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Total replacement of dietary fish oil with
alternative lipid sources in a practical diet for
mandarin fish, Siniperca scherzeri, juveniles
Zohreh Sankian1, Sanaz Khosravi1, Yi-Oh Kim2 and Sang-Min Lee1*

Abstract
A 12-week feeding trial was designed to evaluate the effect of total replacement of fish oil (FO) with terrestrial
alternative oils on growth, feed utilization, body composition, hematological parameters, and fillet fatty acid profile
of mandarin fish juveniles. Four iso-nitrogenous (56% crude protein) and iso-lipidic (13% crude lipid) practical diets
were formulated. A control diet contained 6% FO and three other experimental diets were prepared by replacing
FO with linseed oil, soybean oil, and lard (designed as FO, LO, SO, and lard, respectively). Each diet was randomly
allocated to triplicate groups of 25 fish (1.8 ± 0.03 g/fish) in a circular tank. Complete replacement of FO by three
tested alternative oils had no remarkable impact on growth performance, feed utilization efficiency, and
morphological and hematological parameters of juvenile mandarin fish. However, daily feed intake was found to be
significantly higher for fish fed the SO diet compared with those fed the FO and LO diets. Fish fed LO and SO diets
exhibited significantly higher levels of the whole body lipid compared to fish fed diet containing FO. Fillet fatty acid
composition reflected dietary fatty acid profile. The highest level of α-linolenic acid, linoleic acid, and oleic acid was
observed in fish fillet fed LO, SO, and lard, respectively. Although the eicosapentaenoic acid level of fish fillet fed
diet FO was higher than other treatments, no significant difference was found in docosahexaenoic acid content
among all dietary groups. The results of the present study clearly demonstrate that the complete replacement of
FO in mandarin fish diets is achievable. These findings are useful in dietary formulation to reduce feed costs
without compromising mandarin fish growth.
Keywords: Growth performance, Feed utilization efficiency, Fillet fatty acid composition, Fish oil replacement,
Mandarin fish, Siniperca scherzeri

Background
Feed ingredients of marine origin such as fish meal (FM)
and fish oil (FO) have been extensively used as the main
protein and lipid sources in the aquafeeds. Fish oil is
particularly popular in aquafeed industry because of its
high proportions of n-3 long-chain polyunsaturated fatty
acids (LC-PUFA) that play an important role in supporting normal growth, health, and nutritional quality of
farmed aquatic animals (Turchini et al. 2011b). However,
it is clearly evident that the aquafeed-manufacturing industry cannot continue to rely on this highly palatable and
nutritious marine ingredient. Indeed, the sustainability
* Correspondence: smlee@gwnu.ac.kr
1
Department of Marine Bioscience and Technology, Gangneung-Wonju
National University, Gangneung 25457, South Korea
Full list of author information is available at the end of the article

issues and rising costs linked with FO have exerted and
continue to exert substantial pressure on global aquafeed
sector to find economically viable and environmentally
sustainable substitutions. In this regard, terrestrial oils,
particularly vegetable oils, have been considered as the
prime candidates for FO replacement in aquafeeds due to
their high availability and relatively lower prices (Turchini
et al. 2011b). In comparison to FO, however, oils of terrestrial origin are typically rich in C18 fatty acids, mainly linoleic (LA, 18:2n-6), α-linolenic (ALA, 18:3n-3), and oleic
(OA, 18:1n-9) acids, but lack or have a very limited content of the n-3 LC-PUFA, such as eicosapentaenoic (EPA,
20:5-3) and docosahexaenoic (DHA, 22:6n-3) acids, which
are regarded as undesirable nutritional properties (Bureau
and Meeker 2011; Nasopoulou and Zabetakis 2012). Consequently, numerous studies have investigated the efficacy

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
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the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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of various oils of terrestrial origin in feeds for cultured
fish. Overall, the literature evidence suggests that most alternative oil sources are able to replace FO to some extent
depending upon the species studied and also the type and
fatty acid content of the alternative oil used (Turchini et
al. 2011b). It is also now generally recognized that partial
or full substitution of FO is more feasible for freshwater
fish than marine species which apparently lack the ability
to desaturate and elongate C18 PUFA and therefore are
very prone to n-3 LC-PUFA deficiency (Tocher 2010). Indeed, a review of previous experiments with freshwater
species such as Murray cod, Maccullochella peelii peelii
(Turchini et al. 2011a); pikeperch, Sander lucioperca (L.)
(Kowalska et al. 2012); snakehead, Channa striatus
(Aliyu-Paiko and Hashim 2012); darkbarbel catfish, Pelteobagrus vachelli (Jiang et al. 2013); Nile tilapia, Oreochromis niloticus (Peng et al. 2015; Apraku et al. 2017); gibel
carp, Carassius auratus gibelio (Zhou et al. 2016); silver
catfish, Rhamdia quelen (Lazzari et al. 2016); and rainbow
trout, Oncorhynchus mykiss (Gause and Trushenski 2013;
Yıldız et al. 2018); has shown that it is possible to replace
FO by single or a mixture of terrestrial oils (both vegetable
and animal oils) without compromising growth or feed
efficiencies.
Mandarin fish, Siniperca scherzeri, is a strict freshwater
piscivore mainly found throughout East China, Korea, and
Northern Vietnam (Zhou et al. 1988; Li 1991). The growing interest in mandarin fish culture has been triggered by
increasing demand on its shrinking wild stock (Wu et al.
1997; Chu et al. 2013). Yet, so far, there is relatively little
scientific information available concerning mandarin fish
nutrition (Zhang et al. 2009; Lee et al. 2012; Sankian et al.
2017, 2018, 2019), and its commercial production still
relies on expensive live prey. Hence, one of the most important steps in developing and implementing a profitable
and sustainable culture practice for this species is to
formulate a nutritionally balanced and cost-effective commercial feed. A recent feeding trial with mandarin fish
juveniles, of < 9 g, in our laboratory demonstrated that a
diet containing 55% crude protein and 14% crude lipid
yielded the best feeding and growth performance (Sankian
et al. 2017). However, there is no information available on
the use of alternative lipid source in a practical diet of this
species. Therefore, the overall aim of this study was to
investigate the possible effects of total substitution of
dietary FO with alternative lipid sources including linseed oil, soybean oil, or lard on mandarin fish juveniles in terms of growth performance, efficiency of
feed utilization, whole body proximate composition,
biochemical indices, and fillet fatty acid profile. It is
likely that the main findings in this study could be
useful in formulating a cost-effective practical diet for
this emerging species of increasing interest in the
South Korean freshwater aquaculture sector.
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Methods
Experimental diets

Fatty acid composition of the tested oil sources are shown
in Table 1 and the formulation and proximate composition
of the experimental diets are presented in Table 2. Four
iso-nitrogenous (approximately 56% crude protein) and
iso-lipidic (approximately 13% crude lipid experimental diets, varying only in the added lipid source) were formulated
using anchovy FM as the main source of protein. In all the
experimental diets, ~ 6% lipid was provided from the residual oil in the FM and other dietary ingredients, while the
other 6% lipid was achieved through separate addition of
four different oil sources including fish oil (FO), linseed oil
(LO), soybean oil (SO), and lard to the diet, and the resultant experimental diets were named accordingly. For preparing each experimental diet, all the dry ingredients were
thoroughly mixed with oil and distilled water to form a
sticky dough, which was then passed through a mincer
(SMC-32, SL Co., Incheon, South Korea) to produce
3.0-mm-diameter feed strands. The moist feed strands were
then chopped into pellets of a desired length (approximately 15 to 18 mm), dried on wire racks at 25 °C in a
forced air oven overnight, and kept frozen at − 20 °C until
used. A pilot study in our laboratory has shown that the
size, shape, and texture of the feed pellets play an important
role in the acceptance of artificial diets by mandarin fish
which is well known for its very unique food preference
(Liang et al. 1998; Li et al. 2017). The fish was found to be
most attracted to the 15 to 18-mm-long moist pellets,
which contained more than 30% moisture.

Table 1 Major fatty acid composition (% total fatty acids) of the
tested oil sources
Oil sources
FO

LO

SO

Lard

14:0

9.8

0.1

0.1

2.1

16:0

19.6

5.6

11.9

22.6

18:0

3.9

3.6

4.1

12.2

16:1n-7

10.7

0.1

0.1

2.1

18:1n-9 (OA)1

7.0

16.0

26.1

43.3

18:2n-6 (LA)2

1.5

15.5

48.2

11.2

18:3n-3 (ALA)3

0.6

48.7

5.8

0.1

20:4n-6

–

–

–

–

20:5n-3 (EPA)4

15.4

–

–

–

22:5n-3

–

–

–

–

22:6n-3 (DHA)5

5.7

–

–

–

FO fish oil, LO linseed oil, SO soybean oil
1
Oleic acid
2
Linoleic acid
3
α-Linolenic acid
4
Eicosapentaenoic acid
5
Decosahexaenoic acid
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Table 2 Ingredients and proximate composition of the
experimental diets (% DM)

Fish and experimental design

Experimental diets
FO

LO

SO

Lard

Anchovy FM1

55.0

55.0

55.0

55.0

Casein

5.0

5.0

5.0

5.0

Wheat gluten

10.0

10.0

10.0

10.0

Wheat flour

20.0

20.0

20.0

20.0

Fish oil

6.0

–

–

–

Linseed oil

–

6.0

–

–

Soybean oil

–

–

6.0

–

Lard

–

–

–

6.0

Vitamin premix2

1.5

1.5

1.5

1.5

Mineral premix3

1.8

1.8

1.8

1.8

Ingredients (% DM)

Stay-C (50%)

0.3

0.3

0.3

0.3

Vitamin E (25%)

0.2

0.2

0.2

0.2

Choline (50%)

0.2

0.2

0.2

0.2

Dry matter

70.5

63.7

66.8

60.4

Crude protein

56.0

56.2

56.8

56.9

Crude lipid

13.0

13.2

13.2

13.3

Ash

11.0

11.0

11.0

11.2

Proximate composition
(% DM)

Sample collection

Fatty acids
(% total fatty acids)
14:0

8.5

1.7

1.6

3.0

16:0

21.2

11.2

15.1

22.7

18:0

4.5

4.2

4.5

10.1

16:1n-7

8.3

0.9

0.8

2.2

18:1n-9 (OA)

8.3

14.3

20.7

32.8

18:2n-6 (LA)5

1.6

11.2

32.7

8.1

4

18:3n-3 (ALA)

6

Mandarin fish juveniles were obtained from Inland Fisheries
Research Institute (Chungcheongbuk-do, South Korea). The
fish were acclimated to the experimental condition in a
5000-L glass tank, connected to a recirculation system, at
the GWNU Marine Biology Center in ambient freshwater
temperature (24 ± 0.1 °C, mean ± SE), feeding on a repelleted
commercial feed (50% crude protein and 13% lipid;
Woosung, Daejeon, South Korea) with the same size as
the experimental diets. Following the 1-week acclimation procedure, 25 fish with an initial mean body
weight of 1.8 ± 0.03 g were randomly stocked into each
65-L polyvinyl circular tank supplied with filtered and
dechlorinated tap water using a freshwater recirculating
(closed) system. Triplicate groups of fish were fed one
of the formulated diets to apparent satiation twice a
day at 09:00 and 17:00 for 12 weeks. The uneaten feed
was siphoned out, dried to constant weight, and then
weighed to estimate the amount of feed consumed. The
mean water temperature during the experimental period
was 24 ± 0.1 °C. The photoperiod was maintained on a
12:12-h (light/dark) schedule. Fish were deprived of feed
for 16 h prior to weighing or sampling to minimize handling stress on fish.

0.7

33.7

4.2

0.4

20:4n-6

0.8

0.7

0.7

0.7

20:5n-3 (EPA)7

14.5

3.7

3.6

3.6

22:5n-3

11.4

0.6

0.6

0.6

22:6n-3 (DHA)8

16.6

12.4

12.1

12.3

FO fish oil, LO linseed oil, SO soybean oil
1
Pesquera Bahia Caldera, Caldera, Chile; with crude protein 69.1%, crude
lipid 12.6%, ash 14.1% dry matter
2
Vitamin premix contained the following amounts which were diluted in
cellulose (g/kg premix): DL-α-tocopheryl acetate, 18.8; thiamin
hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin,
36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic
acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate,
0.73; cholecalciferol, 0.003; cyanocobalamin, 0.003
3
Mineral premix contained the following ingredients (g/kg premix):
MgSO4·7H2O, 80.0; NaH2PO4·2H2O, 370.0; KCl, 130.0; ferric citrate, 40.0;
ZnSO4·7H2O, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AlCl3·6H2O, 0.15; KI, 0.15;
Na2Se2O3, 0.01; MnSO4·H2O, 2.0; CoCl2·6H2O, 1.0
4
Oleic acid
5
Linoleic acid
6
α-Linolenic acid
7
Eicosapentaenoic acid
8
Decosahexaenoic acid

At the end of the experiment, all the survived fish in
each tank were counted and weighed for calculation of
growth performance, feed utilization parameters, and
survival rates. Total body length was measured for each
individual fish to the nearest 0.1 mm. A random sample
of 5 fish per tank was collected and stored at − 43 °C for
subsequent whole body proximate composition analyses.
Blood samples were collected from the caudal veins of
six anesthetized (200 mg/L MS-222, Sigma, St. Louis,
MO, USA) individual fish per tank (nine fish/dietary
treatment) using heparinized syringes. Blood samples
were kept on ice prior to plasma separation by centrifugation at 7500 RPM for 10 min using a high-speed
refrigerated microcentrifuge (HanilBioMed Inc., Gwangju,
South Korea). Plasma samples were immediately stored at
− 80 °C until used in subsequent hematological analyses
including total protein (TP), total cholesterol (TCHO),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), albumin
(ALB), and total bilirubin (TBIL). Immediately after
blood sampling, fish (6 fish/tank; 18 fish/dietary treatment) were dissected to obtain their liver and visceral
weights for calculating the hepatosomatic (HSI) and
viscerosomatic (VSI) indices, respectively. Fillet samples
were subsequently dissected out of the same fish and
stored at − 80 °C until proximate and fatty acid composition analyses.
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Analytical methods
Chemical composition analyses

Chemical composition of the experimental diets, whole
body, and fillet samples was determined according to the
standard methods (AOAC 2005). Moisture content was
estimated by oven drying at 105 °C for 6 h. Crude protein
content was determined by an automated Kjeldahl system
(Buchi, Flawil, Switzerland). Crude lipid was measured
using a Soxhlet extractor (VELP Scientifica, Milano, Italy),
and ash content by a Thermolyne™ combustion in a muffle
furnace at 600 °C for 4 h.
Hematological analysis

Plasma samples were analyzed for TP, TCHO, AST, ALT,
ALP, ALB, and TBIL concentrations using an automated
blood analyzer (DRI-CHEM NX500i, FUJIFILM Corporation Tokyo, Japan).
Fatty acid analyses

Total lipids in oil sources, experimental diets, and fillet
samples were extracted following the Folch et al. (1957)
method using a chloroform and methanol mixture (2:1 v/v).
Extracted lipids were then submitted to acid-catalyzed
transmethylation using BF3-MeOH (Sigma, St. Louis, MO,
USA) to obtain fatty acid methyl esters (FAMEs). Then,
FAMEs were analyzed using a PerkinElmer Clarus 600 gas
chromatograph (Shelton, CT, USA) equipped with a
flame-ionization detector and a SP-2560 capillary column
(100 m × 0.25 mm i.d., 0.2-μm film thickness; Supelco, Bellefonte, PA, USA) using helium as the carrier gas and
temperature programmed operation from 140 to 240 °C in
increments of 5 °C/min. The temperature of both injector
and detector was adjusted at 240 °C. Fatty acids were identified by comparison with standard FAME mixtures (FAME
37 and PUFA 3; Supelco, Bellefonte, PA, USA) and data
analyzed using TotalChrom software (version 6.3.1;
PerkinElmer Inc., Shelton, CT, USA).
Formulae, calculations, and statistical analysis
Weight gain ðWG; %Þ ¼
½ðfinal body weight−initial body weightÞ=initial body weight  100

Specific growth rate ðSGR; %=day Þ ¼
½ð ln final body weight− ln initial body weightÞ=days  100
Daily feed intake ðDFI; %Þ ¼
ftotal dry feed consumedðgÞ=½ðinitial fish weight þ final fish weight
þdead fish weightÞ  days=2g  100

Daily protein intake ðDPI; %Þ ¼
ftotal protein consumedðgÞ=½ðinitial fish weight
þfinal fish weight þ dead fish weightÞ  days=2g  100
Feed efficiency ðFE; %Þ ¼
ðwet weight gain ðgÞ=total dry feed consumedðgÞÞ  100
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Protein efficiency ratio ðPERÞ ¼
wet weight gain ðgÞ=total protein consumedðgÞ
Condition factor ðCF; %Þ ¼


fish body weight=ðtotal length of fishÞ ðcmÞ3  100

Hepatosomatic index ðHSI; %Þ ¼
ðliver weight ðgÞ=fish body weightÞ  100
Viscerosomatic index ðVSI; %Þ ¼
ðviscera weight ðgÞ=fish body weightÞ  100

Data were analyzed as a completely random design
with the tank as the experimental unit, using one-way
ANOVA in SPSS program version 22.0 (SPSS Inc.,
Chicago, IL, USA). When ANOVA identified differences
among groups, Tukey’s honest significant difference
multiple range test was performed to detect statistically
significant differences between mean responses at a
significance level of P < 0.05. Data were checked for normal distribution (Shapiro-Wilk’s test) and homogeneity
of variances (Levene’s test) and when necessary arcsine
transformed. Data were presented as mean ± standard
error (SE.) of the triplicate groups.

