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Effect of water temperature on protein
requirement of Heteropneustes fossilis
(Bloch) fry as determined by nutrient
deposition, hemato-biochemical
parameters and stress resistance response
Shabihul Fatma1*

and Imtiaz Ahmed2

Abstract
Background: Dietary protein requirements are dependent on a variety of factors and water temperature is one of
the most important abiotic factors affecting protein requirement of fish. This study was, therefore, conducted to
investigate effects of water temperature on dietary protein requirement of fry Heteropneustes fossilis which has high
demand in most of the Asian markets.
Methods: Quadruplicate groups of 30 fish per treatment (2.97 ± 0.65 cm; 5.11 ± 0.34 g) were fed seven isoenergetic
diets (17.9 kJ g−1 gross energy; 14.99 kJ g−1 digestible energy) containing dietary protein levels ranging from 28 to 52%
at two water temperatures (18 and 26 °C). Experimental diets were fed to apparent satiation as semi-moist cakes thrice
daily at 17:00, 12:00, and 17:30 h for 12 weeks. For precise information, various growth parameters, protein deposition,
hematological parameters, metabolic enzymes, and stress response were analyzed, and effects of water temperature
on dietary protein requirement was recommended on the basis of response from above parameters.
Results: Groups held at 26°C attained best growth, feed conversion, and protein deposition at 44% dietary protein
indicating that temperature affected dietary protein requirement for optimum growth of H. fossilis fry and protein
requirement seems to be satisfied with 44% dietary protein. Interestingly, interactive effects of both dietary protein
levels and temperature were not found (P > 0.05). Fish reared at 18 °C had comparatively higher values for aspartate
and alanine transferases than those reared at 26 °C water temperature which exhibited normal physiological value for
these enzymes indicating that body metabolism was normal at this temperature. Hematological parameters also
followed same pattern. Furthermore, fish reared at 26 °C water temperature exhibited more resistant to thermal stress
(P < 0.05). The 95% maximum plateau of protein deposition data using second-degree polynomial regression analyses
exhibited dietary protein requirement of fry H. fossilis between 40.8 and 41.8% of diet at 26 °C water temperature. The
recommended range of dietary protein level and protein/digestible energy ratio for fry H. fossilis is 40.8–41.8% and
27.21–27.88 mg protein kJ−1 digestible energy, respectively.
Conclusions: Information developed is of high significance for optimizing growth potential by making better utilization
of nutrient at 26 °C and, to develop effective management strategies for mass culture of this highly preferred fish species.
Keywords: Temperature, Heteropneustes fossilis, Growth, Metabolic enzymes, Hematological parameters
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the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
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Introduction
Protein assumes greater importance in aquacultural
feeds mainly due to the fact that the level and quality of
protein greatly influences feed cost. Therefore, protein
content should be carefully adjusted in feeds, bearing in
mind that the dietary protein in excess to that required
for growth is only catabolized (Cowey 1979) and that
protein inadequacy leads to poor growth and feed inefficiency. Consequently, to improve the utilization of
protein for tissue synthesis rather than for energy purposes, an adequate knowledge of protein requirements
and of the effect of environmental factors on protein
utilization is necessary.
Dietary protein requirements are dependent on a variety of factors such as stock size, water temperature,
feeding frequency, amount of non-protein dietary energy, and dietary protein quality (Shimeno et al. 1980).
As fish is an ectotherm, and water temperature is one of
the most important abiotic factors affecting growth and
survival of the aquatic animals. All fish species are characterized by an ideal range of temperature in which they
show their maximum growth (Oyugi et al. 2011). Any
alterations in the optimum water temperature have a
marked and direct effect on many of the key physiological processes and behavioral activities (Brett 1979;
Jonassen et al. 2000; Sarma et al. 2010) which can also be
detected in the form of alterations in hematological parameters (Haider 1973; Steinhagen et al. 1990). Temperature
beyond optimum limits of a particular species adversely
affects the health of aquatic animal due to metabolic stress
and increases oxygen demand and susceptibility to diseases
(Wedemeyer et al. 1999). It limits the biochemical
reactions, affects their metabolism and distribution, and
directly influences the survival and growth at the various
stages of their life cycle.
Catfishes are the preferred candidate species for aquaculture owing to their consumer preference and commercial and medicinal value. Among those, Heteropneustes
fossilis, commonly known as the stinging catfish or singhi,
is considered as one of the most demanded freshwater air
breathing fish species in the tropical waters of the Indian
subcontinent and Southeast Asian region (Christopher
et al. 2010). The range encompasses India, Thailand,
Bangladesh, Pakistan, Nepal, Sri Lanka, Myanmar,
Indonesia, and Cambodia (Burgess 1989). Its primary
habitat includes ponds, ditches, swamps, and marshes. It
is hardy, amenable to high stocking densities, and adapts
well to hypoxic water bodies (Dehadrai et al. 1985). Due
to the presence of accessory respiratory organs, it has got
the ability to utilize atmospheric oxygen for respiration
and, therefore, can survive for quite a few hours outside
the water which makes it an ideal species for aquaculture
(Vijayakumar et al. 1998; Haniffa and Sridhar 2002).
Heteropneustes fossilis is an important tropical freshwater
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food fish (Mohamed and Ibrahim 2001). It has very high
iron content (226 mg/100 g) and fairly high content of
calcium compared to many other freshwater fishes (Saha
and Guha 1939). Being a lean fish, it is very suitable for
people to whom animal fats are undesirable (Rahman
et al. 1982). Due to high nutritive value and low fat content, the stinging catfish is recommended in the diets of
the sick and the convalescents (Alok et al. 1993). The fish
efficiently utilizes prepared feeds and is able to withstand
adverse environmental conditions. In addition to this, it
has high nutritional and medicinal value (Pillay 1990; Jhingran 1991; Thakur 1991). This fish is popular particularly
because it can be cultivated in swampy areas and
derelict water bodies without involving costly reclamation. It is easily stored and transported live to consumers. Thus, this species is ideal for wastewater
aquaculture as well (Tharakan and Joy 1996) and is
abundantly available in open water system of floodplains, canals, and beels.
The effects of water temperature on growth and protein requirements of fish have been well documented for
many species (El-Sayed et al. 1996; Van Ham et al. 2003;
Anelli et al. 2004; Chatterjee et al. 2004; Larsson and
Berglund 2005; Han et al. 2008; Singh et al. 2008; Singh
et al. 2009; Huang et al. 2016; Mishra et al. 2019). Some
aspects of nutrition of H. fossilis has been worked out in
the past mainly on determining its optimum feeding
practices and nutritional requirements (Niamat and Jafri
1984; Akand et al. 1991; Jhingran 1991; Anwar and Jafri
1992; Firdaus 1993; Firdaus et al. 1994; Firdaus and Jafri
1996; Mohamed 2001; Mohamed and Ibrahim 2001;
Firdaus et al. 2002; Usmani and Jafri 2002; Usmani et al.
2003; Ahmed 2007; Siddiqui and Khan 2009; Ahmed
2010; Khan and Abidi 2010; Khan and Abidi 2011a,
2011b; Ahmed 2012; Farhat 2011; Farhat 2012; Khan
and Abidi 2012; Ahmed 2013a, 2013b; Farhat 2013a,
2013b; Ahmed 2014; Farhat 2014a, 2014b, 2014c; Khan
and Abidi 2014; Ahmed 2017; Farhat 2017); however,
study on effect of water temperature on the nutritional
requirements of H. fossilis under culture condition has
not been worked out.
Since biochemical parameters such as serum aspartate
amino transferase (AST) and alanine amino transferase
(ALT) levels and the hematological parameters commonly measured clinically as biomarkers for health and
good indicator of various sources of stress, to ascertain
the effect of temperature on dietary protein requirement
more precisely, these parameters are also considered and
analyzed.
The aim of this study was to determine the influence
of water temperature on protein requirement and to
optimize the rearing temperature so that this fish could
maximize its performance in terms of growth and health
in an intensive culture system.
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Materials and methods
Experimental diets

Seven casein-gelatin-based isocaloric diets (14.99 kJ/g
digestible energy) with varying levels of dietary protein
(28, 32, 36, 40, 44, 48, 52% protein) were prepared
(Table 1). Diets were designated as D28, D32, D36, D40,
D44, D48, and D52. Two intact protein sources, casein
and gelatin, were used at 4:1 ratio. The dietary protein
level was increased by adjusting the fractions of casein
and gelatin in the diet. Dextrin was served as the carbohydrate source. A combination of cod liver oil and corn
oil (2:5) was used as a source of lipid to provide n-3 and
n-6 fatty acids. Vitamin and mineral premixes were prepared as per Halver (2002). Digestible energy (DE) was
Table 1 Composition of experimental diets
Diets
Ingredients (g/100 g)

(D28) (D32) (D36) (D40) (D44) (D48) (D52)

Caseina

26.99 30.85 34.70 38.55 42.41 46.26 50.13

Gelatinb

6.75

Dextrin

40.82 33.98 27.21 20.43 13.65 6.87

0.07

c

Corn oil

5

5

5

5

5

5

5

Cod oild

2

2

2

2

2

2

2

Vitamin premix

3

3

3

3

3

3

3

Mineralg

4

4

4

4

4

4

4

e,f

7.71

8.67

9.64

10.60 11.57 12.53

α-Cellulose

1.44

3.46

5.42

7.38

9.34

11.3

13.27

Carboxymethyl
cellulose

10

10

10

10

10

10

10

Total

100

100

100

100

100

100

100

Proximate analyses (%)
Analyzed crude protein 28.11 31.97 36.21 40.13 43.99 48.15 52.14
Analyzed crude fat

6.95

7.12

7.31

7.14

6.89

7.11

7.13

Gross energy , kJ/g

17.9

17.9

17.9

17.9

17.9

17.9

17.9

Estimated gross
energyi, kJ/g

17.92 17.91 17.93 17.91 17.94 17.92 17.92

Digestible energy, kJ/g

14.53 14.68 14.83 14.98 15.14 15.29 15.45

P/DE ratio mg/kJ

19.27 21.79 24.27 26.70 29.06 31.39 33.66

h

a

Crude protein (80 g/100 g)
b
Crude protein (95 g/100 g)
c
Cod liver oil from SevenSeas Ltd., Hull, UK.
d
Corn oil was obtained from Fortune, Adani Wilmar Ltd
e
Halver (2002)
f
Vitamin mixture (1 g vitamin mix +2g œ-cellulose) choline chloride 0.50;
inositol 0.20; ascorbyl-2-polyphosphate 0.10; nicotinic acid 0.075; calcium
pantothenate 0.05; riboflavin 0.02; menadione 0.004; pyridoxine hydrochloride
0.005; thiamin hydrochloride 0.005; folic acid 0.0015; biotin 0.0005; alphatocopheryl acetate 0.04; vitamin B12 0.00001; Loba Chemie, India
g
Mineral mixture (g/100 g) calcium biphosphate 13.57; calcium lactate 32.69;
ferric citrate 2.97; magnesium sulphate 13.20; potassium phosphate (dibasic)
23.98; sodium biphosphate 8.72; sodium chloride 4.35; aluminium
chloride.6H2O 0.0154; potassium iodide 0.015; cuprous chloride 0.010; magnus
sulphate. H2O 0.80; cobalt chloride. 6H2O 0.1; zinc sulphate. 7H2O 0.40; Loba
Chemie, India
h
Calculated on the basis of fuel values 23, 20.19, 16.0, and 37.6 kJ/g for casein,
gelatin, dextrin, and fat, respectively, as estimated on Gallenkamp ballistic
bomb calorimeter
i
Estimated on Gallenkamp ballistic bomb calorimeter
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calculated using conversion factors of 33.5, 20.9, and
12.6 kJ/g for fat, protein, and carbohydrate, respectively
(Halver and Hardy 2002). The diet was prepared as per
Siddiqui and Khan (2009). The final diet in the form of
dough was cut into small cubes, sealed in polythene
bags, and kept in refrigerator at − 20 °C till further use.
Experimental design and feeding trial

Induced-bred fry of the stinging catfish, H. fossilis, were
obtained from the Ghazipur Fish Market, New Delhi,
India and transported to wet laboratory (Fish Rearing
Laboratory, Department of Zoology, Central University
of Kashmir, J&K), given a prophylactic dip in KMnO4
solution (1:3000) and stocked in indoor circular aquablue colored, plastic lined (Plastic Crafts Corp, Mumbai,
India) fish tanks (1.22 m × 0.91 m × 0.91 m; water
volume 600 L) for about 2 weeks. They were then acclimated to two different constant temperatures (18 and 26
°C). The desired temperatures were adjusted with the
help of thermostatic water heaters (Rusun, Fish Aquarium Home, Laxhami Nagar, New Delhi, India). Prior to
the commencement of the feeding trial, fish were acclimated to the respective water temperatures for 7 days to
stabilize their internal mediums and allow metabolic
compensation (Castille Jr and Lawrence 1981) and to ensure full thermal adaptation. During this period, the fish
were fed with a casein-gelatin based H-440 diet (Halver
2002) thrice a day (0700, 1200, 1730 h) until apparent
satiation, at each temperature. The apparent satiety was
ensured simply by visual observation and the fish were
carefully observed during feeding to ensure satiety without overfeeding. The diet was fed as long as the fish
actively consumed it at each feeding schedule. Since feed
allocation was done till the fish desired to feed and no
feed was dispensed once the fish stopped feeding
actively, there was no unconsumed feed in the culture
tank. A photoperiod of 12 h light/12 h dark was maintained throughout the experimental period.
For conducting the present experiment, H. fossilis fry
(2.97 ± 0.65 cm; 5.11 ± 0.34 g) were sorted out from the
above acclimated lot and stocked in quadruplet groups
(n = 4 tanks per treatment) in 70-L circular polyvinyl
troughs (water volume 60 L). The experiment was conducted in a thermostatic experimental setup. Throughout the experimental period (84 days), temperature was
regularly measured three times daily with a thermometer
at each feeding schedule. Fish were fed experimental
diets in the form of semi-moist cakes in the form of
cube (1 × 1 × 1 cm) as per the above feeding schedule.
Initial and weekly individual weights were recorded on a
top-loading balance (Sartorius CPA- 224S 0.1 mg sensitivity, Goettingen, Germany) after anaesthetizing with
tricane methane sulphonate (MS-222; 20 mg/L; Finquel®). The feeding trial lasted for 84 days. Fish were
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fasted on the day of weekly measurements. A KMnO4
bath was administered after every weighing session (5 g/L
for 30 min) as a prophylactic measure. Fecal matter, if
any, was siphoned off before and after every feeding. The
culture troughs were siphoned once every day. The experiments were conducted absolutely as per the guidelines
for animal ethics.
Water quality parameters

Water quality parameters of the troughs were maintained
at different temperatures (18 and 26 °C). Water was sampled from each trough to determine water temperature, dissolved oxygen, free carbon dioxide, total alkalinity, TAN,
nitrite, and pH based on daily measurements following the
standard methods (APHA 1992). The pH was determined
by using digital pH meter (pH ep-HI 98107, USA).
Stress resistance response

At the end of experiment, eight fish were randomly sampled to assess environmental stress (high temperature)
trial. The fish were exposed to high temperature (33 °C)
and the mortality time was recorded in seconds.
Biochemical composition of fish and experimental diets

Six subsamples of a pooled sample of 20 fishes were analyzed for initial body composition. At the end of the experiment, all 30 fishes from each replicate of dietary
treatments were pooled separately and three subsamples
of each replicate from the pooled sample (n = 4) were
analyzed for final carcass composition. Proximate composition of casein, gelatin, experimental diet, and initial
and final body composition was estimated using standard methods (AOAC 1995) for dry matter (oven drying
at 105 ± 1 °C for 22 h), crude protein, (nitrogen estimation using Kjeltec 8400, Hoeganas, Sweden), crude fat
(solvent extraction with petroleum ether B.P 40–60 °C
for 2–4 h by using Soxlet extraction technique, FOSS
Avanti automatic 2050 equipment, Sweden), and ash
oven incineration at 650 °C for 2–4 h. To confirm the
calculated levels of gross energy of the prepared test diets, each dietary sample was ignited in Gallenkamp ballistic bomb calorimeter (Gallenkamp Ballistic Bomb
Calorimeter-CBB 330 010L, Gallenkamp, Loughbrough,
UK). The analysis revealed a close agreement with the
calculated values of the gross energy density (Table 1).
Sample collection

Evaluation of the hematological parameters involved the
determination of the red blood cell count (RBCs × 109),
hemoglobin content (Hb; g dL−1), and hematocrit value
(Hct%). At the end of the experiment, fish were anaesthetized with MS-222 (20 mg/L; Finquel®) before taking the
blood samples. The blood samples were then collected
from the caudal vein of individual fish (nine fish from each
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replicate of the treatment) employing heparinized syringes.
To avoid blood coagulation, all mixers, pipettes, and test
tubes used were rinsed with anticoagulant (3.8% solution of
sodium citrate). Erythrocyte count was determined by an
improved Neubauer hematocytometer with Yokoyama’s
(1974) solution as the diluting medium. Blood hemoglobin
was determined spectroscopically (Genesis, UV) following
Wong’s (1928) method and was expressed in grams per
deciliter (Hb g/dL). Hematocrit value (Hct%) was measured
by spinning the micro-wintrobe tube containing well mixed
blood for about 5 min at 12,000g and then measuring the
packed cell volume which was expressed in percentage.
On the final day of the feeding trial, five fish from each
tank (n = 4x5) were anesthetized (MS-222; 20 mg/L) before subjecting to body measurements. The fish, liver,
and viscera of each specimen were weighed by blotting
dry on a filter paper, and total length of the fish was
taken. The values were recorded to calculate the hepatosomatic index (HSI%), viscerosomatic index (VSI%), and
condition factor (CF).
Metabolic enzyme activities

Blood serum was collected after centrifugation at 3000
rpm for 10 min and then stored at − 20 °C in order to
analyze aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities. Biochemical analysis
of serum AST and ALT activities were done as per Reitman and Frankel (1957).
Data analyses

Growth performance of the fish fed experimental diets
at different temperatures was measured as a function of
the weight gain by calculating following parameters:
Thermal growth coefficient

¼ final body weight0:333 −initial body weight0:333
=No:of days  temperature°C  1000
Feed conversion ratio ¼ dry feed fed ðgÞ=wet weight gain ðgÞ

Protein deposition g=fish ¼ protein gain=protein fed ðgÞ
Hepatosomatic index ðHSI; %Þ
¼ ðliver weight; gÞ=ðwhole body weight; gÞ  100;
Viscerosomatic index ðVSI; %Þ
¼ ðviscera weight; gÞ=ðwhole body weight; gÞ
 100;

Condition factor CF; g−1 cm3
¼ ðbody weight; gÞ=ðbody length cmÞ3  100
Statistical analyses

A completely randomized design with four replicates per
treatment was used for assessing the optimum protein
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superior response in terms of TGC, FCR, and PD g fish−1
with 44% protein at 26 °C temperature. The groups reared
at 18 °C showed a consistent improvement in their performance up to 40% protein in the diet. However, the
values recorded for TGC, FCR, and PD g fish−1 for the
groups held at 18 °C were inferior compared to those held
at 26 °C even though fed with the same level of dietary
protein. This indicates that fish held at this temperature
failed to express their maximum growth potential.

requirement of the fish at two different temperatures.
All growth data were subjected to two-way ANOVA as
per Snedecor and Cochran (1982) to test any differences
and/or the interaction between dietary protein and
temperature. Differences among treatment means were
determined by Duncan’s multiple range test at a P <
0.05 level of significance (Duncan 1955). Relationship
between dietary protein level and protein deposition
(PD) g/fish was modeled using second-degree polynomial regression analysis (Zeitoun et al. 1976). The protein requirement of fry H. fossilis was determined as the
point on the graph where the biological response was
found to be equal to 95% of the maximum response. All
the statistical analyses were done using Origin (version
6.1; Origin Software, San Clemente, CA).

Carcass quality

The dietary protein levels and rearing temperatures had
significant influence on carcass protein of H. fossilis fry
(Table 3); however, interactive effects of both were not
recorded (P > 0.05). Moisture content of H. fossilis
showed a positive correlation with the increase in dietary
protein at both the temperatures (18 and 26 °C), whereas
the carcass fat content showed a negative correlation.
Carcass protein tended to increase significantly (P <
0.05) in fish fed 40 and 44% protein (diet D40 and D44)
at 18 and 26 °C temperatures (P < 0.05). Moreover,
temperature had no significant effect on carcass fat and
ash contents.

