burbot will
benefit both conservation and management of this
species.
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Abstract
We investigated the insulin-like growth factor 1 (IGF-1)/AKT signaling pathway involved in muscle formation,
growth, and movement in the adductor muscle of triploid Pacific oyster, Crassostrea gigas. Large and small triploid
oysters (LTs and STs) cultured under identical conditions were screened, and the signaling pathways of individuals
with superior growth were compared and analyzed. mRNA and protein expression levels of actin, troponin, tropomyosin,
and myosin, proteins important in muscle formation, were higher in LTs compared with STs. Expression levels of IGF-1,
IGF binding protein (IGFBP), and IGFBP complex acid-labile subunit were also higher in LTs compared with STs.
Phosphorylation of the IGF receptor as well as that of AKT was high in LTs. In addition, the expression of phosphomammalian target of rapamycin and phospho-glycogen synthase kinase 3β was increased and the expression of
Forkhead box O3 was decreased in LTs. Therefore, we suggested that the IGF-1/AKT signaling pathway affects the
formation, growth, and movement of the adductor muscle in triploid oysters.
Keywords: Triploid oyster, Adductor muscle, Muscle growth, Protein synthesis, Protein degradation

Background
The triploid Pacific oyster Crassostrea gigas was first
reported by Stanley et al. (1981) and commercialized on
the West Coast of America in 1985 (Allen et al. 1989).
At present, it is produced by crossing diploid female and
tetraploid male hybrids (Guo et al. 1996), and this
method is being applied to various oysters. Triploid oysters consume less energy during maturity because they
do not develop germ cells. As a result, growth is faster
because more energy can be used to grow somatic cells
compared with diploid oysters (Allen and Downing
1986; Nell 2002; Nell and Perkins 2005). However, the
signaling pathway responsible for this growth has not
yet been elucidated.
Activation of the adductor muscle, i.e., muscle activity,
is associated with oyster feeding behavior, which directly
affects oyster growth (Hopkins 1936). Muscles are divided into striated muscles, such as skeletal and cardiac
* Correspondence: unichoi@pknu.ac.kr
1
Institute of Fisheries Sciences, Pukyong National University, Busan 46041,
Republic of Korea
2
Department of Marine Bio-Materials and Aquaculture, Pukyong National
University, Busan 48513, Republic of Korea

muscles, which are regularly arranged, and non-striated
muscles, including smooth muscle, which make up the
vessels, respiratory system, and stomach. The adductor
muscle of the oyster is a typical striated muscle, which
contracts and relaxes through the action of actomyosin
according to the cytosolic concentration of calcium.
Actomyosin is composed of actin and myosin, and
troponin (T, C, I) and tropomyosin are required for their
binding and formation (Kuo and Ehrlich 2015). Therefore, in this study, the mechanism of the production and
activity of the adductor muscle, which is most closely
related to oyster growth, was confirmed by evaluating
the expression of actin, troponin, and tropomyosin,
which affect the formation of actomyosin.
Muscles adapt and change according to functional needs
(Rennie et al. 2004). If there is a load, muscle mass
increases. However, if there is no load or the muscle is not
used, muscle mass will decrease. When muscle growth is
active, the roles of growth hormone (GH) and insulin-like
growth factor 1 (IGF-1) are important (Velloso 2008). GH
binds to the GH receptor (GHR) and regulates various
signals related to growth. GHR is ubiquitously expressed
in various tissues to mediate the action of GH, and GH
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increases the expression of IGF-1 in most tissues
(Frick et al. 1998; D’Ercole et al. 1984; Gosteli-Peter et al.
1994; Jorgensen et al. 2006). Unlike GH and GHR, IGF-1
expression is stable and does not change significantly during the day (Buckway et al. 2001; Velloso 2008). Therefore,
it can be used as a factor to measure muscle growth.
Muscle hypertrophy occurs when the rate of protein
synthesis exceeds the rate of protein degradation
(Schiaffino et al. 2013). The IGF-1/protein kinase B
(also known as AKT) signaling pathway, which is activated upon IGF-1 recognition by the IGF receptor
(IGF-1R), is the most representative mechanism of
muscle mass increase. IGF-1 signaling promotes muscle
growth via increased protein synthesis and inhibition of
protein degradation (Schiaffino and Mammucari 2011).
IGF-1/AKT signaling mediates protein degradation by
modulation of muscle atrophy F-box (MAFbx), muscle
ring finger 1 (MURF1), and microtubule-associated
protein 1 light chain 3 (LC3) via Forkhead box O3
(FoxO) (Manning and Cantley 2007). IGF-1/AKT signaling also promotes protein synthesis via mammalian
target of rapamycin (mTOR) and glycogen synthase
kinase (GSK)-3β. Confirmation of the expression of
each of these factors will confirm that the growth of
triploid oysters is dependent on IGF-1/AKT signaling,
as has been shown in mammals and other mollusks.
In this study, we analyzed the IGF-1/AKT signaling
pathway and its involvement in the growth of triploid
oysters and confirmed the relationship between the expression of actin and troponin, which are involved in
muscle formation in the triploid oyster.

Methods
Sampling and identification of the triploid oyster

Triploid oysters were collected at a farm in Taeangun, Republic of Korea (latitude 36.903367, longitude
126.26489), in January and February of 2017. A total
of 60 oysters were collected and separated into large
and small triploid oysters (LTs and STs, respectively).
Since there is no standardized method for classifying
oysters, this study divided them according to the following criteria. LTs selected samples that meet the
three conditions as shown in Fig. 1. First, both STW
and TW of oysters are higher than average. Second,
both shell length and shell height of oysters are above
average. Third, shell width and shell length of oysters
are above average. When the three conditions were
satisfied, they were classified as LTs and vice versa as
STs. The adductor muscle was isolated, and 0.5 g of
each muscle was subdivided, frozen in liquid nitrogen,
and stored at − 70 °C.
Triploidy was confirmed as described previously (Allen
1983) with minor modifications. Plasma was collected
from 10 of the collected samples, added to 0.7 mL

Fig. 1 Morphological correlation of the triploid oyster, Crassostrea
gigas. a Soft tissue weight (STW) according to total weight (TW). b
Shell height according to shell length. c Shell width according to
shell length. Large triploids (LTs), shaded areas inside the graph;
small triploids (STs), hatched area inside the graph. n = 60

ethanol, and stored at − 20 °C for more than 4 h. After
removing the supernatant by centrifugation (3000 rpm,
10 min), it was washed three times with phosphatebuffered saline. Samples were stained with propidium
iodide for 30 min at room temperature and measured
using a flow cytometer (BD Accuri C6, BD Biosciences,
Franklin Lakes, NJ, USA). Ten diploid oysters were collected from the southern Korean sea for DNA verification compared with the triploid oyster.
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cDNA synthesis and reverse-transcription polymerase
chain reaction (RT-PCR)