Results
The results of growth, feed utilization, and morphological
parameters of mandarin fish juveniles are presented in
Table 3. The total replacement of dietary FO by different
lipid sources showed no significant negative effect on
growth performance in terms of final body weight (10.3–
11.6 g), WG (499–549%), and SGR (2.13–2.23%). Although
growth rates were not significantly affected, fish received
FO and LO diets grew slightly better and were numerically
larger than those fed the other two diets. The DFI of fish
fed the SO diet was significantly higher than those of fish
fed FO and LO diets. No remarkable differences on DPI,
FE, and PER were observed among any of the treatments
(P > 0.05). The survival rate was higher than 97%, and there
was no significant difference among all experimental
groups. Similarly, the total substitution of FO with LO, SO,
or lard had no significant effects on fish morphological
parameters.
The results of whole body proximate composition are
presented in Table 4. No significant differences were observed in whole body composition in terms of moisture,
crude protein, and ash contents among all experimental
groups. Total replacement of dietary FO with three different oil sources resulted in increased fat levels in mandarin fish body. Fish fed the LO and SO diets had
significantly higher crude lipid level in the whole body
than that of fish fed FO diet.
The results of hematological parameters are reported
in Table 5. There was neither a considerable difference
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Table 3 Growth performance, feed utilization efficiency, and
morphological parameters of mandarin fish fed the four
experimental diets for 12 weeks

Table 5 Hematological parameters of mandarin fish fed the
four experimental diets for 12 weeks
Experimental diets

Experimental diets

FO

LO

SO

Lard

FO

LO

SO

Lard

TP1

4.33 ± 0.17

4.17 ± 0.20

4.03 ± 0.32

4.80 ± 0.12

IBW1

1.8 ± 0.02

1.8 ± 0.02

1.7 ± 0.01

1.8 ± 0.02

TCHO2

205 ± 8

190 ± 13

187 ± 13

219 ± 9

FBW2

11.6 ± 0.3

10.9 ± 0.3

10.3 ± 0.03

10.7 ± 0.4

AST

174 ± 16

224 ± 61

172 ± 22

274 ± 11

WG3

549 ± 20

524 ± 18

503 ± 1

499 ± 13

ALT4

10.0 ± 0.6

10.0 ± 0.0

8.7 ± 0.3

11.0 ± 6.7

SGR4

2.23 ± 0.04

ALP5

2.18 ± 0.04

2.14 ± 0.00

3

2.13 ± 0.03

412 ± 30

342 ± 30

341 ± 40

489 ± 34

5

DFI

2.54 ± 0.10

2.50 ± 0.06

2.81 ± 0.02

2.72 ± 0.04

ALB6

0.77 ± 0.03

0.67 ± 0.03

0.70 ± 0.06

0.83 ± 0.03

DPI6

1.44 ± 0.06

1.42 ± 0.03

1.57 ± 0.01

1.53 ± 0.02

TBIL7

0.53 ± 0.09

0.60 ± 0.12

0.77 ± 0.09

0.73 ± 0.17

FE

69.1 ± 3.2

69.1 ± 2.3

61.4 ± 0.8

62.5 ± 1.2

PER8

1.44 ± 0.06

1.45 ± 0.04

1.31 ± 0.01

1.34 ± 0.02

Values are mean of triplicate groups and presented as mean ± SE. Values with
different superscripts in the same row are significantly different (P < 0.05). The
lack of superscript letter indicates no significant differences among treatments
FO fish oil, LO linseed oil, SO soybean oil
1
Total protein (g/dL)
2
Total cholesterol (mg/dL)
3
Asparatet aminotransferase activity (U/L)
4
Alanine aminotransferase activity (U/L)
5
Alkaline phosphatase (U/L)
6
Albumin (g/dL)
7
Total bilirubin (mg/dL)

7

a

a

b

ab

Survival (%)

98.7 ± 1.33

97.3 ± 1.33

98.7 ± 1.33

98.7 ± 1.33

CF9

1.14 ± 0.11

1.41 ± 0.06

1.17 ± 0.02

1.14 ± 0.11

HSI10

2.06 ± 0.10

3.04 ± 0.57

2.47 ± 0.28

2.24 ± 0.09

VSI11

9.93 ± 0.73

10.42 ± 0.50

9.65 ± 0.74

8.95 ± 0.30

Values are mean of triplicate groups and presented as mean ± SE. Values with
different superscripts in the same row are significantly different (P < 0.05). The
lack of superscript letter indicates no significant differences among treatments
FO fish oil, LO linseed oil, SO soybean oil
1
Initial mean body weight (g)
2
Final mean body weight (g)
3
Weight gain (%) = [(final bodyweight – initial bodyweight)/initial
body weight] × 100
4
Specific growth rate (%/day) = [( ln final
bodyweight – ln initial bodyweight]/days] × 100
5
Daily feed intake (%) = {total dry feed consumed (g)/[(initial fish weight + final
fishweight + dead fishweight) × days/2]} × 1006Daily protein intake (%) = {total
protein consumed (g)/[(initial fishweight + final
fishweight + dead fishweight) × days/2]} × 100
7
Feed efficiency (%) = (wet weight gain (g)/total dry feed consumed (g)) × 100
8
Protein efficiency ratio = wet weight gain (g)/total protein consumed (g)
9
Condition factor (%) = [fish body weight/(total length of fish) (cm)3] × 100
10
Hepatosomatic index (%) = (liver weight (g)/fish body weight) × 100
11
Viscerosomatic index (%) = (viscera weight (g)/fish body weight) × 100

nor any discernible trend among dietary groups regarding plasma hematological parameters.
Results on fillet proximate composition and fatty acid
profile are given in Table 6. No significant effect nor any
defined trend was found in fillet proximate composition
among dietary treatments. However, the addition of
vegetable oil or animal fat in fish diet significantly
Table 4 Whole body proximate composition of mandarin fish
fed the four experimental diets for 12 weeks (% wet weight)
Experimental diets
FO

LO

SO

Lard

Moisture

79.1 ± 1.5

77.0 ± 0.6

76.7 ± 1.7

77.8 ± 1.52

Crude protein

11.3 ± 0.6

11.8 ± 0.5

13.4 ± 0.9

12.4 ± 1.8

Crude lipid

3.85 ± 0.17a

5.95 ± 0.34b

5.80 ± 0.12b

4.84 ± 0.67ab

Ash

3.34 ± 0.12

3.36 ± 0.21

3.55 ± 0.48

3.51 ± 0.24

Values are mean of triplicate groups and presented as mean ± SE. Values with
different superscripts in the same row are significantly different (P < 0.05). The
lack of superscript letter indicates no significant differences among treatments
FO fish oil, LO linseed oil, SO soybean oil

altered fillet fatty acid profile. Regarding saturated fatty
acids (SFAs), the highest content of myristic acid (14:0)
was noted in fish fed the FO diet, which differed significantly from the other three dietary treatments. Fillets of
fish fed diets containing lard in place of FO had significantly higher levels of palmitic acid (16:0) than do fillets
of fish fed the other experimental diets. While no statistically significant differences were found among LO, SO,
and lard groups, the stearic acid (18:0) content of fillet
in lard group was significantly higher than that of
FO-fed fish. With respect to monounsaturated fatty
acids (MUFAs), fillets of fish fed FO and lard diets contained significantly higher palmitoleic acid (16:1n-7)
compared to fish fed on LO and SO diets. A significantly
greater level of OA was found in the fillet of fish fed lard
diet compared to the other dietary groups. By evaluation
of n-6 fatty acid levels in the fish fillet, the highest concentration of LA was found in fish fed on diets containing SO. Alternative oil treatments had no significant
impact on fillet arachidonic acid (AA, 20:4n-6) content.
With respect to the fillet n-3 fatty acid composition, fish
fed the LO diet had significantly higher levels of ALA
than that of fish fed the FO-based diet, which was itself
significantly higher than those found in the SO and lard
groups. Fillets of fish fed diets containing FO had significantly higher concentrations of EPA than those fed diets
containing the other three oil sources. The 22:5n-3 content of fillet in FO fish was significantly higher than that
of lard diet-fed fish, while no significant differences in
fillet 22:5n-3 among LO, SO, and lard diet-fed fish were
observed. The DHA contents of the fish fillets were
numerically lower in the LO, SO, and lard groups
compared to fish fed the FO diet.
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Table 6 Fillet proximate and fatty acid composition of mandarin fish fed the four experimental diets for 12 weeks
Experimental diets
FO

LO

SO

Lard

Moisture

77.9 ± 0.8

79.1 ± 0.4

78.7 ± 1.2

77.6 ± 0.4

Crude protein

18.1 ± 0.5

18.1 ± 0.8

17.6 ± 0.9

18.8 ± 0.6

Proximate composition
(% wet weight)

Crude lipid

1.44 ± 0.36

1.70 ± 0.27

1.36 ± 0.17

1.32 ± 0.24

Ash

1.37 ± 0.16

1.03 ± 0.11

1.14 ± 0.09

1.46 ± 0.02

14:0

2.54 ± 0.17b

1.84 ± 0.12a

1.45 ± 0.02a

1.68 ± 0.03a

16:0

21.8 ± 0.5a

20.8 ± 0.1a

20.8 ± 0.2a

23.4 ± 0.7b

Fatty acid (% total fatty acid)

a

18:0

5.30 ± 0.12

5.91 ± 0.14

6.01 ± 0.28

6.64 ± 0.25b

16:1n-7

5.61 ± 0.58b

2.42 ± 0.18a

2.49 ± 0.37a

4.94 ± 0.12b

21.5 ± 1.7a

21.2 ± 0.7a

20.3 ± 0.1a

18:1n-9 (OA)1
2

a

18:2n-6 (LA)

4.90 ± 0.31
3

18:3n-3 (ALA)

b

ab

b

ab

27.98 ± 1.2b
c

7.38 ± 0.20

15.86 ± 0.45
c

a

6.29 ± 0.39ab

4.90 ± 0.28

10.47 ± 0.48

2.78 ± 0.31

1.67 ± 0.02a

20:4n-6

1.92 ± 0.32

1.09 ± 0.04

1.09 ± 0.02

1.42 ± 0.04

20:5n-3 (EPA)4

6.20 ± 0.31b

4.96 ± 0.05a

4.49 ± 0.13a

4.59 ± 0.38a

22:5n-3

1.56 ± 0.15b

1.42 ± 0.05ab

1.30 ± 0.03ab

1.04 ± 0.13a

18.2 ± 1.8

16.4 ± 1.0

15.7 ± 0.2

14.0 ± 1.9

5

22:6n-3 (DHA)

Values are mean of triplicate groups and presented as mean ± SE. Values with different superscripts in the same row are significantly different (P < 0.05). The lack
of superscript letter indicates no significant differences among treatments
FO fish oil, LO linseed oil, SO soybean oil
1
Oleic acid
2
Linoleic acid
3
α-Linolenic acid
4
Eicosapentaenoic acid
5
Decosahexaenoic acid

Discussion
The growth rate values observed in the present study were
much higher than those previously reported for the same
species by our research team using practical diets with
relatively similar protein and lipid contents (Sankian et al.
2017, 2018). This is probably due to the higher initial
weight of the fish in the previous studies (8–20 vs. 1.8 g in
the present study). To our knowledge, so far, there is no
previous record on the effects of different dietary lipid
source on growth, feed utilization, hematological indices,
and body/fillet nutritional traits of mandarin fish. The
findings of the present study showed that FO in a practical
diet with 13% lipid for juvenile mandarin fish can be completely replaced by LO, SO, or lard without markedly
compromising growth performance and feed efficiency.
Our results are in agreement with the previous studies in
which it was demonstrated that various alternative oils
could be used to completely replace FO in freshwater fish
diets without any adverse effect on the nutrient utilization
or growth rates (Turchini et al. 2011a; Kowalska et al.
2012; Jiang et al. 2013; Han et al. 2013; Zhou et al. 2016).
However, the DFI value in fish fed with SO diet was
significantly higher than those of fish fed the FO and LO

diets. Similarly, Du et al. (2008) found markedly higher
feed intake in grass carp, Ctenopharyngodon idella, fngerlings fed lard or a blend of vegetable oils in comparison
with a FO-based diet. A large body of literature provides
strong evidence to suggest that fish are able to regulate
feed intake in order to meet their metabolizable energy
demands (De la Higuera 2001). Within the context of FO
replacement in aquafeed, if FO is replaced with an equal
amount of alternative oil source, minimal differences in
the total dietary energy content are expected. However,
since different oils may have different digestibility, it is
possible that the total digestible/metabolizable energy of
feed can be partially changed, resulting in variations in
feed intake. This may partly explain the DFI differences
observed in the present study.
The replacement of the dietary FO by three different
oils, in the present study, did not affect the morphological indices of fish, which is often used to indicate the
nutritional status of fish. This was in agreement with
previous studies in other freshwater species, which reported that the replacement of dietary FO with vegetable
oils and rendered animal fat did not affect the morphological parameters of snakehead, Murray cod, rainbow
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trout, darkbarbel catfish, Nile tilapia, and gibel carp
(Figueiredo-Silva et al. 2005; Turchini et al. 2011a;
Aliyu-Paiko and Hashim 2012; Jiang et al. 2013; Peng et
al. 2015; Zhou et al. 2016).
In the present study, the whole body lipid content of
mandarin fish fed the LO and SO diets were significantly
higher than that of fish fed the FO diet. In accordance
with the present study, significantly high fat was recorded by Aliyu-Paiko and Hashim (2012) in whole body
proximate composition of snakehead fingerlings, fed
palm oil as a FO replacer. Similarly, in hybrid tilapia,
Oreochromis niloticus × O. aureus, fed tea see oil for
10 weeks, significantly higher body lipid levels were
obtained compared to fish fed FO (Han et al. 2013). It
has been suggested that diets enriched in n-3 LC-PUFA
may suppress fatty acids synthesis, simulate fatty acid
β-oxidation, activate lipoprotein lipase, and reduce triacylglycerol synthesis, thereby leading to an overall
reduction in lipid deposition and suppressing the development of obesity in mammals (Al-Hasani and
Joost 2005; Madsen et al. 2005). Indeed, Todorčević
et al. (2009) reported that feeding FO to Atlantic salmon,
Salmo salar, for 21 weeks reduced white adipose tissue fat
content and increased fatty acid β-oxidation activity
compared to fish fed rapeseed oil.
Hematological parameters are important indicators of
fish’s physiological and health status (Maita 2007).
Hematological responses of juvenile mandarin fish were
unaffected by the complete substitution of FO in this
study. There are conflicting reports concerning the
effects of FO substitution by other oil sources on
hematological indices, with some studies suggesting
marked modifications (Ferreira et al. 2011; Peng et al.
2015; Mozanzadeh et al. 2016), while others show no
discernible effects (Figueiredo-Silva et al. 2005; Twibell
et al. 2012). This discrepancy can be attributed to various factors including fish species, life stage, composition and nutrient content of the diet, source or quality
of the alternative oil source, and experimental conditions, mainly water temperature. However, since dietary
FO replacement with alternative oils caused no detectable change either in morphological indices or in
hematological parameters of juvenile mandarin fish in
the present study, it can be concluded that fish were in
overall good health and nutritional status.
The fatty acid composition of mandarin fish fillets
closely resembled those of the experimental diets, with
fish fed the LO, SO, and lard having remarkably elevated
levels of ALA, LA, and OA, respectively. It is well documented that the fatty acid profile of farmed-fish fillets
reflects the fatty acid composition of the dietary oil used
(Bell et al. 1994). Although replacement of FO with
alternative oils resulted in reduced levels of EPA and
DHA, the levels of these fatty acids in the fish fillets
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were still higher than their respective levels in diets. This
could be due either to selective retention and/or active
synthesis of these fatty acids (Turchini et al. 2011b).
Similar results were observed in other freshwater fish
species such as rainbow trout (Caballero et al. 2002;
Turchini and Francis 2009), Murray cod (Turchini et al.
2006), common carp (Ren et al. 2012), tilapia (Al-Souti
et al. 2012, Li et al. 2016), Chinese long snout catfish,
Leiocassis longirostris Günther (Choi and Lee 2015), and
silver barb, Puntius gonionotus (Nayak et al. 2017). It is
widely believed that freshwater fish can convert C18
PUFA of both n-6 and n-3 series to their corresponding
LC-PUFA via a series of desaturation and elongation reactions (NRC 2011; Turchini et al. 2011b). However, the
capacity of C18 PUFAs desaturation/elongation to n-3
LC-PUFAs is depended on the species (Sargent et al.
2002). Therefore, the decreased deposition of dietary
ALA, LA, and OA along with good growth, feed
utilization, and survival in this study is suggestive of the
ability of mandarin fish to meet their essential fatty acid
requirement by the use of C18 PUFA. It could also be
assumed that residual fish oil from dietary FM was probably adequate to provide essential fatty acids for normal
growth and development of juvenile mandarin fish. The
results of this experiment presented a higher retention
of DHA in fish fed vegetable oil-based or lard diets.
Previous studies in which fish were fed vegetable
oil-based diets reported high DHA retention in the
muscles of salmonids (Bell et al. 2001, 2003; Caballero
et al. 2002; Thanuthong et al. 2011). The preferred
retention of DHA over EPA may also indicate a selective utilization of EPA over DHA when dietary
levels decrease, as a means of meeting the requirements for tissue membrane integrity and function
(Fountoulaki et al. 2009).