Results
Growth performance

Data on average thermal growth coefficient (TGC), feed
conversion ratio (FCR), and protein deposition (PD g/fish)
of the fry Heteropneustes fossilis, after 84 days of feeding
are summarized in Table 2. Growth performance and feed
intake were significantly affected by both dietary protein
levels (P < 0.0007) and rearing temperature (P < 0.0001).
However, interactive effects of dietary protein and
temperature were not found (P > 0.05). H. fossilis fry fed
diets containing different levels of protein exhibited

Metabolic enzyme activities

As per the results, significant differences (P < 0.05) in
terms of ALT and AST activities were recorded among

Table 2 Growth, feed conversion, and protein deposition of H. fossilis fry
Temperature °C

Diet (% protein)

Ave in wt (g)

Ave fn wt (g)

TGC

FCR

PD g/fish

FI g/fish/day

18

D28

5.11 ± 0.02Aa

22.13 ± 0.05Af

0.49 ± 0.03Ae

3.57 ± 0.12Aa

0.11 ± 0.03Ae

0.84 ± 0.02De

D32

5.15 ± 0.07Aa

33.21 ± 0.02Ae

0.68 ± 0.07Ad

2.63 ± 0.09Ab

0.15 ± 0.04Ad

1.02 ± 0.05Dd

D36

Aa

5.13 ± 0.05

Ad

46.45 ± 0.03

Ac

0.87 ± 0.06

Ac

1.99 ± 0.07

Ac

0.19 ± 0.03

1.14 ± 0.04Cc

D40

5.12 ± 0.09Aa

59.98 ± 0.05Aa

1.01 ± 0.02Aa

1.61 ± 0.09Af

0.23 ± 0.04Aa

1.23 ± 0.03Aa

D44

Aa

5.14 ± 0.02

Aa

58.65 ± 0.02

Aa

0.99 ± 0.01

Ae

1.67 ± 0.11

Ab

0.21 ± 0.01

1.24 ± 0.05Aa

D48

5.15 ± 0.01Aa

56.64 ± 0.03Ab

0.94 ± 0.02Ab

1.69 ± 0.05Ae

0.19 ± 0.03Ac

1.21 ± 0.04Aa

D52

Aa

5.13 ± 0.01

Ac

53.43 ± 0.03

Ac

0.89 ± 0.03

Ad

1.79 ± 0.13

Ad

0.16 ± 0.02

1.20 ± 0.03Bb

D28

5.15 ± 0.02Aa

23.45 ± 0.05f

0.56 ± 0.04Ff

3.44 ± 0.02Aa

0.12 ± 0.03Ae

0.87 ± 0.02Ff

D32

Aa

5.11 ± 0.07

e

34.34 ± 0.02

0.76 ± 0.07

Ab

2.56 ± 0.09

Ad

0.17 ± 0.04

1.04 ± 0.05Ee

D36

5.14 ± 0.05Aa

47.13 ± 0.03d

0.94 ± 0.06Cc

1.87 ± 0.07Ac

0.21 ± 0.06Ac

1.09 ± 0.04Ee

D40

Aa

5.12 ± 0.09

c

56.59 ± 0.05

Bb

1.04 ± 0.02

Ad

1.62 ± 0.19

Ab

0.23 ± 0.04

1.16 ± 0.05Cd

D44

5.11 ± 0.02Aa

69.12 ± 0.02a

1.08 ± 0.01Aa

1.48 ± 0.01Af

0.26 ± 0.01Aa

1.31 ± 0.03Aa

D48

Aa

5.14 ± 0.01

a

67.14 ± 0.03

Bb

0.99 ± 0.02

Af

1.49 ± 0.01

Ab

0.24 ± 0.03

1.28 ± 0.01Ab

D52

5.12 ± 0.01Aa

61.64 ± 0.03b

0.93 ± 0.02Cc

1.57 ± 0.01Ae

0.21 ± 0.04Ac

1.23 ± 0.03Bc

Dietary protein

NS

0.0007

0.003

0.005

NS

0.002

Temperature

NS

0.0001

0.001

0.003

0.0001

0.005

Dietary protein x temp

NS

NS

NS

NS

NS

NS

26

Dd

P value

Ave in wt average initial weight, Ave fn wt average final weight, TGC thermal growth coefficient, FCR feed conversion ratio, PD protein deposition, FI feed intake,
different upper case letter indicate significant differences (P < 0.05) between temperatures whereas different with superscripts indicate significant differences
between dietary protein levels; NS nonsignificant (P > 0.05)
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Table 3 Whole body carcass quality of fry Heteropneustes fossilis
Temp. °C

Diet (% protein)

Moisture (%)

Protein (%)

Fat (%)

Ash (%)

18

D28

76.68 ± 0.02Aa

12.15 ± 0.05Cc

6.93 ± 0.03Aa

3.98 ± 0.02Aa

D32

76.77 ± 0.07Aa

13.13 ± 0.02Bb

5.29 ± 0.07Ab

3.95 ± 0.09Aa

D36

75.98 ± 0.05Bb

13.68 ± 0.03Bb

4.66 ± 0.06Ac

3.95 ± 0.07Aa

D40

Bb

76.21 ± 0.09

Aa

14.96 ± 0.05

Ad

3.19 ± 0.02

3.88 ± 0.09Ab

D44

76.68 ± 0.02Bb

14.97 ± 0.02Aa

3.21 ± 0.01Ad

3.81 ± 0.01Ab

D48

Cb

75.88 ± 0.01

Aa

14.95 ± 0.03

Ac

4.21 ± 0.02

3.80 ± 0.01Ab

D52

76.35 ± 0.01Bb

14.89 ± 0.03Aa

4.26 ± 0.02Ac

3.81 ± 0.01Ab

D28

Aa

76.91 ± 0.02

Ee

12.81 ± 0.05

Aa

6.88 ± 0.03

3.95 ± 0.02Aa

D32

76.11 ± 0.07Aa

13.98 ± 0.02Dd

6.13 ± 0.07Ab

3.96 ± 0.09Aa

D36

Aa

76.45 ± 0.05

Cc

14.41 ± 0.03

Ac

4.98 ± 0.06

3.94 ± 0.07Aa

D40

75.69 ± 0.09Bb

15.19 ± 0.05Bb

3.54 ± 0.02Ae

3.76 ± 0.09Ab

D44

Bb

75.21 ± 0.02

Aa

16.98 ± 0.02

Ad

4.16 ± 0.01

3.74 ± 0.01Ab

D48

75.11 ± 0.01Bb

16.95 ± 0.03Aa

4.26 ± 0.02Ad

3.72 ± 0.01Ab

D52

Bb

Aa

Ac

26

75.51 ± 0.01

16.93 ± 0.03

4.89 ± 0.02

3.75 ± 0.01Ab

Dietary protein

0.003

0.002

0.0001

0.004

Temperature

0.0001

0.007

NS

NS

Dietary protein x temp

NS

NS

NS

NS

P value

NS non-significant (P > 0.05)
Different upper case superscripts indicate significant differences (P < 0.05) between temperatures, whereas different with superscripts indicate significant
differences between dietary protein levels

the two experimental groups reared at two different
temperatures. The values of ALT and AST were significantly (P < 0.05) higher among the groups reared at 18
°C temperature compared to those reared at 26 °C water
temperature. Also, serum enzymes of H. fossilis seem
not to be much affected by different protein levels in this
study but were more affected by water temperatures
(Table 4). However, the interactive effects of dietary protein and temperature were not found.

Somatic indices

VSI and HSI decreased with increase in dietary protein
levels up to 44% and increased in fish fed dietary protein
beyond 44% at 48 (D48) and 52% protein (D52). Hepatosomatic index (HSI) was found to be influenced by the
levels of dietary protein and temperatures but no interaction occurred, while viscerosomatic index (VSI) was
affected by only diets and not by temperatures (Table 5).
Stress resistance response

Hematological parameters

Dietary protein and temperature had significant impact
on hematological parameters (P < 0.05) with no interactive effects of both. Fish fed diet containing 28% protein achieved the lowest hematological values at both
the temperatures. RBCs, Hb g/dL, and Hct% increased
with increasing levels of dietary protein up to 44%
(diet D44), both at 18 and 26 °C rearing temperatures
(Table 4). Thereafter, the above hematological parameters remained almost the same in fish fed 48% (diet
D48) dietary protein and the exhibited a decline with
further increase in the dietary protein intake at 52%
(diet D52). However, at 18 °C, the magnitude of response in above values was comparatively lower than
that attained in fish raised at 26 °C for the same dietary protein level.

Resistance rate to thermal stress increased significantly
(P < 0.05) among the groups reared at 26 °C water
temperature than those reared at 18 °C (Table 5). The
stress resistance response remained best for the groups
fed with 44% dietary protein. This parameter was affected by both dietary protein levels and rearing temperatures; however, no interactive effects of both were
noted (P > 0.23). The normal values of water quality parameters during the entire length of experiment are provided in Table 6.
Protein requirement

Based on the above response parameters, second-degree
polynomial regression analyses were performed to study
the relationships between dietary protein levels and the
protein deposition and were expressed in the form of Y

(2020) 23:1
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Table 4 Metabolic enzymes activities and hematological parameters of fry Heteropneustes fossilis
Temp. °C

Diet (% protein)

18

AST (IU/L)

D28

26

ALT (IU/L)
Bb

Hct%
Aa

54.77 ± 0.03

57.11 ± 0.01

Cc

Bb

RBCs (×109)

Hb g/dL
Ee

21.24 ± 0.02

2.67 ± 0.02Dd

d

6.14 ± 0.02

D32

53.11 ± 0.05

55.23 ± 0.02

23.97 ± 0.09

6.98 ± 0.02

2.79 ± 0.02Cc

D36

52.21 ± 0.02Dd

54.33 ± 0.05Cc

27.43 ± 0.07Cc

7.78 ± 0.02c

2.81±0.02Bb

D40

De

51.33 ± 0.04

Cc

54.11 ± 0.03

Aa

32.91 ± 0.09

b

8.83 ± 0.02

3.11 ± 0.02Aa

D44

51.59 ± 0.01De

54.21 ± 0.02Cc

32.97 ± 0.01Aa

9.97 ± 0.02a

2.98 ± 0.02Aa

D48

Bb

54.99 ± 0.03

Cc

54.65 ± 0.04

Aa

31.89 ± 0.01

a

9.94 ± 0.02

2.85 ± 0.02Bb

D52

55.68 ± 0.02Aa

55.98 ± 0.01Bb

29.78 ± 0.01Bb

9.84 ± 0.02a

2.64 ± 0.02Dd

D28

Aa

53.99 ± 0.02

Aa

44.93 ± 0.02

Ee

22.23 ± 0.02

e

6.91 ± 0.02

2.97 ± 0.02Cc

D32

52.65 ± 0.02Ab

44.18 ± 0.03Aa

25.51 ± 0.09Dd

7.19 ± 0.02d

2.99 ± 0.02Cc

D36

Bc

51.96 ± 0.02

Bb

42.23 ± 0.05

Cc

28.64 ± 0.07

c

8.32 ± 0.02

3.14 ± 0.02Bb

D40

51.14 ± 0.02Bc

39.18 ± 0.02Cc

32.93 ± 0.09Bb

9.24 ± 0.02b

D44

Ce

49.13 ± 0.02

33.98 ± 0.04

D48

49.88 ± 0.02De

D52

Dd

Ef

Dd

e

Aa

3.23 ± 0.02Bb

33.92 ± 0.01

a

10.59 ± 0.02

3.97 ± 0.02Aa

35.98 ± 0.03De

32.97 ± 0.01Bb

10.21 ± 0.02a

3.75 ± 0.02Aa

Dd

Bb

a

3.88 ± 0.02Aa

50.97 ± 0.02

36.98 ± 0.01

31.91 ± 0.01

10.11 ± 0.02

0.003

0.0005

0.001

0.006

P value
Dietary protein

0.002

0.0001

Temperature

0.008

0.0001

0.004

0.003

NS

0.0009

Dietary protein × temp

NS

NS

NS

NS

NS

NS

AST aspartate amino transferases, ALT alanine amino transferases, Hct hematocrit, Hb hemoglobin, RBCs red blood cells count
Different upper case superscripts indicate significant differences (P < 0.05) between temperatures, whereas different with superscripts indicate significant
differences between dietary protein levels; NS non-significant (P > 0.05)

Table 5 Somatic indices and stress resistance response of fry Heteropneustes fossilis
Temp. °C

Diet (% protein)

HSI (%)

VSI (%)

CF (%)

Stress resistance response (mortality time measured in seconds)

18

D28

3.41 ± 0.02Aa

5.12 ± 0.05a

0.94 ± 0.03Ff

150 ± 0.03Ff

D32

2.33 ± 0.07Bb

3.49 ± 0.02b

1.32 ± 0.07Ee

180 ± 0.03Ee

D36

Cc

1.70 ± 0.05

c

2.45 ± 0.03

Dd

1.49 ± 0.06

250 ± 0.03Dd

D40

1.44 ± 0.09Ff

2.16 ± 0.05e

1.68±0.02Aa

360 ± 0.03Cc

D44

Ff

1.40 ± 0.02

e

D48
D52

1.67 ± 0.01

2.53 ± 0.03

1.61±0.02

360 ± 0.03Cc

D28

3.16 ± 0.02Aa

4.97 ± 0.05a

0.99 ± 0.03Ff

280 ± 0.03Ee

D32

Bb

2.11 ± 0.07

b

3.31 ± 0.02

1.34±0.07

D36

1.51 ± 0.05Cc

2.37 ± 0.03c

1.55 ± 0.06Dd

470 ± 0.03Cc

D40

Ee

1.30 ± 0.09

d

2.05 ± 0.05

Aa

1.69 ± 0.02

540 ± 0.03Bb

D44

1.27 ± 0.02Ee

2.01 ± 0.02d

1.70 ± 0.01Aa

630 ± 0.03Aa

D48

Dd

1.41 ± 0.01

c

2.21 ± 0.03

Ab

1.68 ± 0.02

580 ± 0.03Bb

D52

1.57 ± 0.01Cc

2.47 ± 0.03c

1.64 ± 0.02Bc

350 ± 0.03Dd

Dietary protein

0.003

0.0005

0.001

0.006

Temperature

0.008

0.0001

0.001

0.003

Dietary protein x temp

NS

NS

NS (P > 0.267)

NS (P > 0.23)

26

2.11 ± 0.02

Aa

1.67 ± 0.01

440 ± 0.03Bb

1.53 ± 0.01Ee

2.30 ± 0.03d

1.64 ± 0.02Ab

580 ± 0.03Aa

Dd

d

Ac

Ee

390 ± 0.03Dd

P value

HSI hepatosomatic index, VSI viscerosomatic index, CF condition factor
Different upper case superscripts indicate significant differences (P < 0.05) between temperatures, whereas different with superscripts indicate significant
differences between dietary protein levels; NS non-significant (P > 0.05)

Fatma and Ahmed Fisheries and Aquatic Sciences

(2020) 23:1

Table 6 Water quality parameters (Based on daily
measurements)
Parameters

Temperatures (°C)
18 °C

26 °C

Temperature (C)

20.1 ± 0.3

26.2 ± 0.1

Dissolved oxygen (mg/L)

7.1 ± 0.2

6.7 ± 0.4

pH

7.6 ± 0.3

7.2 ± 0.2

Free CO2 (mg/L)

5.7 ± 0.5

6.3 ± 0.5

Total alkalinity (mg/L)

74.9 ± 0.7

75.6 ± 0.4

Total NH3-N (mg/L)

0.02 ± 0.01

0.03 ± 0.01

a

Nitrite (NO2, mg/L)

–

–

Mean ± SD (n = 183). Recorded thrice daily at 07:00, 12:00, and 17:30 h
a
Undetectable

= aX2=+ bX + c. The value of X that corresponds to
Y95%max was defined as the requirement. PD g/fish data
(Y95%max) to dietary protein levels (X) was subjected to a
second-degree polynomial regression analysis. The curve
attained its 95% maximum response at 40.8 and 41.8%
protein of the diet (Fig. 1) at 18 °C and 26 °C water
temperature, respectively.

Discussion
The aim of this study is to assess the influence of water
temperature on dietary protein requirement, protein deposition, carcass quality, and hematological parameters
of fry H. fossilis. Temperature is a pervasive factor
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affecting food intake, growth, and food conversion of
fish (Fry 1947; Brett 1979). Since water temperature has
potent influence on metabolic rate and energy expenditure affecting nutrient requirement and growth performance of the poikilothermic vertebrates including
fish (Brett 1979; Dutta 1994; Bhikajee and Gobin 1998),
its influence on nutrient requirement and growth warrant thorough investigation.
Several studies have reported that the specific water
temperature range showed that the faster growth and
low temperature causes sluggishness by retarding the
digestion speeding of fish (Bailey and Alanara 2006).
Some researchers have found that the digestion rate has
been increased as the temperature increases (Turker
2009). Environmental temperature is one of the most
important ecological factors which also influence the behavior and physiological process of aquatic animals (Xia
and Li 2010).
The results showed that growth in terms of thermal
growth coefficient, feed conversion, and protein deposition of the fish attained best values with dietary protein
levels of 40 and 44% at 18 and 26 °C water temperatures,
respectively. The fish attained its maximum growth
potential in terms of TWG, FCR, protein deposition, and
body protein content at 26 °C water temperature.
Carcass protein content exhibited best value for the
groups fed 44% dietary protein at 26 °C temperature.
Hematological parameters also attained their normal
physiological range with 44% protein diet at 26 °C.

Fig. 1 Second-degree polynomial regression analysis of protein deposition (PD g/fish) against varying levels of dietary protein at
two temperatures
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Inferior values for these parameters were recorded for
the groups held at 18 °C water temperature presumably
due to the fact that the body metabolism occurs at a
slower rate if fish are held at sub-optimum or lower
water temperatures. Similar trend has also been reported
by Peres and Oliva-Teles (1999) and Ozorio et al. (2006)
in various other cultivable finfish species where fish held
at 18 °C water temperature could not attain their maximum growth potential even if supplied with the required level of dietary protein. Growth performance and
feed intake were significantly affected by both dietary
protein levels and rearing temperature. However, interactive effects of dietary protein and temperature were
not found. Depressed growth, lower feed intake, and
protein deposition were more commonly noted for the
groups reared at 18 °C. Even the groups fed dietary protein at 40 to 44% could not attain their maximum
growth potential and feed intake at 18 °C as attained by
the groups fed same diets at 26 °C. The study clearly
indicates that dietary protein requirement of H. fossilis
for maximizing the growth, feed conversion, and for
attaining best values for hematological parameters
ranges somewhere between 40.8 and 41.8% at 26 °C
water temperature.
Choice of mathematical models in estimating the dietary level for a limiting nutrient is very important. Some
studies show better regression coefficients when a
broken-line analysis (Y = a + bX) is used (Baker 1986),
whereas some respond better to a second-degree polynomial regression analysis (Tacon and Cowey 1985; ElDakar et al. 2011). In this study, although data were fitted best for broken-line regression analysis, the p value
of the t test for estimated coefficient was not found significantly different from zero for broken-line regression
analysis. Therefore, second-degree polynomial regression
analysis which exhibited a significant p value of the t test
for the estimated coefficient has been employed for
quantifying dietary protein requirement of H. fossilis fry.
The requirements have been determined at 95% confidence interval. Based on above analyses, 44% dietary
protein at 26 °C water temperature appears to be
optimum for growth of H. fossilis fry and the curve did
not reach a plateau until 44% dietary protein level. The
second-degree polynomial fitting of protein deposition
values at 95% maximum response exhibited optimum
dietary protein requirement of fry H. fossilis between
40.8 and 41.8% (Fig. 1) at 26 °C water temperature. This
level fall in the range of the previously reported dietary
protein requirements of some other catfish species such
as young H. fossilis 40–43% (Siddiqui and Khan 2009),
Cyprinus carpio 41.25% (Ahmed and Maqbool 2017),
higher than that for walking catfish, Clarias batrachus
36% (Singh et al. 2009), spotted snake-head, Channa
punctatus 40% (Zehra and Khan 2012), and marbled
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spinefoot rabbitfish, Siganus rivulatus 40% (El-Dakar
et al. 2011) and is lower than the requirements reported
for African catfish, Clarias gariepinus 43% (Farhat 2011),
Mystus nemurus 42% (Khan et al. 1993), Malaysian
catfish, bagrid catfish, Mystus nemurus 44% (Ng et al.
2001), and striped murrel, Channa striatus 55% (Kumar
et al. 2010).
The PD g/fish increased progressively with the increase in dietary protein up to 40% for the groups held
at 18 °C and up to 44% for the groups held at 26 °C
water temperatures, respectively. The PD/fish value
attained by the groups reared at 18 °C was somewhat
lower than that attained by the groups at the same level
of dietary protein at 26 °C. This may probably be due to
the reason that an increase in temperature at 26 °C
might have increased the activity of digestive enzymes
accelerating digestion of the nutrients, thus resulting in
better growth (Shcherbina and Kazlauskene 1971) in the
form of deposited protein. Hilge (1985) found that the
optimum temperature for best growth of European
catfish, Silurus glanis was almost within the range of 18
to 26 °C with best results noted at 27 °C. Brown et al.
(1989) reported a 40% increase in growth rate of cod
reared at 8.3 °C compared with 4.5 °C. This value was
similar to that of Otterle et al. (1994), who reported an
increase in growth rate of about 50% with each 4 °C
increase in temperature between 6 and 14 °C. Protein
deposition in this study was found to decrease for the
groups fed dietary protein above 44% in diets D48 (48%)
and D52 (52%) irrespective of the water temperatures.
Proteins represent a very important source of energy in
fishes. Since teleosts have developed the capacity for
converting amino acid to glucose (Bever et al. 1981) by
gluconeogenesis which is utilized for energy production
through TCA cycle intermediates (Kumar 1999), it is
reasonable to assume that the decline in protein deposition at higher levels of dietary protein for the groups
fed diets D48 (48% protein) and D52 (52% protein) may
probably be due to catabolism of excess protein for
energy purposes thus reducing its deposition for tissue
building or growth.
There are conflicting findings about the effect of dietary protein levels on the efficiency of protein utilization
in the literatures. Lee et al. (2001) reported an increase
in protein utilization efficiency with the increased intake
of dietary protein by the fish, whereas Duan et al. (2001)
and Lee et al. (2003) did not find any significant influence of dietary protein on efficiency of protein
utilization. However, Kim et al. (2001), Kim and Lee
(2009), and Gullu et al. (2008) pointed out a decrease in
protein utilization with increasing dietary protein above
optimum level which is in agreement with the present
results. Davis and Stickney (1978) stated that fish convert protein more efficiently when fed dietary protein
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level less than optimal level that yields the maximum
growth and feed efficiency. Steffens (1981) also reported
that raising the dietary protein level improves the growth
rate and food conversion but reduces the protein productive value in Salmo gairdneri and Cyprinus carpio.
Similar findings were evident in this study where fish fed
48% and more protein manifested reduction in protein
deposition.
The protein requirements or protein utilization of fish
is also influenced by dietary non-protein energy levels
(Dias et al. 1998; Lupatsch et al. 2001; Tibbetts et al.
2005; Wang et al. 2006). Hence, it is possible to reduce
the dietary protein level to a certain degree by increasing
non-protein energy and directing protein to growth rather than energetic use in a number of fish species (Forster and Hardy 2000). A protein-sparing effect is
generally more pronounced at low protein levels rather
than high levels (Dias et al. 1998; Tibbetts et al. 2005)
mainly because of the preferential use of protein as an
energy source by fish at high protein levels (Tibbetts
et al. 2005). Cowey (1979) has also suggested that any
change in dietary energy content changes the optimal
protein requirement of the fish. Although in this study,
the diets were formulated to be isocaloric and the digestible energy content of the diets was not significantly different (P > 0.05) among treatments, protein deposition
decreased slightly with the increasing protein content
and thus growth appears to be affected more by dietary
protein levels than by energy levels. As per NRC (1993),
the optimum P/DE values for fish range between 17 and
26 mg protein/kJ DE which in the present study, also almost corresponds to diets with 44% protein (27.21–
27.88 mg protein/kJ DE) at 26 °C. Therefore, in this
study, highest protein deposition with 44% dietary protein at 26 °C may be due to balanced P/DE ratio at this
level of dietary protein.
H. fossilis fed intermediate levels of dietary protein
(36–44%) exhibited higher feed intake than those fed
still higher levels of protein in the diet (48–52%). This
may probably be due to the reasons that fish fed
nutrient-deficient diets usually increase the feed intake
to meet the protein or the energy needs. Since the diets
in this study were formulated to be isoenergetic, it is
plausible that the fish fed intermediate levels of dietary
protein might have consumed more feed in order to
meet their protein requirements.
Temperature affects the body composition by altering
feed intake (Jobling 1997) and various studies have
shown that body protein is significantly affected by
temperature (Cui and Wootton 1988; Koskela et al.
1997; Bendiksen et al. 2003; Tidwell et al. 2003). In this
study as well, in addition to dietary protein levels,
temperature also had significant influence on body protein and moisture contents of fry H. fossilis. The carcass
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quality of fish in terms of carcass protein content
attained its superior value for the groups fed with 44%
dietary protein at 26 °C temperature. Fish fed diets containing 28–36% protein tended to deposit more fat than
those fed 40, 44, 48, and 52% dietary protein. In diets
D28, D32, and D36, the carbohydrate contents increased
at the expense of dietary protein which might have participated in de novo lipid synthesis from carbohydrate.
Since these diets contain an improper ratio of protein to
energy, this might have led to deposition of body fat
from dietary carbohydrates.
Water temperature is one of the most important ecological factors that significantly influence some physiological process of fish such as growth, metabolism, and
blood values. As has been shown in Table 4, hematocrit
and hemoglobin concentrations were significantly (P <
0.05) altered by different water temperatures, However,
interactive effects of dietary protein and temperature
were not found. The results of this study are in line of
the results reported by Koeypudsa and Jongjareanjai
(2010) for hybrid catfish. Data related to hematological
parameters in this study indicates that to sustain normal
physiological processes in the body, H. fossilis should be
held at 26 °C water temperature.
To study the effect of water temperature on the protein requirements of fish, Daniels and Robinson (1986)
conducted two independent studies in which the red
drum, Sciaenops ocellatus were maintained at 22–26
°C water temperature in the first and at 26–33 °C in
the second. According to the authors, fish reared at
lower temperature required less protein (35%) than
those at higher temperature (44%). It is considered
that water temperature affects feed intake and feed
conversion efficiency (NRC 1993). Therefore, it is reasonable to assume that the suboptimal temperature in
the present study might have deviated the feed intake
in H. fossilis held at 18 °C and may be one of the reasons for reduced growth performance in groups held
at this temperature; even if fed with the same dietary
protein level.
Water temperature has substantial effect on fish
metabolism. In response to decrease in water
temperature, the enzyme activity of tissues increases
(Hochachka and Somero 1984). In a stressful and unfavorable environmental condition ALT and AST activities may increase in blood serum. In the present study,
serum ALT and AST levels were affected by different
water temperatures. Serum ALT and AST amount in
different fish fed varying levels of dietary protein at 26
°C are comparatively lower and attained normal physiological range at requirement level (44% dietary protein)
than those fed at 18 °C. These results clearly indicated
that 26 °C is the favorable water temperature for better
growth of H. fossilis fry.
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Survival rate in this study were not affected significantly by different levels of dietary protein but was
more affected by temperature as the groups held at
18 °C had significant (P < 0.05) mortality at lowest
level of dietary protein. On the other hand, mortality
at 26 °C water temperature was not recoded even at
the lowest level of dietary protein. The results are in
line with various other finfish and shellfish studies (Li
et al. 2011; Sun et al. 2015; Abdelrahman et al. 2019).
Azaza et al. (2008) described that the survival rate of
Nile tilapia, Oreochromis niloticus was significantly
lower when it was reared at lower and upper level of
its optimum water temperature.
Stress resistance of the fish in different life period is
affected by levels of salinity, temperature, environment,
and nutrition (Jalali et al. 2008; Gholami 2010). The results of present study showed that resistance rate to
thermal stress significantly higher (P < 0.05) in fish fed
dietary protein at 26 °C water temperature who were
able to withstand temperature challenge for longer duration (Table 5) than those fish fed at 18 °C water
temperature which were found to be more prone to
temperature challenge test and exhibited mortality in
comparatively less time.
Based on the 95% maximum response of seconddegree polynomial regression analyses of PD g/fish data,
it is recommended that fry H. fossilis could perform well
if fed with dietary protein levels between 40.8 and 41.8%
with a P/DE ratio of 27.21–27.88 mg protein/kJ DE at
26 °C water temperature. This study also corroborates
that the performance of the fish and protein requirement
was strictly governed by the rearing temperature as fish
reared at 18 °C water temperature could not perform
well in terms of growth, feed conversion, and protein deposition even if fed with the same level of dietary
protein.