The adductor muscle (0.5 g, LTs n = 3; STs n = 3) was pulverized by adding 1 mL Trans-Zol UP (TransGen Biotech,
Beijing, China), and total RNA was extracted using TransZol UP according to the manufacturer’s instructions. cDNA
was synthesized from 2 μg total RNA using the PrimeScript
first strand cDNA synthesis kit (TaKaRa Bio, Otsu, Japan)
according to the manufacturer’s instructions. RT-PCR was
performed using Emerald Amp GT PCR Master Mix
(TaKaRa Bio). The primers (targeting elongation factor 1α,
IGF-1, IGF-IR, IGF binding protein complex acid-labile
subunit [IGF-ALS], actin, myosin, troponin T, troponin I,
and tropomyosin) and reaction parameters (denaturation,
95 °C, 30 s; annealing, indicated temperature, 30 s; elongation, 72 °C, 30 s) used for RT-PCR are shown in Table 1.
Primers were designed based on the gene sequences of C.
gigas obtained from NCBI GenBank. The PCR products
were confirmed by 1% agarose gel electrophoresis.
Protein purification and western blotting

Total protein extraction was performed by adding 1 mL
radioimmunoprecipitation buffer to 0.5 g adductor muscle
(LTs, n = 3; STs, n = 3). The homogenized tissue was centrifuged (12,000 rpm, 10 min, 4 °C) and the supernatant
used. Protein quantification was performed using the
bicinchoninic acid assay, and bovine serum albumin
(BSA) was used as a standard. Proteins (2 μg/μL) were
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subjected to gel electrophoresis using a 12% polyacrylamide gel and transferred to a polyvinylidene fluoride
membrane for immunoblotting. Membranes were blocked
with Tris-buffered saline containing 0.1% Tween-20
(TBST) and 1% BSA at room temperature for at least 2 h.
The membranes were then incubated with the primary
and secondary antibodies at room temperature for at least
1 h, followed by detection with enhanced chemiluminescence western blotting reagents (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). Between each step, two
washes with TBST were performed. The following
primary antibodies and the anti-mouse secondary antibody were obtained from Santa Cruz Biotechnology, Inc.,
and diluted 1:1000: IGF-1, IGF binding protein (IGF-BP)3, IGF-1R, phosphorylated (p)-IGF-1R, AKT, p-AKT,
mTOR, p-mTOR, FoxO, p-FoxO, GSK3β, p-GSK3β,
eukaryotic translation initiation factor 4E binding proteins
1 (4EBP1), Ribosomal protein S6 kinase beta 1 (p70S6K1),
MAFbx, MURF1, LC3, eukaryotic translation initiation
factor 2B (elF2B), nebulin, neural Wiskott–Aldrich syndrome protein (N-WASP), peroxisome proliferatoractivated receptor γ coactivator (PGC) 1α, troponin I,
troponin T, and F-actin antibodies.
Statistical analysis

RT-PCR and western blotting results were analyzed
using GeneTools software (version 4.03; Syngene,
Cambridge, UK). Data are presented as means ± standard

Table 1 Primer sequences for RT-PCR, amplicon size, PCR efficiencies, and GenBank accession numbers of the genes evaluated in
this study. Primers were designed based on Crassostrea gigas sequences. F forward primer, R reverse primer, AT annealing
temperature
Gene

Accession number

Sequence (5′–3′)

Amplicon size (bp)

PCR cycle

AT (°C)

EF1α

AB122066.1

(F) CCACTGGCCATCTCATTTAC

393

20

60

336

25

55

375

25

55

359

25

55

434

20

60

544

20

60

375

20

60

187

20

60

381

20

60

(R) TGTTGACACCAATGATGAGC
IGF-1

XM_011417420.2

(F) ATGGTTTGCCCTGTCTTGAG
(R) AGATCCTTTCTTCTTGCGGC

IGF-IR

AJ535669.1

(F) TGAGGAGGGTGATGAGGATA
(R) ATTGCACTGTAGGGATTGGA

IGF-ALS

XM_011417921.2

(F) ATGTCCAAAACAATGCGTCT
(R) TCCAAAACGCGTAACTTTTC

Actin-2

EKC31894.1

(F) TTTCGCCGGAGATGATGCCC
(R) TGGGGACAGTGTGGGTGACA

Myosin

EKC37566.1

(F) TTTGGCTGGTGAGGCACAGG
(R) TTTGCTGAGCTGGCGTTGGA

Troponin T

XM_020062462.1

(F) AGGAACGCGAGAAAGAACAA
(R) TGATCCTCTGGGACAGGAAG

Troponin I

XM_011455869.2

(F) CCACCCTGGAGGAAGAAGTC
(R) AAATTGCCACGGAAATCTGA

Tropomyosin

NM_001308906.1

(F) GCCATGAAAATGGAGAAGGA
(R) GGCGTTATTGAGGTTTTCCA
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deviation and were analyzed using Statistical Package for
Social Sciences, version 10.0 (SPSS, Inc., Chicago, IL,
USA). Statistical analysis was performed using Duncan’s
multi-range test followed by one-way analysis of variance. p < 0.05 was considered to indicate statistical
significance.

Results
Growth characteristics and identification of triploid
oysters

In total, 60 triploid oysters collected from Taean were
classified as LTs and STs depending on their size (shell
length, SL; shell height, SH; shell width, SW) and weight
(total weight, TW; soft tissue weight, STW). The TW of
the triploid oysters ranged from 55.34 to 277.75 g, with a
mean of 125.40 ± 43.50 g. The STW ranged from 7.72 to
30.87 g, with a mean of 16.55 ± 5.54 g (Fig. 1a). Fatness
ranged from 6.80 to 19.30%, with a mean of 13.34 ±
2.19%. The growth rate of SL/SH, ranged from 0.45 to
0.88, while the growth rate of SW/SL, ranged from 2.20
to 4.00 (Fig. 1b, c), with means of 0.63 ± 0.09 and 2.89 ±
0.38, respectively. In this study, 10 individuals were selected as LTs or STs with a satisfactory combination of
STW/TW, SH/SL, and SW/SL and were used to analyze
the growth signals of muscles according to their size
(Fig. 1, LTs, shaded areas inside the graph; STs, hatched
areas inside the graph).
Flow cytometry revealed that the average amount of
DNA in diploid oysters, which were used as a control, was
245 ± 38.91, and the average amount of DNA in triploid
oysters was 368 ± 23.23 (Fig. 2). The DNA content ratio of
diploid to triploid oysters was 1:1.5, confirming that the
oysters used in this study were triploid.
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Expression of muscle proteins according to triploid oyster
size