Conclusion
This study indicates that total FO replacement with LO,
SO, or lard can be tolerated by juvenile mandarin fish
without any pronounced adverse effects on fish performance and health. The abundance of C18 PUFAs provided by tested alternative oil sources coupled with
some n-3 LC-PUFA from the residual lipid of FM in the
basal diet appeared to meet the essential fatty acid requirements of ~ 1.8 g mandarin fish under the conditions of the present study. This probably stemmed from
the ability of this species to bioconvert C18 PUFA to
their corresponding LC-PUFA and selectively retain EPA
and DHA to some extent. Our findings therefore suggest
that mandarin fish juveniles have high tolerance to diets
that differ markedly in fatty acid composition.
Abbreviations
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Abstract
The study investigated the changes in growth performance, hematological parameters, plasma components, and
stress indicators of juvenile starry flounder, Platichthys stellatus, depending on varying exposure to hexavalent
chromium. P. stellatus was exposed to waterborne chromium at 0, 50, 100, 200, and 400 ppb for 4 weeks. The result
showed that Cr exposure resulted in decreased daily length gain (DLG), daily weight gain (DWG), condition factor
(CF), and hepatosomatic index (HIS) in P. stellatus. In terms of hematological parameters, red blood cell (RBC) count,
hematocrit (Ht), and hemoglobin (Hb) significantly decreased at 400 ppb after 2 weeks. In terms of plasma
components, inorganic analysis was unchanged and cholesterol, an organic component, considerably increased at
400 ppb after 4 weeks. Plasma enzyme components including glutamic oxalate transaminase (GOT) and glutamic
pyruvate transaminase (GPT) were significantly increased. Stress indicators such as cortisol and glucose were notably
increased over 100 ppb after 4 weeks with increasing chromium concentration. The results indicate that exposure to
waterborne Cr induced toxic effects on growth, hematological parameters, plasma components, and stress
indicators.
Keywords: Starry flounder, Hexavalent chromium, Growth, Hematological parameters, Stress

Introduction
Fish are one of the most important food resources and
are considered as sources of the primary protein worldwide. Ongoing marine pollution increases the concentration of toxic metals in water and negatively affects fish
health. These pollutants, which have a negative effect on
fish, are released by agriculture, industrial wastewater
discharge, raw sewage extraction, chemical waste, and
oil spills due to fishing vessels (Velusamy et al. 2014).
Waterborne metal exposure affects the physiological and
biochemical factors in fish blood and tissues.
Among the three states of chromium including
zero-valent chromium, trivalent chromium, and hexavalent chromium, the trivalent state occurs naturally
* Correspondence: jckang@pknu.ac.kr
Department of Aquatic Life Medicine, Pukyong National University, Busan,
Republic of Korea

during weathering, and low-grade denaturation, while
the zero-valent and hexavalent chromium are generally
produced industrially (Oze et al. 2004a). The chromium
concentration in the environment generated by weathering and secondary reactions is a silicate mineral associated with chromate (Oze et al. 2004b). Chromium
concentrations in various environments range from 1 to
3000 mg/kg in soil, 5 to 800 μg/L in seawater, and
0.02 μg/L to 6.0 mg/L in groundwater (Tchounwou et al.
2012; Jacobs and Testa 2005). Chromium is mainly used
to manufacture ferroalloys and other alloys and is a
common pollutant found in surface and groundwater;
however, high levels of chromium exposure due to natural resources are not commonly observed (Robles-Camacho and Armienta 2000). The main sources of
chromium contamination include chrome compounds
produced in chemical plants for welding, grinding, and
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polishing of stainless steel, as well as chrome electroplating, dyeing, leather processing, and wood processing for
other applications (Kumari et al. 2014; Liu et al. 2011;
Vasudevan et al. 2010; Ellis et al. 2002). Trivalent chromium is not only toxic, but also an important element
in controlling blood sugar by enhancing insulin action in
humans. On the other hand, hexavalent chromium is
highly reactive and a strong irritant; it is designated as a
carcinogen (Krumschnabel and Nawaz 2004).
Growth performance is a factor reflecting environmental
toxicity in fish, and even a small concentration of heavy
metals has a negative effect, triggering physiological changes
such as growth and metabolism and reducing health and
survival rates (Hussain et al. 2010). Hematological parameters are used to effectively monitor the status of fish exposed
to various types of toxicity in the aquatic environment (Garcia et al. 2016). The main goal of ecotoxicology in aquatic
ecosystems is to assess the toxicity of aquatic organisms and
humans (Ribeiro et al. 2006). Hematological parameters such
as red blood cell count, hematocrit, and hemoglobin concentration are widely used indicators of fish health status under
metal toxicity (Khalid et al. 2016). Hematological indicators,
including enzymes, metabolites, nutrients, and inorganic
ions, are used to determine cell damage and measure the
response to heavy metal exposure (Öner et al. 2008). In
addition, blood cortisol levels have been widely used as
stress biomarkers in fish exposed to heavy metals (Norris
et al. 1999; Mishra and Mohanty 2009).
Starry flounder, P. stellatus, is a common flatfish inhabiting
the margins of North Pacific and represents one of the most
popular fish in Korea currently. Because it is resistant to disease and advantageous to eat at low temperatures, its survival rate is higher than that of the cultured olive flounder,
Paralichthys olivaceus (Ding et al. 2010; Kang et al. 2011). Its
aquaculture and production are important because of its
high demand and marketability (Lee et al. 2003; Song et al.
2014). However, studies investigating chromium toxicity are
unavailable. Therefore, the goal of this study was to assess
the toxic effects of hexavalent chromium exposure on P. stellatus in terms of growth performance, hematological parameters, plasma components, and stress indicators.
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acclimation, 60 fish (body length, 19.2 ± 0.9 cm, and body
weight, 112.5 ± 15.7 g) were randomly selected for the study.
The chromium experiments were performed with waterborne chromium, and exposed solutions were prepared
using potassium dichromate (Sigma, St. Louis, MO, USA).
Exposure to hexavalent chrome was evaluated using 250-L
circular tanks on 12 fish per group. The hexavalent chromium concentrations were 0, 50, 100, 200, and 400 μg per
liter using potassium dichromate in distilled water. At the
end of each period (2 to 4 weeks), the fish were anesthetized
after 15 mg/L diluted solution of 3-aminobenzoic acid ethyl
ester methanesulfonate which was buffered to pH 7.0–7.5
with sodium carbonate (Sigma Chemical, St. Louis, Mo,
Molinero and Gonzalez 1995). To reduce and maintain
water pollution, the water tank was completely replaced
every 2 days and the same concentration was maintained in
each aquarium before and after the change. The total
exposure duration was 4 weeks, during which no mortality
occurred. Thirty fish were sampled at 2 weeks (total
length, 19.6 ± 0.2 cm; body weight, 118.0 ± 3.5 g) and
4 weeks (total length, 20.1 ± 0.5 cm; body weight,
123.0 ± 5.9 g).
Growth performance

Mortality was not observed during the experimental
periods. The weight and length of P. stellatus was measured immediately before exposure, at 2 weeks and 4
weeks. Daily length gain (DLG), daily weight gain
(DWG), condition factor (CF), and hepatosomatic index
(HSI) were calculated as the following methods.
Daily length gains ¼ ðfinal length−initial lengthÞ=day
Daily weight gains ¼ ðfinal weight−initial weightÞ=day


Condition factor ð%Þ ¼ weight ðgÞ=length3 ðcmÞ  100
Hepatosomatic index

¼ ðliver weight=total fish weightÞ  100

Materials and method

Table 1 The chemical composition of seawater and
experimental conditions used in the experiments

Experimental fish and conditions

Composition

Value

Temperature (°C)

15.0 ± 1.0

pH

7.5 ± 0.5

P. stellatus was obtained from a local farm in Gijang,
Korea. The fish acclimated for 2 weeks under laboratory
conditions. During the experimental period, feeds were
supplied at 2% of body weight every day and completely
changed water every 2 days. Feeds gave the common
commercial feed consisting of more than 60% crude protein used in the fish farm. The seawater used in the
experimental is shown in Table 1 and has a temperature
of 15 ± 1.0°C, dissolved oxygen (DO) 7.3 ± 0.4, chemical
oxygen demand (COD) 1.15 ± 0.1, and pH 7.5 ± 0.5. After

Salinity (‰)

32.3 ± 0.5

Dissolved oxygen (mg/L)

7.3 ± 0.4

Chemical oxygen demand (mg/L)

1.15 ± 0.1

Ammonia (μg/L)

11.3 ± 0.9

Nitrite (μg/L)

1.6 ± 0.3

Nitrate (μg/L)

10.31 ± 1.1
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Hematological parameters

Blood samples were collected in 30–40 s through the
caudal vein of fish using a 1-ml disposable heparinized
syringe. Blood samples were stored at 4 °C until blood
parameters were thoroughly studied. Red blood cell
(RBC) count, hematocrit (Ht), and hemoglobin (Hb)
concentration were analyzed immediately. After dilution
with Hendrick’s diluting solution, total number of RBC
was counted using optical microscope equipped with
hemocytometer (Improved Neubauer, Germany). Hb
concentration was analyzed by the Cyan-methemoglobin
technique (Asan Pharm. Co., Ltd.). Also, Ht value was
analyzed by the microhematocrit centrifugation technique using a capillary tube and a microcentrifuge
(Hawksley & Sons, Ltd.). Blood samples are centrifuged
at 3000 g for 5 min at 4 °C to separate the plasma from
the blood sample.
Plasma component

In inorganic analysis, calcium and magnesium were analyzed by the o-cresolphthalein-complexon technique and
xylidyl blue technique (Asan Pharm. Co., Ltd.). In organic analysis, total protein was determined by GOD/
POD method and burette method (Asan Pharm. Co.,
Ltd.), and total cholesterol was analyzed by quinone
method (Asan Pharm. Co., Ltd.). In enzyme activity analysis, glutamic oxalate transaminase (GOT) and glutamic
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pyruvate transaminase (GPT) were determined by
Kind-King technique (Asan Pharm. Co., Ltd.).
Stress indicator

Plasma cortisol concentrations were measured by
monoclonal antibody enzyme-linked immunosorbent
assay (ELISA) quantitation kit (Enzo Life Sciences, Inc.,
Farmingdale, NY, USA). Plasma glucose was determined by GOD/POD method and burette method
(Asan Pharm. Co., Ltd.).

Results
Growth performance

The growth rate and hepatosomatic index of P. stellatus
are shown in Fig. 1. The daily length gain was considerably decreased at concentrations exceeding 400 ppb at 2
and 4 weeks, and the daily weight gain was significantly
decreased over 400 ppb at 2 weeks, and over 200 ppb at
4 weeks. A notable reduction in condition was observed
at 400 ppb after 2 and 4 weeks. Hepatosomatic index
was significantly decreased at 400 ppb after 2 weeks and
over 200 ppb after 4 weeks.
Hematological parameters

The RBC count, hematocrit values, and hemoglobin
concentration of P. stellatus exposed to different levels

Fig. 1 Daily length gain (DLG), daily weight gain (DWG), condition factor (CF), and hepatosomatic index (HSI) factor of starry flounder, Platichthys
stellatus, exposed to the various levels of hexavalent chromium concentration for 4 weeks. As determined by Duncan’s multiple range test, the
other values of superscript were significantly different at 2 and 4 weeks (P < 0.05). Vertical bar denotes a standard error
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of hexavalent chromium are listed in Fig. 2. The RBC
count was considerably decreased over 400 ppb after 2
weeks. The hematocrit value and hemoglobin were significantly decreased over 400 ppb after 2 weeks and over
200 ppb after 4 weeks.
Plasma components

The plasma inorganic components of P. stellatus are
presented in Table 2. Calcium and magnesium levels
among the plasma inorganic components remained unchanged. The plasma organic components of P. stellatus
are listed in Table 2 and were analyzed for total cholesterol and protein levels. The cholesterol level showed a
notable increase over 400 ppb after 4 weeks. By contrast,
there was no change in total protein concentration.
The plasma enzyme components of P. stellatus are
listed in Fig. 3 and were analyzed for GOT and GPT. In
terms of enzyme components, the GOT level was significantly increased over 400 ppb after 2 and 4 weeks, and
the GPT level was significantly increased at concentrations greater than 400 ppb after 4 weeks.
Stress indicators

The plasma cortisol and glucose concentration in P. stellatus exposed to hexavalent chromium are presented in
Fig. 3. Plasma cortisol was considerably elevated at levels
greater than 200 ppb after 2 weeks and at levels exceeding 100 ppb after 4 weeks. In addition, glucose was considerably elevated over 200 ppb after 2 weeks and over
100 ppb after 4 weeks of Cr exposure.

Discussion
Hexavalent chromium exposures increase the accumulation of heavy metals in tissues, resulting in multiple derangements such as abnormal behavior, decreased
growth, and increased mortality (Farag et al. 2006).
Growth inhibition is also a prominent effect of metal
accumulation following chronic exposure (Zebral et al.
2018). Sherwood et al. (2000) reported that growth reduction under metal contamination increased the energy
costs due to increased metabolism. Exposure to hexavalent chromium significantly inhibited the growth of P.
stellatus, and the conditional factors were significantly
reduced by chromium exposure.
Hematological parameters such as RBC count, Ht
value, and Hb profile are sensitive indicators in the
evaluation of fish metabolism under metal stress (Vinodhini and Narayanan 2009). Further, hematological
parameters are widely used in toxicological investigations and environmental monitoring as a promising indicator of physiological changes in fish under stress
(Kavitha et al. 2010). In the present study, hexavalent
chromium exposure induced a significant reduction in
RBC count, Ht value, and Hb concentration of P.