Conclusion
The information developed in the present study could
be utilized for optimizing the growth potential of this
fish by making better utilization of the nutrient at the 26
°C, the required temperature optima. The finding of the
present study would further be useful for effective management strategies for the mass culture of this highly
preferred fish species.
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Abstract
Background: As the cost of fishmeal continues to rise, there will be a need to optimize the diet by minimizing
dietary fishmeal inclusion in aquafeed. In this study, a 7-week experiment was conducted to evaluate soybean meal,
fermented soybean meal (soytide), and sesame meal as fishmeal replacers in whiteleg shrimp, Litopenaeus
vannamei.
Methods: A 30%-based fishmeal diet was considered as control (CON), six other diets were prepared by replacing
20% or 40% of fishmeal with soybean meal (SB20 and SB40), fermented soybean meal (ST20 and ST40), or sesame
meal (SM20 and SM40) from the CON diet. Twenty shrimp with average initial weight of 0.65 ± 0.05 g (mean ± SD)
were randomly distributed into 21 tanks (45 L) and fed four times a day. Water temperature was controlled at 28 ±
1 °C and aeration was provided by air stones.
Results: Weight gain, specific growth rate, feed efficiency, and protein efficiency ratio of shrimp fed CON showed
no significant differences compared to shrimp fed all the other diets. However, growth performance of shrimp fed
ST20 diet was significantly higher than those of shrimp fed the SM20 and SM40 diets (P < 0.05). Superoxide
dismutase activity (SOD) of shrimp fed CON, ST20, and ST40 diets was significantly higher than those of shrimp fed
the SB40 and SM40 diets. But there were no significant differences among shrimp fed CON, SB20, ST20, ST40, and
SM20 diets. Also, lysozyme activity of shrimp fed ST20 diet was significantly higher than those of shrimp fed the SB40
and SM40 diets. Although, lysozyme activity of shrimp fed the CON diet was not significantly different compared to
shrimp fed all the other experimental diets.
Conclusions: Therefore, SB, ST, and SM could replace 40% of fishmeal based on growth performance and
lysozyme. According to the SOD activity, SB and SM could replace 20% of fishmeal and ST could replace 40% of
fishmeal in juvenile whiteleg shrimp Litopenaeus vannamei.
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Background
Whiteleg shrimp (Litopenaeus vannamei) is an important species in aquaculture and is the most cultured
prawn species in the world at 4,456,603 mt comprising
over 84% of all cultured shrimp and prawn production
at a value of over 26.7 billion USD (FAO 2017). This is
in large part due to its rapid growth, disease tolerance,
high stocking density tolerance, relatively low dietary
protein requirement (30%), and broadness of supporting
research (NRC 2011). However, as the body of knowledge about the dietary requirements of whiteleg shrimp
grows and the cost of fishmeal continues to rise, there
will be a need to optimize the diet by minimizing dietary
fishmeal (FM) inclusion (Hamidoghli et al. 2018).
Over the last 10 years, FM production has declined as
fisheries have become strained. In fact, from the year
2000 to 2018 the production of fishmeal fell from 7125
mt to 5130 mt, a 28% decrease. However, in the same
period of time, FM price have continued to rise from
413 USD/mt in the year 2000, to 1546 USD/mt; a 73%
increase (Kobayashi et al. 2015). This has led the feed industry to explore much less expensive alternatives to
FM. Yet, when replacing FM with a more economic protein source, it is important to consider not just the price
point, but to consider also other aspects such as nutritional value, digestibility, palatability, and the presence
of anti-nutritional factors (Oliva-Teles et al. 2015).
One of the most successful plant-based protein crops
in animal feed is soybean meal. This is due to its high
content of protein (47%) and lipid (2.2%) along with its
low price compared to FM ($400–500/ton). Likewise,
sesame seed meal ($400/mt) also presents many of the
same advantages found with soybean meal but with a
much higher lipid content. Sesame seed meal typically
contains around 42% protein making it comparable to
soybean meal; however, it contains roughly five times
the lipid content at 11.2% (NRC 2011). In recent years,
there has been interest in the use of fermentation to increase the digestibility of plant-based proteins in many
important aquaculture species. The fermentation process
helps to break down more complex protein matter in
the plant matter to make it more readily available for digestion. For example, fermented soybean meal has approximately 56% crude protein, whereas unfermented
soybean meal has 47%. In a trial by Van Nguyen et al.
(2018), over 25% of FM was successfully replaced in the
diet of pacific whiteleg shrimp. Another important benefit in fermented products is the enrichment by the bacteria itself. A recent trial by Hamidoghli et al. (2019)
showed that between 10 and 20% of FM could be
substituted with single-cell protein obtained from Corynebacterium ammoniagenes in the diet of whiteleg
shrimp. Many companies have been focusing on producing fermented plant protein products by a wide variety
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of microbes and processes such as batch, continuous,
fed-batch, anaerobic, aerobic, surface, submerged, and
solid-state fermentation. Therefore, it is important to investigate the effects of fermented plant-based protein
sources as possible FM replacers in the diet of whiteleg
shrimp.

Materials and methods
Experimental design and diets

The experimental feed formulation and proximate composition is shown in Table 1. Fishmeal (The feed Co.,
LTD, Seoul, Republic of Korea), soybean meal, poultry byproduct, blood meal, meat and bone meal, squid liver
powder, and wheat gluten meal were used as protein
sources. Fish oil was used as the lipid source. Seven isonitrogenous diets were formulated to replace 20 and 40% of
fishmeal by soybean meal (SB20 and SB40), soytide (ST20
and ST40), and sesame meal (SM20 and SM40) included
CON. Soytide is a commercial product (CJ Cheiljedang
Bio, Seoul, Republic of Korea) of fermented soybean meal
with Bacillus subtilis at 37 °C (Moniruzzaman et al. 2017).
Every ingredient was well-powdered and mixed using electric mixer (Hanyoung Food Machinery, Gyeonggi-do,
Table 1 Formulation and proximate composition of 7
experimental diets (percent of dry matter basis)
Ingredients (% in diet)

Diets1
CON

SB20

SB40

ST20

ST40

SM20

SM40

Fishmeal (Chille)

30.0

24.0

18.0

24.0

18.0

24.0

18.0

Soybean meal

15.0

23.8

32.5

15.0

15.0

15.0

15.0

Soytide

0.00

0.00

0.00

7.20

14.5

0.00

0.00

Sesame meal

0.00

0.00

0.00

0.00

0.00

9.70

19.6

Poultry by-product

3.00

3.00

3.00

3.00

3.00

3.00

3.00

Blood meal

2.00

2.00

2.00

2.00

2.00

2.00

2.00

Meat and bone meal

5.00

5.00

5.00

5.00

5.00

5.00

5.00

Squid liver powder

3.30

3.30

3.30

3.30

3.30

3.30

3.30

Wheat gluten meal

5.00

5.00

5.00

5.00

5.00

5.00

5.00

Wheat flour

15.0

15.0

15.0

15.0

15.0

15.0

15.0

Corn starch

11.0

11.0

11.0

11.0

11.0

11.0

11.0

Fish oil

3.60

3.90

4.20

4.00

4.40

3.00

2.40

Others

7.0

7.0

7.0

7.0

7.0

7.0

7.0

Total

100

100

100

100

100

100

100

9.10

8.80

8.10

8.80

9.30

8.50

Proximate analysis (% of DM)
Moisture

9.10

Protein

41.8

42.0

41.9

41.8

41.9

41.0

41.9

Lipid

9.80

9.80

9.80

9.70

9.90

9.70

9.90

Ash

10.4

9.70

9.70

9.10

9.50

9.80

9.60

CON control diet (the basal diet), SB20 soybean meal at 20% FM replacement,
SB40 soybean meal at 40% FM replacement, ST20 soytide at 20% FM
replacement, ST40 soytide at 40% FM replacement, SM20 sesame meal at 20%
FM replacement, SM40 sesame meal at 20% FM replacement
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Republic of Korea). Fish oil was added according to feed
formulation. The mixture was passed through a pellet machine (Shinsung, Seoul, Republic of Korea) with a 0.2 cm
die. The prepared experimental diets were dried in the
drying room for 48 h then stored at − 20 °C.
Experimental fish and feeding condition

Juvenile whiteleg shrimp Litopenaeus vannamei were
carried from Pal-ttak shrimp farm (Go-seong, Rep.
Korea) and stocked at 250 L rectangular tanks at Feed &
Foods Nutrition Research Center (FFNRC, Pukyong National University, Busan, Rep. Korea). Twenty juvenile
whiteleg shrimp (0.7 ± 0.03 g mean ± SD) were randomly distributed in each 21 tanks (45 L) as a triplicate
groups. Filtered sea water with 1.3 L/min was supplied
to each tank in a semi-recirculating system and water
temperature was maintained at 28 ± 1.0 °C for the whole
experimental period. Whiteleg shrimp were fed four
times a day with 7% of wet body weight (Xie et al. 2017)
during the 7 weeks of experiment. The amount of total
feed was changed according to mortalities. The feces
were removed by siphoning every day.
Sample collection and analysis

After the 7 weeks of feeding trial, every shrimp was
counted and weighted in each aquarium and taken and
measured to calculate growth performance including
weight gain, specific growth rate, feed efficiency, protein
efficiency ratio, and survival percent according to
Mohanty (1999):
Weight gain; WG ð%Þ ¼ ½final weight ðgÞ−initial weight ðgÞ
100=initial weight ðgÞ
Specific growth rate; SGR ð%=day Þ ¼ 100
½ ln final weight ðgÞ− ln initial weight ðgÞ=days
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(Tecator AB, Hoganas, Sweden) was used with ether extraction to measure crude fat content.
Four shrimp were randomly selected from each aquarium for the hemolymph biochemical analysis. 0.3 ml of
hemolymph was taken from the ventral sinus in the first
pleomere using a 1-ml syringe that had a hypodermic
needle with 2 mm of thickness. Hemolymph samples
were centrifuged at 5000×g for 10 min and the serum
was separated and stored at − 70 °C for determination of
hemolymph biochemical parameters. These parameters
were glutamic oxaloacetic transaminase (GOT),
glutamic-pyruvic transaminase (GPT), total protein (TP),
glucose (GL), superoxide dismutase (SOD), and lysozyme (Lys) activities. SOD was determined using an
assay kit (Enzo ADI-900-157, Enzo Life Sciences, Inc.)
and following the manufacturer’s instructions. This
method is based on inhibition against Water Soluble
Tetrazolium dye and determination of SOD enzyme activity. The absorbance was monitored at 450 nm after incubating samples for 20 min at 37 °C using a multi-well
spectrophotometer. Lysozyme activity was determined
by reaction against Micrococcus lysodeikticus and spectrophotometric
(Sunrise
TECAN,
Männedorf,
Switzerland) analysis with 530 nm absorbance. Serum
(20 μL), Hanks Balanced Salt Solution (HBSS), 3,3′,5,5′
tetramethylbenzidinedihydrochloride (TMB, 20 mM;
Sigma-Aldrich), H2O2 (5 mM), and 4 M sulphuric acid
were diluted in a 96-well plate. The color changes were
measured at 450 nm in a microplate reader (Sunrise
TECAN, Männedorf, Switzerland). Also, serum was used
for the biochemical parameters including glutamic oxaloacetic transaminase (GOT), glutamic-pyruvic transaminase (GPT), total protein (TP), and glucose (GLU).
These biochemical parameters were measured by a
chemical analyzer Fuji DRICHEM 3500i (Fuji Photo Film
Ltd., Tokyo, Japan).

Feed efficiency; FE ð%Þ ¼ ðfinal weight ðgÞ  initial weight ðgÞÞ
100=feed ration ðgÞ
Protein efficiency ratio; PER ¼ wet weight gain ðgÞ=protein intake ðgÞ

Survival ð%Þ ¼ 100
ðfinal number of fish=initial number of fishÞ

Proximate composition analysis of every experimental
diet and whole body of shrimp were conducted following
the Association of Official Analytical Chemists (AOAC
2005). Every sample was grounded after freeze-drying
(Advantage 2.0, VirTis, New York, USA) for 48 h. Moisture and crude ash content were determined by drying
to constant weight at 105 °C for 24 h and combustion at
550 °C in a muffle furnace for 3 h, respectively. The Kjeldahl method (2300 Autoanalyzer, Foss Tecator. AB,
Hoganas, Sweden) was used after acid digestion to measure the nitrogen (N × 6.25) content. Soxtec system 1046

Statistical analysis

After collection of every data, it was analyzed by oneway ANOVA test using SAS Program Version 9.4 (SAS
Institute, Cary, NC, USA) to analyze the differences of
each treatment group. When a significant difference was
observed, a least significant difference (LSD) test was
used to compare means. Treatment effects were considered significant at confidence level of P < 0.05.

Results
Growth performance

At the end of feeding trial, result of growth performance
is shown in Table 2. Weight gain (WG) and specific
growth rate (SGR) of shrimp fed CON diet showed no
significant differences among shrimp fed the other experimental diets (P > 0.05). However, WG and SGR of
shrimp fed the ST20 diet were significantly higher than
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Table 2 Growth performances of juvenile whiteleg shrimp fed
with 7 experimental diets for 7 weeks
Diets
CON
1

ab

SB20

SB40

ab

ST20

ab

a

ST40
ab

SM20

SM40

b

b

Pooled
SEM6

WG

391

379

370

426

380

358

334

10.8

SGR2

3.54ab

3.48ab

3.44ab

3.69a

3.47ab

3.38b

3.25b

0.05

3

ab

FE

124
4

PER
5

SR

ab

2.97

ns

70.0

ab

135

ab

2.93
68.3

ab

126

ab

2.80
68.3

a

115

a

3.23
68.3

ab

130

ab

2.88
70.0

b

137

b

2.70
66.7

b

106

b

2.53
68.3

3.43

Table 4 Whole body proximate composition of juvenile
whiteleg shrimp fed with 7 experimental diets for 7 weeks (%
dry matter basis)
Diets
Mo1

CON

SB20

SB40

ST20

ST40

SM20

SM40

Pooled
SEM5

6.08ns

6.43

6.12

6.48

6.42

6.19

6.02

0.07

2

76.3ns

76.0

77.1

76.2

75.2

75.7

76.2

0.22

3

ns

CP

0.08

CL

1.84

1.97

1.68

1.67

1.77

1.97

1.98

0.05

0.43

As4

14.2ns

13.7

13.7

13.2

14.0

14.1

16.6

0.16

Values are means from triplicate groups of fish (n = 3) where values in each
row with different superscripts are significantly different (P < 0.05)
1
Weight gain (WG) = (final weight − initial weight) × 100/initial weight
2
Specific growth rate (SGR; %/day) = (in final weight − ln initial weight)
× 100/d
3
Feed efficiency (FE; %) = wet WG (g) × 100/dry feed intake (g)
4
Protein efficiency ratio (PER) = wet weight gain/protein intake
5
Survival (SR; %) = (total fish − dead fish) × 100/total fish
6
Pooled standard error of mean = SD/√n

Values are means from triplicate groups of fish (n = 3) where in each row with
different superscripts values are significantly different (P < 0.05)
1
Mo, moisture content of whole body composition of juvenile rainbow trout in
different diets
2
CP, crude protein present under different dietary treatments
3
CL, crude lipid, present in whole body proximate composition of juvenile
rainbow trout after feeding trial
4
As, ash content of whole body proximate composition of fish in
different diets
5
Pooled SEM, pooled standard error of mean = SD/√n

those of shrimp fed the SM20 and SM40 diets (P < 0.05).
Feed efficiency (FE) and protein efficiency ratio (PER) of
shrimp fed CON diet showed no significant differences
among those fed the other experimental diets (P > 0.05).
However, FE and PER of shrimp fed the ST20 diet were
significantly higher than those of shrimp fed the SM20
and SM40 diets (P < 0.05).

ash and moisture of shrimp fed every experimental diets
(P > 0.05).

Non-specific immune responses

The results of non-specific immune responses fed seven
experimental diets were shown in Table 3. SOD activity
of shrimp fed CON, ST20, and ST40 were significantly
higher than those of shrimp fed SB40 and SM40 diets (P
< 0.05). However, there were no significant differences
among the shrimp fed CON, SB20, ST20, ST40, and SM20
diet (P > 0.05). Lysozyme activity of shrimp fed CON
diet showed no significant differences among shrimp fed
all experimental diets (P > 0.05). Although, ST20 diet
was significantly higher than those of shrimp fed the
SB40 and SM40 diets (P < 0.05).

Hemolymph parameters

Hemolymph parameters of shrimp fed seven experimental diets are presented in Table 5. There were no significant differences in serum glutamic oxaloacetic
transaminase (GOT), glutamic-pyruvic transaminase
(GPT), total protein (TP), and glucose of shrimp fed
every experimental diets (P > 0.05).

Discussion
The diets prepared for this experiment were readily accepted by the shrimp and almost no uneaten feed was
observed in the tanks 1 h post feeding. Also, the survival
percentage of each tank at the end of experiment was
normal considering the initial weight of shrimp and the
experimental period. Based on weight gain, specific
growth rate, feed efficiency and protein efficiency ratio,
20% and 40% replacement of fishmeal with soybean
meal, sesame meal, or fermented soybean meal did not

Whole body proximate composition

Whole body composition of shrimp fed seven experimental diets were showed in Table 4. There were no significant differences in whole body crude protein, lipid,
Table 3 Non-specific immune responses of juvenile whiteleg
shrimp fed with 7 experimental diets for 7 weeks
Diets
CON
1

ab

SB20
ab

SB40
b

ST20
a

ST40
ab

SM20
ab

SM40
b

Pooled
SEM3

Lys

1.62

1.62

1.54

1.70

1.63

1.61

1.55

0.02

SOD2

87.1a

84.4ab

81.8b

87.7a

87.2a

84.9ab

81.7b

0.95

Values are means from triplicate groups of fish (n = 3) where in each row with
different superscripts values are significantly different (P < 0.05)
1
Lysozyme (U/l)
2
Superoxide dismutase (% inhibition)
3
Pooled standard error of mean = SD/√n

Table 5 Hematological parameters of juvenile whiteleg shrimp
fed with 7 experimental diets for 7 weeks
Diets

Pooled
SEM5

CON

SB20

SB40

ST20

ST40

SM20

SM40

GL1

51.7ns

48.2

50.0

52.5

45.5

49.0

46.5

4.54

TP2

10.6ns

10.1

10.2

10.3

10.2

9.57

9.60

0.58

GOT

ns

63.3

64.8

67.2

65.2

64.7

69.8

65.3

4.51

GPT4

15.0ns

13.3

15.0

15.3

14.5

15.4

14.3

1.15

3

Values are means from triplicate groups of fish (n = 3) where in each row with
different superscripts values are significantly different (P < 0.05)
1
GL, glucose (mg/dl)
2
TP, total Protein (g/dl)
3
GOT, glutamic oxaloacetic transaminase (U/l)
4
GPT, glutamic-pyruvic transaminase (U/l)
5
Pooled SEM, pooled standard error of mean = SD/√n
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show significant differences compared to the control
group. Although, growth performance of shrimp fed the
20% fishmeal replacement (ST20) with fermented soybean meal was significantly higher than the sesame meal
fed group (SM20 and SM40). According to previous studies, soybean meal is an appropriate candidate to replace
fishmeal in aquafeed due to high protein level, balanced
amino acid content, and acceptable price (Francis et al.
2001; Azarm and Lee 2014). But the anti-nutritional factors present in soybean meal, such as protease inhibitors,
lectin, and anti-vitamin components, decrease the nutritional value of this ingredient and reduce the digestibility
(Francis et al. 2001; Shiu et al. 2015). Fermentation of
plant ingredients can reduce the anti-nutritional factors
and enhance the digestibility (Jannathulla et al. 2017;
Moniruzzaman et al. 2017). The significant differences
observed in the present study with growth performance
of shrimp fed the fermented soybean meal is probably
due to the partial elimination of anti-nutritional factors
and increased digestibility of ingredients. Similarly, Jannathulla et al. (2017) compared fermented and nonfermented plant proteins such as soybean meal, groundnut oil cake, rapeseed meal, and sunflower oil cake in
the diet of whiteleg shrimp. Results indicated higher apparent digestibility coefficient of fermented soybean
meal along with higher amino acid digestibility. These
results are in agreement with the findings of our study
where fermented soybean meal increased the growth
performance of whiteleg shrimp compared to sesame
meal, although we did not observe major differences between fermented and non-fermented soybean meal
groups. Another explanation for the higher growth performance of fermented soybean meal could be attributed
to the probiotic (Bacillus subtilis) compounds available
in this ingredient. In a similar study, fermented soybean
meal with B. subtilis increased the apparent digestibility
coefficient of crude protein in whiteleg shrimp (Van
Nguyen et al. 2018). Also, Seong et al. (2018) replaced
30% of fishmeal with B. subtilis-fermented soybean meal
in olive flounder (Paralichthysolivaceus) without adverse
effects on growth performance. Probiotics can benefit
shrimp by exclusion of pathogenic bacteria and production of some digestive enzyme that can facilitate the digestion process (Liu et al. 2009; Zokaeifar et al. 2012).
Although further studies regarding the effects of
probiotic-fermented plant proteins on growth performance of shrimp are required.
Shrimp are among the species that lack adaptive immunity and therefore their health condition depends
largely on non-specific immune responses (Sakai 1999;
Farzanfar 2006). Superoxidase dismutase (SOD) and
lysozyme are enzymes that neutralize radical oxygen species and breakdown cell walls of pathogenic organisms,
respectively (McCord and Fridovich 1969; Samarakoon
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et al. 2013). Our results for SOD activity showed higher
values for shrimp fed the fermented soybean meal (ST20
and ST40) compared to 40% replacement by both soybean meal (SB40) and sesame meal (SM40). These results
corresponded with serum lysozyme activity where 20%
of fermented soybean meal (ST20) was significantly
higher than 40% of soybean meal (SB40) and sesame
meal (SM40). These results are in agreement with previous findings that reported enhanced non-specific immune responses of fish fed fermented plant protein
sources (Azarm and Lee 2014). Also, Kim et al. (2010)
and Kader et al. (2012) demonstrated that fermented
plant ingredients increased the antioxidant activity in
olive flounder. These authors explained the mechanism
of actions by higher bioavailability and access to soy isoflavones through the fermentation process.