The differences in mRNA and protein expression of
actin, myosin, troponin, and tropomyosin, which are integral in muscle formation, were examined. The mRNA
expression of actin, troponin, and tropomyosin was
1.43–2.22-fold higher in LTs than in STs (Fig. 3a), while
the protein expression of actin, troponin T and I, and
tropomyosin was 1.18–3.60-fold higher in LTs than in
STs (Fig. 3b). Thus, the expression of mRNAs and proteins responsible for muscle formation, contraction, and
relaxation varied depending on the size of the oyster.
Expression of IGF-1 according to triploid oyster size

The expression level of IGF-1 mRNA was three times
higher in LTs than in STs (Fig. 4a). IGF-ALS, which
binds IGF-1 and IGF-IR and initiates IGF-1 signaling,
also showed high mRNA expression in LTs (Fig. 4a).
IGF-1 protein expression, as well as that of IGF-BP
and IGF-IR, was also higher in LTs compared with STs
(Fig. 4b). In particular, the level of p-IGF-IR was significantly increased in LTs compared with STs. To investigate the IGF-1/AKT signaling pathway involved in the
synthesis and degradation of muscle proteins, the levels
of AKT1 and p-AKT were assessed. The level of p-AKT
was 1.29-fold higher in LTs compared with STs.
Mechanism of protein synthesis

The expression of mTOR, GSK3β, 4EBP1, and p70S6K1,
elements downstream of IGF-1/AKT signaling associated
with protein synthesis, were confirmed (Fig. 5a). Phosphorylation of mTOR was 1.46-fold higher in LTs compared with STs. Consequently, the expression level of
4EBP1 was decreased and that of p70S6K1 increased. The

Fig. 2 Flow cytometry analysis showing the DNA histograms (top graph) and scatter diagrams (bottom graph) of propidium iodide (red
fluorescence, FL2-H)-labeled oysters. a, b Diploid oysters. c, d Triploid oysters. Diploid oysters were used as a control for the amount of DNA. FSCH, forward side scatter-height; SSC-H, side scatter-height
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Fig. 3 Expression of muscle-forming proteins according to triploid oyster size. a mRNA expression (n = 5). b Protein expression (n = 3). *p < 0.05
vs. LT. LT, large triploid; ST, small triploid; MFP, muscle-forming proteins

expression of p-GSK3β was also 1.37-fold higher in LTs
compared with STs. This increased protein synthesis occurred via inhibition of eIF2B expression.

in increased levels of non-phosphorylated nebulin
(Fig. 5c). The expression of N-WASP was 1.34-fold
higher in LTs compared with STs.

Mechanism of protein degradation

PGC1α and troponin

The expression of FoxO, an IGF-1/AKT downstream effector related to protein degradation, was increased
2.64-fold in STs compared with LTs (Fig. 5b), in contrast
to mTOR and GSK3β. FoxO affects the function of
MAFbx, MURF1, and LC3, and the expression of these
proteins was decreased in LTs compared with STs.
MAFbx and MURF1 are important in the degradation of
muscle proteins including myosin via proteasomedependent ubiquitylation, and LC3 is involved in the
autophagy–lysosome pathway.

The expression of troponin T and I and PGC1α was increased 1.87-, 1.43-, and 1.57-fold in LTs compared with
STs, respectively (Figs. 3 and 5c).

GSK3β and actin polymerization

GSK3β increases the phosphorylation of nebulin. Nonphosphorylated nebulin has been shown to modulate NWASP to promote elongation and nucleation of actin filaments, thereby enhancing myofibril growth (Takano et al.
2010). Inhibition of GSK3β in the triploid oyster resulted

Discussion
Triploid oysters have been reported to grow faster than
diploid oysters because they use the energy required for
maturation for flesh obesity (Allen and Downing 1986;
Nell and Perkins 2005). However, oyster size differs to
some extent even under the same conditions. In this
study, we used adductor muscles excised from triploid
oysters to analyze this difference. Adductor muscle
(AM) plays an important role in the influx of food and
communication with the external environment. Oysters
limit oxygen exchange through shell closure at low tide.
AM plays an important role in regulating the opening
and closing of these shells through translucent and white
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Fig. 4 Expression of upstream proteins in the IGF-1/AKT signaling pathway according to triploid oyster size. a mRNA expression (n = 5). b Protein
expression (n = 3). *p < 0.05 vs. LT. LT, large triploid; ST, small triploid; IRP, IGF-1 related proteins

opaque muscles. Oxygen is limited but oysters lower intracellular pH for survival and regulate the expression of carbohydrates, proteins, tRNA, ncRNA, and amino acid
metabolism-related genes. Among them, dioxygenase,
which corresponds to dietary changes in AM, is drastically
reduced and maintains cysteine homeostasis in foodrestricted situations (Zhang et al. 2012; Chapman et al.
2011). AM is the main organ of oysters that perform these
functions. Therefore, the formation and development of
AM has a very important effect on the growth and diet of
oysters. On the other hand, AM produces large amounts
of melanin, and it is reported that the more melanin in
the shell, the higher the dry weight of oysters (Yu et al.
2017; Hao et al. 2015; Xiao yan et al. 2003). Melanin
removes free radicals and reduces damage to AM,
which allows AM to open larger shells and filter out
more algae to speed up growth. We examined the effects of growth factors on muscle formation and activity
in the adductor muscle and analyzed related signaling
pathways.
IGF-1 plays an important role in muscle growth in triploid oysters. The expression of actin, myosin, troponin,

and tropomyosin, which form muscles in LT and ST adductor muscle, as well as the mRNA and protein expression of IGF-1, differed significantly. In addition, the
expression of IGF-ALS and IGF-BP, which increases the
half-life in combination with IGF-1 (Baxter et al. 1989),
was also higher in mRNA and protein. This finding
confirmed that IGF-1 affects muscle growth in LTs. In
addition, the expression of cofactors required for the
activity of IGF-1 in tissues was also increased, and the
signaling pathway associated with IGF-1 was activated
by increasing phosphorylation of IGF-1R. According to
Gricourt et al. (2003, 2006), an insulin-like system functions when C. gigas growth is increased; in particular,
mRNA and protein levels of IGF-1 and insulin
receptor-related receptors are increased. Our results
showed that the expression of IGF-1 was high in LTs
with a high growth rate, consistent with that previous
study. The regression analysis of IGF-1/EF1α gene expression according to STW confirmed the significance
(p < 0.05). This is the first report explaining the association between STW and IFG-1 gene expression in
triploid oysters.
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Fig. 5 Expression of downstream proteins in the IGF-1/AKT signaling pathway according to triploid oyster size. a Expression of signaling factors
related to protein synthesis. b Expression of signaling factors related to protein degradation. c Expression of signaling factors related to
myofibrillogenesis. n = 3. *p < 0.05 vs. LT. LT, large triploid; ST, small triploid