Fig. 2 Changes of RBC count, hematocrit, and hemoglobin in starry
flounder, Platichthys stellatus, exposed to the different hexavalent
chromium concentration for 4 weeks. Values are mean ± SE. As
determined by Duncan’s multiple range test, the other values of
superscript were significantly different at 2 and 4 weeks (P < 0.05)

stellatus, which may be attributed to toxic effects such
as hemophilia, red cell shrinkage, osmoregulation, and
gill injury (Saravanan et al. 2011). Gill and Epple (1993)
reported that metals act directly on hematopoietic stem
cells in the kidney and spleen, with abnormal membrane
permeability and mechanical failure, and induce anemia
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Table 2 Changes of plasma inorganic and organic substances in starry flounder, Platichthys stellatus, exposed to the different
hexavalent chromium concentration for 4 weeks
Parameters

Period
(week)

Chromium concentration (μg/L)
0

50

100

200

Calcium (mg/dL)

2

18.80 ± 1.59a

19.01 ± 1.90a

19.39 ± 1.15a

20.34 ± 1.57a

18.12 ± 1.63a

4

a

19.21 ± 1.33

a

19.33 ± 1.27

a

20.24 ± 1.46

a

18.28 ± 2.05

18.61 ± 1.37a

2

2.98 ± 0.44a

3.25 ± 0.55a

3.11 ± 0.30a

3.60 ± 0.27a

3.68 ± 0.66a

4

a

3.43 ± 0.58

a

a

a

3.60 ± 0.61a

2

210.5 ± 21.2a

217.4 ± 12.2a

4

a

215.0 ± 18.8

a

225.5 ± 13.3

231.5 ± 25.8

248.2 ± 16.4

264.6 ± 31.5b

2

10.21 ± 1.21a

9.43 ± 1.14a

9.68 ± 0.72a

10.07 ± 0.66a

10.32 ± 0.59a

4

a

Magnesium (mg/dL)

cholesterol (mg/dL)

Total protein (g/dL)

3.58 ± 0.62

10.30 ± 0.44

3.42 ± 0.60

a

10.21 ± 0.91

400

3.24 ± 0.54

218.6 ± 11.5a
ab

a

10.03 ± 1.19

239.1 ± 21.2ab
ab

a

9.54 ± 0.32

250.1 ± 19.7ab

9.93 ± 0.38a

Values are mean ± SE. As determined by Duncan’s multiple range test, Different small letters indicate significantly different value at 2 and 4 weeks (P < 0.05)

by decreasing the oxygen supply due to red blood cell
concentration and decreased hemoglobin (Kumar and
Banerjee 2016). Hepatosomatic index is used as an important indicator of health status in aquatic animals
manifesting the toxic effects of metal exposure (Datta et
al. 2007; Bolger and Connolly 1989). Vosylienė and Jankaitė reported (Vosylienė and Jankaitė 2006) that
changes in hepatosomatic index were observed depending on the metal concentration and exposure time. The
hepatosomatic index decreased, and limited hepatic
dysfunction was observed following toxic exposure.
Exposure to hexavalent chromium has a significant

negative impact on the growth and hepatosomatic index
of P. stellatus.
In this experiment, the inorganic components of
plasma calcium and magnesium of P. stellatus were not
significantly changed by hexavalent chromium exposure.
Plasma calcium levels are maintained at a constant level
by bone metabolism and mediate various enzymatic
action functions. Their role in calcium metabolism
depends on heavy metal classification (Suzuki et al.
2004). The calcium concentration did not show any significant change in this experiment. In this experiment,
plasma calcium may be reduced by brief exposures to

Fig. 3 Changes of GOT, GPT, plasma cortisol, and glucose in starry flounder, Platichthys stellatus, exposed to the various levels of hexavalent
chromium concentration for 4 weeks. As determined by Duncan’s multiple range test, the other values of superscript were significantly different
at 2 and 4 weeks (P < 0.05)
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heavy metals and apparently restored by homeostasis
(Pratap et al. 1989; Suzuki et al. 2004). Magnesium exhibits a mechanism similar to calcium.
Protein metabolism is one of the important parameters
underlying the biological mechanisms of toxicity
(Saravanan et al. 2011). Proteins are an immediate
source of energy during stress in many organisms, and
the reduction in plasma protein levels may be due to
impaired protein synthesis or metabolism (Ramesh et al.
2014). Total protein, a plasma organic substance, was
decreased slightly but not significantly. The reduced protein levels have often been reported in acute experiments, without fatal outcomes in this experiment
(Vutukuru 2005, Gopal et al. 1997). Total cholesterol
was significantly increased only at high concentrations
by week 4. Cholesterol is the precursor of all steroid hormones and is an essential structural component of the
cell membrane (Yang and Chen 2003). Changes in the
blood parameters of fish can be attributed to metallic
stress, and plasma parameters such as glucose, total protein, and total cholesterol are indicators of heavy metal
toxicity. (Fırat and Kargın 2010).
The enzymes GOT and GPT in P. stellatus were significantly increased following exposure to the highest
levels of hexavalent chromium. Transaminases such as
GOT and GPT represent useful biomarkers for biomonitoring of chemical pollutants in aquatic organisms, in
which altered levels of transaminases indicate compensatory mechanisms against impaired metabolism (Ramesh
et al. 2014; Sathya et al. 2012; Reddy and Venugopal
1991). Since the liver is rich in GOT and GPT, a large
concentration of enzyme is released into the blood
following damage, and the increase in enzyme activity is
used as an indicator of water pollution (Vaglio and
Landriscina 1999). As a result, the plasma components
of P. stellatus were significantly altered by hexavalent
chromium exposure.
In this study, glucose and cortisol in P. stellatus was significantly increased by exposure to hexavalent chromium.
Plasma glucose is a reliable indicator of multiple stress
factors in fish, including heavy metals, and is commonly
increased by carbohydrate metabolism (CiCiK and ENGiN
2005). The increase in glucose level is attributed to the
breakdown of proteins and high-density lipids, resulting in
the release of carbohydrates, and decreased lipid and protein levels, following metal toxicity (Kumar and Banerjee
2016). Plasma cortisol levels are widely used in the primary response to stressors such as metals and insecticides;
cortisol and other corticosteroid hormones maintain
homeostasis under toxicity (Fırat et al. 2011). Pratap and
Wendelaar Bonga (1990) reported frequent association between increased plasma cortisol and glucose in fish following exposure to water pollutants or other stressors, and
the relationship was mostly causal.
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Conclusion
In conclusion, this study demonstrates that waterborne
chromium exposure significantly affects the health of
experimental starry flounders. These results also suggest
that exposure of starry flounders to elevated doses of
waterborne chromium may reduce the growth performance and decrease various hematological parameters.
However, the plasma levels of GOT and GPT were
enhanced, and the stress response mediated by cortisol
and glucose was confirmed by the changes in stress indicators. These results indicate that the toxic effects of
waterborne exposure to hexavalent chromium altered
the growth, hematological parameters, and the concentration of plasma components, and stress indicators.
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Abstract
Fish skin waste accounts for part of the solid waste generated from seafood processing. Utilization of fish skin by
bioconversion into high-grade products would potentially reduce pollution and economic cost associated with
treating fish processing waste. Fish skin is an abundant supply of gelatin and collagen which can be hydrolyzed to
produce bioactive peptides of 2–20 amino acid sequences. Bioactivity of peptides purified from fish skin includes a
range of activities such as antihypertensive, anti-oxidative, antimicrobial, neuroprotection, antihyperglycemic, and
anti-aging. Fish skin acts as a physical barrier and chemical barrier through antimicrobial peptide innate immune
action and other functional peptides. Small peptides have been demonstrated to possess biological activities which
are based on their amino acid composition and sequence. Fish skin-derived peptides contain a high content of
hydrophobic amino acids which contribute to the antioxidant and angiotensin-converting enzyme inhibitory
activity. The peptide-specific composition and sequence discussed in this review can be potentially utilized in the
development of pharmaceutical and nutraceutical products.
Keywords: Fish skin, Peptides, Bioactivity, Antioxidant, Antihypertensive, Antimicrobial, Anti-Alzheimer’s

Background
The marine environment is a source of functional biomaterials such as polyunsaturated fatty acids (PUFAs),
polysaccharides, minerals and vitamins, antioxidants,
enzymes, and bioactive peptides (Kim and Wijesekara
2010; Kim et al. 2008; Pomponi 1999). By-products of
marine processing industries, i.e., skin, trimmings,
viscera, and blood, contain a good amount of proteins
which can be used as a source for bioactive peptides.
These by-products are utilized as additives in animal
husbandry as animal feed or in agriculture as fertilizers
(Chalamaiah et al. 2012). Fish by-products like skin and
frame need to be processed into fish hydrolysates either
by fermentation or by hydrolysis techniques before they
can be effectively utilized. By so doing this increases production costs (Chalamaiah et al. 2012). Therefore, the
utilization of fish processing waste through bioconversion into high-grade products like bioactive peptides
would be a better alternative. This not only would in-
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crease the economic value of the catch but also would
reduce the amount of marine processing waste. Thus,
reducing pollution and economic cost associated with
treating the generated waste (Fang et al. 2017).
Biological activity of peptides is based on their amino
acid composition and sequence (Pihlanto-Leppälä 2000).
This biological activity ranges from antioxidant, antihypertensive, immunomodulatory, and antimicrobial activity as
demonstrated by several studies using different fish species like Pollack, skate, Nile tilapia, sea beam, yellow fish,
and skipjack (Chalamaiah et al. 2012). Bioactive peptides
are specific protein fragments derived from plants or animal sources which possess nutritional benefits and positively influence health (Hartmann and Meisel 2007;
Korhonen and Pihlanto 2003). Bioactive peptides are inactive in their parent protein sequence but can be released
by enzymatic hydrolysis; however, for effective use, bioactive peptides must reach the target organ or receptors in
the intestinal lumen intact and must survive enzymatic
degradation (Adessi and Soto 2002). This review will highlight and discuss the different preparation methods of bioactive peptides from fish skin, their biological activity, and
associated mode of action in regard to specific peptide
composition, sequence, and cell signaling pathways.
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Preparation of bioactive peptides from fish skin
Fish protein hydrolysates contain peptides of 2–20 amino
acid sequences after hydrolysis, and these peptides usually
have biological activity. Several extraction methods are
utilized to liberate bioactive peptides from the parent protein, and these include acid-alkaline hydrolysis: extracting
collagen by using acidic or alkaline reagent; enzymatic hydrolysis: using enzymes to hydrolyze fish skin; and fermentation method: using microorganisms as a source of
the enzymes (Huang et al. 2015).
Enzymatic hydrolysis
Enzymatic hydrolysis is the best way to hydrolyze fish
skin without losing nutritional value (Huang et al. 2015).
The method is preferred especially in the food and
pharmaceutical industries because the hydrolysis process
does not leave residual organic solvents or toxic chemicals in its products (Kim and Wijesekara 2010). Steps in
enzymatic hydrolysis involve substrate preparation,
choice of the right enzyme, measuring the extent of
enzymatic hydrolysis, homogenization, and heating to
inactivate endogenous enzymes, hydrolysis, and termination of the enzymatic reaction. Commercial enzymes
such as alcalase, trypsin, pepsin, papain, pancreatin, and
thermolysin are employed in the enzymatic hydrolysis
(Bernardini et al. 2011). Conditions like enzyme concentration, pH, time, and temperature have to be well monitored and maintained during hydrolysis. Enzyme
concentrations, pH, and temperature vary with the type
of enzyme used. Enzyme concentrations of 0.01–5.00%
(w/w) and pH range of 1.5–11 have been documented
(Halim et al. 2016). Black-barred halfbeak gelatin was
dissolved in DW and subjected to enzymatic hydrolysis
with an enzyme/substrate ratio of 30:1, pH 10.0 and 50 °
C. The enzymatic activity was evaluated by a method described by (Kembhavi et al. 1993) using casein as a substrate. The gelatin solution was equilibrated for 30 min
before the enzyme addition. The pH was maintained by
addition of 2 N NaOH, and after 3 h, the enzymes were
inactivated by heating the solution at 95 °C for 20 min
(Abdelhedi et al. 2017). Extraction of pepsin soluble collagen (PSC) from fish skin was performed by (Mahboob
2014). Undissolved residue obtained after acid soluble
collagen (ASC) extraction was utilized for the PSC extraction as described by (Singh et al. 2011).
Acid-alkaline hydrolysis
During fish skin hydrolysis by acid-alkaline hydrolysis,
certain amino acids, i.e., tryptophan, serine, and threonine, can be destroyed at high pH. Therefore, the pH
and temperature of the hydrolysates must be closely observed during the hydrolysis process. Collagen extraction
from fish skin by acid-alkaline hydrolysis involves treatment of pre-cleaned skin samples with an alkali (NaOH)
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as an initial extraction step. The step is followed by continuous stirring at a controlled temperature for a set time.
The procedure is repeated about 3 times, and it is carried
out with an aim to remove non-collagenous proteins and
pigments (Jongjareonrak et al. 2005; Wang et al. 2008;
Wang et al. 2015). The skin is alternatively treated with an
acid (HCl) (Wu et al. 2017). After acid-alkali treatment, the
skin was washed to neutralize the pH and further extraction carried out with distilled water at 65 °C for 4 h. Some
extraction procedures include a defatting step (Mahboob
2014). Jongjareonrak et al. 2005 removed fat using butyl alcohol for 24–48 h with gentle stirring and a change of solution every 8 h. The resultant matter was then subjected to
acid treatment with acetic acid for 24 h with gentle stirring.
Collagen was extracted from fish skin, scale, and bone
using a procedure described as follows (Wang et al. 2008).
The collagen was extracted with 0.5 M acetic acid at a sample/solution ratio of 1:100 (w/v) for 24 h with continuous
stirring. The extracts were centrifuged at 20,000g for 1 h at
4 °C, and the extraction step was repeated using the obtained residue, followed by centrifugation under the same
conditions. The supernatants of the two extracts were
combined and precipitated by the addition of NaCl to a
final concentration of 0.9 M and centrifuged at 2500g for
0.5 h to obtain a precipitate that was dissolved in 0.5 M
acetic acid. The precipitate was dialyzed for 48 h against 10
volumes of 0.1 M acetic acid and distilled water, respectively, which were changed every 8 h, before being lyophilized. Antimicrobial peptides were purified from winter
flounder epidermis and mucus extracts (Cole et al. 1997).
The mucus was obtained from the skin by scraping and
further subjected to homogenization in a solution of 50 ml
of 0.2 M sodium acetate, 0.2% Triton X-100, and 1 mM
phenyl methyl sulfonyl fluoride. The homogenate was centrifuged for 20 min at 20,000g, and the resultant supernatant was further purified.

Fermentation
Fermentation is considered a more natural method of
protein hydrolysis. The technique has been employed for
centuries especially in East Asian countries as a
traditional preservation method. Fermentation not only
enhances the flavor and taste of food but also increases
its nutraceutical value. During the fermentation process,
bioactive peptides are released by the action of both
microorganisms and endogenous proteolytic enzymes.
Several studies have demonstrated the bioactivity of various marine products like Thai fermented shrimp paste,
shrimp by-products, squid miso, and a variety of
traditional fermented fish products (Bueno-Solano et al.
2009; Giri et al. 2011; Kleekayai et al. 2015). Majumdar
et al. 2016 examined the chemical and microbial properties of shidal, a traditional fermented fish product of
Northeast India. A combination of both fatty acids
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(eicosapentaenoic, docosahexaenoic, arachidonic, linolenic, and linoleic acid) and proteins or peptides of MW
(molecular weight) range between 45 and 29 kDa and 45
and 6 kDa respectively were reported to be present in
the fermented fish product. Hydrolysates were prepared
from turbot skin by utilization of the fermentation
method using 3 microorganisms, i.e., Saccharomyces cerevisiae, Aspergillus oryzae, and Streptococcus thermophiles (Fang et al. 2017).