Conclusions
The results of present study demonstrate that soybean
meal, fermented soybean meal and sesame meal could
replace 40% of fishmeal based on growth performance
and lysozyme activity. But based on superoxide dismutase activity, soybean meal and sesame meal could replace up to 20% of fishmeal and fermented soybean meal
could replace up to 40% of fishmeal in juvenile whiteleg
shrimp Litopenaeus vannamei.
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Abstract
Background: The IGF system plays important roles in controlling growth, development, reproduction, and aging of
organisms.
Methods: To estimate maturation of the Pacific oyster Crassostrea gigas, we investigated the expression of insulinlike growth factor (IGF) system components and sex-specific genes. To determine the role of the IGF system in the
growth and spawning period of female and male oysters, we examined mRNA expression levels of the C. gigas
insulin receptor-related receptor (CIR), IGF binding protein complex acid labile subunit (IGFBP_ALS), and molluscan
insulin-related peptide (MIP), as well as those of vitellogenin (Vg) and receptor-type guanylate cyclase (Gyc76C) in
gonads of C. gigas collected between April and October, when sex can be determined visually in this species.
Results: We found that MIP, IGFBP_ALS, and CIR mRNA expression levels were dependent on sex and month and were
greater in males than in females. CIR and Vg mRNA expression levels were very similar among females, whereas IGF system
components and Gyc76C were very similarly expressed among males. The highest expression values were observed in
May, when oysters are mature; CIR and Vg mRNA expression levels were highest in females, and those of MIP, IGFBP_ALS,
CIR, and Gyc76C were highest in males. Interestingly, we observed a 1:1 proportion of females to males during this period.
Conclusion: Our results suggest that IGF system components, as well as Vg and Gyc76C, are associated with sexual
maturation in C. gigas.
Keywords: Pacific oyster, Gonad, IGF system, Vitellogenin, Gyc76C

Background
The IGF system, which plays important roles in controlling vertebrate growth and development, comprises three
components: ligands (IGF-I and -II), receptors (types I
and II), and IGF-binding proteins (IGFBPs) (Duan 1997).
The existence of traditional IGFs, IGF receptors, and
IGFBPs has not been positively demonstrated in invertebrates (Huang et al. 2015). However, several insulin-like
peptides (ILPs) have been discovered; these function in a
variety of biological processes including growth, metabolism, molting, and reproduction (Nagasawa et al. 1986;
Krieger et al. 2004; Wu and Brown 2006; Grönke et al.
2010; Marquez et al. 2011; Ventura et al. 2011; Chung
* Correspondence: unichoi@pknu.ac.kr
1
Department of Fisheries Biology, Pukyong National University, Busan 48513,
Republic of Korea
2
Department of Marine Bio-Materials and Aquaculture, Pukyong National
University, Busan 48513, Republic of Korea

2014; Huang et al. 2015). Insulin receptor homologs,
which exhibit structural and functional similarities to
IGF receptors, have also been widely reported (Brogiolo
et al. 2001; Nässel et al. 2015). In mollusks, growth and
associated metabolic processes are regulated under the
control of neural ganglia (Gricourt et al. 2003). Molluscan insulin-related peptides (MIPs) have been identified
in many gastropods and bivalves as functional substances in neural ganglion neurosecretory cells (Roovers
et al. 1995; Gricourt et al. 2003). In particular, MIPs
have a beneficial effect on soft body and shell growth
(Geraerts 1976, 1992; Gricourt et al. 2003). Geraerts
et al. (1992) reported the various functions of MIPs according to stimulus-dependent differential patterns of
MIP gene expression in the central nervous system. Recently, studies have been performed to examine the biological effects of various growth factors including

© The Author(s). 2020 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.

Moon and Choi Fisheries and Aquatic Sciences

(2020) 23:3

Crassostrea gigas insulin receptor-related receptor (CIR)
and IGFs in the mussel Mytilus galloprovincialis (Canesi
et al. 1997, 1999, 2001), the Pacific oyster C. gigas (Gricourt et al. 2003; Jouaux et al. 2012), and the Yesso scallop Patinopecten yessoensis (Feng et al. 2014). These
factors affect growth, maturation, and reproduction in a
manner dependent on seasonal environmental conditions. Jouaux et al. (2012) reported a balance between
growth and management of environmental stresses during reproduction and emphasized the involvement of insulin signaling in gametogenesis and reproduction in C.
gigas. Many studies have reported intraspecific variation
in growth and reproduction in a variety of invertebrates;
among these, C. gigas has been used as a bivalve assessment model (Macdonald & Thompson 1988; Bayne
1999; Choi et al. 2018).
C. gigas is an important aquaculture product that is
mainly produced off the southern coast of Korea.
However, the aquaculture production of oysters in
Korea declined from 321,276 tons in 2007 to 303,183
tons in 2018 (MOF 2020). There was a similar tendency in the worldwide aquaculture production (FAO
2020). Oyster value is dependent on condition; however, fishing environments are becoming increasingly
polluted due to high-density rearing, contaminated
runoff from the coast, and climate change. As a result
of physical activity by the parent oyster in such farming environments, oyster larval health is reduced,
resulting in mass destruction and repeated seedling
shortages. Oysters produced in coastal areas that have
become clearer and cleaner through nitrogen and
phosphorus regulation fail to gain weight due to a
lack of food suitable for shellfish. These phenomena
have unfavorable effects on oyster growth and
maturity.
In this study, to estimate maturation of C. gigas oysters, we investigated the expression of various IGF system components. To determine the role of the IGF
system in the growth and spawning of male and female
oysters, we determined CIR, IGFBP_ALS, and MIP
mRNA expression levels and those of sex-specific genes
such as vitellogenin in C. gigas gonads.

Methods
Sample preparation

We collected 30–40 C. gigas individuals every
month from April to October in 2017 (when gonads
can be discriminated visually) at an oyster farm in
Tongyeong, Gyeongsangnam-do, Korea (34° 51′
32.34″ N, 128° 12′ 23.44″ E). We measured shell
length (SL), shell height (SH), shell width (SW),
total wet weight (TW), and soft tissue weight
(STW) using a Vernier caliper (Mitutoyo, Kawasaki,
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Japan) and a digital balance (AJ Vibra, Shinko
Denshi, Japan). Male and female gonad pieces were
dissected, immediately frozen in liquid nitrogen, and
stored at – 75 °C until use.
Protein identification

We investigated protein expression in gonads using 8%
sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS–PAGE). Specific proteins were confirmed
using tandem mass spectrometry (MS/MS) and electrospray ionization quadrupole time-of-flight MS/MS (ESIQ-TOF MS/MS, ABI, USA) as previously described
(Choi et al. 2015). Proteins were identified via the National Center for Biotechnology Information (NCBI;
https://www.ncbi.nlm.nih.gov) and UniProt Knowledgebase (http://www.uniprot.org/uniprot) databases using
the MASCOT program (Matrixscience, London, UK).
cDNA synthesis and reverse-transcription polymerase
chain reaction (RT-PCR)

Male and female gonads were pulverized by adding 1 mL
Trans-Zol UP (TransGen Biotech, Beijing, China), and
total RNA was extracted using Trans-Zol UP according
to the manufacturer’s instructions. cDNA was synthesized from 2 μg total RNA using the PrimeScript firststrand 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, Otsu, Japan). Each primer set was designed
according to sequences of CIR (accession no. AJ
535669.1), IGFBP_ALS (XM_011417921.2), MIP (NM_
001308866.1),
Gyc76C
(XM_011452292.2),
Vg
(AB084783.1), and EF1α (AB122066.1) (Table 1). PCR
amplification was performed using C. gigas template
cDNA with the following parameters: 1 cycle at 95 °C for
5 min, 25 cycles at 95 °C for 30 s, 50 °C for 30 s, and
72 °C for 30 s, followed by 1 cycle at 72 °C for 5 min.
PCR products were analyzed by gel electrophoresis on
1% agarose gels. Densitometry was conducted using the
GeneTools v. 4.03 software (Syngene, Cambridge, UK).
Statistical analyses

Data are presented as means ± standard deviations. Significant differences among means were tested using oneway analysis of variance (ANOVA) in the SPSS v. 10.0
software environment (SPSS, Inc., Chicago, IL).

Results
Growth parameters

We collected 40 C. gigas individuals monthly from
April to October 2017, except in June. The ratio of
females to males differed each month, being about 1:1
in May and September and 2:1 in June and July (Fig.
1). One hermaphrodite was found in May and one in
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Table 1 Nucleotide sequences of primers used in reverse-transcription polymerase chain reaction (RT-PCR) analysis of adductor
muscles of the Pacific oyster Crassostrea gigas
Gene

Accession no.

Sequence (5′–3′)

Amplicon (bp)

CIR

AJ535669

(F)-TGAGGAGGGTGATGAGGATA
(R)-ATTGCACTGTAGGGATTGGA

375

IGFBP-ALS

XP_011442465.1

(F)-CTTGCCCTGAAAACCCTACA
(R)-GGGCAAGTAGCAGAATTTGG

500

MIP

XM_011417420.2

(F)-TAAATACAAGCGGTCGGGTG
(R)-AGATCCTTTCTTCTTGCGGC

214

Gyc76C

XM_011452292.2

(F)-ATGAATGCAGTGAATCGCTTGA
(R)-TGATACTGTGCAGCTCTTGG

274

Vg

AB084783.1

(F)-ATGCTGGAGATGAACCTTGAG
(R)-TGCTTCGTGGTGGATATCCT

273

EF1α

AB122066.1

(F)–CCACTGGCCATCTCATTTAC
(R)–TGTTGACACCAATGATGAGC

393

bp, base pairs; F, forward; R, reverse; CIR, C. gigas insulin receptor-related receptor; IGFBP-ALS, insulin-like growth factor binding protein complex acid labile
subunit; MIP, molluscan insulin-related peptide; Gyc76C, receptor-type guanylate cyclase; Vg, vitellogenin

June; the proportion of males was higher than that of
females in August (Fig. 1).
The ratios of STW to TW ranged from 0.07 to 0.29
(mean, 0.15 ± 0.04) and 0.08 to 0.34 (mean, 0.16 ± 0.04)
in females and males, respectively (Fig. 2a, c). The ratio
of SH to SL ranged from 1.35 to 3.58 (mean, 2.07 ± 0.37)
and from 1.02 to 3.36 (mean, 2.07 ± 0.36) in females and
males, respectively (Fig. 2b, d). The ratio of SW to SL
ranged from 0.07 to 0.29 (mean, 0.15 ± 0.04) and from

0.08 to 0.34 (mean, 0.16 ± 0.04) in females and males, respectively (Fig. 2b, d). Thus, growth rates of STW/TW,
SH/SL, and SW/SL were positive in both females and
males in this study (Fig. 2).
Protein identification

Protein expression differed between males and
females in this study. Proteins were identified as
vitellogenin-6 C-term fragments of 180 kDa and N-

Fig. 1 The ratio of females to males in the Pacific oyster Crassostrea gigas from April to October. NO, not observed
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Fig. 2 C. gigas growth during the collection period (April–October 2017). a Growth of soft tissue and total weight in female oysters. b Growth of
shell height and length in female oysters. c Growth of soft tissue and total weight in male oysters. d Growth of shell height and length in
male oysters

term
fragments
of
110 kDa
(accession
no.
tr|K1QNA2|K1QNA2_CRAGI,
https://www.uniprot.
org/uniprot/K1QNA2) in females and guanlylate cyclase (Gyc76C) protein of 96 kDa (accession no.
tr|K1QS46|K1QS46_CRAGI, https://www.uniprot.org/
uniprot/K1QS46) mixed with 143 kDa of uncharacterized protein in males (Fig. 3).
MIP, IGFBP_ALS, CIR, Vg, and Gyc76C expression analysis

Among components of the IGF system (MIP, IGFBP_
ALS, and CIR), mRNA expression was greater in males
than in females (Fig. 4a, b). CIR mRNA expression was
significantly higher in both females and males in May
and June and was 1.75–2.02 times higher in males than
in females (p < 0.05; Fig. 4a, b). MIP and IGFBP_ALS
mRNA expression levels were negligible in females except in September, whereas those of males were significantly higher in May and June, the maturation season (p
< 0.05; Fig. 4a, b). MIP, IGFBP_ALS, and CIR mRNA expression were relatively constant throughout the collection period (Fig. 4b) but decreased in spawning season
and then increased slowly after August in both females
and males (Fig. 4a, b).
Vg and receptor Gyc76C expression levels were examined based on their identification among male and female gonad proteins. Expression levels were high in May
and then decreased until August, as observed in IGF system component expression (Fig. 5a, b). Vg showed high

mRNA expression in September; however, the difference
between this and other months was not significant (p >
0.05; Fig. 5a).

Discussion
It is necessary that salinity, food resources, and water
flow for oyster growth (Williamson et al. 2015). The
growth difference depends on the oyster farm regions
affected by environmental factors such as water
temperature, salinity, dissolved oxygen, nutrients,
water flow and so on (Min et al. 2004). In the present
study, the growth difference was not found between
females and males within the same farm. In addition,
it was showed positive relationship among STW/TW,
SH/SL, and SW/SL.
The IGF system plays numerous roles in oyster growth
and development; its components have been detected as
150-kDa ternary complexes comprising one molecule
each of IGF, IGFBP-3/IGFBP-5, and an 85 kDa acid labile subunit (ALS) in circulation (Baxter 1994; Brogiolo
et al. 2001). ALS is a glycosylated protein that binds to
IGFBP-3:IGF and IGFBP-5:IGF binary complexes but
does not bind to IGFBP except in complex with IGF
(Brogiolo et al. 2001). The main function of ALS is to increase the half-life of IGFs in circulation (Forbes et al.
2012). The IGF insulin receptor (IGF-1R) and insulin
receptor-related receptor (IRR) form subclass II of the
receptor tyrosine kinase superfamily, sharing covalently
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Fig. 3. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS-PAGE) analysis of C. gigas gonads. M, protein marker;
“♀,”female oyster; “♂,”male oyster. Arrows on the female column
indicate vitellogenin-6 fragments. Arrow on the male column
indicates guanylate cyclase and mixed uncharacterized proteins

linked homodimers and several structural domains (Rentería et al. 2008). Invertebrates have only a single IRR,
which regulates growth and metabolism (Leevers 2001);
there is no clear evidence of the existence of traditional
IGFs, IGF receptors, or IGFBP1-6 in invertebrates
(Huang et al. 2015). However, several insulin-related
peptides (IRPs) have been identified based on biochemical purification or cDNA identification (Cherf-Feildel
et al. 2019). Various biological functions and members
of the insulin family observed in vertebrates are generally conserved in invertebrates. This functional conservation has been clearly demonstrated in Drosophila
melanogaster and Caenorhabditis elegans (Cherf-Feildel
et al. 2019). IRPs play key roles in controlling growth,
development, energy storage, stress resistance, response
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to diet restriction, lifespan, and fecundity in these species. Some research has also been conducted on the involvement of IRPs (molluscan IRP, MIPs) in controlling
growth, reproduction, and nutritional status in C. gigas
(Gricourt et al. 2003; Jouaux et al. 2012).
In the present study, expression levels of IGF-related
genes (MIP, CIR, and IGFBP-ALS) and sex-specific genes
(Vg and Gyc76C) were significantly higher in May, when
oysters have matured and are about to undergo spawning. The observed changes in gene expression levels may
therefore be used as indicators of annual growth, maturity, and spawning period in cultured C. gigas. The application of IGF system (MIP, IGFBP-ALS, and CIR)
expression as a growth indicator is an attractive alternative to physiological methods, which are prone to processing errors (Tran et al. 2007).
IGF system component mRNA expression is associated with changes in Vg and Gyc76C expression. Vg
is a major precursor of vitellins, which are egg yolk
proteins that provide energy reserves for embryonic
development in oviparous organisms (Matozzo et al.
2008). To date, six Vg genes (1 to 6) have been identified in the nematode Caenorhabditis elegans (Boag
et al. 2001), and a female-specific Vg-6 has been
identified in Haemonchus contortus (Hartman et al.
2001), Trichostrongylus vitrines (Nisbet and Gasser
2004), and Toxocara canis (Zhu et al. 2017). These
Vg genes play roles in reproduction and may be involved in adult biological processes (Zhu et al. 2017).
In the present study, we identified Vg-6 C-term and
N-term fragments in female gonads. Vg mRNA expression was highest during the maturation stage and
decreased thereafter. Our results are consistent with
those reported for the scallop Chlamys farreri (Qin
et al. 2012) and the Fujian oyster Crassostrea angulata (Ni et al. 2014). Ni et al. (2014) described the
stages of oyster ovarian development in detail as follows: (1) maturation stage, when ovaries accumulate
nutrients for oogenesis, and mRNA is abundant due
to active Vg gene expression to promote Vg protein
synthesis, yolk intake, and nutrient accumulation in
oocytes; (2) ripeness stage, when oocytes grow and
accumulate yolk, decreasing the demand for yolk protein and Vg gene expression; and (3) partially spent
stage, when ovaries stop developing and before new
oogonium inception so that Vg expression levels are
very low (Boutet et al. 2008; Zheng et al. 2012). Davis
et al. (2008) reported that endogenous in females and
exogenous Vg in 17β-estradiol (E2)-treated males
downregulate GH/IGF-1 axis support of vitellogenesis
in the liver. E2 induces the shift of energy away from
somatic growth by suppressing the haptic GH/IGF
axis and toward vitellogenesis by estrogen receptor αmediated upregulation of multiple Vg genes, which is
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Fig. 4 Molluscan insulin-related peptide (MIP), insulin-like growth factor binding protein complex acid labile subunit (IGFBP-ALS), and C. gigas
insulin receptor-related receptor (CIR) mRNA expression in C. gigas a females and b males

a potential endocrine mechanism contributing to sexual dimorphism (Davis et al. 2008).
Guanylate cyclase (Gyc) is a family of soluble receptor-type
enzymes that catalyze the conversion of GTP to cGMP in
both vertebrates and invertebrates (Patel et al. 2012). The expression of Gyc mRNA is involved in oogenesis, egg chamber development (Gigliotti et al. 1993; Ayoob et al. 2004),
retinal development (Patel et al. 2012), wing development
(Schleede and Blair 2015), and lumen formation (Myat and
Patel 2016) in Drosophyla and in embryonic and adult retinal
development in Oryzias latipes (Harumi et al. 2003). In the
present study, Gyc76C mRNA expression was high in males
during the maturation season, and its trends were similar to
those of the IGF system. Therefore, we cautiously suggest
that Gyc76C plays a sex-specific role in male oysters. IGF-1
inhibits adenylate cyclase and stimulates Gyc activity, thereby
lowering cyclic AMP concentrations and elevating cycle
GMP levels in a manner similar to the action of insulin

(Hadley 1988; Deeming 1991). Further studies focusing on
the association between the function of cleaved Vg genes
and the GH/IGF axis in ovaries and on Gyc and the IGF system in each developmental stage are necessary.

Conclusion
The expression of IGF system components including MIP,
IGFBP-ALS, and CIR was associated with sex and developmental stage in Pacific oyster gonads. CIR and Vg expression
levels were very similar among females, whereas those of
MIP, IGFBP_ALS, CIR, and Gyc7C were very similar among
males. The highest expression levels occurred in May, which
is the maturation season. CIR and Vg are female-specific
genes in Pacific oysters, whereas MIP, IGFBP-ALS, CIR, and
Gyc76C are male specific. The results of the present study
suggest that IGF system components, as well as Vg and
Gyc76C, are associated with sexual maturation in C. gigas.

Fig. 5 Vitellogenin (Vg) and receptor-type guanylate cyclase (Gyc76C) mRNA expression in C. gigas a females and b males
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Abstract
Growth of fish is controlled by various environmental factors, including water temperature (WT). WT is also a major
factor that affects the eating behavior of fish. In this study, we studied the relationship between WT and expression
profiles of factors involved in appetite regulation and digestion in red spotted grouper. Fish were divided into three
groups with 30 fish per group and reared for 2 weeks in a recirculating system at three different WT (natural WT,
20 °C, and 25 °C). After 2 weeks, they were sacrificed immediately after food intake (+ 0 h), 3 h after (+ 3 h), 6 h after
(+ 6 h), and 3 h before being fed the next day (− 3 h). Fish samples were obtained for analysis of mRNA expression
levels of cholecystokinin (CCK), leptin A (LepA), leptin B (LepB), and neuropeptide Y (NPY) in the brain, liver, and
intestine. Expression of CCK and NPY mRNA was significantly higher at 25 °C compared to that at natural WT and
20 °C, but no difference was observed for leptin. This suggests that the red spotted grouper shows characteristics
typical of subtropical fish and has higher levels of feeding and digestion when reared at 25 °C water temperature
condition.
Keywords: Red spotted grouper, Water temperature, Digestion, CCK, Leptin, NPY

Introduction
Various external environmental factors such as light,
water temperature (WT), and food act as major cues to
control the growth of fish and affect different physiological functions such as immune response, digestion,
stress, and sexual maturity. WT has the most significant
influence on the growth and feeding of fish, and optimal
WT for fish rearing is specific for individual species
(Jobling 1983; Pepin 1991; Burel et al. 1996). The digestive system breaks down food and supplies energy for
growth.
Neuropeptide Y (NPY), cholecystokinin (CCK), and
leptin are hormones produced by neuroendocrine and
digestive endocrine cells and are involved in intake regulation and feeding behavior of fish. NPY is a potent
stimulant for increased appetite in mammals and is
known to be important for appetite in fish. Expression
of NPY mRNA is upregulated in the hypothalamus when
* Correspondence: leemri@jejunu.ac.kr
1
Marine Science Institute, Jeju National University, 19-5, Hamdeok 5(o)-gill,
Jocheon, Jeju 63333, South Korea
Full list of author information is available at the end of the article

under conditions of food deprivation and is downregulated by re-feeding (De Pedro and Björnsson 2001;
Volkoff et al. 2005). Cholecystokinin (CCK) acts in the
hypothalamus where it confers satiety and in the gastrointestinal tract where it promotes secretion of pancreas
enzymes, peristalsis, and gallbladder contraction (Volkoff
et al. 2005; Dockray 2009).
Leptin is a regulator of long-term energy balance that
is mostly secreted by white adipose tissues in mammals
and suppresses food intake to induce weight loss (Klok
et al. 2007). Additionally, leptin is known to be involved
in lipid metabolism, hematopoiesis, reproduction, and
bone formation (Copeland et al. 2011). However, as fish
do not carry adipose tissue, it is mainly secreted by the
liver. In fish, leptin is involved in appetite regulation and
energy metabolism. Deprivation of food reduces leptin
secretion in Schizothorax prenanti and striped bass
(Morone saxatilis) (Won et al. 2012; Yuan et al. 2014).
However, food deprivation increases leptin level in orange spotted grouper (Epinephelus coioides) and fine
flounder (Paralichthys adspersus) (Fuentes et al. 2012;
Zhang et al. 2013) and has no effect on leptin levels in
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goldfish (Carassius auratus) (Tinoco et al. 2012). As
such, unlike mammals, leptin has species-specific roles
in regulation of appetite in fish.
The red spotted grouper (Epinephelus akaara) is a
semi-tropical fish that lives in southern China, Taiwan,
the East China Sea, Korea, and southern Japan. While
the red spotted grouper is of high commercial value in
Asia, its growth rate is relatively low compared to other
groupers. As such, it is necessary to examine the red
spotted grouper’s physiological characteristics and establish a rearing management system that enhances its
growth. Various studies have been published to address
this need (Han et al. 2014; Lee et al. 2014; Wang et al.
2016; Mun et al. 2019).
The aim of this study was to test the effect of WT on
the red spotted grouper’s digestive system and growth.
To address this aim, we investigated changes in expression of genes that regulate appetite and food intake
(NPY, CCK, LepA, and LepB) in red spotted grouper
reared at three different WT conditions.