The size-dependent increase in p-AKT suggested the
possibility that IGF-1 signaling regulates protein synthesis and degradation of muscle via AKT. AKT activity has
been reported to increase the activity of mTOR, which is
involved in protein synthesis, and to inhibit the activation of GSK3β, which is involved in muscle formation
(Glass 2010; Miyazaki and Esser 2009; Sandri 2008;
Manning and Cantley 2007; Sarbassov et al. 2005).

Furthermore, protein degradation is inhibited by inhibition of FoxO expression, which regulates MAFbx,
MURF1, and LC3, which induce protein degradation
(Stitt et al. 2004; Mammucari et al. 2007). The level of
activated mTOR was higher, and the expression of
GSK3β and FoxO lower, in LTs than in STs. LTs appear
to increase muscle protein content by promoting synthesis and inhibiting degradation of proteins to a greater
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Fig. 6 IGF-1/AKT signaling pathways in adductor muscle growth and formation in triploid Pacific oyster, Crassostrea gigas

degree compared with STs. IGF-1/AKT signaling regulates muscle growth in triploid oysters by promoting
protein synthesis and inhibiting degradation. In mammalian cells, PI3K/AKT signaling under hypoxic conditions
has been reported to regulate glucose metabolism and
apoptosis (Kim et al. 2012; Parcellier et al. 2008;
Alvarez-Tejado et al. 2001). Guevelou et al. (2013) also
reported increased expression of AKT under hypoxic
conditions in the smooth muscle of C. gigas; however,
AKT expression did not increase under hypoxic conditions in striated muscle. These results suggest that AKT,
which is expressed in striated muscle of C. gigas, is
involved in metabolism related to the synthesis and degradation of muscle protein rather than regulation of
glucose metabolism and apoptosis.
GSK3β, which is involved in protein synthesis, increases
phosphorylation of nebulin, which results in inhibition of
actin polymerization (Takano et al. 2010). In the case of
adductor muscle, oyster size affects both muscle formation
via protein synthesis and degradation and muscle movement via muscle relaxation. Inhibition of GSK3β by phosphorylation of AKT inhibited the phosphorylation of
nebulin, which in turn binds to N-WASP and contributes
to muscular movement (Rommel et al. 2001). The expression of nebulin and N-WASP was higher in LTs compared
with STs. In particular, the expression of N-WASP was
13-fold higher in LTs than in STs. This result confirms
that the IGF-1/AKT/GSK3β/N-WASP signaling pathway
influences the formation of adductor muscle and the control of movement in triploid oysters. GSK3β deactivated
by IGF-1 increases glycogen synthesis by dephosphorylating glycogen synthase and increases protein synthesis by

dephosphorylating eIF2B (Frame and Cohen 2001). It also
increases myofibrillogenesis via the regulation of nebulin.
In this study, we confirmed that GSK3β increases protein
synthesis in triploid oysters and increases myofibrillogenesis via actin polymerization. In oysters such as C. angulata and C. gigas, GSK3β gene expression was reported to
be high along with glycogen content in the adductor
muscle at the time of gonad development (Zeng et al.
2013; Li et al. 2017). This stored energy is used for sexual
maturity. However, in the case of triploid oysters, the
stored energy of the adductor muscle appears to be important for increasing oyster size through protein synthesis and muscle formation.
On the other hand, the expression of PGC1α, which
regulates the expression of FoxO and promotes protein
degradation, was also higher in LTs compared with STs.
This influenced the expression of troponin, another factor that acts on PGC1α (Vescovo et al. 2005). Striated
muscle contracts and relaxes by the action of myosin
and actomyosin, a complex of actin–troponin–tropomyosin, and Ca2+ (Clark et al. 2002; Geeves and Holmes
1999; Gordon et al. 2000; Kuo and Ehrlich 2015). Troponin acts as a site for Ca2+ to bind actomyosin. Therefore,
we suggested that the expression of LT was higher than
that in ST, as well as muscle formation of muscle
protein.
Taken together, these results indicate that growth of
the adductor muscle of triploid oysters occurs by promoting the formation of muscle proteins through the
IGF-1/AKT signaling pathway and inhibiting degradation. GSK3β and PGC1α also affect muscle formation
and movement (Fig. 6).
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In this study, it was examined how various factors affecting muscle growth, formation, and movement of the
adductor muscle of triploid oysters vary with oyster size.
Our results will improve our understanding of muscle
growth, formation, and movement of triploid oysters via
IGF-1/AKT signaling. We also confirmed that the adductor muscle of the triploid oyster affects the size of
the oyster. The results of this study will be important for
further studies investigating muscle growth of triploid
oysters and marine mollusks.