Purification of peptides
The biological activity of peptides is determined by properties like molecular weight, charge, and hydrophobicity.
Therefore, peptides are purified through a multi-step purification process based on such properties. Purification
based on molecular weight employs methods like ultrafiltration (UF), nanofiltration (NF), and gel filtration (GF)
(Halim et al. 2016). Ion exchange chromatography (IEC) is
used to fractionate peptides basing on their net charge.
Fractioned peptides are then further purified using
technologies like reversed-phase HPLC which separates
compounds based on hydrophobicity and hydrophilicity
(Conlon 2007). Peptide sequences of the most active
fractions from HPLC analysis are then analyzed and identified using mass spectrometry methods like matrix-assisted
laser deionization time-of-flight (MALDI-TOF), electrospray ionization mass (ESI), matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS), etc.
(Bernardini et al. 2011).
Biological activities
Antihypertensive activity

Hypertension is a chronic condition affecting millions of
people around the world. According to a report by
World Health Organization 2011, the global prevalence
of hypertension among adults ≥ 25 years stands at 40%
and it is estimated that 1.56 billion people will have the
condition by 2025 (Kearney et al. 2005). Blood pressure
is regulated by the renin–angiotensin–aldosterone system (RAS). Low renal blood flow or low plasma sodium
concentration initiates the conversion of pro-renin into
renin in juxtaglomerular cells in the kidneys. Renin in
circulation catalyzes the conversion of angiotensinogen
to angiotensin I which is then subsequently converted to
angiotensin II by the enzyme angiotensin-converting enzyme (ACE) (Paul 2006). ACE is mainly produced in the
lungs and other sites including the endothelial lining of
vascular tissues, heart, brain, kidney, placenta, bone marrow, pancreas, and testis. Angiotensin II is a potent
vasoconstrictor that causes blood vessels to narrow
resulting in increased blood pressure (Rogerson et al.
1992). Simultaneously, it stimulates the secretion of the
hormone aldosterone from the adrenal cortex causing
the renal tubules to increase the reabsorption of sodium
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and water into the blood, while at the same time causing
the excretion of potassium. Inhibition of ACE diminishes
angiotensin II-mediated aldosterone secretion from the
adrenal cortex, leading to a decrease in water and
sodium reabsorption and a reduction in extracellular
volume sequentially leading to vasodilation and eventually reduced arterial blood pressure. Hypertension is
manageable with various synthetic ACE inhibitors such
as captopril (Dezsi 2000). Hypertension can also be
counteracted by endothelial-dependent vasodilation
through the upregulation of nitric oxide (NO) expression, phosphorylation of eNOS, and downregulation of
endothelin (ET-1) expression. Endothelial smooth
muscle cell relaxation is achieved via the nitric oxide/
cyclic guanosine monophosphate (cGMP)-mediated
intracellular signaling pathway. This pathway involves
the upregulation of cGMP-dependent protein kinase I
(cGK-I) and a decrease in intracellular calcium levels via
downregulation of the inositol-1,4,5-trisphosphate (IP 3)
receptor (Daiber and Münzel 2015).
Conventional antihypertensive drugs cause several adverse effects; therefore, the search for safer natural alternatives is in progress. Among the natural alternatives,
interest has grown in the utilization of bioactive peptides
in the prevention of hypertension and in the initial treatment of mild hypertension (Guang and Phillips 2009).
The antihypertensive activity of fish skin peptides is discussed and summarized below in Table 1.
Ultrafiltration of steelhead/rainbow hydrolysates yielded
fractions of less than 3 kDa with ACE inhibitory activity
higher than the activity of the whole hydrolysates (Cheung
and Li-Chan 2017). The low MW fractions were prepared
from whole hydrolysates using commercial enzyme kits.
Two fractions showed ACE inhibition activity of 54% and
63%. The ACE inhibitory activity was affected by different
conditions suggesting that the additional hydrolysis
achieved with higher enzyme concentration and longer
duration effectively generated shorter peptides with higher
activity. The highest ACE inhibition was demonstrated in
samples produced after 6 h hydrolysis with 4% protease.
Similarly, fish skin peptide bioactivity has been shown to
be associated with low MW peptides (Iwaniak et al. 2014;
Power et al. 2014).
Black-barred halfbeak (Hemiramphus far) skin showed
high protein content in the gelatin extracts, estimated at
91.36% (Abdelhedi et al. 2017). The protein quantity in
the gelatin was closely similar to that obtained in other
fish skin species such as splendid squid, cuttlefish,
thornback ray, and cobia (Jridi et al. 2013; Lassoued et
al. 2014; Nagarajan et al. 2012; Silva et al. 2014). The
ACE inhibitory activity was 36.51% for 1 mg/mL of
whole gelatin while 1 mg/mL gelatin hydrolysate showed
a significantly greater activity of 80.76%. However, these
values were significantly lower than the positive control
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Table 1 ACE inhibitory activity peptides purified from fish skin hydrolysates
Species

IC50 (μM)

Peptide sequence

Reference

Nile tilapia (Oreochromis niloticus)

760–1490

GIV, GAP*GF, GFA*GPA, SGNIGFP*GPK, GIPGPIGPP*GRP

Thuanthong et al. (2017)

Pacific cod skin

6.9

GASSGMPG

Ngo et al. (2016)

14.5

LAYA

27.9

GIPGAP

170

APGAP

3.09

MVGSAPGVL

4.22

LGPLGHQ

8.7

GLPLNLP

Lee et al. (2014)

95

PGPLGLTGP

Lee et al. (2011)

148

QLGFLGPR

Thornback ray skin

Skate

Salmon (Oncorhynchus keta)
Skate

Alaska pollock

Cod (Gadus microcephalus)

2.6

GPL

17.13

GPM

–

TCSP, TGGGNV

captopril. The hydrolysate had an ACE inhibitory IC50
value of 332.66 ± 16.57 mg/mL. Higher values of ACE inhibitory activity of hydrolysate in comparison to those of
the gelatin are an indicator that bioactive peptides are
released from the protein molecules upon enzymatic hydrolysis (Abdelhedi et al. 2017). In another study, five
novel ACE inhibitory peptides GIV, GAP∗GF, GFP∗GPA,
SGNIGFP∗GPK, GIPGPIGPP∗GPR were identified from
the most active fractions of Nile tilapia skin gelatin. The
IC50 value of the active peptides ranged between 760
and 1490 μM (Thuanthong et al. 2017).
Pacific cod skin gelatin was hydrolyzed using several
enzymes and the pepsin hydrolysate showed the highest
ACE inhibitory effect of about 91% (Ngo et al. 2016).
ACE inhibitory active peptides were identified as
GASSGMPG, IC50 6.9 μM, and LAYA, IC50 14.5 μM.
The MW of peptides GASSGMPG and LAYA was less
than 1 kDa which indicates they can cross the intestinal
barrier and exert biological effects. The ACE inhibitory
activity of GASSGMPG was higher than that of ASL,
IC50 102.15 μM from silkworm pupa (Bombyx mori) protein; PVNNPQIH, IC50 206.7 μM from small red bean
Phaseolus vulgaris; GDLGK-TTTVSNWSPPKYKDTP,
IC50 11.28 μM from tuna frame protein; and AHEPVK,
IC50 63 μM from edible mushroom Agaricus bisporus
(Lau et al. 2014; Lee et al. 2010; Rui et al. 2013; Wu et
al. 2015). A docking simulation of the ACE–ligand complexes between ACE/peptides and ACE/captopril demonstrated the potential of these peptides as ACE
inhibitors. The binding sites of GASSGMPG and captopril on the ACE molecule were observed to be the same
at the Asn72 residue while LAYA and captopril shared
two binding sites on the ACE molecule at Asn72 and
Arg348 residues. Overall molecular docking simulation
demonstrated good protein–drug interaction which can

Lassoued et al. (2015)

Ngo et al. (2014b)

Byun and Kim (2002)

Ngo et al. (2011)

be attributed to factors such as Van der Waals force and
hydrogen bonds of molecules that stabilize the ligand–
protein.
Peptides IGPAG, FGYGG, GIPGAP, IGAPGATGPAG,
AKGDS, GASGPRGPA, GQDGRPGPAG, and GEAGNPGPAGP were purified from Thornback ray skin gelatin neutrase hydrolysate (Lassoued et al. 2015). Peptide GIPGAP,
IC50 27.9 μM, was the most potent ACE inhibitor among
the purified peptides. A hydrolysate TRGH-A26 was prepared using crude proteases from Bacillus subtilis A26, and
peptides AVGAT, GGVGR, APGAP, GEPGAPGPA, and
GPRGAPGPA were purified. The peptide APGAP, IC50
170 μM, was the most potent ACE inhibitor from this hydrolysate. The two most potent peptides GIPGAP and
APGAP from Thornback ray skin gelatin hydrolysates had
a strikingly similar sequence of PGAP at the C-terminus.
Another peptide FGYGG with a high ACE inhibitory activity with an IC50 value of 231 μM contained the aromatic
residue phenylalanine.
The antihypertensive effect of skate skin hydrolysates
in an animal model experiment using spontaneously
hypertensive rats (SHRs) was evaluated (Ngo et al.
2014b). Purified peptides were orally administered to
SHRs, and changes in heart rate and blood pressure
were monitored over a period of 20 days. Systolic blood
pressure readings were monitored, and the maximal decrements in systolic blood pressure observed were 127.2
mmHg at 20 days and 118.8 mmHg at 10 days in the
purified peptide (1000 mg/kg of BW) and captopril treatment groups respectively. The peptides were identified
as MVGSAPGVL, IC50 3.09 μM, and LGPLGHQ, IC50
4.22 μM. Docking simulation of the ACE molecule and
the purified peptide on the Docking Server revealed almost similar binding on the ACE molecule as captopril.
The binding site between the ACE molecule and the
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purified peptide had many residues including Trp67,
Asn68, Thr71, Asn72, and Arg348. This suggested that
blockades by the purified peptides on the ACE molecule
may contribute to the ACE inhibitory potency of the
purified peptides for preventing hypertension.
Furthermore, the protective effect of the same peptides
MVGSAPGVL and LGPLGHQ from skate skin peptides
was investigated against angiotensin II-induced endothelial dysfunction using human endothelial cells (Ngo et al.
2014a). Increased production of endothelial nitric oxide
synthase (eNOS) and inhibition of endothelin-1 ET-1
production through upregulation of the PPAR-γ pathway
was observed. The enzyme eNOS upregulates the generation of nitric oxide (NO) in the vascular endothelium
while NO maintains endothelial integrity and proper
function through regulation of vascular tone, local blood
flow, platelet aggregation and adhesion, and leukocyte–
endothelial cell interactions (Dessy and Feron 2004).
Thus, endothelial dysfunction, a precursor of hypertension and other health conditions like diabetes, aging,
and atherosclerosis, results from abnormalities in NO
production by the vascular endothelium. Purified peptides from skate skin not only showed ACE inhibitory
activity but also provided protection against endothelial
dysfunction in endothelial cells. Other peptides with
ACE inhibitory activity purified from similar studies include PGPLGLTGP, IC50 95 μM, and QLGFLGPR, IC50
148 μM, from skate skin; GLPLNLP, IC50 18.7 μM, from
salmon skin; and GPL, IC50 2.6 μM, and GPM, IC50
17.13 μM, from Alaska Pollock skin (Byun and Kim
2002; Lee et al. 2014; Lee et al. 2011).
Typically, ACE inhibitory has been attributed to smallsized peptide residues with 2–12 amino acids (Yamamoto
et al. 1994). Peptides with tryptophan, proline, or phenylalanine at the C-terminus or branched-chain aliphatic
amino acids at the N-terminus are suitable to act as competitive inhibitors of ACE (Cushman and Cheung 1971).
Many of the peptides identified in ACE inhibitory fractions contain proline at one of the three C-terminal positions. Hydrophobic amino acids in the N-terminus may
also contribute to the ACE inhibitory activity (Rho et al.
2009). Therefore, in addition to the presence of proline in
the C-terminal position, the presence of alanine could also
be a contributing factor to ACE inhibitory activity
(Yamamoto et al. 1994). Natural ACE inhibitory peptides
and ACE substrates such as bradykinin and angiotensin I
have been shown to contain aromatic amino acid residues
such as phenylalanine (Camargo et al. 2012; Cheung et al.
1980; Hara et al. 1984). Peptides inhibiting ACE activity
can potentially be used as nutraceuticals to lower elevated
blood pressure. As described, ACE inhibitory peptides
have been successfully purified from fish skin and their
biological activity has been demonstrated by both in vitro
and in vivo studies.
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Antioxidant activity

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are produced as a result of the metabolism of
oxygen and nitrogen. ROS and RNS can cause damage to
cellular components in the body. During metabolism and
respiration, ROS are constantly produced. These include
superoxide anion radials O2−, hydroxyl radical OH−, and
non-free radical species like hydrogen peroxide and singlet
oxygen 1O2. Excess amounts of ROS as in oxidative stress
exert oxidative damage to cellular macromolecules like proteins, lipids, and DNA by subtracting electrons. This starts
a series of reactions which eventually leads to new radicals
attacking and damaging other cellular macromolecule components (Kaur and Kapoor 2001). Peptides are considered
to be more potent antioxidants than free amino acids because of the increased stability of the resultant peptide radical (Elias et al. 2008). The exact structure–antioxidant
activity relationship of peptides has not been established.
However, the type, position, and hydrophobicity of amino
acids in the peptides are considered to play an essential
role. The most reactive amino acids in proteins are usually
those with nucleophilic sulfur-containing side chains like
taurine, cysteine, and methionine or aromatic side chains
like tryptophan, tyrosine, and phenylalanine (Elias et al.
2008). Fish skin is an abundant supply of gelatin and collagen. Gelatin contains an abundance of hydrophobic amino
acids such as glycine, valine, alanine, proline, and hydroxyproline and could potentially contain a range of peptides
with potent lipid–peroxidation inhibitory activity (Kim and
Mendis 2006). Several methods are used for assessing antioxidant activity, and these include oxygen radical absorbance capacity (ORAC), Ferric-reducing antioxidant power
(FRAP) and 2,2-diphenyl-1-picrylhydrazyl (DPPH). Low
MW peptides have higher ORAC values and metal-chelating activities while high MW peptides have higher FRAP
and DPPH radical scavenging (Theodore et al. 2008). The
antioxidant activity of fish skin peptides is summarized in
Table 2.
Abdelhedi et al. 2017 investigated the antioxidant activity of gelatin extract from black-barred halfbeak
(Hemiramphus far) skin. The DPPH radical scavenging
activities of the gelatin extract (5 mg/mL) and the positive control vitamin C were 43.39% and 70.0% respectively. The antioxidant activity was lower than that of the
positive control. However, lower MW fish skin protein
hydrolysates of cobia skin and Raja clavata skin have
been demonstrated to show higher antioxidant activity
than their protein molecule precursors (Lassoued et al.
2015). The ferric-reducing antioxidant power for whole
gelatin, gelatin hydrolysate, and vitamin C was determined to be 0.47, 1.03, and 2.01 respectively. Whole gelatin and gelatin hydrolysate exhibited similar antioxidant
activity using the β-carotene bleaching assay with activities of 53.73% and 78.47% respectively.
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Table 2 Anti-oxidative activity of peptides purified from fish skin
Species

Radical scavenging activity (μg/mL)

Peptide sequence

Reference

–

AVGAT

Lassoued et al. (2015)

7.56 μM

–

DPALATEPDMPF

Ngo et al. (2010)

51.2%

–

NHRYDR

Sampath Kumar et al.
(2012)

79.6%

56.8%

–

GNRGFACRHA

Sampath Kumar et al.
(2012)

Hoki (Johnius belengerii)

156.2 μM

–

–

HGPLGPL

Mendis et al. (2005b)

Blue leatherjacket (Navodon
septentrionalis)

405

179

–

GSGGL

Chi et al. (2015)

194

89

–

GPGGFI

118

73

–

FIGP

–

–

81.41*

GLFGPR

–

–

10.4*

GATGPQGPLGPR

–

–

2.59*

VLGPF

–

–

0.50*

QLGLGPV

–

–

–

FDSGPAGVL

–

–

–

DGPLQAGQPGER

DPPH

Hydroxyl (HO•)

ABTS

Thornback ray

1980

–

Nile tilapia (Oreochromis niloticus)

8.82 μM

Horse Mackerel (Magalaspis cordyla)

72.3%

Crocker (Otolithes ruber)

Seabass (Lates calcarifer)

Jumbo squid (Dosidicus gigas)

Sae-Leaw et al. (2017)

Mendis et al. (2005a)

Amur sturgeon

5380

890

8

PAGT

Nikoo et al. (2015)

Cod (Gadus microcephalus)

–

–

–

TCSP, TGGGNV

Ngo et al. (2011)

Nile tilapia (Oreochromis niloticus)

–

4.61

–

EGL

Zhang et al. (2012)

–

6.45

–

YGDEY

Pacific cod

Iron-chelating activity

GPAGPHGPPGKDGR, AGPHGPPGKDGR,
AGPAGPAGAR

Wu et al. (2017)