Materials and methods
Animals

Red spotted grouper used for the experiment were juvenile fish (90.8 ± 5.1 g) that were reared at the Marine
Science Institute of Jeju National University. Fish were
fed twice a day with commercial pellet and were kept at
conditions with their natural photoperiod and WT until
the start of the experiment.
Fish were divided into three groups in tanks with 30
fish per group in a recirculating system that had the
thermostat set at natural WT (natural condition, NC,
15.3 ± 2.2 °C), 20 °C, and 25 °C. All fish in the experiment were reared under conditions with natural photoperiod (approximately 10L:14D) for 2 weeks. Feed was
provided once daily at 11:00 AM, and food intake was
calculated daily. After 2 weeks, fish were sampled to investigate changes in gene expression under different
satiety conditions and at different WT. They were sacrificed immediately after food intake (+ 0 h), 3 h after (+ 3
h), 6 h after (+ 6 h), and 3 h before being fed the next
day (− 3 h) (n = 6 per time point). The fish were anesthetized using 2-phenoxyethanol (Sigma-Aldrich, St. Louis,
MO, USA), and the brain with pituitary gland, liver, and
midgut samples were collected. Tissues that had been
collected were frozen at − 80 °C until total RNA extraction for analysis.
Tissue-specific expression of appetite-related genes

To investigate tissue specific expression of genes associated with appetite regulation (NPY, CCK, LepA, and
LepB), fish were anesthetized using 2-phenoxyethanol
and were dissected for different tissues. Collected tissues
include three areas of the brain (fore, mid, and hind),
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pituitary gland, eyes, kidney, liver, gonad, muscles, stomach, pyloric caeca, foregut, midgut, and hindgut. All dissected tissues were stored at − 80 °C until analysis. Total
RNA was isolated from each tissue sample, underwent
cDNA synthesis, and was analyzed by RT-PCR. The primer3 plus program with DNA sequences obtained from
the National Center for Biotechnology Information
(NCBI) was used to design primers that would produce
PCR products of size between 120 and 200 bp (Table 1).
Each PCR used 13 μl of 2× Premix EmeraldAmp GT
PCR Master Mix (Takara Bio, Otsu, Japan), 0.6 μl of 10
pM primers (forward and reverse), and 2 μl cDNA (50
ng/μl). The PCR thermocycler was programmed for 34
cycles of denaturation (45 s, 94 °C), annealing (45 s,
58 °C), and extension (1 min, 72 °C). PCR products were
analyzed by 2% agarose gel electrophoresis.
Total RNA extraction and cDNA synthesis

Total RNA was isolated from the brain, liver, and midgut tissues dissected from each experimental group.
Each tissue sample was mixed with 600 μl RiboExTM LS
(GeneAll, Korea) and was homogenized with a
homogenizer. 0.2 μl chloroform per 1 μl RiboExTM LS
was added and the sample was incubated at room
temperature for 5 min, before being centrifuged at 12,
000×g for 15 min. The sample was then mixed with
500 μl isopropanol in a fresh tube and was incubated at
room temperature. Total precipitated RNA was pelleted
by centrifugation at 12,000×g at 4 °C for 10 min. The
supernatant was discarding, and pelleted RNA was first
washed with 75% ethanol made to concentration with
diethyl pyrocarbonate (DEPC)-treated H2O and was
washed a second time with 95% ethanol. Ethanol was
then removed and the RNA pellet was resuspended in
DEPC-treated H2O. For quantitation and qualitative analysis of total RNA, a spectrophotometer (NanoVue) was
used to measure the optical density at 260 and 280 nm.
Samples with an A260 nm/A280 nm ratio of 1.7–2.1 were
selected for further analysis.
For cDNA synthesis, total RNA from the brain, liver,
and intestine tissues first underwent DNase treatment
with a RQ1 RNase-Free DNase Kit (Promega, Madison,
WI, USA). This was followed by cDNA synthesis using a
PrimeScript™ first strand cDNA synthesis Kit (Takara
Bio). In detail, DNase-treated RNA was mixed with 8 μl
RNase-free H2O, 1 μl random hexamers, and 1 μl dNTP
mixture, following which it was incubated at 65 °C for 5
min. Next, a total of 20 μl of reaction master mix containing 4 μl 5× PrimeCript Buffer, 0.5 μl RNase inhibitor,
10 μl PrimeCript RTase, and 4.5 μl RNase free dH2O was
added, and the mixture was incubated at 30 °C for 10
min, then 42 °C for 60 min, and finally at 95 °C for 5
min. Newly synthesized cDNA was diluted with RNase
free dH2O to a final volume of 50 μl.
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Table 1 Primer sequence for PCR
Gene
NPY

CCK

LepA

LepB
β-actin

Primer information
Primer

5′-3′ sequence

Product size (bp)

Accession number

NPY F

ACTCTTGGGTTCCTGCTGTG

175

LC260519

NPY R

TGGACCTCTTCCCATACCTCT

CCK F

GACACCCACACCCTAGGAGA

186

LC260518

CCK R

TCCGTTGACTCTGCTGTTTG

LepA F

TTGTGGTGCCACTGACTCT

224

LC260520

LepA R

CCGTCAGAGACGAGATGTCA

LepB F

GGGTGCTCAAGTCTTCCAAC

207

LC260521

218

HQ007251

LepB R

GCTCTGCAGTTCATTGTCCA

B-actin F

GAGCGTGGCTACTCCTTCAC

B-actin R

AGGAAGGAAGGCTGGAAGAG

NPY neuropeptide Y, CCK cholecystokinin, LepA leptin-a, LepB leptin-b

Real-time quantitative PCR

Expression of each gene was analyzed by quantitative
real-time PCR. An EvaGreen 2× qPCR MasterMix-Rox
Kit (Applied Biological Materials Inc., BC, Canada) and
BioRad CFX96™ Touch™ Real-Time PCR (Bio–Rad,
Hercules, CA, USA) was used. The primers used were
the same as those previously used to measure tissue
specific gene expression. A total 10 μl volume of PCR
volume composed of 2 μl cDNA (50 ng/μl), 5 μl EvaGreen 2× qPCR MasterMix, 0.4 μl forward primer (10
pM), 0.4 μl reverse primer (10 pM), and 2.2 μl RNase
free H2O was made up. RT-PCR conditions included 40
cycles of denaturation (45 s, 94 °C ), annealing (45 s,
58 °C), and extension (1 min, 72 °C). Expression of βactin was used as an internal control for relative quantification with two replicates for each reaction.
Statistical analysis

All data in this study are represented as mean ± SEM.
Statistical differences between different groups were analyzed with one-way analysis of variance (ANOVA)
followed by a Duncan’s multiple range test using Statistics 21.0 for Windows (SPSS Inc.) (Duncan 1955). The
level of significance was set at P < 0.05.

the brain, liver, gonads, and muscle. In contrast, Leptinb (LepB) mRNA was expressed in the brain, eyes, liver,
muscle, pyloric caeca, and foregut.
Expression changes of appetite-related genes in the brain

We studied changes in mRNA expression of appetiterelated genes (NPY, CCK, LepA, and LepB) in the brain,
liver and intestine according to feeding regime and water
temperature conditions in red spotted grouper are collectively shown in Table 2 and Figs. 3, 4 and 5.
In the results of appetite-related genes expression according to feeding regime (Table 2), NPY mRNA was
most highly expressed in the brain at 3 h before feeding
in NC and 25 °C. And CCK mRNA expression only increased after feeding in fish reared at 20 °C and 25 °C.
However, there were differences in the amount of time
taken for CCK mRNA expression to increase, with increases observed 3 h after feeding for fish reared at 20 °C
and 6 h after feeding for fish reared at 25 °C. Increased
expression of LepA mRNA was only observed after

Results
Amount of food intake

The results revealed that the average daily food intake
was significantly higher in the group reared at 25 °C than
in the groups reared at 20 °C and NC (Fig. 1).
Tissue-specific gene expression

We investigated the expression of appetite-related genes
in various tissues of red spotted grouper using RT-PCR
(Fig. 2). NPY and CCK mRNA was expressed in all tissues. mRNA expression of Leptin-a (LepA) was found in

Fig. 1 The average daily feed intake of NC (natural condition), 15 °C
and 25 °C water temperature treatment group for 2 weeks.
*significance level: *P < <0.05; **P < <0.01 (ANOVA)
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Fig. 2 Tissue distribution of red spotted groper appetite-related genes. RT-PCR analysis of NPY, CCK, LepA, and LepB in different tissues as shown
in a 2% agarose electrophoresis gel with ethidium bromide and 100 bp molecular marker. NC, negative control; FB, forebrain; MB, midbrain; HB,
hindbrain; Pt, pituitary; Re, retina; Ki, kidney; Li, liver; Go, gonad; Mu, muscle; St, stomach; Py, pyloric ceca; Fi, fore-intestine; Mi, mid-intestine;
Hi, hind-intestine

feeding in fish reared at 20 °C. There was also no significant difference in expression of LepB mRNA in fish
reared at different temperatures for all time points.
In the results of appetite-related genes expression according to water temperature difference, NPY mRNA was
also significantly more highly expressed at 25 °C compared
to other WT for all time points (Fig. 3a–d). When levels of

expression of CCK mRNA was compared between experimental groups, like NPY, expression was significantly
higher in fish reared at 25 °C for all time points (Fig. 3e–h).
Increased expression of LepA mRNA was only observed 3
h after feeding in fish reared at NC (Fig. 3j). There was no
significant difference in expression of LepB mRNA in fish
reared at different temperatures (Fig. 3m–p).

Table 2 Digestive related genes (NPY, CCK, LepA, and LepB) expression in the brain, liver, and intestine according to the feeding
regime
Tissue

Gene

Water
temperature

Gene expression
+0h

+3h

+6h

−3h

Brain

NPY

NC

1.8 ± 0.4

2.9 ± 0.4

1.7 ± 0.3

4.1 ± 0.3*

20 °C

3.8 ± 1.8

1.2 ± 0.2

2.0 ± 0.5

3.2 ± 1.3

CCK

LepA

LepB

Liver

LepA

LepB

Intestine

CCK

25 °C

7.2 ± 1.6

13.3 ± 3.9

4.7 ± 1.1

28.6 ± 8.7*

NC

0.6 ± 0.1

0.4 ± 0.0

0.4 ± 0.1

0.4 ± 0.1

20 °C

0.3 ± 0.1

0.5 ± 0.0*

0.4 ± 0.1

0.3 ± 0.0

25 °C

0.9 ± 0.2

0.7 ± 0.2

4.1 ± 0.7*

10.3 ± 1.5**

NC

5.3 ± 1.6

5.8 ± 1.3

2.4 ± 0.5

3.4 ± 0.5

20 °C

1.5 ± 0.9

2.3 ± 0.6*

1.6 ± 0.4

1.9 ± 0.6

25 °C

0.8 ± 0.1

3.3 ± 0.9

2.0 ± 1.0

5.7 ± 2.1

NC

2.0 ± 0.7

1.5 ± 0.3

0.8 ± 0.1

0.8 ± 0.3

20 °C

1.6 ± 0.4

1.3 ± 0.3

0.8 ± 0.2

0.9 ± 0.3

25 °C

1.5 ± 0.5

1.4 ± 0.1

1.0 ± 0.2

1.3 ± 0.3

NC

0.9 ± 0.3

0.5 ± 0.1

0.5 ± 0.1

1.0 ± 0.3

20 °C

0.3 ± 0.1

0.3 ± 0.1

0.8 ± 0.2*

0.3 ± 0.0

25 °C

0.3 ± 0.1

0.4 ± 0.1

0.3 ± 0.0

0.8 ± 0.4

NC

0.6 ± 0.2

1.9 ± 0.5

0.6 ± 0.2

0.4 ± 0.1*

20 °C

0.8 ± 0.2*

0.3 ± 0.1

0.2 ± 0.0

0.3 ± 0.1

25 °C

0.6 ± 0.1

1.5 ± 0.5

1.4 ± 0.5

2.4 ± 0.4

NC

6.2 ± 1.3

4.0 ± 1.8

3.5 ± 1.4

3.0 ± 1.2

20 °C

0.9 ± 0.2

1.1 ± 0.4

2.2 ± 0.9

1.1 ± 0.4

25 °C

46.7 ± 15.3

39.7 ± 11.1

42.2 ± 9.5

39.5 ± 13.5

NPY neuropeptide Y, CCK cholecystokinin, LepA leptin-a, LepB leptin-b, NC natural condition, +0 h immediate time point after food intake, +3 h 3 hours after
feeding, +6 h 6 hours after feeding, − 3 h 3 hours before feeding. All values represent the mean ± SEM: *P < 0.05; **P < 0.01
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Fig. 3 Expression changes of NPY (a–d), CCK (e–h), LepA (i–l), and LepB (m–p) mRNA according to the water temperature in the brain. NC,
natural condition; + 0, immediate time point after food intake; + 3, 3 hours after feeding; + 6, 6 hours after feeding; − 3, 3 hours before feeding. All
values represent the mean ± S.E.M. (n = 6). *significance level: *P < 0.05; **P < 0.01

Expression changes of LepA and LepB mRNA in the liver

In the results of appetite-related genes expression according to feeding regime (Table 2), a significant increase in mRNA expression of LepA in the liver was
only observed 6 h after feeding in fish reared at 20 °C.

However, no significant difference in expression of LepB
mRNA reared at different temperatures for all time
points.
In the results of appetite-related genes expression according to water temperature difference, a significant

Fig. 4 Expression changes of LepA (a–d) and LepB (e–h) mRNA according to the water temperature in the liver. NC, natural condition; + 0,
immediate time point after food intake; + 3, 3 hours after feeding; + 6, 6 hours after feeding; − 3, 3 hours before feeding. All values represent the
mean ± S.E.M. (n = 6). *significance level: *P < 0.05; **P < 0.01
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Fig. 5 Expression changes of CCK mRNA according to the water temperature in intestine. NC, natural condition; + 0, immediate time point after
food intake (a); + 3, 3 hours after feeding (b); + 6, 6 hours after feeding (c); − 3, 3 hours before feeding (d). All values represent the mean ± SEM.
(n = 6). *significance level: **P < 0.01

expression in mRNA expression of LepA was observed
at immediate time after food intake in reared at N.C and
6 h after feeding for fish reared at 20 °C (Fig. 4a, c).
However, only significant difference of LepB mRNA expression was observed at the − 3 h time point for fish
reared at 25 °C compared to fish reared at 20 °C and NC
(Fig. 4e–h).
Expression changes of CCK mRNA in the intestine

When expression of CCK mRNA in the midgut was examined, we found that there were no significant differences in expression over time in fish reared at all three
temperatures (Table 2). However, while there was no
significant difference in expression over time in fish
reared at 25 °C, this group had significantly higher expression of CCK mRNA at all time points relative to fish
reared at 20 °C and NC (Fig. 5).

Discussion
As fish are poikilothermic animals, their rate of metabolism is influenced by ambient WT. WT is also a major
environmental factor that regulates food intake and digestion (Cyrino et al. 2008). As such, many fish have a
specific range of WT that is optimal for their survival.
Studies on the effect of WT on feeding activity have
been conducted for some other species of fish. Rainbow
trout (Oncorhynchus mykiss) had a higher intake of food
when WT was increased between the range of 6–15 °C
(Azevedo et al. 1998), and when reared between a range

of 6–18 °C, Atlantic salmon (Salmo salar) had the highest intake of food at 14 °C, with a decrease in intake observed at 18 °C (Handeland et al. 2008). Additionally,
grass carp (Ctenopharyngodon idellus) had a higher food
intake amount as WT was increased within the range of
12.8–29.4 °C (Kilambi and Robison 1979). As such, we
sought to investigate the effects of WT on food intake in
red spotted grouper.
Expression of appetite-related genes in different tissues
was studied using RT-PCR. Expression of NPY, CCK,
LepA, and LepB mRNA was measured in different tissues. All four genes showed different expression patterns. We found that NPY mRNA is highly expressed in
all tissues and that this expression pattern is similar to
that of Brazilian flounders (Paralichthys brasiliensis)
(Campos et al. 2010). Blunt snout bream (Megalobrama
amblycephala) only highly expresses NPY in the brain
and the pituitary gland, with either no or low expression
observed in other tissues (Ji et al. 2015). Winter skate
expresses NPY in all tissues, with a relatively high level
of expression in the brain (MacDonald and Volkoff
2009). Atlantic cod expresses NPY at higher levels in the
endbrain and the kidney (Kehoe and Volkoff 2007). This
indicates that expression patterns of NPY mRNA in different tissues are species-specific.
In the red spotted grouper, we observed expression of
CCK mRNA in most tissues. Another group also reported that CCK mRNA is expressed in most of tissues,
including the brain of dourado (Salminus brasiliensis)
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(Volkoff et al. 2016). A particularly high level of expression of CCK mRNA was also detected in the brain and
intestine of Schizothorax prenanti (Yuan et al. 2014).
Expression of LepA mRNA was found to be higher in
the brain, the pituitary gland, the liver, and the gonads.
However, expression of LepB mRNA was only observed
to be higher in the brain and the liver. Leptin is also specifically highly expressed in the liver of Schizothorax prenanti (Yuan et al. 2014). For the orange spotted grouper,
LepA mRNA was highly expressed in the cerebellum
and liver, and LepB mRNA was highly expressed in the
brain and ovary (Zhang et al. 2013).
The aim of this study was to investigate the effect of
WT on expression of appetite-regulating factors in red
spotted grouper. NPY is known to be an appetiteinducing factor and plays a role in stimulating eating behavior in fish (Volkoff 2006). In this study, we found that
all experimental groups showed higher expression of
NPY mRNA at 3 h before daily feeding time. Similar patterns have been described in the other fish, with increased NPY mRNA expression prior to feeding and
decreased expression after feeding (Vera et al. 2007; Ji
et al. 2015). However, we also found that fish reared at
an ambient WT of 25 °C had significantly higher expression of NPY mRNA at all time points compared to fish
reared at 20 °C or NC. This suggested that a higher WT
may stimulate increased appetite in the red spotted
grouper by increasing NPY mRNA expression.
It is known that expression of CCK in the brain suppresses appetite and that expression of CCK increases
after feeding. Increased levels of CCK mRNA have also
been reported in other fish after feeding (Volkoff 2006).
However, some species, including cavefish, showed no
changes in CCK expression before and after feeding
(Wall and Volkoff 2013). In our study, after feeding,
there was increased expression of CCK mRNA in the
brain for fish reared at a WT of 20 °C and 25 °C. For fish
reared at 20 °C, levels of CCK mRNA expression peaked
at + 3 h post-feeding. Levels of CCK mRNA expression
started to increase from + 3 h in fish reared at 25 °C and
continued to increase until the 3 h prior to feeding on
the next day. This suggests that increased food intake in
fish reared at 25 °C WT may have increased the amount
of time required for digestion, and thus expression of
CCK mRNA continued to increase into the next day.
However, further study is necessary to determine the
reason why expression of CCK continued to increase.
When expression of CCK mRNA in the brain was compared between fish reared at different WT, the group
reared at 25 °C had significantly higher levels of expression at all time points. However, as expression levels of
CCK mRNA were markedly lower than that of NPY, we
were unable to conclude that there was an effect of appetite suppression at 25 °C. We also observed similar
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expression patterns for CCK mRNA in the midgut. The
midgut of fish reared at 25 °C expressed significantly
higher levels of CCK mRNA at all time points compared
to the midgut of fish reared at 20 °C and NC. However,
no significant differences were observed in midgut
expression of CCK within each WT group between
different time points. As such, we concluded that high
expression of CCK mRNA at 25 °C could be attributed
to increased digestive processes (such as gastric emptying, promoting secretion of digestive enzymes, and
gallbladder contraction), rather than suppression of
appetite (Hidalgo et al. 2002; Murashita et al. 2008;
Furutani et al. 2013).
While leptin plays an important role in appetite suppression in mammals (Ahima and Flier 2000), it is
known to play different, species-specific roles in fish. In
general, fish express two paralogous genes for leptin,
LepA and LepB (Jaillon et al. 2004; Volff 2005). Red
spotted grouper expresses LepA and LepB, and while orange spotted grouper also carries the same genes, it is
mainly LepA that is functional in this species (Zhang
et al. 2013). In the brain, expression of LepA mRNA
only increased after feeding in fish reared at 25 °C, and
there were no significant differences observed in fish
reared at different WT over time. Expression of LepA
mRNA also increased in the liver after feeding in fish
reared at 20 °C and 25 °C. This suggested that the expression of LepA in red spotted grouper is functionally
related to appetite suppression. The orange spotted
grouper also showed a similar increase in expression of
LepA at 9 h after feeding (Zhang et al. 2013). However,
there was no difference observed either over time or between fish reared at different WT for expression of LepB
mRNA in the brain. In contrast, there were different expression patterns over time observed in the liver regardless of WT, but no significant difference observed at
single time points between fish reared at different WT.
As such, we concluded that in the red spotted grouper,
expression of LepA, rather than LepB, is the main regulator of appetite.
Rearing red spotted grouper at a WT of 25 °C increased food intake, and this is in part mediated by increased expression of NPY mRNA and a subsequent
increase in expression of CCK mRNA, a protein that has
roles in digestion. This study suggests that rearing red
spotted grouper at 25 °C may induce increased expression of appetite stimulation factors. We also believe that
more detailed study is required to elucidate the mechanisms through which WT act to influence appetite.