Conclusions
Through the IGF-1/AKT signaling pathway, increased
protein synthesis (mTOR/4EBP1 and p70S6K1; GSK3β/
elF2B), inhibition of protein degradation (FoxO/MAFbx,
MURF1, LC3), and activation of muscle-forming proteins (PGC1α/troponin; GSK3β/N-WASP) occur in the
adductor muscle of triploid oysters. All of these processes affect the growth of triploid oysters, and activation of IGF-1/AKT signaling results in a larger size of
the triploid oyster, C. gigas.
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Abstract
Background: Despite the favorable geo-climatic potential of Cameroon, the national production of tilapia remains
low due to poor tilapia growth reported by fish farmers. One of the underlying reasons is the early female
maturation at a very small size and precocious breeding in earthen ponds, resulting in overpopulation which leads
to stunted growth and therefore to the production of unmarketable fish size. Studies have shown that dietary
supplementation of G. kola enhanced growth in young Clarias gariepinus and Oreochromis niloticus. It was also
reported that G. kola inhibited spawning in Tilapia adult females. Therefore, this study sought to assess the effects
of Garcinia kola as growth promoter and inhibitor of gonadal development in young Oreochromis niloticus.
Methods: A total of 108 juveniles weighing 13.32 ± 0.62 g were randomly distributed in 9 hapas of 12 fishes each
(9 females and 3 males) and fed for 70 days with three isonitrogenous diets, 40% crude protein with increasing Garcinia
kola supplementation levels of 0 (normal diet), 6% and 10% (experimental diets). Physico-chemical parameters of the
water (temperature, dissolved oxygen, pH, nitrate, nitrite, ammonia, and transparency) were measured twice a week.
Every 14 days, fish were harvested, counted, and weighed. At the end of the experiment, three fish of each sex per
replicate were sacrificed and their gonad and liver collected and weighed. Data were statistically analyzed using oneway analysis of variance repeated measure followed by Newman-Keuls multiple tests.
Results: The results showed that all physico-chemical parameters of the water were within the recommended values
for Tilapia culture. Tilapia fed 6% Garcinia kola supplemented diet displayed higher final body weight in males (38.60 ±
3.50 g) and females (36.77 ± 3.62 g) compared to those receiving normal diet (36.23 ± 1.36 g and 25.87 ± 3.32 g;
respectively to the final body weight in males and females). The gonadosomatic index and hepatosomatic index
indicated no significant variation in males while in females, these were significantly low in the experimental fish
compared to control fish.
Conclusion: The results of this study demonstrated that supplementation of G. kola seeds in diets of young Tilapia
improved growth performance and impaired gonadal development in females.
Keywords: Oreochromis niloticus, Garcinia kola, Growth, Gonad development
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Background
In Africa, particularly in Cameroon, fish food represents
the primary source of animal protein. It offers better types
of essential minerals, amino acids and is low in undesirable saturated fats (Hussain, 1986). To cope up with nutritional requirements of increasing population, aquaculture
is considered as the only possible solution to increase fish
production. Tilapia being an important food fish worldwide, significant developments have been recorded during
the last three decades in its farming. About 85 countries
worldwide are involved in fish farming and about 98% of
tilapia produced there are grown outside their original
habitats (Shelton, 2002). It provides one of the most important sources of animal protein and income throughout
the world (Sosa et al. 2005). In some African countries
such as in Egypt, the culture of Nile tilapia (Oreochromis
niloticus) has increased dramatically in the last few years;
while in Cameroon the global production remains insignificant despite the natural potential of the country. One
of the major drawbacks to tilapia culture is the early
female maturation at very small size (15–30 g) (Mair and
Little, 1991; Popma and Lovshin, 1995), and precocious
breeding in earthen ponds resulting in overpopulation
which often leads to stunted growth. Mair and Little
(1991) enumerated various methods and techniques available for the control of prolific breeding in tilapia. However, each technique or method has its own limitations.
Monosex culture of all-male populations, which exhibits
faster growth rates and which is usually produced through
androgenous hormone sex reversal, is the preferred option, and is used extensively in the countries that produce
large numbers of tilapia like China (Phelps, 2006). Considering the problem associated with the use of androgenous
hormonal treatment, such as environmental and public
health concerns and the limitations of existing methods
and techniques documented by Mair and Little (1991),
there is a need to explore other technologies to control
undesirable tilapia recruitment in ponds using natural
reproduction inhibitors found in plants to enhance better
growth and improved flesh (Jegede, 2010). Garcinia kola
commonly called Bitter kola belongs to the family Clusiaceae. It is a multipurpose tree indigenous to West and
Central Africa (Manourová et al. 2019). The seed of G.
kola is traditionally served to visitors for entertainment; it
is also chewed by men as an aphrodisiac or used to prevent or relieve colic disorders or cure head or suppressed
cough (Madubunyi, 2010). Previous studies on rats and
poultry have shown that inclusion of G. kola seeds in powder and methanolic extracts form improved their growth
performance (Oluyemi et al. 2007). Moreover, studies on
Oreochromis niloticus have shown that dietary supplementation of G. kola seeds powder promotes the growth performance. It was also shown that dietary supplementation
of G. kola seeds powder inhibits spawning in Oreochromis
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niloticus adult females; while in Tilapia fry, it was demonstrated that supplementation of G. kola can induce sex
conversion (Sulem-Yong et al. 2018; Tigoli et al. 2018). To
our knowledge, this study is the first on the effect of dietary inclusion of G. kola on gonadal development in nonpuber Oreochromis niloticus. Therefore, the present work
was undertaken to evaluate the effect of dietary supplementation of Garcinia kola seed powder on growth performances and gonadal development of Oreochromis
niloticus juveniles.

Methods
Collection and acclimation of experimental fish

The experiment was carried out in a small-scale private
farm located at Bomabom (LN: 3°41′0″–°46′30″ and LE:
1°7′30″–11°13′0″) in the central region of Cameroon. A
total of 108 juveniles of Oreochromis niloticus were used;
each weighing 13.32 ± 0.62 g with an average length of
8.76 ± 0.41 cm. They were randomly distributed in triplicate into 9 hapas (made up of mosquito net cloth with size
1′ × 1′ × 0.5′) of 12 juveniles each (9 females and 3 males).
The hapas suspended in an earthen pond (800 m2) with
the help of four bamboo poles, one at each corner of the
cage. The hapas were suspended in the pond such that
three-quarters of each hapa was submerged in water
whereas one-quarter remained outside. The roof of the
hapas was covered with mesh to stop the experimental
fish from jumping out and to prevent natural predators
(snakes, kingfishers, frogs) from getting in. The fish were
then allowed to acclimatize for 4 days prior to the experiment. During the acclimation, the fish were fed with normal diet.
Experimental diet formulation and preparation

A balanced dietary ration formula was prepared to meet
the nutritional requirements of Nile tilapia according to
NRC (2011) (Table 1). Three isonitrogenous diets were
prepared: an unenriched control diet plus two test diets.
The test diets were supplemented with 6% and 10% Garcinia kola at the expense of maize meal. In preparing experimental diets, the dried ingredients were ground into
fine particles. After weighing and mixing manually for
10 min, the preparations were moistened with warm
water (400 ml kg−1) and mixed for another 20 min. During the mixing, palm oil was added slowly along with
warm water to achieve a proper consistency. The resulting mixture was then passed through a meat extruder to
obtain a 2-mm pellet. The “spaghetti-like” strands were
sun-dried and stored in airtight containers prior to use.
The chemical composition of the test diets was analyzed
by standard methods (AOAC, 1990). Moisture was analyzed by drying the sample in an air convection oven at
105 °C overnight. Crude protein was analyzed by the
Kjeldahl method after acid digestion (% crude protein =
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Table 1 Formulations and proximate composition of
experimental diets (g/100 g dry weight)
Ingredients