*Units in millimole TE per millimole peptide

Similar results have been recorded for thornback ray
skin by (Lassoued et al. 2015). Whole gelatin, gelatin hydrolysates, and vitamin C inhibited the peroxidation of
linoleic acid by 15.91%, 34.78%, and 70.22% respectively
after 3 days and 39.25%, 74.88%, and 99.2% respectively
after 9 days. Similarly, the gelatin hydrolysate from Nile
tilapia skin exhibited 59.74% of lipid peroxidation inhibition after a 5-day incubation period while whole gelatin
had activity of only 7.12% (Choonpicharn et al. 2015).
The authors noted that antioxidant activity observed
could be due to the presence of hydrophobic amino
acids. Other studies using black-barred and Acipenser
schrenckii skin gelatin hydrolysates observed that glycine
and proline had high antioxidant activity (Ngo et al.
2011; Nikoo et al. 2015).
The antioxidant activity of thornback ray gelatin hydrolysates was assayed using various in vitro tests
(Lassoued et al. 2015). Hydrolysis was carried out using
alcalase, neutrase, and Bacillus subtilis A26 proteases. A
hydrolysate obtained by treatment with Bacillus subtilis
A26 proteases (TRGH-A26) had a high DPPH scavenging activity with an IC50 value of 1.98 mg/mL and
β-carotene bleaching inhibition activity of 70%. The high
content of positively charged amino acids lysine and

histidine (16.83%) in TRGH-A26 may be responsible for
the high antioxidant activity (Carrasco-Castilla et al.
2012). The anti-oxidative efficacy of 180 mol/ml αtocopherol equivalents at 5 mg/mL in the phosphomolybdenum assay was also evaluated and TRGH-A26 exhibited
the highest anti-oxidative efficacy. TRGH-alcalase gelatin
hydrolysate was the most potent inhibitor of DNA oxidation by hydroxyl radicals. Likewise, it also demonstrated
DNA protective effect as no degradations were observed
for the two forms of plasmid DNA utilized in the test.
DNA oxidation inhibition activity may be attributed to
hydrophobic amino acids which were present in
TRGH-alcalase and TRGH-neutrase peptide hydrolysates.
Amino acids histidine, tyrosine, methionine, and phenylalanine were high in TRGH-A26 and TRGH-Crude at
total percentages of 13.22 and 13.09%, respectively.
Nile tilapia (Oreochromis. niloticus) scale gelatin protein
was hydrolyzed using alcalase, pronase E, trypsin, and
pepsin (Ngo et al. 2010). A peptide purified from the alcalase hydrolysate provided significant protection against
the DNA oxidative damage when exposed to *OH generated by Fe2+/H2O2. The DNA damage was inhibited by
about 70%. The cell viability tests using mouse macrophages (RAW 264.7) and human lung fibroblasts
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(MRC-5) confirmed that gelatin alcalase hydrolysate was
non-cytotoxic. The purified peptide was identified as
DPALATEPDMPF. The ROS scavenging activity was determined using a fluorescence probe, 2´,7´-dichlorofluorescin diacetate (DCFH-DA). DCFH reacts with ROS to
form a highly fluorescent compound DCF. Pre-treatment
with the purified peptide decreased the DCF fluoresce in a
time-dependent manner. The antioxidant activity of the
purified peptide could be attributed to the presence of
several amino acids, such as tyrosine, methionine, lysine,
and tryptophan. The peptide sequence analysis showed
high hydrophobic amino acid content (> 69%). The activity
of the purified Nile tilapia (O. niloticus) scale gelatin peptide could be attributed to the presence of non-aromatic
amino acids such as alanine, proline, valine, and leucine
(Mendis et al. 2005a; Mendis et al. 2005b). Other peptides
with anti-oxidative activity purified from fish skin have
been purified from blue leatherjacket (Navodon septentrionalis), seabass (Lates calcarifer), horse mackerel (Magalaspis cordyla), crocker (Otolithes ruber), and Nile tilapia
(Oreochromis niloticus) (Chi et al. 2015; Sae-Leaw et al.
2017; Sampath Kumar et al. 2012; Zhang et al. 2012).
Chelation of pre-oxidative transition metals like Fe2+,
Cu2+, and Pb2+ is another antioxidant mechanism. Therefore, peptides exhibiting metal-chelating activity are considered as potential antioxidants. Three novel iron-chelating
peptides were purified from Pacific cod skin gelatin (Wu et
al. 2017). The sequences of the purified peptides were identified as GPAGPHGPPGKDGR, AGPHGPPGKDGR, and
AGPAGPAGAR. The iron-chelating ability was evaluated
using ESI-MS and FTIR spectroscopy. The analysis showed
that the amino and carboxylate terminal groups, peptide
bonds from peptide backbone, amino, and imine from arginine side chain were involved in the formation of a complex with iron. Amino acid side chain groups of GPAG
PHGPPGKDGR and AGPHGPPGKDGR, including amino
(lysine), imine (histidine), and carboxylate (aspartic acid),
provided additional iron-binding sites.
Scales of Lates calcarifer, Mugil cephalus, Chanos chanos, and Oreochromis spp. were hydrolyzed by papain
and flavourzyme, and the Fe2+-binding activity for the
different species was compared (Huang et al. 2015). Ferrous ion together with collagen peptides from four fish
scales was placed in a dialysis bag (MW cut off 500 Da)
for 3–4 days of dialysis. A fraction from Chanos chanos
had the highest iron-binding capacity at approximately
22.1 ppm/mg based on Fe2+ binding activity/peptide
concentration. MW distributions of the collagen peptides from the scales of the four fish were all less than
10 kDa, with an average MW of 1.3 kDa. It is suggested
that the iron-binding ability of peptides is related to the
net charge and the exposure of glycine residues. Glycine
is important for ferrous ions and peptides to form stable
complexes (Lee and Song 2009; Wu et al. 2012). The
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Fe2+ binding activity of fish scales is probably derived
from the exposure of glycine during hydrolysis since fish
scale collage is rich in glycine (Chaud et al. 2002; Fahmi et
al. 2004). However, to fully understand the actual mechanism, more study is needed. Peptides purified from Alaska
Pollock skin gelatin and jumbo squid (Dosidicus gigas)
skin gelatin demonstrated a protective effect against oxidative stress in rat liver cells and human fibroblasts respectively (Byun and Kim 2002; Mendis et al. 2005b).
While peptides from hoki skin (Johnius belengerii) gelatin
showed protection against oxidative stress by upregulating
the expression of antioxidant enzymes, i.e., glutathione
peroxidase, catalase, and superoxide dismutase, in human
hepatoma cells in vitro (Mendis et al. 2005b).
Peptides with antioxidant activities from marine sources
with high radical scavenging antioxidant activity contained
amino acids histidine, tyrosine and methionine (Saiga et
al. 2003). While peptides containing amino acids histidine,
glutamic acid, aspartic acid, phosphorylated serine, and
threonine have been demonstrated to be active metal chelators. Amino acid methionine is considered as central in
antioxidant activity, and its antioxidant mechanism is attributed to the action of two-electron transfer from the
sulfide of methionine’s thioester group (Garner et al.
1998). Last but not least, peptides with antioxidant activity
also have potential anti-inflammatory activity, neuroprotective activity, and anti-allergy activity which in some
cases it has been tested as with the neuroprotective effect
of grass carp skin hydrolysates observed in MES 23.5 cells
(Cai et al. 2015).
Antimicrobial activity

Fish live in an environment where a myriad of saprophytic
and pathogenic microbes flourish putting them in constant direct contact with potential pathogens. Therefore,
the fish skin acts a physical barrier by providing immediate protection from the environment and as a chemical
barrier through several innate immune factors such as
antimicrobial peptides (AMPs) (Bergsson et al. 2005).
AMPS are low MW peptides that have a net positive
charge and are amphiphilic. They are involved in the natural defense mechanism against pathogens (innate immunity); however, their main role is modulation of
mammalian cell functions. AMPS can be majorly divided
into different families which include defensin, parasin,
cathelicidin and hepcidin, and piscidin. These AMP families are species-specific, with piscidin being unique to
teleost fish (Campoverde et al. 2017). Table 3 outlines the
specific MEC and MIC values for fish skin peptides with
antimicrobial activity along with their sequences.
The antibacterial activity of black-barred halfbeak gelatin
and its hydrolysate was evaluated against three Gram
negative (Klebsiella pneumonia, Salmonella enterica, and
Salmonella typhi) and three Gram positive (Micrococcus
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Table 3 Antimicrobial activity of peptides purified from fish skin
Species

MECs (μg/
mL)

MIC (μg/
mL)

Microorganism

Peptide sequence

Reference

Skipjack tuna (Katsuwonus pelamis)

3

–

B. subtilis

SJGAP

Seo et al. (2014)

26

–

M. luteus

4.8

–

S. iniae

25

–

A. hydrophila

2.7

–

E. coli

9

–

V. parahaemolytics

16

–

C. albicans

1.2

–

B. subtilis

YFGAP

Seo et al. (2012)

6.5

–

M. luteus

17

–

S. iniae

8

–

A. hydrophila

3

–

E. coli

3.2

–

V. parahaemolytics

–

2

B. subtilis

GKLNLFLSRLEILKLFVGA

Su (2011)

–

4

S. aureus

–

16

E. coli

–

64

C. albicans

Yellowfin tuna (Thunnus albacares)

Yellow catfish (Pelteobagrus fulvidraco)

Winter flounder (Pleuronectes
americanus)

–

1.1–2.2 *

B. subtilis

–

4.4–8.8 *

P. haemolytica

–

17.7–2.2 *

S. aureus

–

2.2–3.3 *

E. coli

–

8.8–17.7 *

S. typhimurium (I and
II)

–

17.7–35.0 *

A. salmonicida

GWGSFFKKAAHVGKHVGKAALTHYL Cole et al.
(1997)

*Units in micromolar

luteus, Staphylococcus aureus, and Bacillus cereus) bacteria
(Abdelhedi et al. 2017). Black-barred halfbeak gelatin at 10
mg/mL exhibited a slight inhibitory activity against Gram
positive M. luteus and B. cereus, with inhibitor diameter
zones of 6.5 mm and 7.0 mm, respectively. Increasing concentration from 10 to 25 mg/mL slightly increased activity
with inhibition zone diameter reaching 8.5 mm and 9.0 mm
against M. luteus and B. cereus, respectively. The gelatin hydrolysate showed higher activity and was able to inhibit all
the tested bacteria strains with different potentialities with
S. aureus and B. cereus being the most sensitive. The positive control gentamicin was more potent against S. aureus
and B. cereus, and it showed effective inhibition against the
growth of all tested bacteria strains than the black-barred
gelatin hydrolysate.
The antimicrobial activity of peptides purified from
yellowfin tuna (Thunnus albacares) and skipjack tuna
(Katsuwonus pelamis) skin was investigated (Seo et al.
2014; Seo et al. 2012). Two glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-related AMPs, YFGAP and SJGAP,
were identified. Both peptides showed broad-spectrum activity against Gram-positive and Gram-negative bacteria

including three fish pathogens, Aeromonas hydrophila,
Streptococcus iniae, and Vibrio parahaemolyticus. Antimicrobial activity of SJGAP and YFGAP showed MECs
value of 1.2–17.0 μg/mL against Gram-positive bacteria
while the MEC value against Gram-negative bacteria was
3.1–12.0 μg/mL. The SJGAP peptide purified from skipjack
tuna had a higher antimicrobial activity as it showed activity
against Candida. Albicans with MEC value of 16.0 μg/mL
unlike the peptide YFGAP purified from yellowfin tuna.
These results suggest that these peptides might be related
to the innate defense in tuna. Based on the secondary structure prediction and the homology modeling, the peptides
formed an amphipathic structure and consisted of a β-α-β
motif with three secondary structural motifs including one
α-helix, two parallel β-strands, and two loop regions. Sequence analysis results showed that both peptides, YFGAP
and SJGAP, had high similarities with the N-terminus of
GAPDH from other fish species by 81–91% and 91–97%
respectively. GAPDH is a multifunctional protein that regulates the sixth step of glycolysis and mediates cell death
under oxidative stress as well. Involvement of GAPDH in
nuclear translocation and its aggregation under oxidative
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stress have been proposed as processes leading to
GAPDH-mediated cell death. Furthermore, oxidative
stressors initiate amyloid-like GAPDH aggregation via
intermolecular disulfide bonds at Cys-152 (Nakajima et al.
2017). However, the antimicrobial activity observed could
be as a result of the peptides, YFGAP and SJGAP, acting as
analogs of GAPDH in the sixth step of glycolysis due to
high similarities with its N-terminus.
Aside from hydrolysates, AMPs have also been successfully isolated from fish skin mucus as well. The antimicrobial activity of yellow catfish (Pelteobagrus fulvidraco) skin
mucus was investigated, and a novel peptide GKLNL
FLSRLEILKLFVGAL was identified and named pelteobagrin (Su 2011). Structural analysis using Schiffer–Edmundson helical wheel modeling revealed that pelteobagrin
forms an amphipathic alpha-helix composed of 10 out of
12 hydrophobic residues on the surface and 4 out of 6
hydrophilic residues on the opposing side. The peptide had
a positive charge + 2 and was made up of 60% hydrophobic
amino acids. It displayed a broad-spectrum antimicrobial
activity against Gram-positive bacteria, Gram-negative bacteria, and fungi. However, Gram-positive bacteria B. subtilis
was the most sensitive to the peptide at a minimal inhibition concentration (MIC) of 2 μg/mL. The peptide demonstrated no hemolytic activity against rabbit red blood cells,
and it was relatively salt tolerant to concentrations of NaCl
up to 137 mM. Similarly, a novel peptide from skin mucous
secretions of the winter flounder (Pleuronectes americanus)
was purified and characterized (Cole et al. 1997). The
peptide was named pleurocidin, and it had an amino acid
sequence of GWGSFFKKAAHVGKHVGKAALTHYL. It
exhibited a broad-spectrum activity against a wide range of
Gram-positive and Gram-negative bacteria. Gram-positive
bacteria B. subtilis was the most sensitive to the peptide
with a MIC value of 1.1–2.2 μM.
A study by Bergsson investigated antimicrobial components from the skin mucus of healthy Atlantic cod
(Gadus morhua) (Bergsson et al. 2005). Results revealed
acidic extracts were active against both Gram-positive
and Gram-negative bacteria in conditions that likely
mimicked the natural environment of cod. This suggests
that the skin mucus layer of the Atlantic cod is an important tissue in surface defenses of cod and most likely
protects the fish from infections caused by pathogenic
microbes. Antimicrobial test results revealed Bacillus
megaterium as the most sensitive to the extract at all
concentrations of NaCl. Antimicrobial peptides were
identified as histone H2B and ribosomal proteins L40,
L36A, and L35. Histone-derived peptides originate from
both the N-terminus and C-terminus of H1, H2A, H2B,
and H6 histones. These histone peptides are found in
the skin, skin mucus, and other tissues, including gills,
the spleen, and the gut. They are produced in response
to epidermal damage, LPS, or certain Gram-negative
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bacteria. Their antimicrobial activity is broad spectrum
against both human and fish pathogens Gram-positive
and Gram-negative bacteria, parasites, and fungi
(Katzenback 2015).
Anti-Alzheimer’s and neuroprotective activity

Alzheimer’s disease is a kind of neurodegenerative disease
characterized by progressive loss of neurons. The prevalence of such degenerative neuro-diseases has increased
with an increase in life expectancy especially as seen in developed countries (Choi and Choi 2015). Anti-Alzheimer’s
disease activity is profiled using β-secretase inhibitory activity. The enzyme β-secretase along with another enzyme
ϒ-secretase generate a peptide amyloid-β (Aβ) through
endo-proteolytic reactions of the amyloid precursor protein
(APP) (Choi and Choi 2015). Apolipoprotein enhances the
breakdown of beta-amyloid; however, an isoform of apolipoprotein, APOE4, ineffectively breakdowns beta-amyloid
and leads to an excess amyloid buildup in the brain. The
peptide Aβ molecules can aggregate to form flexible soluble
oligomers, some of which turn out misfolded. These misfolded oligomers can induce other Aβ molecules to also
take the misfolded oligomeric form (Haass and Selkoe
2007; Nussbaum et al. 2013; Pulawski et al. 2012).
Anti-Alzheimer’s and neuroprotective activity of fish skin
hydrolysates is summarized in Table 4. A β-secretase inhibitor peptide was purified from skate skin hydrolysate
(Lee et al. 2015). The peptide was purified from a neutrase
hydrolysate of skate skin on a Sephadex G-25 column and
with reversed-phase HPLC. The peptide sequence was determined to be QGYRPLRGPEFL and showed β-secretase
inhibitory activity with an IC50 value of 24.26 μM. The neuroprotective effect of protein hydrolysates with antioxidant
activity from grass carp (Ctenopharyngodon idella) skin
was demonstrated (Cai et al. 2015). The hydrolysates at the
degree of hydrolysis DH5, DH10, and DH15 showed the
most significant neuroprotective effect on 6-OHDAinduced neurotoxicity in MES 23.5. Salmon (Oncorhynchus
keta) skin enzymatic hydrolysate showed learning and
memory enhancement in mice (Pei et al. 2010). Oxidative
stress was alleviated, apoptotic neurons reduced, and
brain-derived neurotrophic factor (BDNF) expression was
upregulated in treatment groups compared with the control group. Similarly, another study showed that salmon
skin collagen peptides reduced oxidative damage and
acetylcholinesterase (AChE) while it increased phosphorylated cAMP-response element binding protein (p-CREB)
and BDNF expression in mice (Xu et al. 2015).
Other biological activities