Conclusions
We investigated the variations of NPY, CCK, and LepA
and LepB mRNA expression according to the water
temperature conditions in red spotted grouper to

Jeon et al. Fisheries and Aquatic Sciences

(2020) 23:4

explore the effect of water temperature on the expression of appetite-related factors. Our experiment showed
that CCK and NPY mRNA expression increased in 25 °C
group, but no difference was found in Lep mRNA expression. Our findings are thought to be that in red
spotted grouper, the water temperature of 25 °C is an
environmental condition that can promote feeding and
digestion of fish.
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Abstract
Background: Halophyte plant (HPs), a salt-resistant flora, has been reported to provide several health benefits, but
the knowledge of its cosmeceutical potential is still ambiguous. Here, 70% ethanol extracts of 22 HPs collected from
along the coast of South Korea were investigated for their potentials of antioxidant, anti-aging, and whitening
properties for use as materials in novel cosmeceuticals.
Methods: Antioxidant activities were determined by DPPH (1,1-diphenyl-2-pricrylhydrazyl) free radical and
hydrogen peroxide scavenging assays, and skin aging-related enzyme activities (anti-elastase, anti-collagenase, antihyaluronidase, and anti-tyrosinase) were evaluated by using the spectrophotometric method.
Results: Among the 22 HPs, we found that Ischaemum antephoroides f. coreana and Atriplex gmelinii extracts
presented the strongest scavenging effects against DPPH free radical and hydrogen peroxide, respectively. Our
finding additionally suggested that Salicornia europaea extract might provide a major source of anti-elastase and
anti-hyaluronidase; meanwhile, Rosa rugosa extract showed the highest anti-collagenase effect. Furthermore, the
highest tyrosinase inhibitory activity was possessed by Spartina anglica extract.
Conclusion: These findings may suggest that halophyte plants showing biological activities may be potent
inhibitors of tyrosinase, elastase, collagenase, and hyaluronidase and could be useful for application in
cosmeceuticals.
Keywords: Halophyte plants, Antioxidant, Skin aging-related enzyme activities, Cosmeceuticals

Introduction
Skin is the most visible part in the human body which
plays an essential role as a barrier protecting an internal
organ against physical, chemical, and biological detractors (Kendall and Nicolaou 2013). In recent decades, an
awareness of the aging skin has become one of the most
highlighting issues for scientists, and the number of skin
aging studies are continually increasing. Skin aging can
be identified into intrinsic and extrinsic aging processes;
intrinsic aging is an inevitable process or natural aging
* Correspondence: seunghong0815@gmail.com
1
Department of Pharmaceutical Engineering, Soonchunhyang University,
Asan 31538, Republic of Korea
Full list of author information is available at the end of the article

undergone by the passage of time (Thring et al. 2009),
whereas extrinsic aging is an event resulting from the
exposure to external factors, predominantly by ultraviolet (UV) radiation known as photoaging (Yang et al.
2016). Solar radiation, or UV radiation, is the major
stimulator that accelerates the overproduction of reactive oxygen species (ROS) which leads the endogenous
oxidative stress in the epidermis (Kim et al. 2016). Moreover, the excess oxidative stress is so harmful that it induces unhealthy and aging skin contributing as wrinkle,
roughness, dryness, elasticity loss, and uneven pigmentation due to the degradation of extracellular matrix
(ECM) (Horng et al. 2017). In addition, the exalted levels
of ROS can cause not only the senescence and damage
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of biological functions such as lipid membrane peroxidation, DNA deterioration, cell death but also human’s disease, namely, cancer, stroke, Parkinson’s disease, heart
disease, arteriosclerosis, infection, and autoimmune disease (Popoola et al. 2015). It has been carried out that
an antioxidant provided a great potential to defend ROS
and deplete the oxidative stress, thus, a compound with
the strong antioxidant activity additionally facilitates the
skin protecting against the oxidative damages along with
delaying the skin aging process (Chanda et al. 2015;
Palmer and Kitchin 2010).
ECM, the outermost part of the skin, consists of fibroblasts and proteins including collagen and elastin (Fulop
et al. 2012; Ndlovu et al. 2013). Collagen is the most abundant protein structure in the human dermis layer providing the tensile strength of the skin; meanwhile, elastin, a
fiber network located in the connective tissue, is responsible for the elastic recoil property. Indeed, collagen and
elastin are necessary to the skin which play major role for
the plumpness, flexibility, integrity, and elasticity keeping
skin youthful and healthy (Horng et al. 2017; Siedle et al.
2002; Thring et al. 2009; Varani et al. 1998). However, the
accumulated ROS after skin exposure to photoaging
stressors can indirectly activate dermal enzymes such as
collagenase and elastase which basically break down and
degrade collagen as well as elastin, respectively (Chatatikun and Chiabchalard 2017; Popoola et al. 2015; Sahasrabudhe and Deodhar 2010). Thereby, the synthesis of
elastase and collagenase promotes premature skin aging
as evidenced by signs such as wrinkles, freckles, sallowness, deep furrows or severe atrophy, laxity, and leathery
appearance (Ding et al. 2018; Peres et al. 2011).
Hyaluronic acid or hyaluronan (HA), a glucose-based
polymer, can be commonly found in tissues and fluids of
the body, but it is most bountiful in the dermal compartment of skin and the epidermal layer. HA mainly promotes skin rejuvenation, contains moisture, increases
viscosity, and reduces the permeability of extracellular
fluid (Leach et al. 2003). Owing to the excellence of waterholding capability, the HA-rich area contributes emollience, smoothness, and youngness together with wrinkle
diminution of the skin (Jegasothy et al. 2014). Unfortunately, HA is naturally decreased during the aging process,
whereas hyaluronidase is synthesized. Hyaluronidase is an
HA-destructive enzyme which leads to loss of strength,
flexibility and moisture, and subsequently, skin aging
(Ndlovu et al. 2013). Accordingly, one of the anti-wrinkle
approaches is to prolong skin moisture by preserving HA
contents underneath the skin.
Melanin, the black or brown pigment, is a major component of the skin, hair, and eye color which is synthesized by melanogenesis, a mechanism of the melanocyte.
Melanin pigmentation mainly enhances the skin’s protective barrier against various environmental factors especially
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the UV radiation and hormonal factors, like the cytokines
(Asanka et al. 2018; Chatatikun et al. 2019; Tu and Tawata
2015). However, uncontrolled and overproduction of melanin may cause skin disorders, including freckles, melasma, age spots, senile lentigines, and post-inflammatory
hyperpigmentation leading to flaw and premature aging
appearance. Tyrosinase is a melanogenic enzyme that
plays a crucial role as a rate-limiting step during melanin
pigmentation (Chatatikun et al. 2019). Therefore, the
downregulation or inhibition of tyrosinase activity is a
common approach that is recommended to deal with disorder pigmentation and used as a whitening agent in aesthetic purpose (Kang et al. 2018).
Since the lesser adverse reactions were mentioned by a
natural product, the use of natural cosmetic ingredient including botanic plants has received attention and become
target for investigation (Liyanaarachchi et al. 2018). Halophyte is a saline-tolerant plant that can grow under the extreme environment; the recent data mentioned that it
might provide a good biological potential for human health
due to its great resistance surviving in stressful conditions
(oxidative stress, UV radiation, salinity, and extreme
temperature; Jdey et al. 2017). Moreover, several investigations have been carried out, its health benefits used as folk
drug such as antioxidant, anti-inflammatory, antinociceptive, anti-cancer, and antimicrobial properties (Dudonné
et al. 2011; Küpeli et al. 2006; Meot-Duros et al. 2008).
However, there have rarely been many previous reports of
HP application in terms of cosmetic material. Here, biological activities on skin health of 22 halophytic plants located from South Korea were challenged by screening their
antioxidant activity and anti-elastase, anti-collagenase, antihyaluronidase, and anti-tyrosinase effects as candidates for
cosmeceutical applications.

Materials and methods
Chemicals and reagents

1,1-Diphenyl-2-pricrylhydrazyl (DPPH), peroxidase, 2,2azino-bis(3-ethylbenzthiazoline)-6-sulfonic acid (ABTS),
peroxidase from horseradish, tyrosinase from mushroom, Ltyrosine, collagenase from Clostridium histolyticum, Azo
dye-impregnated collagen, N-succinyl-Ala-Ala-Ala-p-nitroanilide (AAAPN), elastase from porcine pancreas, 4(dimethylamino)benzaldehyde (DMAB), potassium tetraborate tetra-hydrate (K2B4O7·4H2O), phosphate buffered saline
(PBS) were purchased from Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA). All chemicals and reagents used in
this experiment were analytical grade.
Sample preparation

Seventy percent ethanol extract of 22 HPs used in the
present study were kindly provided by the National Marine Biodiversity Institute of Korea (MABIK) as shown in
Table 1.
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DPPH free radical scavenging activity

Collagenase inhibitory assay

The DPPH scavenging activity was performed as described by Nanjo et al. (1996). Briefly, DPPH reagent
was dissolved in methanol for a solution concentration
of 1.5 × 10-4 M. One hundred microliters of DPPH reagent was mixed with 100 μl sample in 96-well plates.
After incubation at room temperature for 30 min, the
absorbance was measured 517 nm using a microplate
reader (Sunrise TW, Tecan Trading AG, Männedorf,
Switzerland).

Collagenase inhibitory activity was evaluated based on
the method described by Wang et al. (2018) with some
modifications. A fixed weight of 1 mg of Azo dyeimpregnated collagen was measured in the test tubes
and then the homogenization was proceeded after the
addition of an 800 μl of 0.1 M Tris-HCl (pH 7) and a
100 μl of sample into each of test tubes. A 100 μl collagenase (200 units/ml) was immediately mixed into the
mixture and incubated at 43 °C for 1 h. Afterward, the
test tubes were centrifuged at 3000 rpm for 10 min. The
supernatant section of each test tube was transferred
into 96-well plates and the absorbance of each supernatant was measured at 550 nm (Sunrise TW, Tecan
Trading AG, Männedorf, Switzerland).

Hydrogen peroxide scavenging activity

Hydrogen peroxide scavenging activity was examined according to Müller (1985) with slight modification. A
100 μl of 0.1 M PBS buffer (pH 5) was added into a 96well plate. Each 20 μl of sample and 20 mM hydrogen
peroxide (H2O2) were added to mix with the buffer, and
then incubate 37 °C for 5 min. After the incubation, a
30 μl of 1.25 mM ABTS and peroxidase (1 unit/ml) were
added to the mixture and then incubated at 37 °C for 10
min. The absorbance was read with a microplate reader
at 405 nm (Sunrise TW, Tecan Trading AG, Männedorf,
Switzerland).

Table 1 Scientific name of HPs used in this study
Halophyte plants

Scientific name (Korean name)

HP. 1

Salsola komarovii (수송나물)

HP. 2

Salicornia europaea (퉁퉁마디)

HP. 3

Sonchus brachyotus (사데풀)

HP. 4

Triglochin maritimum (지채)

HP. 5

Suaeda japonica (칠면초)

HP. 6

Argusia sibirica (모래지치)

HP. 7

Artemisia scoparia (비쑥)

HP. 8

Vitex rotundifolia (순비기나무)

HP. 9

Spartina anglica (갯끈풀)

HP. 10

Artemisia princeps (쑥)

HP. 11

Elymus mollis (갯그령)

HP. 12

Calystegia soldanella (갯메꽃)

HP. 13

Rosa rugosa (해당화)

HP. 14

Asparagus oligoclonos (방울비짜루)

HP. 15

Glehnia littoralis (갯방풍)

HP. 16

Suaeda maritima (해홍나물)

HP. 17

Suaeda glauca (나문재)

HP. 18

Spergularia marina (갯개미자리)

HP. 19

Chenopodium glaucum (취명아주)

HP. 20

Atriplex gmelinii (가는갯능쟁이)

HP. 21

Peucedanum japonicum (갯기름나무)

HP. 22

Ischaemum antephoroides f. coreana (갯쇠보리)

Elastase inhibitory effect assay

Elastase inhibition was determined by measuring the intensity of the solution color assayed using the method of
Tu and Tawata (2015) with slight modifications. The mixture of AAAPVN elastase substrate in 0.1232 M Tris-HCl
buffer solution (pH 8) was prepared to obtain a concentration of 1.015 mM. The elastase substrate was mixed with
the 10 μl of sample in the 96-well plates, and preincubated
at 25 °C for 10 min. After the preincubation, the reaction
was initiated by adding 10 μl of elastase from porcine pancreas (7.5 units/ml) in Tris solution buffer to the preincubated mixtures. Finally, the absorbance was measured at
410 nm using a microplate reader (Sunrise TW, Tecan
Trading AG, Männedorf, Switzerland).
Hyaluronidase inhibitory assay

Hyaluronidase inhibitory effect was evaluated as the
method described by Sahasrabudhe and Deodhar (2010)
with few modifications. A 0.1 M of acetate buffer at pH 3.6
was prepared and used as the buffer solution in this assay.
Firstly, each 10 μl of 8 mg/ml hyaluronidase in buffer solution and sample were mixed in the test tube, and incubate
at 37 °C for 20 min. A 20 μl of 12.5 mM calcium chloride
was, then, treated to the mixture, and incubated again at
37 °C for 20 min. After the incubation, the activated Ca2+
mixture was treated with a 50 μl of 2.4 μg/ml hyaluronic
acid in buffer and incubated at 37 °C for 40 min. Next, the
mixture reaction developed the color by adding 2 μl of 0.4
N sodium hydroxide (NaOH) and 20 μl of 0.4 N potassium
tetraborate tetra-hydrate and then incubated in the water
bath at 100 °C for 3 min. The DMAB solution containing
0.4 g of DMAB dissolved in 35 ml of 100% acetic acid and
5 ml of 10 N hydrochloric acid (HCl) were prepared.
Lastly, 600 μl of DMAB was added into the mixture solution after cooling to room temperature and incubated at
37 °C for 20 min. The absorbance was measured at a
wavelength of 585 nm (Sunrise TW, Tecan Trading AG,
Männedorf, Switzerland).
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Tyrosinase inhibitory assay

Tyrosinase inhibitory effect of mushroom tyrosinase
assay was determined as the previous reported by No
et al. (1999). In brief, the mixture solution contained
the following reagents: 110 μl of 0.1 M sodium phosphate buffer (pH 6.8), 10 μl of sample, 10 μl of tyrosinase in phosphate buffer (1500 units/ml), and 20 μl
of 1.5 mM L-tyrosinase were added into the 96-well
plates. The reaction mixtures were incubated at 37 °C
for 12 min and the reaction was stopped afterward by
incubating on ice for 1 min. The microplate reader at
490 nm was used to measure the absorbance of the
mixture.

Results
Antioxidant capacities of HPs extracts

In this study, there are two antioxidant methods to assess
antioxidant activities which are DPPH free radical and
hydrogen peroxide scavenging assays. As depicted in
Table 2, the antioxidant activities were performed and diluted to achieve the final concentration at 0.1 mg/ml for
both assays. All 22 HP extracts were possessed antioxidant
activities to a varying degree ranging from 11.39 ± 5.99%
to 93.32 ± 0.46% and 3.95 ± 2.65% to 79.28 ± 1.40% of
DPPH free radical and hydrogen peroxide assays, respectively. Among 22 HPs extracts, I. coreana extract exhibited
the highest DPPH free radical scavenging effect (93.32 ±
0.46%) whereas of which 51.14 ± 3.86% hydrogen peroxide
scavenging activity was observed. Furthermore, the next
strongest antioxidant capacities (> 80%) expressed by
DPPH free radical assay were 82.22 ± 0.23% of S. komarovii extract, 82.90 ± 0.23% of C. soldanella extract, 84.52 ±
1.39% of R. rugosa extract, and 84.84 ± 1.05% of A. princeps extract. Meanwhile, the highest hydrogen peroxide
scavenging effect was found by A. gmelinii extract at
79.28 ± 1.40% and the comparative scavenging effect (>
60%) were found by S. marina and C. glaucum extracts
showing 65.91 ± 3.91% and 64.32 ± 8.30%, respectively.
The percentages against hydrogen peroxide of all HP extracts showed the lower scavenging effects when compared with that of DPPH free radical except S. marina, C.
glaucum, and A. gmelinii (Table 2).
Anti-collagenase and anti-elastase activities of HP extracts

The collagenase and elastase inhibition effects of all
HP extracts at the final concentration of 1 mg/ml
were determined and elucidated as shown in Table 3.
Firstly, it was notable that the highest collagenase inhibitory effect was possessed by R. rugosa extract
(90.31 ± 0.05%) and its potential also employed good
effect in anti-elastase activity (60.76 ± 3.58%). Apart
from R. rugosa extract, there were other two of all
examined HP extracts that exhibited fairly high activities in both collagenase and elastase inhibitory effects
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with 62.24 ± 0.55% and 74.47 ± 0.18% of A. sibirica
extract together with 52.86 ± 0.50% and 52.86 ± 0.50%
of C. glaucum extract, respectively. Among 22 HPs, S.
europaea extract performed the highest elastase
inhibitory effect with 74.88 ± 4.84% whereas anticollagenase activity could not be found in the concentration at 1 mg/ml. Notably, a good inhibition of
elastase activity was illustrated by S. anglica extract
(71.63 ± 2.2%) with the minor anti-collagenase effect
observation (34.99 ± 0.55%).

Anti-hyaluronidase activity of HP extracts

The inhibitory effects of 22 HPs on hyaluronidase were
evaluated as illustrated in Table 3. Among examined
HPs, three of 22 extracts (V. rotundifolia, A. oligoclonos,
and S. glauca) did not show any inhibition at 1 mg/ml.
In contrast, S. europaea extract possessed the highest hyaluronidase inhibition up to 72.70 ± 1.24% and the significant
inhibitions were demonstrated by A. princeps, S. marina,
Table 2 DPPH free radical and hydrogen peroxide scavenging
activities of 22 HP extracts
Sample

DPPH radical

Hydrogen peroxide

scavenging
activity (%)

scavenging
activity (%)

Salsola komarovii

82.90 ± 0.23

33.46 ± 0.32

Salicornia europaea

60.02 ± 5.39

50.56 ± 2.71

Sonchus brachyotus

76.30 ± 2.09

34.62 ± 2.80

Triglochin maritimum

24.58 ± 6.64

32.47 ± 1.04

Suaeda japonica

20.97 ± 0.34

9.24 ± 3.15

Argusia sibirica

32.92 ± 0.76

6.98 ± 3.53

Artemisia scoparia

39.16 ± 0.79

22.76 ± 2.83

Vitex rotundifolia

51.64 ± 0.68

23.04 ± 4.71

Spartina anglica

21.60 ± 0.79

21.17 ± 4.20

Artemisia princeps

84.84 ± 1.05

30.56 ± 4.76

Elymus mollis

28.65 ± 0.46

15.43 ± 1.33

Calystegia soldanella

82.22 ± 0.23

29.78 ± 3.97

Rosa rugosa

84.52 ± 1.39

37.38 ± 2.48

Asparagus oligoclonos

33.20 ± 0.77

11.97 ± 3.88

Glehnia littoralis

56.94 ± 1.88

9.18 ± 2.03

Suaeda maritima

11.39 ± 5.99

3.95 ± 2.65

Suaeda glauca

24.62 ± 0.97

21.90 ± 7.05

Spergularia marina

34.28 ± 1.05

65.91 ± 3.91

Chenopodium glaucum

44.30 ± 1.52

64.32 ± 8.30

Atriplex gmelinii

30.41 ± 2.50

79.28 ± 1.40

Peucedanum japonicum

38.68 ± 1.39

19.76 ± 0.99

Ischaemum antephoroides
f. coreana

93.32 ± 0.46

51.14 ± 3.86

The values are expressed as the mean ± SD in triplicate experiments. The final
concentration of tested samples was 0.1 mg/ml.
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and C. glaucum extracts represented at 51.71 ± 0.33%,
57.73 ± 4.09%, and 57.73±2.36%, respectively.
Anti-tyrosinase activity of HP extracts

The summarized inhibitory potential of HPs against
mushroom tyrosinase at the final concentration of 1 mg/
ml was demonstrated in Table 4. S. anglica extract presented the highest tyrosinase inhibitory as 58.62 ± 6.08%
in the comparison with the other HP extracts at 1 mg/
ml. Moreover, there were 5 HPs that exhibited good inhibitory effects (> 50%) noticed by A. sibirica (58.16 ±
7.24%), followed by P. japonicum (54.74 ± 0.54%), S.
glauca (52.85 ± 0.00%), S. maritima (52.03 ± 3.45%), and
A. gmelinii extract (50.77 ± 0.00%).

Discussion
Skin aging is one of the most concerned issues to all of us
especially facial skin due to its unavoidable process. In daily
life, the skin exposure to sunlight is considered to be the
most significant factor that accelerates premature skin
aging appearance called photoaging. Photoaging can trigger
the extrinsic mechanism of ROS synthesis in the cells, and
the overproduction of ROS may cause lipid peroxidation,
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which is deleterious to the DNA, followed by cell damage
and cell death. Therefore, the depletion of ROS generations
defended by the antioxidant activity may integrate the postponement of skin aging problems (Thring et al. 2009; Wittenauer et al. 2015).
Halophyte is a plant with unique adaptive mechanisms
that naturally survives in saline environments such as
tidal flats, sand dunes, and coasts (Lee et al. 2018a,
2018b). Regarding the successful tolerance in hostile
conditions, for example, salinity, UV radiation, and extreme temperature, HP is believed to allow valuable secondary metabolites including polyphenol, carotenoid,
and vitamins to cope with those stress-overwhelmed environments (Jdey et al. 2017). It is also suggested that
HP may offer a great unexplored source of bioactivity
for the medicine or cosmetic development with economic benefit (Kim et al. 2016). In our present study, 22
HPs harvested along the coast of South Korea were
screened and evaluated whether to provide antioxidant,
anti-aging, as well as whitening potentials for cosmeceutical applications.
First of all, antioxidant capabilities of HPs were challenged, performed by DPPH free radical and hydrogen

Table 3 Skin aging-related enzyme inhibitory effects of 22 HP extracts
Sample

Collagenase inhibition (%)

Elastase inhibition (%)

Hyaluronidase inhibition (%)

Salsola komarovii

29.69 ± 0.17

17.68 ± 2.10

45.68 ± 5.85

Salicornia europaea

-

74.88 ± 4.84

72.70 ± 1.24

Sonchus brachyotus

-

32.65 ± 11.63

41.62 ± 1.62

Triglochin maritimum

11.94 ± 1.84

6.00 ± 2.62

39.74 ± 1.24

Suaeda japonica

42.61 ± 1.22

-

12.52 ± 5.00

Argusia sibirica

62.24 ± 0.55

74.47 ± 0.18

11.13 ± 2.60

Artemisia scoparia

15.21 ± 0.55

10.38 ± 7.87

11.74 ± 2.44

Vitex rotundifolia

31.28 ± 1.79

3.96 ± 10.38

-

Spartina anglica

34.99 ± 0.55

71.63 ± 2.21

18.00 ± 2.90

Artemisia princeps

23.45 ± 0.05

5.41 ± 2.15

51.71 ± 0.33

Elymus mollis

25.05 ± 3.34

-

16.12 ± 1.66

Calystegia soldanella

19.60 ± 3.08

-

48.01 ± 1.66

Rosa rugosa

90.31 ± 0.05

60.76 ± 3.58

48.67 ± 1.51

Asparagus oligoclonos

24.89 ± 0.05

0.09 ± 7.45

-

Glehnia littoralis

13.06 ± 0.05

-

1.70 ± 1.99

Suaeda maritima

36.53 ± 0.05

6.19 ± 1.95

9.43 ± 1.50

Suaeda glauca

42.90 ± 0.05

15.49 ± 3.44

-

Spergularia marina

31.60 ± 2.81

31.60 ± 2.81

57.73 ± 4.09

Chenopodium glaucum

52.86 ± 0.50

52.86 ± 0.50

57.73 ± 2.36

Atriplex gmelinii

7.73 ± 0.67

7.73 ± 0.67

40.91 ± 3.36

Peucedanum japonicum

36.89 ± 1.86

36.89 ± 1.86

30.45 ± 0.68

Ischaemum antephoroides f. coreana

24.87 ± 1.10

24.87 ± 1.10

36.14 ± 3.15

The values are expressed as the mean ± SD in triplicate experiments. The final concentration of tested samples was 1 mg/ml.
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Table 4 Tyrosinase inhibitory effect of 22 HP extracts
Sample

Tyrosinase inhibition (%)

Salsola komarovii

16.70 ± 1.84

Salicornia europaea

21.04 ± 2.04

Sonchus brachyotus

14.31 ± 4.83

Triglochin maritimum

20.02 ± 4.68

Suaeda japonica

21.03 ± 13.17

Argusia sibirica

58.16 ± 7.24

Artemisia scoparia

39.85 ± 2.65

Vitex rotundifolia

49.81 ± 4.65

Spartina anglica

58.62 ± 6.08

Artemisia princeps

43.64 ± 2.77

Elymus mollis

31.18 ± 2.94

Calystegia soldanella

12.16 ± 7.99

Rosa rugosa

38.07 ± 5.53

Asparagus oligoclonos

19.37 ± 4.98

Glehnia littoralis

46.75 ± 3.45

Suaeda maritima

52.03 ± 3.45

Suaeda glauca

52.85 ± 0.00

Spergularia marina

18.08 ± 13.60

Chenopodium glaucum

20.90 ± 2.72

Atriplex gmelinii

50.77 ± 0.00

Peucedanum japonicum

54.74 ± 0.54

Ischaemum antephoroides f. coreana

21.54 ± 9.79

The values are expressed as the mean ± SD in triplicate experiments. The final
concentration of tested samples was 1 mg/ml.