Normal
diet

Normal diets
+ G. kola (6%)

Normal diets
+ G. kola 10%

Fish meal

26

26

26

Garcinia kola meal

//

6

10

Soybean cake

23

23

23

Cottonseed cake

22

22

22

Maize meal

10

4

0

Wheat bran

10

10

10

Palm oil

4

4

4

Premix

5

5

5

Total

100

100

100

Proximate composition (%)
Protein

40.47

40.03

39.73

Lipid

13.23

13.14

13.12

Ash

12.75

12.71

12.68

Moisture

7.74

8.04

7.94

Dry matter

92.26

91.96

92.06

Energy (kcal/100 g)

420.63

418.17

417.20

% nitrogen × 6.25) while crude lipid was determined by
extraction with petroleum ether using the Soxhlet
method. The ash content in the diet was analyzed by
combustion of samples in a muffle furnace at 550 °C for
12 h (Table 1).
Experimental design

Mixed-sex Nile tilapia O. niloticus were used in the feeding trial. At the initiation of the experiment, individual
weight and length of all fishes per treatment were measured for determination of both initial weight and length.
The acclimatized juveniles were randomly distributed in
three replicates in 9 hapas each at a stocking density of 12
fish per hapas (9 females and three males). In the first triplicate, fish were fed with normal diet to serve as controls
while in the second and third triplicates, they were fed
with the Garcinia kola supplemented diet at rates of 6%
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and 10%, respectively. Fish were hand-fed four times per
day (08:00 a.m., 11:00 a.m., 14:00 p.m. and 17:00 p.m. respectively) at a rate of 5% of their body weight per day.
Feeding rates were adjusted every 14 days for 70 days
based on the weight gain of each group of fish per 14 days.
Physico-chemical parameters of the water in each hapa
such as temperature was measured using a maximumminimum thermometer; dissolved oxygen (O2) was determined using JBL Test Kits, pH, nitrate (NO3−), nitrite
(NO2−), and ammonia (NH3) were measured twice a week
before feeding using test strips (JBL Easy Test 6in1) while
transparency was monitored using a Secchi disk (Table 2).
Data collection

Growth performances, feed utilization, and somatic indices were assessed by determination of weight gain
(WG), specific growth rate (SGR), feed intake (FI), condition factor (K), feed conversion ratio (FCR), protein efficiency ratio (PER), survival rate (SR), hepatosomatic
index (HSI), and gonadosomatic index (GSI). Calculations were carried out using the following formulae:
weight gain (g) = final weight–initial weight; specific
growth rate (%/day) = 100 (lnW2–lnW1)/T, where W1
and W2 are the initial and final weight, respectively, and
T is the number of days in the experimental period; survival rate (%) = final number of fish × 100/initial number
of fish; condition factor = 100 (weight/length3); feed intake = total dry feed/number of fish; feed conversion ratio (FCR) = feed intake/live weight gain; protein
efficiency ratio (PER) = live weight gain/protein fed,
where protein fed = % protein in diet × total diet consumed/100; HSI = 100 (liver weight/body weight); GSI =
100 (gonad weight/body weight).
Statistical analysis

All results were expressed as mean ± SD. Data were statistically analyzed using one-way analysis of variance
(ANOVA-1) repeated measure followed by NewmanKeuls multiple tests with n = 3 replicates. Differences
were considered significant when P < 0.05. All statistics
were carried out using GraphPad Prism version 6.0.

Table 2 water quality parameters (Mean ± SD) during 70 days of the experimental period
Parameters

Rearing period (daRearing period (days)
0

14

28

42

56

70

Temperature (°C)

28.10 ± 0.35

28.10 ± 1.10

28.71 ± 0.70

28.1 ± 0.80

28.71 ± 0.70

27.96 ± 0.70

Dissolved oxygen (mg/l)

5.56 ± 0.25

5.46 ± 0.35

5.56 ± 0.32

5.55 ± 0.28

5.55 ± 0.38

5.55 ± 0.37

pH

7.20 ± 0.03

7.34 ± 0.10

7.35 ± 0.10

7.36 ± 0.10

7.22 ± 0.20

7.17 ± 0.20

Transparency (cm)

36.60 ± 4.44

36.61 ± 3.70

37.23 ± 3.40

37.23 ± 4.00

38.85 ± 4.10

36.28 ± 2.20

Ammonia (mg/l)

0.58 ± 0.02

0.50 ± 0.05

0.50 ± 0.05

0.50 ± 0.00

0.50 ± 0.08

0.50 ± 0.02

Nitrite (mg/l)

0.03 ± 0.00

0.03 ± 0.00

0.03 ± 0.00

0.03 ± 0.00

0.03 ± 0.00

0.03 ± 0.00

Nitrate (mg/l)

0.12 ± 0.01

0.12 ± 0.01

0.12 ± 0.02

0.12 ± 0.05

0.12 ± 0.05

0.12 ± 0.05
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Results
Growth performances

Growth performances of O. niloticus juveniles fed
with different diet in terms of weight gain and
specific growth rate are presented in Fig. 1. The
weight gain recorded during fish sampling showed an
increase with respect to time but not according to
the G. kola supplementation rate (Fig. 1a). Feed supplemented with G. kola at 6% induced in O. niloticus
juveniles the highest values of weight gain as from
the fourteenth day of the experiment up to the end.
At the end of sampling, fish fed with diet supplemented with 6% of G. kola presented a weight gain
of 19.46 ± 1.31 g, which was significantly (p < 0.05)
higher by 17.68% and 32.58% compared to that in
fish fed with the normal diet (16.02 ± 1.55 g) and diet
supplemented with 10% G. kola (13.12 ± 1.58 g) respectively (Fig. 1a). Observation on specific growth
rate showed significant (p < 0.05) increase in fish receiving a diet containing G. kola at 6% compared to
fish fed with both the normal diet and diet supplemented with 10% G. kola during the first two rearing
periods (Fig. 1b).