Other biological activities including antihyperglycemic,
MMP inhibitory activity, and adipogenic regulatory have
been demonstrated using fish skin as shown in Table 5.
Antihyperglycemic activity of fish skin was evaluated
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Table 4 Anti-Alzheimer’s and neuroprotective activity of peptides purified from fish skin
Activity or mechanism

Species

Peptide sequence

Reference

β-Secretase inhibitory

Skate (Raja kenojei)

QGYRPLRGPEFL

Lee et al. (2015)

Anti-acetylcholinesterase

Salmon (Oncorhynchus keta)

–

Xu et al. (2015)

Neuroprotection

Grass carp (Ctenopharyngodon idella)

–

Cai et al. (2015)

Learning and memory

Salmon (Oncorhynchus keta)

–

Pei et al. (2010)

using dipeptidyl peptidase IV (DPP-IV) inhibitory assay.
Steelhead (Oncorhynchus mykiss) skin gelatin hydrolysates were prepared, and the hydrolysate of 4% papain
had the highest DPP-IV inhibitory activity 40–45%
(Cheung and Li-Chan 2017). The hydrolysates were
purified with ultrafiltration to obtain fraction of less than
3 kDa. Two fractions showed 42% and 44% DPP-IV inhibitory activity showing that the activity was not influenced by ultrafiltration as the values of the fractions and
the whole hydrolysates were similar.
In a similar study, the DPP-IV inhibitory and glucagonlike peptide-1 (GLP-1) stimulating activity of fish skin gelatin from various warm- and cold-water fish skins were
evaluated and compared (Wang et al. 2015). Results
revealed that the DPP-IV inhibitory activity of gelatin hydrolysates from warm-water fish was greater than that from
cold-water fish. Halibut and tilapia skin gelatin hydrolysate
(HSGH and TSGH) fractions at a cutoff of < 1.5 kDa UF
were used for peptide sequence identification and to compare the in vivo antihyperglycemic effect. MS/MS spectra
analysis revealed amino acid sequences of 6 active peptides
as SPGSSGPQGFTG, GPVGPAGNPGANGLN, PPGPTGP
RGQPGNIGF, IPGDPGPPGPPGP, LPGERGRPGAPGP,
and GPKGDRGLPGPPGRDGM. All these peptides possessed the amino acid proline as the second N-terminal
residue. Moreover, it has been reported that peptides with
DPP-IV inhibitory activity have amino acids proline, tryptophan, alanine, valine, lysine, and aspartate as the second
N-terminal residues in their sequences (Lacroix and
Li-Chan 2012). The IC50 values against DPP-IV of the purified peptides ranged from 65.4 to 146.7 μM, and these were
comparable to the peptides from other proteins with the
IC50 values between 41.9 and 174 μM (Huang et al. 2012;
Lacroix and Li-Chan 2014; Silveira et al. 2013). Halibut and
tilapia skin gelatin hydrolysates (HSGH and TSGH)

lowered blood glucose levels of diabetic rats after 28-day
administration. The normal rats and diabetic rats treated
with HSGH showed similar plasma DPP-IV activity range
of 86.6–94.6% while the diabetic rats treated with TSGH
had a significantly lower DPP-IV activity of 71.6%. The effect of peptides on GLP-1 levels was also evaluated. TSGH
exhibited the highest increase in the total GLP-1 level
(27.81 pM) while HSGH and sitagliptin exhibited a comparable effect on GLP-1 secretion (23.46–23.81 pM) in diabetic rats after 30-day treatment. However, the underlying
mechanism of peptide GLP-1 stimulatory activity is not
well defined. However, it is has been proposed that the
presence of amino acids leucine and glutamic acid can induce GLP-1 secretion (Chen and Reimer 2009; Reimer
2006). Gelatin hydrolysates of warm-water fish skins
(TSGH) exhibited greater in vitro and in vivo DPP-IV
inhibitory activity in comparison to cold-water fish
skins (HSGH). TSGH contained higher imino acid
contents which resulted in increased antihyperglycemic activity in STZ-induced diabetic rats.
Fish skin hydrolysates have also been demonstrated to
show MMP-1 inhibitory activity and thus have great potential use as cosmeceuticals. Two active peptides from
cod skin gelatin hydrolysates (CGH) with anti-photoaging
activity were identified (Lu et al. 2017). The peptides were
purified from CGH by ion exchange chromatography and
RP-HPLC. The peptide sequences were determined using
QTOF mass spectrometer as EIGPSGGRGKPGKDGDAGPK and GFSGLDGAKGD. The purified peptides had
a MMP-1 inhibitory activity of 16% and 15% respectively.
The activity of the peptide GFSGLDGAKGD was achieved
through the downregulation of MMP-1, p-ERK, and
p-p38 while GEIGPSGGRGKPGKDGDAGPK activity was
by the downregulation of p-JNK in MAPK signaling pathways. A study by Chen et al. 2016 purified 23 polypeptides

Table 5 Antihyperglycemic and MMP inhibitory activity of peptides purified from fish skin
Activity or mechanism

Species

Peptide sequence

Reference

Antihyperglycemic

Halibut (Hippoglossus stenolepis)

SPGSSGPQGFTG, GPVGPAGNPGANGLN,
PPGPTGPRGQPGNIGF

Wang et al. (2015)

Tilapia (Oreochromis niloticus)

IPGDPGPPGPPGP, LPGERGRPGAPGP,
GPKGDRGLPGPPGRDGM

Cod

EIGPSGGRGKPGKDGDAGPK, GFSGLDGAKGD

MMP inhibitory activity

Lu et al. (2017)

Tilapia (Oreochromis niloticus)

LSGYGP

Sun et al. (2013)

Sutchi catfish (Pangasius hypophthalmus)

LMWCP

Pyun et al. (2012)
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from cod skin hydrolysates. Amino acid sequences of
Gly-Po and Gly-Leu and the amino acid arginine predominated at the C-terminus of the polypeptides. The hydrolysates showed a protective effect against UV-induced
photo-damage to collagen. Expression and activities of
matrix metalloproteinases (MMP-1, MMP-3, MMP-9)
were downregulated through the elevation of tissue inhibitor of matrix metalloproteinases (TIMPs) and suppression
of the activation of mitogen-activated protein kinase
(MAPK) signaling pathway in the skin of mice treated
with the hydrolysate. In another study, the antiphotoaging effect of a peptide LSGYGP purified from
tilapia skin (Oreochromis niloticus) was evaluated by Sun
et al. 2013. In vivo experiments showed that the peptide
improved the skin condition of UV irradiation-induced
photoaging mice through its antioxidant activity. Furthermore, the mechanism of action of the same peptide
LSGYGP was studied using ultraviolet B (UVB)-induced
mouse embryonic fibroblasts (MEFs) (Ma et al. 2018). The
peptide reduced the intercellular ROS generation and
decreased superoxide dismutase (SOD) activity as well as
reduced MMP-1 and MMP-9 activities. Molecular docking simulation analysis showed that the peptide inhibited
MMP activities by docking the active sites of MMP-1 and
MMP-9. The anti-photoaging effect of a peptide LMWCP
purified from catfish skin (Pangasius hypophthalmus) was
evaluated both in animal models and in a clinical trial.
The peptide downregulated the expression of MMP-3 and
MMP-13, while it upregulated the expression of MMP-2
and MMP-9 (Pyun et al. 2012). In the clinical trial results,
treatment groups receiving a daily oral dosage of 1000 mg
of LMWCP for 12 weeks showed significantly improved
skin and less wrinkling in comparison with the placebo
group (Kim et al. 2018).
Last but not least, fish skin has also been demonstrated to have adipogenic regulatory activity. The effect
of subcritical water-hydrolyzed fish collagen peptide
(SWFCP) from tuna skin on the protein levels of the
master adipogenic transcription factors C/EBP and
PPAR was investigated (Lee et al. 2017). This was done
with the aim of evaluating the underlying inhibitory
mechanism of SWFCP in the adipogenic differentiation
of 3T3-L1 pre-adipocytes. Results revealed that SWFCP
downregulated the expression of the key adipogenic
target gene and transcription factors in 3T3-L1
pre-adipocytes exposed to MDI. After 8 days of incubation of 3T3-L1 cells with 1 μM dexamethasone and 1 μg/
ml insulin (MDI) and SWFCP, the expression levels of
C/EBP and PPAR protein were greatly reduced compared with cells stimulated with MDI alone. SWFCP was
also shown to downregulate the expression of aP2 an
adipogenic target gene, hence inhibiting adipogenic differentiation. Furthermore, SWFCP reduced lipogenesis
in hepatocytes. This was demonstrated by the use of
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palmitate-induced intracellular lipid vacuole accumulation visualized by Nile red staining. The palmitateinduced intracellular lipid vacuole accumulation was
greatly reduced in the presence of 1 mg/ml SWFCP.
SWFCP significantly affected other obesity-related factors like low serum cholesterol, low serum triglyceride,
and low-density lipoprotein; high serum high-density
lipoprotein levels; and reduced size of epididymal
adipocytes.

Conclusion
As elaborately discussed in this review, biologically active peptides have been effectively produced through the
bioconversion of fish skin. These different peptides with
a range of bioactivities such as antihypertensive, antioxidants, antimicrobial, neuroprotection, antihyperglycemic, and anti-aging have been demonstrated in vitro
experiments and to an extent in vivo as well. However,
further study is required in the preparation of fish skin
hydrolysates using the fermentation method for the production of bioactive peptides. In addition, further study
is also required, to determine the potential immunomodulation activity of antioxidant peptides, i.e., anti-inflammatory, and anti-allergy and the corresponding cell
signaling pathways. More investigations are also required
to determine the neuroprotective effect of fish skin hydrolysates especially with protection against amyloidβ-associated neurotoxicity as observed in Alzheimer’s
disease. Nevertheless, bioactive peptides purified from
fish skin can potentially be utilized in the development
of pharmaceutical and nutraceutical products.
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Abstract
Background: In the present study, the skin-whitening effects of a marine-sourced mixture that includes a fucoidanrich extract of Undaria pinnatifida (UPEF), a phlorotannin-rich extract of Ecklonia cava (ECE), and glycosaminoglycans
(GAGs) from sea squirt skin were investigated.
Methods: The whitening effects of the mixture and its components were evaluated by measuring the inhibition of
mushroom tyrosinase and melanin synthesis in alpha-melanocyte-stimulating hormone (α-MSH)-stimulated B16F10
melanoma cells.
Results: Each component alone markedly inhibited mushroom tyrosinase in a dose-dependent manner, and in αMSH-stimulated B16F10 cells, they inhibited melanin synthesis and were cytotoxic. However, the whitening effects
of UPEF, ECE, and GAGs in combination were greater than those of each component alone. A mixture in the ratio
of 4:5:1 (UEG-451) showed the strongest activity without cytotoxicity. Further study suggested that UEG-451 inhibits
α-MSH-stimulated melanogenesis in B16F10 cells by downregulating tyrosinase and tyrosinase-related proteins,
such as TRP-1 and TRP-2, via the inhibition of MITF expression.
Conclusions: These results suggest that mixing the different components at optimum ratios might be an effective
way to improve their bioactivities and reduce toxicity and that UEG-451 possesses strong whitening effects that
could be used in the cosmetic industry.
Keywords: Marine-sourced mixture, Seaweed extracts, Melanogenesis, Whitening

Background
Melanogenesis is the physiological process that produces
melanin pigment, which contributes to skin and hair
color (Gilchrest and Eller 1999; Kim et al. 2013). Melanin is the key pigment responsible for skin color in
humans. Melanin may be overproduced in melasma,
ultraviolet irradiation, and hyperpigmentation diseases.
Recently, an increasing number of women desire whiter
complexions, especially in Asian countries (Tengamnuay
et al. 2006). Therefore, a naturally sourced compound,
which not only downregulates melanogenesis but also
* Correspondence: herolegend@hanmail.net; youjinj@jejunu.ac.kr
†
Lei Wang and Yong Ri Cui contributed equally to this work.
Department of Marine Life Sciences, Jeju National University, Jeju 63243,
Republic of Korea

has no side effects, may be a potential candidate from
which to develop a therapeutic agent or cosmetic.
The ocean is an abundant source of both biologically
and chemically diverse species. Because of the special
environment, marine organisms, including plants, animals, and microorganisms, produce unique metabolites
(Kijjoa and Sawangwong 2004; Wang et al. 2016). These
metabolites, such as phenolic compounds, carbohydrates,
and peptides, possess antioxidant, anti-inflammatory, anticancer, anti-obesity, anti-hypertensive, and anti-diabetes
bioactivities (Fernando et al. 2017; Kang et al. 2015; Kang
et al. 2013; Kim et al. 2016; Kim et al. 2014; Ko et al. 2017;
Lange et al. 2015; Lee et al. 2015; Lee et al. 2013; Oh et al.
2016; Samarakoon et al. 2014; Sanjeewa et al. 2016). Ahn
et al. (2007) reported on the antioxidant activities of
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phlorotannins purified from Ecklonia cava, an edible
brown alga (Ahn et al. 2007). Ko et al. (2016) purified peptides from flounder and investigated the anti-hypertensive
activities of those peptides (Ko et al. 2016). Kim et al.
(2014) isolated active compounds from marine bacteria
and evaluated their bioactivities (Kim et al. 2014).
Undaria pinnatifida, an edible brown alga, is rich in
polysaccharides, especially fucoidan. Park and Choi
(2017) isolated different molecular weight fucoidan
from U. pinnatifida and investigated their radical
scavenging activities and inhibition of melanogenesis
(Park and Choi 2017). E. cava is rich in phlorotannins, and we reported their antioxidant and melanogenesis inhibitory activities in a previous study (Ahn
et al. 2007; Heo et al. 2009). Glycosaminoglycans
(GAGs) are long, unbranched sulfated polysaccharides that possess strong antioxidant activity and
possess the potential in cosmetic area (Campo et al.
2004). The objectives of the present study were to
evaluate the whitening effects of a fucoidan-rich extract from U. pinnatifida, a phlorotannin-rich extract
from E. cava, and GAGs from sea squirt skin. To
improve the whitening effects and to reduce the cytotoxicities of these compounds, they were mixed in
different ratios and tested to select the mixture that
conferred optimal whitening without cytotoxicity.

Materials and methods
Chemicals and reagents

Dimethyl sulfoxide (DMSO), 3-(4-5-dimethyl-2yl)-2-5diphynyltetrasolium bromide (MTT), mushroom tyrosinase, and alpha-melanocyte-stimulating hormone (α-MSH)
were purchased from Sigma Co. (St. Louis, MO, USA).
Dulbecco’s modified Eagle medium (DMEM), penicillin/
streptomycin, and fetal bovine serum (FBS) were purchased from Gibco BRL (Life Technologies, Burlington,
ON, Canada). Antibodies against tyrosinase, tyrosinaserelated protein-1 and protein-2 (TRP-1 and TRP-2), and
microphthalmia-associated transcription factor (MITF)
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). All other chemicals were of analytical grade.
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purified; the purity of GAGs was 95%. All samples
were stored at − 20 °C until use. The sample mixtures
were prepared by mixing each component solution at
the described ratios.