peroxide scavenging assays (Table 2). DPPH is a relatively stable free radical compound which allows a short
and simple method of screening anti-radical or hydrogen
donor capacity of the suspicious unknown (Kim et al.
2016; Lee et al. 2004). Meanwhile, hydrogen peroxide is
an unstable substance which can be provoked from almost all of the various oxidative stressors. It is also associated to form hydroxyl and singlet oxygen radicals
causing lipid peroxidation, cell damage, as well as cell
senescence (Ko et al. 2015; Heo et al. 2005). Both DPPH
and hydrogen peroxide scavenging assays are the
commonly used methods to evaluate the antioxidant
activity of natural extracts and their compounds (Kim
et al. 2010).
In our results, 5 of 22 HPs (S. komarovii, A. princeps,
I. coreana, C. soldanella, and R. rugosa, extracts) showed
comparatively strong antioxidant activities between
82.90 ± 0.23% and 93.32 ± 0.46% inhibition measured by
DPPH assay. Among them, I. coreana extract possessed
the highest DPPH free radical scavenging effect up to
93.32 ± 0.46% at the concentration of 0.1 mg/ml (Table
2). Likewise, the previous study of Kim et.al. (2010)
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found that the ethanol extract of Artemisia princeps
(HP. 10) demonstrated the effective scavenging activities
by DPPH and ABTS assays along with a good antiobesity effect on 3T3-L1 preadipocyte cells. Notably, in
the investigation of Lee et al., R. rugosa (HP. 13) was
found to provide a strong DPPH scavenging activity, and
another study by Zheng et al. also indicated that R. rugosa possessed the most powerful antioxidant potential
evaluated by DPPH and ABTS assays among 65 edible
flowers (Kim et al. 2016; Zheng et al. 2018). Moreover,
there have been few investigations referring to the antioxidant activities of S. komarovii, A. princeps, and R. rugosa (Carvalho et al. 2011; Kim et al. 2018; Lee et al.
2012; Youwei and Yonghong 2007). On the other hand,
A. gmelinii extract would be recommended as hydrogen
peroxide free radical defense. However, there has been
no previous study related to the hydrogen peroxide scavenging effect of A. gmelinii.
ECM is the infrastructure foundation of skin which
consists of various components such as microfibril, proteoglycan, collagen, elastin fiber, as well as HA. During
the maturation process, the transformations of those
ECM structural components (the exiguous distribution
and decrease of collagen, the shortening and absence of
elastin including loss of HA content) are represented by
atrophied skin, dryness, wrinkling, and sagging skin appearance (Bauman 2004; Paliwal et al. 2014). Tyrosinase,
an enzyme in melanogenesis, plays a key role in melanin
production. The overproduction of melanin is responsible for the hyperpigmentation events such as melasma,
freckles, ephelides, and senile lentigines. Consequently,
the suppression of skin-related enzymes (elastase,
collagenase, hyaluronidase, and tyrosinase) which
predominantly integrate the degradation of those
ECM components including the melanin overproduction is believed to be a key strategy in providing
good skin integrity and youthful and magnificent
skin. In this present study, the inhibitory effects of
photoaging, like anti-collagenase, anti-elastase, antihyaluronidase, and anti-tyrosinase, of 22 HPs were
explored at the final concentration of 1 mg/ml as
summarized in Tables 3 and 4.
Our screening found that the strongest antihyaluronidase (72.70 ± 1.24%) along with anti-elastase
(74.88 ± 4.84%) activities among evaluated HPs were occupied by S. europaea extract. The results presumably
recommended that S. europaea may contribute an excellent anti-wrinkle activity by interrupting the degradation
of elastin and HA underneath the skin. S. europaea is
one of the succulent euhalophyte plants that is used as a
folk remedy for obesity, diabetes, and cancer (Aghaleh
et al. 2010; Won et al. 2017). Recently, some investigation revealed its health benefits as anti-inflammatory,
anti-bacterial, and anticoagulating agents (Kim et al.
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2016; Lee et al. 2018a, 2018b). However, the inhibitory
effect screening of the Jeju plant by Moon et al. (2010)
unlikely found a slight inhibition of elastase, while no inhibitory effect of tyrosinase was detected at the concentration of 500 μg/ml.
Aside from a good DPPH scavenging effect as described above, R. rugosa also presented the highest
anti-collagenase (90.31 ± 0.05%) and high anti-elastase
activities (60.76 ± 3.58%) as well as the moderate inhibitions against hyaluronidase and tyrosinase as
48.67 ± 1.51% and 38.07 ± 5.5%, respectively. There
were several previous studies mentioned about the
splendid antioxidant activities by R. rugosa and the
other results by Olech et al. that revealed the effective
hyaluronidase inhibition of R. rugosa extracts is probably due to its the richness in polyphenol content
(Ng et al. 2004; Olech et al. 2017). Nonetheless, another finding suggested that the ethanol extraction of
Rosa hybrida, a plant species belonging to the same
family with R. rugosa, provided the anti-elastase and
anti-tyrosinase activity as a candidate for the improvement of skin aging (Choi et al. 2015).
Among the 22 HP extracts, S. anglica revealed the best
tyrosinase inhibition activity (58.62 ± 6.08%) together
with a comparably high elastase inhibitory effect
(71.63 ± 2.21%) at 1 mg/ml. S. anglica was firstly discovered in 1963; it provides various ecological and economic benefits; for example, accretion for reclamation,
amelioration of saline soils, animal fodder, and especially, seashore stabilization (Qin et al. 1998). However,
our present study gives the first evidence for the screening of anti-aging potential in S. anglica.
Additionally, A. sibirica, Siberian sea rosemary, offered
an acceptable inhibitory effect of both ECM-deteriorated
enzymes (62.24 ± 0.55% of collagenase and 74.47 ± 0.18%
of elastase). According to this, we implied that A. sibirica
may have potential as an anti-wrinkle candidate. Nevertheless, A. sibirica extract indeed manifested high antityrosinase detected by mushroom tyrosinase assay
(58.16 ± 7.24%) compared with other HPs (Table 4). To
the authors’ knowledge, its effect on anti-aging potential
has not yet been clarified.
It is vital to note that our screening results are the preliminary demonstration of antioxidant and anti-aging
activities. However, to introduce it as a candidate in
cosmeceutical application, a future study is needed. Further investigations including 50% inhibitory concentration
(IC50) and in vitro cell-based experiment, chemically, biologically, and pharmaceutically are required.

Conclusion
Our present study revealed the anti-aging activity explorations of 70% ethanol extracts of 22 HPs collected along
the coast of South Korea. All HPs were assessed by
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DPPH and hydrogen peroxide scavenging, anti-elastase,
anti-collagenase, anti-hyaluronidase, and anti-tyrosinase
assays. From our findings, the highest scavenging effects
of I. coreana and A. gmelinii extracts would be introduced as antioxidant agents against DPPH free radical
and hydrogen peroxide, respectively. On the other hand,
the strongest anti-wrinkle potentials of examined HPs
are provided by S. europaea (anti-elastase and antihyaluronidase effects) and R. rugosa (anti-collagenase effect), whereas S. anglica extract may be an available
source of tyrosinase inhibition. In conclusion, all of these
results may recommend the guidance of conceivable
HPs in terms of antioxidant, anti-wrinkle, and whitening
agent for cosmeceutical development. It is noteworthy
that the supplementary experiments of examined HPs
such as cell-based experiments and the adverse effects
should be more investigated.
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Abstract
Background: The present study investigates the potent skin whitening ability of ethanol extract from the brown alga,
Padina boryana (PBE) which was collected in the shores of Fulhadhoo Island, the Maldives, and its specific pathways of
action. The effect of PBE which contains a rich amount of polyphenols was evaluated using B16F10 murine melanoma
cells and provides insight to the underlying mechanisms with reference to the inhibition of melanin formation.
Methods: Melanin synthesis and cellular tyrosinase inhibition were assessed in the α-MSH-stimulated melanocytes.
Melanogenic pathway-related protein expressions were investigated via Western blotting. ERK 42/44 was particularly
examined considering its involvement in the melanogenic pathway. Further, RT-qPCR techniques were involved in
gene expression analysis.
Results: PBE dose-dependently inhibited the cellular melanin synthesis and tyrosinase levels. Western blotting revealed
the potential of PBE to downregulate microphthalmia-associated transcription factor (MITF), tyrosinase, and tyrosinaserelated protein-1 and protein-2 (TRP-1 and TRP-2). Moreover, results explained the phosphorylation of ERK was sustained
via PBE and hence declined the ultimate melanin synthesis. Gene expression analysis reinforced the results obtained.
Conclusions: The study provides substantial evidence to express the potential of PBE to inhibit B16F10 melanoma cell
melanin synthesis. Concisely, results suggest the ability of PBE to be involved in medicinal and cosmeceutical applications.
Keywords: Padina boryana, Brown alga, B16F10, Melanogenesis, ERK, Tyrosinase

Introduction
Melanin is a polymer synthesized in the melanosomes
which are specialized cellular organelles. This is an indole
derivative of 3,4-dihydroxyphenylalanine (DOPA). The
process initiates with tyrosine and follows a series of oxidative steps (Ito and Wakamatsu 2003; Sarangarajan and
Apte 2006). The outermost layer of the skin, keratinocytes,
receives mature melanosomes. Melanin is important in
* Correspondence: daesung@mabik.re.kr; youjin2014@gmail.com
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National Marine Biodiversity Institute of Korea, Seocheon, Republic of Korea
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Department of Marine Life Sciences, Jeju National University, Jeju 690-756,
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providing protection to the skin against DNA damage induced via UV radiation. The maximal energy absorption
of melanin is in the UV range and is converted into different energy forms (Park et al. 2009). Even though melanin
has protective properties, the accumulation of melanin
due to UV irradiation leads to skin hyperpigmentation
(Agar and Young 2005). Earlier studies have proven overaccumulation of melanin stimulating healthcare issues including freckles, age spots, and inflammatory disorders
(Huang et al. 2016). Different factors determine the level
of production of melanin including exposure to sunlight,
dysfunctions in the thyroid gland, drug usage, and genetic
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background (Sanjeewa et al. 2016). Fair skin is preferred
over dark skin in Asian countries. Skin whitening, lightening components that disturb the melanin production
process, is possibly classified as cosmeceuticals (Boonme
et al. 2009).
The synthesis of melanin occurs via the catalysis of the
enzyme tyrosinase. Tyrosinase catalyzes the oxidation of
tyrosine to hydroxylation of L-tyrosin to L-dihydroxyphenylalanine (L-DOPA). The reaction proceeds ahead in the
Raper-mason pathway (Raper 1928). DOPA is subsequently oxidized into DOPA-quinone. The pathway is associated with further enzymes including tyrosinase-related
protein (TRP-1 and TRP-2). Microphthalmia-associated
transcription factor (MITF) which is an essential transcriptional factor regulating the transcription of the melanogenic pathway is linked with proteins such as TRP-1,
TRP-2, and tyrosinase. The downregulation of the above
ultimately leads to lower melanin production and could
be regarded as ways of skin whitening (Bae et al. 2016).
Recently, several studies have correlated the effect of
extracellular signal-regulated kinase (ERK) on the melanogenic pathway. It is evident that phosphorylation of ERK
inhibits the MITF proceeding to its next step hence downregulating the total melanin production (Yao et al. 2013).
Different components have been used in the industrial level to promote skin whitening, including arbutin, kojic acid, and azelaic acid as tyrosinase
inhibitors (Huang et al. 2016). Some of the components such as arbutin have been restricted due to its
side effects such as imperishable depigmentation. Due
to this reason, the interest in natural products to fulfill the purpose has risen.
Marine algae are exposed to external extreme factors
throughout their life span. These include high oxygen concentrations, intense light, stress, and UV radiation. The effect of the above factors is successfully overcome by the
seaweeds due to its rich sources of bioactive components
(Heo et al. 2010). Padina boryana, a brown alga species
from the coastal lines of the Maldives, is not explored for
its bioactive properties to a larger extent. Components purified from brown algae have earlier been assessed on the inhibition of α-melanocyte-stimulating hormone (α-MSH)stimulated melanogenesis (Kim et al. 2013). The given facts
such as low cost, less environmental pollution, and lower
toxicity have enhanced the implementation of ethanolassisted extraction of plant materials to isolate bioactive
metabolites. (Wijesinghe and Jeon 2012). Hence, with the
support of the above evidence, this study implements ethanol extraction of P. boryana. According to the best of our
knowledge, this is the first report associated with melanogenesis inhibition activity of P. boryana ethanol extract
(PBE). The present study aims to evaluate the potential of
PBE to inhibit melanogenesis. Further, the study was extended to assess the involvement of PBE in specific
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melanogenic pathway mediator proteins in order to confirm its mechanism of action.

Methods
Materials

Cell media, Dulbecco’s modified Eagle’s medium (DMEM),
and its supplementary material fetal bovine serum (FBS)
and penicillin were obtained from Invitrogen–Gibco
(Grand Island, NY, USA). The murine melanoma cell line
(B16F10) was purchased from ATCC (American Type Culture Collection, Manassas, VA, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
alpha-melanocyte-stimulating hormone (α-MSH), and LDOPA were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Primary antibodies used in the study, namely
tyrosinase, TRP1, TRP-2, MITF, and ERK 1/2, were purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Anti-mouse and anti-rabbit IgG were purchased
from Cell Signaling Technology (Beverly, MA, USA). cDNA
kits purchased from TaKaRa Japan were used in the experiments. All the primers used in this study were purchased
from Bioneer, Seoul, South Korea. Unless otherwise specified, all the reagents used in the experiments were of analytical grade and were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA).
Extraction from Padina boryana and compositional
analysis

P. boryana brown alga species were collected from the
shores of Fulhadhoo Island, the Maldives, in August
2018. The sample was immediately washed with running
water and then lyophilized and ground into powder.
Sample identification was assisted by Jeju Biodiversity
Research Institute. A 70% ethanol extraction was carried
out with 50 g of sample powder and was repeated the
same three times. The supernatant was filtered using
vacuum filtration. Rotary evaporation was used to evaporate the solvent and the dry sample was named PBE. A
stock sample solution was prepared by dissolving PBE in
dimethyl sulfoxide (DMSO). Working sample concentrations were subsequently prepared using DMEM (Heo
et al. 2010).
The content of the ethanol extract was assessed using appropriate methods. Accordingly, polyphenol content was
measured using the Folin-Ciocalteu method (Ochanda
et al. 2015). Polysaccharide content was estimated using the
microplate method described by Masuko et al. (2005). BCA
protein assay kit was used to measure the protein content
following the standard protocol (Herath et al. 2019). Ash
content of the crude sample was measured using the dry
ashing method following the procedure described as AOAC
1998 (Kim et al. 2018). Moisture content was assessed via
the oven-drying method at 105 °C. Further, the Soxhlet
method with diethyl ether as the solvent was implemented
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to evaluate the lipid content of the crude sample (Chandler
and Dodds 1983).

Page 3 of 9

The cellular cytotoxicity against PBE was examined via
the MTT colorimetric assay (Mosmann 1983). Cells were
seeded with a cell concentration of 2 × 105 cells/mL in a
24-well plate. Given a 16-h incubation period, the cells
were then treated with PBE (25, 50, 100, and 200 μg
mL−1), and incubation was continued for 72 h. The viability percentage was calculated referring to the control well.
Similarly, B16F10 cells were stimulated under α-MSH and
samples were treated to evaluate the cytotoxicity.

TRP-2, the Western blotting was performed. Cells were
seeded and stimulated with α-MSH and co-treated with
PBE. Cells were harvested and washed with ice-cold PBS
and lysed. Then the protein content of each was measured
via Pierce™ BCA Protein Assay Kit and normalized. SDSPAGE was conducted and transferred to nitrocellulose
membranes. These were successively blocked with skim
milk and incubated with relevant primary antibodies. The
membranes were then incubated in the HRP-conjugated
anti-mouse/anti-rabbit IgG secondary antibodies. Finally,
the bands were visualized by enhancing them with chemiluminescence (ECL) reagent (Amersham, Arlington
Heights, IL, USA) and photographed (FUSION SOLO Vilber Lourmat system). ImageJ program was assisted in the
band intensity quantification (Sanjeewa et al. 2018; Jayawardena et al. 2018).
The effect of ERK/MAPKs was assessed using specific
inhibitors. α-MSH and samples were added in the presence and absence of ERK inhibitor (PD98059). The
Western blotting followed the same protocol as described above. Similarly, the expression of tyrosinase was
also assessed with the presence and absence of PD98059.

Cellular melanin content measurement

Extraction of RNA and cDNA synthesis

The cells were seeded as previously, then stimulated with
α-MSH (50 nM), and were co-treated with different concentrations of PBE (25, 50, and 100 μg mL−1). The incubation was continued for 72-h period. Arbutin (100 μM) was
used as the commercial melanin inhibitor to compare the
results. The cells were then harvested and washed with
ice-cold PBS. In order to solubilize the melanin, this was
incubated at 80 °C for 1 h in 1 mL of 1 N NaOH/10%
DMSO solution. The optical density was measured at 450
nm range (Yoon et al. 2010; Wang et al. 2019).

Tri-Reagent™ (Sigma-Aldrich, St. Louis, MO, USA) was
used to extract total RNA from the harvested B16F10
cells. The purity and the concentration of extracted RNA
were determined using a μDrop Plate (Thermo Scientific,
IL, Rockford, USA). RNA was then diluted (1 μg μL−1)
with the purpose of synthesizing cDNA. cDNA was synthesized using the Prime Script™ cDNA synthesize kit
(TaKaRa BIO INC, Japan) following the manufacturers’
instructions and stored at − 80 °C.

Cell line maintenance

The growth media (DMEM) supplemented with 10%
heat-inactivated FBS and 1% antibiotic were used to culture murine melanoma cells (B16F10). A controlled environment with a humidified atmosphere including 5% CO2
and 37 °C temperature was used to maintain the cell lines.
The cells were periodically subcultured and were used for
experiments in its exponential growth phase.
Cell viability measurement

Quantitative real-time PCR analysis
Assessment of cellular tyrosinase activity

To measure the cellular tyrosinase activity, we followed
the method described by Kim et al. (2007) and Tomita
et al. (1992) with slight modifications. In brief, the cells
were seeded in a similar manner as previously. α-MSH (50
nM) and PBE were co-treated after a 16-h incubation
period and then continued for 72 h. Similarly, the cells
were harvested, washed with ice-cold PBS, and lysed using
PBS containing 1% Triton X-100. The cell lysate supernatants were collected after centrifugation (10,000×g for 10
min). Proteins were quantified and normalized. A 90-μL
portion of each cell extract (which now contains equal
protein levels) was incubated with 10 μL of L-DOPA at 37
°C for 1 h. The resulting dopachrome was observed under
405 nm optical density.
Western blot analysis

In order to determine the expression of melanogenesisrelated proteins such as MITF, tyrosinase, TRP-1, and

The prepared cDNA was used to assess the mRNA expression levels of tyrosinase and MITF. SYBR Green
quantitative real-time PCR technique was used with the
assistance of a Thermal Cycler Dice Real-Time System
(TaKaRa, Japan). Primers used in the experiment were
tyrosine sense 5′-GGCCAGCTTTCAGGCAGAGGT-3′,
antisense 5′-TGGTGCTTCATGGGCAAAATC-3′; and
MITF sense 5′-GTATGAACACGCACTCTCGA-3′, antisense 5′-CGAACGTATTTGCCATTTGC-3′. GAPDH
was used as the housekeeping gene; sense 5′-AAGGGT
CATCATCTCTGCCC-3′, antisense 5′-GTGATGGCAT
GGACTGTGGT-3′. The primers were purchased from
Bioneer, Seoul, South Korea. For the amplification
process, the reaction was carried out using 3 μL of cDNA,
5 μL of 2× TaKaRa ExTaq™ SYBR premix, 0.4 μL each of
the forward and reverse primers (10 μM), and 1.2 μL
ddH2O. The total reaction mixture contained 10 μL. The
thermal profile used in the experiment is as follows, step
1: 1 cycle at 95 °C for 10 s; step 2: 45 cycles at 95 °C for 5
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s; step 3: 55 °C for 10 s; step 4: 72 °C for 20 s; step 5: 95 °C
for 15 s; step 6: 55 °C for 30 s; and step 7: 95 °C for 15 s.
GAPDH was used as the internal reference standard. The
analysis of relative expression was conducted using the
method described by Livak and Schmittgen (2001).
Statistical analysis

All experiments were triplicated. Data are represented as
the mean ± standard deviation. IBM SPSS with one-way
ANOVA was used in the statistical analysis process. p
values less than 0.05 (p < 0.05) were considered significant.

Results
Compositional analysis

The analysis results revealed that the crude sample was
composed of a higher proportion of polysaccharide and
protein (57.87 ± 0.63% and 16.36 ± 0.32%). The lipid
content was reported to be 1.03 ± 0.25% while ash and
moisture contents were 14.14 ± 0.72% and 6.2 ± 0.54%.
The ethanol extract yield was 4.8%, while the total polyphenol was estimated as 8.84 ± 0.23%. The total polysaccharide content and proteins were reduced to 1.26 ±
0.46% and 1.31 ± 0.18% in ethanol extract.
Cytotoxicity of PBE on melanoma cells

The cytotoxic effect of the sample (PBE) against murine
melanoma cells was first measured. A range of concentrations of PBE was used (25, 50, 100, and 200 μg mL−1).
PBE did not exhibit significant cytotoxicity against melanoma cells in the 25–100 μg mL−1 range and subsequent experiments were planned accordingly (Fig. 1a).
The melanoma cells which were co-treated with α-MSH
and PBE did not exhibit any significant toxicity. Results
revealed that either α-MSH or PBE in the given range of
concentrations does not affect on the cell death of the
murine melanoma cells (Fig. 1b).
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Effect of PBE on melanin synthesis and tyrosinase activity
in α-MSH-stimulated melanoma cells

The potential of PBE to inhibit the intracellular melanin
production and the activity of tyrosinase in the presence
of α-MSH was evaluated. PBE successfully downregulated
the cellular melanin content compared to the α-MSHtreated group (Fig. 2a). A similar trend was observed in
the tyrosinase activity. α-MSH induced cellular tyrosinase
activity, whereas PBE gradually downregulated it (Fig. 2b).
In both experiments, arbutin was used to compare the results. In combination, these results suggest that PBE is a
potent treatment in downregulating the cellular tyrosinase
activity hence melanin synthesis in melanoma cells.
Effect of PBE on the expression of ERK-associated
proteins in α-MSH-induced melanoma cells

As it is evident, the ability of PBE to inhibit the melanin
and tyrosinase activity, further experiments were carried
out to elucidate its mechanism. Three selected enzymes
(TRP-1, TRP-2, and tyrosinase) in the melanogenic pathway were evaluated. PBE dose-dependently reduced the
expression of the three enzymes. MITF is a melanocytespecific transcription factor and regulates the expression
of these three enzymes. The influence of PBE was examined on MITF expression as well (Fig. 3a, b). The observed results confirm that PBE successfully inhibits the
MITF expression in B16F10 cells.
Effect of PBE on melanogenesis-related protein
expression

The gene expression was analyzed using quantitative realtime PCR (qPCR) techniques. It was observed that the
stimulation of α-MSH increases the expression of tyrosinase and MITF, whereas treatment with PBE downregulates
it. Furthermore, the ERK inhibitor (PD98059) involvement
exhibited the expression levels grow up (Fig. 3c, d). This
verifies the results of previous experiments conducted using
Western blotting.

Fig. 1 a Cytotoxic effect of 70% ethanolic extract from P. boryana (PBE) on B16F10 cells. b Cytotoxicity evaluation of α-MSH and PBE on B16F10
cells. Experiments were triplicated and represented as means ± SD (n = 3). *p < 0.05; **p < 0.01
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Fig. 2 PBE ability for melanin inhibition on α-MSH-stimulated B16F10 cells. Cultured cells were treated with 0~100 μg/mL of PBE and stimulated
with α-MSH. a Following the incubation, melanin content was analyzed. Melanin content is represented compared to the non-treated group as
percentage values. b Effects of PBE on the tyrosine production in B16F10 cells. Similarly, cells were seeded and samples and α-MSH were treated.
After incubation, tyrosinase activity was assessed using the L-DOPA oxidation assay. Each assay was triplicated and the data points are
represented as means ± SD (n = 3). *p < 0.05; **p < 0.01 (number sign denotes significance compared to control while asterisk represents
significance compared to the α-MSH-treated group)

Effect of PBE on MAPK-associated ERK protein expression

The effect of ERK on the melanogenesis process was
assessed via Western blotting. The results show that in
the presence of PBE under α-MSH-stimulated conditions, ERK phosphorylation is enhanced. With the
addition of ERK inhibitor (PD98059), the ERK phosphorylation is decreased (Fig. 4a, b). Furthermore, the
tyrosinase protein expression which is decreased with
the treatment of PBE in α-MSH-induced melanocytes
has been recovered in the presence of ERK inhibitor
(Fig. 4c, d). These results suggest the potential of PBE to
inhibit the melanogenesis process. It is evident to occur
via ERK involved mitogen-activated protein kinase
(MAPK) pathway in α-MSH-stimulated B16F10 cells.