Survival and feeding efficiency

The results presented in Table 3 illustrate the survival
rate and feeding efficiency in term of condition factor,
feed intake, protein intake, feed conversion ratio, and
protein efficiency ratio on the 70th day of the experiment. No mortality was recorded during the culture
period. Similarly, no significant variation in condition
factor and feed conversion ratio was observed among
the different groups during the study. However, for
the feed intake, Protein intake and Protein efficiency,
significant differences were obtained only in fish fed
diet supplemented with G. kola at 6% compared to
that receiving diet supplemented with G. kola at 10%.
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Body weights and organs measurements of sexually
mature Oreochromis niloticus

The average body weights, hepatosomatic index, and
gonadosomatic index per treatments in both males and
females were computed and were presented in Figs. 2
and 3. In males, the mean values of body weight (Fig. 2),
hepatosomatic index (Fig. 3a), and gonadosomatic index
(Fig. 3b) among the different groups were not significantly different. After 70 days of experiment, the mean
body weights of 36.77 ± 3.62 g obtained in females fed
with 6% G. kola supplemented diet was significantly (p <
0.05) high compared to the control group (25.87 ± 3.32
g) and groups fed with 10% G. kola supplemented diet
(26.33 ± 3.34 g) (Fig. 2). Moreover, feeding the female O.
niloticus with a diet supplemented with G. kola significantly (p < 0.05) decreased both hepatosomatic index
and gonadosomatic index compared to the control
group (Fig. 3a, b).

Discussion
Fish is one of the most appreciated foodstuff worldwide
and particularly in most of the African countries like
Cameroon. However, despite the increase in production
of cultured fish from some countries, production from
some other countries including Cameroon has not improved yet; statistics show that the supply of fish in
Cameroon comes to 43% of fishing (22% of inland fisheries, 21% of sea fisheries), 56.8% of imports and only
0.1% of fish farming, that is 1000 t/year (FAO, 2009;
Ndah et al. 2011). One of the reasons for low aquaculture production has been attributed to feeding quality.
Research is currently focused on improving the quality
of fish feed through replacement or addition of appropriate ingredients that encourage faster fish growth.
Tropical forests contain many tree species that have supplied edible fruits for centuries. It has been previously
reported in many research works that different plant
additives can enhance growth in some fish species such

Fig. 1 Effects of diet supplementation with Garcinia kola seeds on mean weight gain (a) and specific growth rate (b) of Oreochromis niloticus
juveniles. Mean on the same rearing period carrying the same superscript are not significantly different at p < 0.05
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Table 3 Survival and feed utilization of Oreochromis niloticus juveniles fed with different quantities of Garcinia kola supplemented
diets for 70 days
Parameter

Normal diet

Normal diet + G. kola (6%)

Normal diet + G. kola (10%)

Initial number

36

36

36

Final number

36

36
a

36
a

100a

Survival rate (%)

100

100

Initial biomass (g)

159.86 ± 8.71

158.15 ± 6.87

161.72 ± 16.94

Final biomass (g)

352.13 ± 27.28

391.63 ± 13.66

319.18 ± 16.94

Initial weight (g)

13.32 ± 0.72

13.18 ± 0.57

13.48 ± 0.78

Final weight (g)

29.34 ± 2.27

32.64 ± 1.13

26.60 ± 1.41

Final length (cm)

11.35 ± 0.41

12.35 ± 0.10

11.30 ± 0.19

a

a

1.84 ± 0.03a

Condition factor

2.00 ± 0.10

1.73 ± 0.04
ab

Feed intake (g/fish)

69.94 ± 4.68

73.81 ± 2.60

63.35 ± 2.68b

Protein intake (g/fish)

28.00 ± 1.08ab

29.56 ± 0.60a

25.37 ± 0.62 b

a

a

a

Feed conversion ratio

4.39 ± 0.30

3.80 ± 0.10

4.87 ± 0.37a

Protein efficiency ratio

0.57 ± 0.03 ab

0.66 ± 0.01 a

0.52 ± 0.04 b

Values are mean ± standard deviation of 3 replications containing 12 fish per replicate. Values on the same row carrying the same letter are not significantly
different at p < 0.05

as Oreochromis niloticus (Kareem et al. 2016, Hassan et
al. 2018). Results from the present study indicate that
there was an increase in the growth of the fish fed with
different rate of dietary supplementation with G. kola
seed. However, the highest growth response was observed in the fish fed with G. kola seed supplemented
meal at a level of 60 g kg−1, indicating that the G. kola
seed meal supplementation could have enhanced nutrient utilization, which is reflected in improved weight
gain, specific growth rate, feed intake, feed conversion
ratio, and protein efficiency ratio. In general, relatively
high feed conversion ratio values were obtained in all
treatments, but the best occurred in fish fed with 60 g
kg−1 G. kola seed meal inclusion even though differences

Fig. 2 Mean weight of male and female Oreochromis niloticus fed
Garcinia kola during 70 days. Different letters indicate significant
differences at p < 0.05

among the treatment means were not significant. Previous studies revealed that G. kola seed powder supplemented in animal diets also promoted growth and feed
conversion efficiency in Clarias gariepinus juveniles
(Adeniji et al. 2018) and Oreochromis niloticus adults
(Sulem-Yong et al. 2018). The proximate and phytochemicals analysis of G. kola seeds revealed that it is rich
in nutrients such as, vitamins, minerals, phytochemicals
but low in anti-nutrients content, indicating that it could
be used as supplements in feed manufacturing (Adesuyi
et al. 2012; Mazi et al. 2013; Onyekwelu et al. 2015).
According to Onyekwelu et al. (2015), the low antinutrients content in G. kola indicates that its consumption would not pose nutritional or health problems.
Moreover, the low protein content observed in the G.
kola seeds can be indicative that the growth response
observed in fish fed with G. kola supplemented diet
might not be attributed to its nutritional value but
mostly to its bioactive compounds. Diab et al. (2008) reported that O. niloticus fingerlings fed with medicinal
plants supplemented diets exhibited faster growth than
those fed with the control diet. According to Kim et al.
(1998) unknown factors in various medicinal herbs
might lead to favorable results in fish growth trials. Phytochemicals such as phenolic compounds and flavonoids
are known as non-nutritive plant chemicals that have
protective or disease preventive properties. They are
present naturally in seeds, flowers, fruits, vegetables,
nuts, and bark of a variety of plants that interplay with
nutrients and dietary fiber to protect them (Mazur,
2000). Phytochemicals analysis of G. kola seeds revealed
the presence of phenols and flavonoids in appreciable
amounts (Onyekwelu et al. 2015). It has been established
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Fig. 3 Hepatosomatic index (a) and gonadosomatic index (b) of male and female Oreochromis niloticus fed Garcinia kola after 70 days. Different
letters indicate significant differences at p < 0.05