Discussion
The Asian cosmetic market has a high demand for skin
whitening agents. The skin tone of the Asians is brown;
thus, they prefer a change into a much fair skin tone (Sanjeewa et al. 2016). Melanin content in the skin is responsible for the darker skin. This plays an important role in
protecting the skin from detrimental effects such as UV
radiation exposure and in scavenging toxic compounds.
Melanin is produced via tyrosinase acting on L-tyrosin
hence with the production of L-DOPA (3-4-dihydroxyphenylalanine). L-DOPA is then oxidized by dopa oxidase to
produce melanin (Solano et al. 2006; Martínez-Esparza
et al. 1998). Thus, the inhibition of melanin synthesis via
incorporating tyrosinase inhibitors is much familiar in the
cosmeceutical market. The synthetic commercial products
mostly use hydroquinone and mercury to achieve this, but

undesirable side effects are possible (Kim et al. 2013). Due
to this reason, recently, the research interest toward natural whitening agents has risen among the scientific community. Several times, the natural plant extracts’ effect on
the tyrosinase inhibition and hence melanin inhibition has
been reported (Park et al. 2011; Arung et al. 2011).
The current study was focused on the bioactive properties of P. boryana 70% ethanol extract. Among different
kinds of extraction processes, ethanol extract is highly recommended due to its effectiveness and ease of implementation in industrial backgrounds over other extraction
methods (Wijesinghe and Jeon 2012). Seaweeds are a sustainable source of bioactive-rich compounds possessing diverse functional properties (Kim et al. 2018). These include
polyphenols, polysaccharides, fatty acids, sterols, proteins,
and several other components that enable them to be utilized in the development of functional ingredients in the
cosmeceutical and nutraceutical industries. PBE contains a
higher portion (8.84%) of polyphenols, an active, large, and
diverse class of secondary metabolites in the seaweeds.
Polyphenols were reported to possess vital biological functionalities such as anti-oxidant (Shibata et al. 2007), antiinflammatory (Lee 2010), anti-hypertensive (Jung et al.
2006), and anti-melanogenesis activities (Kim et al. 2013).
The activity of PBE is anticipated to be influenced through
the polyphenol content. In the study, arbutin was used as
the commercial active ingredient for skin whitening to
compare the results with. In Northeast Asia, both kojic acid
and arbutin are used in cosmetics. Arbutin is glycosylated
hydroquinone from the bearberry plant and was reported
to be used as a cure for hyperpigmentation disorder (Bae
et al. 2016; Nishimura et al. 1995).
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Fig. 3 Expression of proteins and genes related to melanogenesis in B16F10 cells against PBE treatment. a Cells were exposed to α-MSH in the
presence of 50 and100 μg/mL PBE or 100 μM arbutin, for 72 h. MITF, tyrosinase, TRP-1, and TRP-2 proteins were studied by Western blot. Internal
control was β-actin. b Relevant quantitative data. Melanogenic gene expressions. c Tyrosinase and d MITF gene expression. Cells were exposed to
α-MSH in the presence and absence of PBE and ERK inhibitor, PD98059. The mRNA levels were examined by RT-PCR. GAPDH was used as an
internal control. Results represent as mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 (number sign denotes significance
compared to control while asterisk represents significance compared to the α-MSH-treated group)

In the studies relevant to skin whitening, the murine
melanoma cell line B16F10 is used. This cell is capable
of synthesizing melanin and tyrosinase under stimulated
conditions via α-MSH (Chan et al. 2011). Initially, the
toxic effect of the sample PBE was evaluated on the
B16F10 cell line. Significant toxicity was not observed in
the 25–100 μg mL−1 range. Hence, the researchers
moved to the next step of examining the melanin and
tyrosinase inhibitory properties of PBE. In the α-MSHstimulated B16F10 cells, the melanin content was downregulated dose-dependently, as well as the tyrosinase
content with the pre-treatment of PBE. These results
suggest the effect of PBE on inhibiting the activity of
tyrosinase ultimately lowering the melanin content. In
order to further investigate the melanogenic pathway,
the study was extended to the transcription factor MITF
level. MITF is an essential regulator in melanin synthesis

besides the life and differentiation of melanocytes. It is
involved in diverse cellular processes such as proliferation and stress mediation (Vachtenheim and Borovanský
2010). TRP-1 and TRP-2 are important enzymes which
catalyze the melanin production. MITF induces the expression of the melanogenic pathway-related genes such
as tyrosinase, TRP-1, and TRP-2 (Vachtenheim et al.
2001; Chan et al. 2011). The results suggest an upregulation of the particular proteins with α-MSH stimulation
and a successful downregulation with the treatment of
PBE.
The MAPK-associated ERK is incorporated in the melanogenic pathway. The phosphorylation of ERK inhibits
the expression of MITF in melanocytes (Bae et al. 2016).
Earlier reports indicated phosphorylated ERK inhibiting
the MITF phosphorylation (Kim et al. 2002; Vachtenheim
and Borovanský 2010). The effect of ERK was analyzed
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Fig. 4 Effect of P. boryana ethanolic extract on melanoma cells against specific ERK inhibitor. a ERK pathway associated protein and c tyrosinase
expression in α-MSH-stimulated B16F10 cells. Cells were incubated with α-MSH with PBE in the absence or presence of ERK-specific inhibitor,
PD98059. Protein expressions were analyzed by Western blotting, b, d relevant quantitative data. Data points and bars represent the means ± SD
(n = 3) (*p < 0.05; **p < 0.01) (number sign denotes significance compared to control while asterisk represents significance compared to the
α-MSH-treated group)

using Western blotting. It was evident that the presence of
PBE in α-MSH stimulated melanocytes’ inclined expression of the phosphorylated form of ERK. Hence, the
addition of the ERK inhibitor downregulated the phosphorylation of ERK. This confirms that the effect of PBE is
mediated via the ERK of the MAPK pathway. Preliminary
experiments supported the fact that PBE has the potential
to inhibit the activity of tyrosinase. The effect of ERK on
the production of tyrosinase was also experimented using
ERK-specific inhibitors via Western blotting. The results
revealed that in the presence of PD98059, tyrosinase levels
were upregulated. These data are further supported by the
gene expression analysis of tyrosinase and MITF in the
presence of PD98059 (ERK inhibitor). MITF which is
downregulated by the potential of PBE was inversed via
the ERK inhibitor, supporting the fact that PBE is mediated via the ERK signals in the MAPK pathway. Similar research has been conducted using pure compounds as well
as extracts of seaweed. Kim et al. (2013) investigated the
potential of octaphlorethol A isolated from Isige foliacea

to inhibit the melanogenesis via the ERK pathway in melanoma cells. The ethanol extract of soft coral Dedronephtya putteri was investigated in detail by Sanjeewa et al.
(2018), for its potential to inhibit melanin synthesis in
melanoma cells via the ERK pathway. In this study, therefore, it is revealed that PBE inhibits the synthesis of melanin by suppressing tyrosinase production via promoting
ERK phosphorylation-associated MAPK pathway.

Conclusions
The present study reveals the potential of PBE which contains rich amounts of polyphenol to downregulate the melanin synthesis via inhibiting the tyrosinase activity in
melanoma cells. The mediation involves inhibition of tyrosinase production-related enzyme inhibition (TRP-1 and
TRP-2). MITF which is a central transcription factor in the
melanin synthesis pathway was successfully inhibited via
the activity of PBE. Further studies reinforced that the activity of PBE is mediated via the MAPK pathway, specifically ERK signaling cascade. Hence, PBE is a potential
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candidate in the pharmaceutical industry to be implemented as a skin whitening and lightening component in
cosmetics. However, further studies involving the identity
of active polyphenols and in vivo conditions should be applied before human consumption.
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Abstract
Background: Fucosterol is a compound commonly found in algae that has various biological activities. The
purpose of this study was to develop a high-performance liquid chromatography (HPLC) validation method for
fucosterol and to compare the fucosterol contents of 11 algal species from Ulleungdo, Korea.
Method: In this study, we successfully isolated and identified fucosterol from a 70% EtOH extract of Sargassum
miyabei, and subsequently conducted specificity, linearity, limit of detection (LOD), limit of quantification (LOQ),
accuracy, and precision analyses for development of an HPLC validation method. Fucosterol contents were
compared using the established HPLC validation conditions.
Results: We successfully isolated fucosterol from a 70% EtOH extract of S. miyabei and identified it based on
spectroscopic analysis. On the basis of HPLC validation using the fucosterol isolated from S. miyabei, we confirmed
specificity (8.5 min), linearity (R2 = 0.9998), LOD (3.20 μg mL−1), LOQ (9.77 μg mL−1), accuracy (intra-day and inter-day
variation, 90–110%), and precision (RSD, 1.07%). Fucosterol contents in the 11 assessed algal species ranged from
0.22 to 81.67 mg g−1, with the highest content being recorded in a 70% EtOH extract of Desmarestia tabacoides
(81.67 mg g−1), followed by that of Agarum clathratum (78.70 mg g−1).
Conclusions: The results indicate that 70% EtOH extracts of D. tabacoides and A. clathratum containing fucosterol
with various effects can be potential alternative sources of fucosterol.
Keywords: Alga, Fucosterol, High-performance liquid chromatography, Validation

Background
Algae are classified into three main classes, namely,
Chlorophyceae, Phaeophyceae, and Rhodophyceae, and
there are approximately 6000 algal species worldwide,
of which approximately 150 species are used as food
(Devi et al. 2011; Meenakshi et al. 2011). Algae are
known to be a rich source of bioactive substances
such as carotenoids, dietary fiber, proteins, minerals,
vitamins, polyphenols, and low-calorie polyunsaturated
fatty acids. Research and development of health foods,
cosmetics, and medicines using algae have been
* Correspondence: daesung@mabik.re.kr
†
Jeong Min Lee and Jae Hyuk Jeon contributed equally to this work.
Department of Genetic Resources Research, National Marine Biodiversity
Institute of Korea, Seocheon, Republic of Korea

increasing globally (Lee et al. 2011). As aquatic algae
can inhabit extreme environments, unlike terrestrial
organisms, they are known to produce various bioactive substances that enable them to adapt to such
environments (Jeon et al. 2012). Owing to the presence of these bioactive substances, algae have been
reported to possess anticancer, antioxidant, antibacterial, antitrypanosomal, antiangiogenic, and anti-HIV
activities (Synytsya et al. 2010; Veiga-Santos et al.
2010; Souza et al. 2012; Guerra Dore et al. 2013;
Shanmugam et al. 2014; Thuy et al. 2015).
Several bioactive substances, including fucoidan (polysaccharide), fucoxanthin, chlorophyll, xanthophyll (carotenoid),
phlorotannin (tannin), and fucosterol (sterol) have been isolated from algae (Hosokawa et al. 2004). Fucosterol is

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
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commonly found in algae and has been reported to
lower cholesterol levels and possess various physiological activities, such as antidiabetic, anticancer, and
antioxidant activities (Ikeda et al. 1988; Tang et al.
2002; Lee et al. 2004; Ham et al. 2010).
Currently, fucosterol is mainly isolated from
Sargassum species. In this study, we isolated fucosterol from Sargassum miyabei and developed a highperformance liquid chromatography (HPLC) validation method for this compound. Furthermore, we
compared the content of fucosterol in 11 algal species from Ulleungdo, Korea, using the established
HPLC validation conditions.

Methods
Samples of algae

In 2015, eleven species of algae (Agarum clathratum,
Caulerpa okamurae, Codium fragile, Desmarestia tabacoides, Dictyopteris divaricata, Ecklonia cava, Eisenia
bicyclis, Myagropsis myagroides, Sargassum horneri, S.
serratifolium, and Sporochnus radiciformis) were collected in Ulleungdo Island, Korea, for comparison of

Fig. 1 Fucosterol isolated from Sargassum miyabei
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fucosterol contents. In the same year, S. miyabei was
collected in Pohang-si, Korea, for isolation of fucosterol.
The specimens have been deposited in the Marine Biodiversity Institute of Korea (MABIK). All algal samples
were lyophilized, pulverized, and extracted with 70%
EtOH using a sonicator (WUC-N30H; DAIHAN Scientific
Co., Ltd., Wonju, Korea).
Instrument and reagents

Medium-pressure liquid chromatography (MPLC) and
HPLC were performed using the Buchi Sepacore Flash
system (Flawil, Switzerland) consisting of a UV photometer C-640 and Agilent 1260 Infinity system (Tokyo, Japan)
equipped with a diode array detector (DAD). Mass spectrometry (MS) was conducted using a JEOL JMS-600-W
Spectrometer (Tokyo, Japan), and nuclear magnetic
resonance (NMR) spectra were recorded using a Bruker
AVANCE 500 NMR spectrometer (Rheinstetten,
Germany) in CDCl3 with tetramethylsilane used as the internal standard. Chemical shifts are reported in parts per
million (δ) and the coupling constant (J) is expressed in
Hertz (Hz). All reagents used were of analytical grade.
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Isolation of fucosterol

Validation

A dried sample of S. miyabei (1.2 kg) was powdered and
extracted with 70% EtOH (12 L × 3) using a sonicator
and then evaporated under vacuum. The 70% EtOH extract (91.7 g) was suspended in water and partitioned
with n-hexane, chloroform, ethyl acetate, and n-butanol.
A portion of the n-hexane fraction (15.6 g) was subjected
to chromatographic analysis using an MPLC system and
eluted in a gradient solvent system (100% n-hexane and
up to 100% ethyl acetate) to yield eight subfractions
(H1–H8). Subfraction H5 (8.1 g, n-hexane:ethyl acetate = 60:40) was re-chromatographed in an MPLC
system and eluted in a gradient solvent system (70%
n-hexane and up to 100% ethyl acetate) to yield five
subfractions (H5-1 to H5-5). H5-3 was recrystallized
with MeOH to obtain fucosterol (Fig. 1).
Fucosterol was obtained as a white powder; EI-MS m/
z: 412 [M]+ (13.0), 314 (100), 299 (19.2), 271 (11.3), 229
(15.5); 1H-NMR (500 MHz, CDCl3, δH) 5.35 (1H, d, J =
5.5 Hz, H-6), 5.18 (1H, q, J = 6.5, 13.5 Hz, H-28), 3.53
(1H, m, H-3), 1.58 (3H, d, J = 7.5 Hz, H-29), 1.02 (3H, s,
H-19), 1.00 (3H, d, J = 7.0 Hz, H-21), 0.98 (3H, d, J =
6.5 Hz, H-27), 0.97 (3H, d, J = 7.0 Hz, H-26), 0.69 (3H, s,
H-18); 13C-NMR (125 MHz, CDCl3, δC) 147.2 (C-24),
141.0 (C-5), 121.9 (C-6), 115.8 (C-28), 72.0 (C-3), 56.9
(C-14), 56.0 (C-17), 50.3 (C-9), 42.5 (C-13), 42.4 (C-4),
39.9 (C-12), 37.5 (C-1), 36.7 (C-10), 36.6 (C-20), 35.4
(C-22), 35.0 (C-25), 32.1 (C-7,8), 31.9 (C-2), 28.4 (C16), 25.9 (C-23), 24.5 (C-15), 22.4 (C-26), 22.3 (C-27),
21.3 (C-11), 19.6 (C-19), 19.0 (C-21), 13.4 (C-29),
12.1 (C-18).

The HPLC method was validated for specificity,
linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy, and precision according to the
International Conference on Harmonization (ICH; 1997,
2005) guidelines.
The linearity of the method was established using
triplicate injections at six concentrations in the
range 3.91–125.00 μg mL−1 . A calibration curve for
fucosterol was constructed using peak area (Y),
concentration (X, μg 10 μL−1 ), and mean (n = 3) ±
standard deviation values. Correlation coefficient
values (R 2) were determined from the calibration
curve. The LOD and LOQ of fucosterol were calculated using the following formulae: LOD = 3.3 × σ/
S and LOQ = 10 × σ/S; where, σ = the deviation
and S = the slope of the calibration curve. The
accuracy of the method was determined based on
intra- and inter-day variations. Intra-day variation
was determined by analyzing triplicate samples at
three different concentrations (15.63, 31.25,
62.50 μg mL −1) in a single day. Inter-day variation
was determined by analyzing a single sample at
three different concentrations (15.63–62.50 μg
mL−1 ) for 3 days. Variations are expressed as percentage recoveries. Precision was assessed based on
repeatability. Repeatability data were obtained from
six injections of samples at a concentration of
125.00 μg mL−1 on the same day. Repeatability is
expressed as the percentage relative standard
deviation (%RSD).

Results and discussion
Sample preparation and HPLC condition

Isolation of fucosterol

A stock solution of fucosterol (1 mg) was dissolved
in 1 mL of acetonitrile and was diluted to give the
desired concentrations (3.91, 7.82, 15.63, 31.25,
62.50, and 125.00 μg mL−1). To analyze fucosterol
content, samples of the 11 aforementioned algal
species were extracted with 70% EtOH for 1 h by
sonication (three times) and evaporated under vacuum. The residues were dissolved in 1 mL of 50%
MeOH and filtered using a 0.45-μm syringe filter.
The resulting solution was subjected to HPLC analysis, using a Kinetex C18 (4.6 mm × 100 mm,
2.6 μm) column, with a mobile phase comprising a
solution of MeOH (solvent A) and 0.1% acetic acid
(solvent B). The gradient solvent system was as follows: from 50 to 0% B for 5 min, and then retained
at 0% B for 10 min. The injection volume was 10 μL
and the flow rate was 1 mL min−1. The column
temperature was maintained at 25 °C and detection
wavelength was 210 nm. All injections were performed
in triplicate.

The fucosterol extracted from S. miyabei was obtained as a white powder with a molecular formula of
C29H48O based on EI-MS analysis. In the 1H-NMR
spectrum of fucosterol, we detected two olefinic
proton signals [δH 5.35 (1H, d, J = 5.5 Hz, H-6), 5.18
(1H, q, J = 6.5, 13.5 Hz, H-28)], one oxygenated
methine proton signal [δH 3.53 (1H, m, H-3)], and six
methyl groups [δH 1.58 (3H, d, J = 7.5 Hz, H-29),
1.02 (3H, s, H-19), 1.00 (3H, d, J = 7.0 Hz, H-21),
0.98 (3H, d, J = 6.5 Hz, H-27), 0.97 (3H, d, J = 7.0
Hz, H-26), 0.69 (3H, s, H-18)]. In the 13C-NMR
spectrum of fucosterol, we observed 29 carbon
signals, including two olefin quaternary carbons [δC
147.2 (C-24), 141.0 (C-5)], two olefin methine carbons
[δC 121.9 (C-6), 115.8 (C-28)], one oxygenated
methine carbon [δC 72.0 (C-3)], and six methyl carbons [δC 22.4 (C-26), 22.3 (C-27), 19.6 (C-19), 19.0
(C-21), 13.4 (C-29), 12.1 (C-18)]. Fucosterol was
elucidated by comparison of the EI-MS and NMR
(1H-NMR, 13C-NMR, DEPT 45, 90, 135, 1H-1H COSY,
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Fig. 2 High-performance liquid chromatography chromatograms of the fucosterol extracted from Agarum clathratum (a) and Desmarestia
tabacoides (b)

HSQC, HMBC) spectral data with those previously
published (Bang et al. 2011).
Validation

In the HPLC data, fucosterol showed a single peak
unaffected by solvent and other components at 8.5
min (Fig. 2a). Good resolution of fucosterol and specificity of the method were confirmed. In the calibration curve at six different concentrations (3.91–
125.00 μg mL−1) of fucosterol for determining linearity, y was 5.70x−23.90 and R2 was 0.9998. The R2 of
Table 1 High-performance liquid chromatography calibration
data for fucosterol from S. miyabei
Linear range Regression
equationa
(μg mL−1)
3.91–125.00

LOD
Correlation
LOQ
coefficient (R2) (μg mL−1)b (μg mL−1)c

y = 5.7x + 23.9 0.9998

3.20

9.77

Triplicate injections at six concentrations
a
Regression equation is y = Ax + B [y, the peak area; x, concentration (μg 10 μL−1)]
b
Limit of detection
c
Limit of quantification

fucosterol was greater than 0.9995, thereby verifying
the linearity of fucosterol. The LOD and LOQ of
fucosterol were 3.20 and 9.77 μg mL−1, respectively
(Table 1). The intra- and inter-day accuracy ranges
were 95.76–103.21% and 96.49–101.46%, respectively.
The intra- and inter-day variations were within the
range of 90–110%, which confirmed the accuracy of
the method (Table 2). The precision of the HPLC
Table 2 Accuracy of the high-performance liquid
chromatography validation method for fucosterol from S.
miyabei
Concentration
(μg mL−1)

Intra-day variationa
Recovery (%)

SD (%)

Recovery (%)

SD (%)

62.50

101.05

0.71

101.46

0.59

31.25

103.22

0.13

99.55

0.28

15.63

95.76

2.25

96.49

0.97

a

Inter-day variationb

Triplicate injections at three different concentrations in a single day
b
One injection at three different concentration for 3 days
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Table 3 Precision of the high-performance liquid
chromatography validation method for fucosterol from S. miyabei
Concentration
(μg mL−1)

Number of
measurements

Area

Mean

RSD (%)

125.00

1

682.8

685.4

1.05

2

674.5

3

681.7

4

688.0

5

692.0

6

693.6

method, calculated as %RSD, was evaluated for repeatability (125.00 μg mL−1). The RSD was less than
2.0% (1.07%), which confirmed the precision of the
method (Table 3).
Determination of fucosterol contents

The fucosterol contents in the 11 assessed algal
species ranged from 0.22 to 81.67 mg g−1 (Table 4).
Specifically, the content of fucosterol in A. clathratum, D. tabacoides, E. cava, and S. radiciformis was
approximately four times higher than that in Sargassum species. The highest content of fucosterol was
detected in the 70% EtOH extract of D. tabacoides
(81.67 mg g−1, Fig. 2b), followed by that of A. clathratum
(78.70 mg g−1).
Fucosterol has been reported to have various effect such
as antioxidant, antidepressant, anticonvulsant, antipredator,
and antiplasmodial activities, and it has been isolated from
the Sargassum species S. micracanthum, S. tenerrimum, S.
fusiforme, S. horneri, and S. linearifolium (Ham et al. 2010;

Table 4 Content of fucosterol in 70% EtOH extracts of 11 algal
species

Terasaki et al. 2009; Zhen et al. 2015; Majik et al. 2015; Perumal et al. 2018). Although Sargassum species are a good
source of fucosterol, our present study results confirmed
that 70% EtOH extracts of D. tabacoides and A. clathratum
could replace Sargassum species as a potential source of
fucosterol. Therefore, we anticipate that D. tabacoides and
A. clathratum, which have high fucosterol contents with
the various aforementioned properties, will have a high
industrial value.

Conclusions
We successfully isolated fucosterol from S. miyabei and developed an HPLC validation method for this compound for
comparison of the fucosterol contents of 11 selected algal
species. The recorded fucosterol contents in 70% EtOH
extracts of D. tabacoides and A. clathratum were 81.67 and
78.70 mg g−−1, respectively. These results indicate that 70%
EtOH extracts of D. tabacoides and A. clathratum containing high contents of fucosterol with various beneficial
properties can be potential alternative sources of fucosterol.
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