that phenols and flavonoids possess many properties
which makes them vital to both plants and animals.
Some of these properties are their antioxidant potential
that protects cells against oxidative damage, antimicrobial properties, and physiological activities. Sim
and Nurestri, 2010) also reported that fruits with high
phenolic contents generally show stronger antioxidant
activities. Thus, the results of the present findings may
be due to the presence of bioflavonoids in G. kola that
would have stimulated growth in both the males and females’ experimental O. niloticus juveniles, certainly by
improving feed intake and feed utilization. In addition,
bioflavonoids are known as plant chemicals with estrogenic activity, and studies have shown that estrogen promotes growth in common carp (Kocour et al. 2005). As
aforementioned above, phytochemical studies of Garcinia kola seeds have revealed relatively low levels of antinutritional compounds such as tannin, oxalate, phytate,
and trypsin inhibitor (Omeh et al. 2014, DahNouvlessounon et al. 2015). However, the increase in
dietary supplementation of G. kola is naturally followed
by that of the above-mentioned anti-nutritional components. Thus, the low growth in O. niloticus juveniles fed
with dietary supplementation of G. kola seeds at 10%
compared to that at 6% might be probably attributed to
the increased in anti-nutritional components level in the
diet, which would have reduced the secretion of bile and
the activity of digestive enzymes as describe by Kaur and
Shah (2017).
The first sexual maturity in fish is strongly related to
size. According to Gnoumou et al. (2018), size at first
sexual maturity in O. niloticus depends on the environmental conditions in which the fish grows. Thus, when
conditions are favorable, the size at first maturity increases while it decreases when conditions are unfavorable. Under natural conditions, tilapia reaches sexual

maturity at a later age and at a higher weight than that
raised in culture ponds. For instance, it is established
that in several natural lakes in East Africa, O. niloticus
matures at about 10 to 12 months at a size of 350 to
500 g. The same population in farm or culture ponds,
under conditions of near-maximum growth, will reach
sexual maturity at an age of 5 to 6 months and 150 to
200 g (Popma and Lovshin, 1995). Under poor conditions of rural fish breeding, farmed tilapias often reach
sexual maturity in 3 to 6 months at a size of 15–20 g and
spawn before they reach marketable size (Mair and Little, 1991). The results of this study showed that all the
fish presented a size above 20 g with the highest size
above 35 g in both males and females O. niloticus fed
with G. kola at 6% inclusion rate in the diet. Accordingly, the fish used in the present study would have
reached their first sexual maturity. Results on GSI and
HSI in males revealed no statistically significant changes
between treatments; while in females, the GSI and HSI
indices of the experimental groups were significantly
lower than those obtained in normal females. Similar results were also obtained by Kareem et al. (2016) during
their study on the effects of some dietary crude plant extracts on the growth and gonadal maturity of Nile tilapia
(Oreochromis niloticus) and their resistance to Streptococcus agalactiae infection and by Ramírez et al. (2017)
while studying the effect of Passiflora incarnata (L) extract on gonadal maturation in young Tilapia (Oreochromis sp). This could indicate that dietary inclusion of G.
kola seeds powder in addition to its effects as growth
promoter in both males and females’ Oreochromis niloticus, might also exert its physiological effects on the female’s reproductive system by delaying or inhibiting
gonadal maturation. As it is known, early sexual maturity in Tilapia culture is a well-recognized problem which
results in inbreeding in overstocked fish ponds, reduced
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production, and farmed stocks of generally low quality
(Kumar et al. 2018). The low value of the gonadosomatic
index obtained in O. niloticus females fed G. kola supplementation compared to the control group indicates a
slowing of the development of the ovaries whose consequence would be a delay in sexual maturity. This shows
that the use of G. kola as a feed additive would be beneficial to the Tilapia farmer. This could help to reduce the
production cost and even the time the fish farmer use during pond management. These effects might be related
once more to the presence of bioactive compounds such
as flavonoids, known as one of the main classes of phytoestrogens present in a variety of plants (Mazur, 2000).
According to Patisaul and Jefferson (2010), the US Environmental Protection Agency (EPA) described “phytoestrogens as naturally occurring plant compounds that are
structurally and/or functionally similar to mammalian estrogens and their active metabolites.” These compounds
have the capacity to alter the structure or function(s) of
the endocrine system and cause adverse effects including
the timing of puberty, capacity to produce viable and fertile offspring, sex-specific behavior, premature reproductive senescence, and compromise fertility. According to
Cheshenko et al. (2008), phytoestrogens might act by inhibiting steroidogenic enzymes through competitive inhibition with natural substrates for a particular enzyme. They
are also able not only to bind to respective receptors, but
also to directly interact with aromatase CYP19, possibly
leading to inhibition of this enzyme involved in the synthesis of 17ß-estradiol, thereby affecting reproductive
health of the fish.
Oreochromis niloticus being one of the famous species
reared in Cameroon, its growth, metabolism, and
reproduction are greatly influenced by the water quality
parameters of the culture environment. Water quality is
the most important limiting factor in pond fish production as its quality directly affects feed efficiency, growth
rates, the fish’s health, and survival, as well as the fish reproductive cycle. Any changes in the fish environment
add stress to the fish and the higher and faster the
changes, the greater the stress. So, the maintenance of the
physico-chemical parameters within the acceptable limits
are very essential for getting maximum yield in a fish pond
(Bhatnagar and Dev, 2013). The water quality parameters
revealed the environmental conditions under which the
fish were cultured during this study. The average values of
water quality parameters such as temperature, transparency, pH, dissolved oxygen, nitrite, nitrate, and ammonia
monitored throughout the trials were considered as suitable for the survival, normal growth, as well as good general physiology of O. niloticus. These values were in
accordance with the findings of Yoo and Lee, 2016,
Makori et al. 2017 and Nyadjeu et al. (2018) and could
partially justify the absence of mortality observed
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throughout the study, coupled with experimental fish’s apparent good health observed through the results on both
the growth and feed utilization.

Conclusion
The results of this study show that supplementation of G.
kola seeds powder at 6% in diets of Oreochromis niloticus
juveniles induced the best effect on growth performances.
However, on the gonadal development, dietary supplementation of G. kola irrespective to the level of inclusion,
highly inhibited gonadal development in Oreochromis
niloticus females; suggesting that for a sustainable development in Tilapia culture, G. kola seeds could be used as
growth-promoting agent and also control prolific breeding
through its capacity to inhibit ovary development.
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