Measurement of the inhibitory effects of UPEF, ECE, and
GAGs and their mixtures on mushroom tyrosinase

The inhibition of mushroom tyrosinase was measured as
previously described (Heo et al. 2009; Kang et al. 2012).
In brief, the 200-μL assay mixture in a 96-well microplate contained 40 μL of 1.5-mM L-tyrosine, 140 μL of
50-mM phosphate buffer (pH 6.5), 10 μL of aqueous
mushroom tyrosinase (1000 units/mL), and 10 μL of test
solution. The assay mixture was incubated at 37 °C for
12 min and then kept on ice for 5 min to stop the
reaction. The amount of dopachrome in the reaction
mixture was measured at 490 nm using a microplate
reader (BioTek Synergy HT, BioTek Instruments,
Winooski, VT, USA).
Cell culture

B16F10 mouse melanoma cells (ATCC® CRL-6475™)
were purchased from ATCC (American Type Culture
Collection, Manassas, VA, USA) and grown in
DMEM supplemented with 10% heat-inactivated FBS,
100 U/mL penicillin, and 100 μg/mL streptomycin.
The cells were incubated in an atmosphere of 5%
CO2 at 37 °C and were sub-cultured every 4 days.
Cells for experiments were seeded at a concentration
of 5 × 104 cells/mL.

Cell viability assay

Cell viability was quantified by a colorimetric MTT
assay (Wang et al. 2017; Wang et al. 2018). Briefly,
B16F10 cells were seeded in a 96-well plate and incubated for 24 h. The cells were treated with different
concentrations of test samples and incubated for 72 h.
MTT solution (50 μL, 2 mg/mL) was added to each
well and incubated for 3 h. The supernatant was aspirated, 150 μL of DMSO was added to each well, and
the absorbance was measured at 540 nm using a microplate reader.

Preparation of fucoidan-rich extract, phlorotanin-rich
extract, and glycosaminoglycans

Measurement of cellular melanin content

U. pinnatifida was hydrolyzed with Celluclast. The
polysaccharide fraction was precipitated with ethanol
and referred to as UPEF. UPEF contains 36.10 ± 3.20%
fucoidan. An 80% ethanol extract of E. cava was prepared (ECE), and it contained 26.85 ± 0.16% phenols.
The sea squirt skin was hydrolyzed with Celluclast,
and glycosaminoglycans (GAGs) were separated and

B16F10 cells were seeded in a 6-well plate and incubated for 24 h. The cells were treated with various concentrations of test samples and stimulated with α-MSH
(50 nM). After 72 h, the cells were washed with ice-cold
PBS and harvested. The harvested cells were incubated
at 80 °C for 1 h in 1 mL of 1-N NaOH containing 10%
DMSO. The absorbance of the supernatant was
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measured at 490 nm using a microplate reader (Heo et
al. 2010).
Western blot analysis

The effect of the test samples on the expression of
melanogenesis-related proteins including MITF, tyrosinase,
TRP-1, and TRP-2 was assessed by Western blot analysis as
described previously (Kim et al. 2013). In brief, B16F10 cells
were incubated with various concentrations of the test sample and stimulated with α-MSH (50 nM). After 72 h, cells
were harvested and lysed. The protein content of each sample was measured with a BCA™ kit. The proteins (50 μg)
were separated by SDS-PAGE and transferred onto nitrocellulose membranes. The membranes were incubated in
blocking buffer (5% skim milk) and then with primary antibodies for 16 h at 4 °C. The membranes were then incubated with secondary antibody at room temperature for 3
h. Finally, the proteins were visualized using an ECL Western blotting detection kit and exposure to X-ray film.
Statistical analysis

All experiments were performed in triplicate. The data were
expressed as means ± standard errors (S.E). The mean
values of each experiment were compared using one-way
ANOVA. Significant differences between the means were
determined by the Duncan test. A p value < 0.05 was
considered to be statistically significant, and degrees of significance were indicated as follows: *p < 0.05, **p < 0.01,
***p < 0.001, and ###p < 0.001.
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Results
Tyrosinase inhibition by UPEF, ECE, and GAGs

The effects of UPEF, ECE, and GAGs on tyrosinase
activity were examined by measuring L-tyrosine hydroxylation. Arbutin was used as a positive control. As Fig. 1
shows, UPEF, ECE, and GAGs inhibited tyrosinase activity
in a dose-dependent manner. ECE showed the strongest
inhibition of the three agents, and it inhibited tyrosinase
activity by 64.33% at a concentration of 100 μg/mL.

Cytotoxicity of UPEF, ECE, and GAGs on B16F10 cells

The cytotoxicities of UPEF, ECE, and GAGs on B16F10
cells were examined by MTT assay, and the results are
summarized in Fig. 2a. As the results show, ECE caused
significant cytotoxicity in B16F10 cells. In addition,
UPEF and GAGs were slightly toxic to B16F10 cells at
high concentration (100 μg/mL).
Effects of UPEF, ECE, and GAGs on melanin synthesis in αMSH-stimulated B16F10 cells

As Fig. 2b indicates, the melanin content of cells not
stimulated with α-MSH is referred to as 100%, and
the melanin content of cells stimulated with α-MSH
increased by 80%. The melanin content of cells
treated with UPEF, ECE, and GAGs decreased in a
dose-dependent manner. These results indicated that
all three test substances inhibited melanogenesis in αMSH-stimulated B16F10 cells, and ECE showed the
strongest effect.

Fig. 1 Effect of UPEF, ECE, and GAGs on mushroom tyrosinase activity. Tyrosinase activity was measured by colorimetric assay. Dopachrome was
measured at 490 nm using a microplate reader. The data are expressed as the means ± S. E (n = 3)
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Fig. 2 Cytotoxicity and melanin synthesis in UPEF-, ECE-, and GAGs-treated B16F10 cells. a Cytotoxicity on B16F10 cells; b melanin synthesis in αMSH-stimulated B16F10 cells. The data are expressed as the means ± S. E (n = 3). *p < 0.05, **p < 0.01, and ***p < 0.001 as compared to the αMSH-treated group and ###p < 0.001 as compared to the control group

Tyrosinase inhibition by combinations of UPEF, ECE, and
GAGs

UPEF, ECE, and GAGs were combined in various ratios
by volume, and the effect on tyrosinase activity was measured. As Fig. 3 shows, tyrosinase activity decreased as
the ECE ratio in the mixture increased. In addition, the
inhibitory activities of the test agents in combination
were stronger compared to each agent alone at the same
concentration.

Cytotoxicity of UPEF, ECE, and GAGs in combination on
B16F10 cells

Using the tyrosinase inhibition conferred by the test
agents in combination, seven combinations (UEG-262,
UEG-271, UEG-352, UEG-361, UEG-433, UEG-451,
and UEG-721) were selected to test the effects on melanogenesis in B16F10 cells. The cytotoxicities of these

combinations in B16F10 cells were measured by MTT
assay. As Fig. 4a shows, most combinations were
slightly toxic to B16F10 cells, and UPEF to ECE to
GAGs at 2:6:2 (UEG-262) showed the strongest cytotoxicity. On the other hand, UEG-451 showed no cytotoxicity in B16F10 cells.

Effect of test agents in combination on melanin synthesis
in α-MSH-stimulated B16F10 cells

The effects of the test agents in combination on melanogenesis were assessed by measuring melanin synthesis in
α-MSH-stimulated B16F10 cells. As the results show
(Fig. 4b), all combinations significantly reduced melanin
synthesis in α-MSH-stimulated B16F10 cells, especially
UEG-451. These results show that UPEF, ECE, and
GAGs in combination inhibited melanogenesis, and 4:5:
1 is the optimum ratio.
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Fig. 3 The effects of UPEF, ECE, and GAGs in combination on mushroom tyrosinase activity. Tyrosinase activity was measured by colorimetric
assay. Dopachrome was measured at 490 nm using a microplate reader. The data are expressed as the means ± S. E (n = 3)

Fig. 4 Cytotoxicity and melanin synthesis in B16F10 cells treated with UPEF, ECE, and GAGs in combination. a Cytotoxicity on B16F10 cells; (b)
melanin synthesis in α-MSH-stimulated B16F10 cells. The data are expressed as the means ± S. E (n = 3). *p < 0.05, **p < 0.01, and ***p < 0.001 as
compared to the α-MSH-treated group and ###p < 0.001 as compared to the control group
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Fig. 5 Effect of UEG-451 on tyrosinase, TRP-1, TRP-2, and MITF expression in α-MSH-stimulated B16F10 cells. a The effect of UEG-451 on
tyrosinase, TRP-1, TRP-2, and MITF expressions; (b) the relative amounts of tyrosinase, TRP-1, TRP-2, and MITF. The relative amounts of tyrosinase,
TRP-1, TRP-2, and MITF were normalized to β-actin. The data are expressed as the means ± S. E (n = 3). **p < 0.01 and ***p < 0.001 as compared to
the α-MSH-treated group and ### p < 0.001 as compared to the control group

Effect of UEG-451 on tyrosinase, TRP-1, TRP-2, and MITF
expression in α-MSH-stimulated B16F10 cells

Based on its cytotoxicity and inhibition of melanogenesis,
UEG-451 was selected for further research to evaluate the
mechanisms of its anti-tyrosinase and anti-melanogenesis
activities. The effect of UEG-451 on the expression of
tyrosinase, TRP-1, TRP-2, and MITF was examined by
Western blot analysis. As shown in Fig. 5, the expressions
of tyrosinase, TRP-1, TRP-2, and MITF were increased by
α-MSH stimulation and the expressions of these proteins
were reduced in cells pre-treated with different concentrations of UEG-451.

Discussion
In Asian cultures, lighter skin tones are considered more
desirable. To meet the needs of the many women who
suffer from hyperpigmentation, whitening agents have
been developed for cosmetic and medical applications.
Various whitening cosmetics or cosmeceuticals, which

are made from natural or chemosynthetic materials, are
commercially available. However, some of these materials possess side effects or are toxic because they contain substances such as hydroquinone and heavy metals.
Thus, more research is devoted to searching for safe and
effective whitening agents from natural sources.
Many studies have reported the effects of plant extracts or compounds isolated from plants on melanogenesis (Arung et al. 2011; Chan et al. 2011). Arung et al.
(2011) isolated quercetin and its derivatives from Allium
cepa and investigated their anti-melanogenesis effects
(Arung et al. 2011). Chan et al. (2011) evaluated the
tyrosinase inhibition and melanin synthesis inhibition in
B16F10 cells of Sargassum polycystum ethanolic extracts
and their fractions (Chan et al. 2011). In the present
study, we evaluated melanogenesis inhibition conferred by
a fucoidan-rich extract, a phlorotannin-rich extract, and
GAGs obtained from seaweed and sea squirt, and investigated their whitening effects when in combination.
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The effects of UPEF, ECE, and GAGs on commercial
mushroom tyrosinase were investigated, and the results
indicated that all samples possess tyrosinase inhibitory activity with ECE showing the strongest activity of the three
(Fig. 1). In addition, UPEF, ECE, and GAGs significantly
reduced α-MSH-induced melanin synthesis in B16F10
cells in a dose-dependent manner (Fig. 2). ECE showed
stronger melanin synthesis inhibition activity than UPEF
and GAGs, and the melanin content of cells treated with
100 μg/mL of ECE was lower than the unstimulated cells.
These results demonstrated that ECE is a potent inhibitor of melanin synthesis in α-MSH-stimulated and
non-stimulated B16F10 cells. However, all three samples were cytotoxic to B16F10 cells, especially ECE.
Therefore, we mixed the test agents in different ratios
and compared the whitening effects and toxicities of
the combinations to those of the agents alone.
The inhibition of tyrosinase and melanin synthesis
conferred by the combinations was stronger than each
single agent at the same concentrations (Fig. 1 and Fig. 3;
Fig. 2b and Fig. 4b); UEG-451 showed the strongest activity and no toxicity, with 71.10% of control tyrosinase
activity and a 115.24% reduction in α-MSH-stimulated
melanin synthesis at 50 μg/mL. Combining the agents at
an optimal ratio may be an ideal and effective way to improve bioactivity and reduce cytotoxicity.
Melanogenesis is regulated by enzymes including tyrosinase, TRP-1, and TRP-2. Tyrosinase is considered to
be the rate-limiting enzyme of melanin biosynthesis and
represents the major regulatory step in melanogenesis
(Maeda et al. 1997). Thus, the inhibition of related enzymes is the most common approach to developing
skin-whitening agents. The present results revealed that
UEG-451 inhibited tyrosinase and reduced melanin synthesis in α-MSH-stimulated B16F10 cells. In addition,
Western blot results demonstrated that the expressions
of tyrosinase, TRP-1, and TRP-2 in UEG-451-treated
cells decreased in a dose-dependent manner compared
to non-treated cells (Fig. 5a and b). The tyrosinase family genes, TRP-1 and TRP-2, which are responsible for
melanin synthesis, are regulated by MITF (Levy et al.
2006). As Fig. 5 shows, UEG-451 at 50 μg/mL significantly reduced MITF expression in α-MSH-stimulated
B16F10 cells. These results suggest that UEG-451 inhibition of α-MSH-induced melanogenesis in B16F10 cells
may be through the downregulation of tyrosinase, TRP1, and TRP-2 via inhibition of MITF expression.

Conclusions
The present study investigated the inhibition of melanogenesis conferred by natural marine bio-resources including UPEF, ECE, and GAGs in α-MSH-stimulated
B16F10 melanoma cells. The results indicated that all
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three agents inhibited tyrosinase and melanin synthesis
in α-MSH-stimulated B16F10 cells and that they can act
synergistically when in combination. In addition, UPEF,
ECE, and GAGs in the ratio of 4:5:1 (UEG-451) showed
the strongest activity and was not toxic. These results
suggest UEG-451 may be an ideal whitening agent for
use in the medical and cosmetic industries.
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Abstract
Background: Wild fish populations stock is continuously diminishing in the Indo-Ganges river basin, and the
population status of most fishes is unidentified. The identification of the population status and the conservation of
commercially important and endemic wild fish populations in this region are crucial for the management. The aim
of this paper was to identify the population status of Cirrhinus reba, a promising aquaculture but vulnerable species
in the Indo-Ganges river basin in Bangladesh.
Methods: C. reba samples were collected from four isolated populations of the Brahmaputra (n = 30), the Padma
(33), the Karatoya (31), and the Jamuna Rivers (30) in Bangladesh, and the population status was evaluated using
morphometric and landmark comparisons. Data were analyzed with the Kruskal-Wallis test, univariate analysis,
discriminant function analysis, and the formation of a dendrogram.
Results: Three meristic characters (Pectoral fin rays, caudal fin rays, scale in lateral lines), four morphometric characters
(head length, pre-orbital length, post-orbital length, maximum body depth), and truss measurement (4–7) were
significantly different among the stocks. The step-wise discriminant function analysis retained 15 variables from
morphometric and landmark measurements that significantly differentiated the populations based on the
constructed DFI and DFII. Discriminate function analysis also showed that 91.2% of the original groups were
classified into their correct samples. The cluster analysis of Euclidean distances placed the Jamuna population
in one cluster and the Brahmaputra, the Padma, and the Karatoya populations in the second one.
Conclusion : Morphological differences among the stock were probably due to different ancestral origin. This
is the first report about population status of C. reba in their natural habitat of the Indian subcontinent. Further genetic
studies and the evaluation of environmental impact on C. reba populations in Bangladesh are suggested to support
our findings.
Keywords: Conservation, Cirrhinus reba, Population status, Threatened, Reba carp
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Background
The management and conservation strategy for different
species, subspecies, stocks, and races depends on the
information of biology and population structure of that
particular group (Turan et al. 2006). Intraspecific variability in life history attributes in terms of growth,
maturation, and development induce morphometric differences between species (Cadrin 2000). Morphometric
variance among stocks of a species is considered an important marker for assessing the population dynamics
and evaluation of the stocks for their management and
sustainable harvest (Khan et al. 2013; Randall and Pyle
2008; Vishalakshi and Singh 2008). Intra- and interspecific biometric variation, especially in geometric terms,
has long been investigated for overall patterns of racial,
geographic variations (Gunawickrama 2007; Hajjej et al.
2011). Equally, meristic characters have also been found
to be valid in stock identification for fishery purposes
(Turan 2004). In addition, landmark or truss network
systems are recent powerful tools for stock separation
based on morphometric and meristic characters (Cadrin
2000), which are low cost compared to molecular techniques. In a small country like Bangladesh, where there
are probably very small environmental changes from
place to place, the resulting morphological differences in
fish may be so small that they might be impossible to
discern with gross morphometric characters.
Cirrhinus reba is a commercially important indigenous
minor carp species, distributed over the Indian subcontinent (Rahman 2005; Talwar and Jhingran 1991) and locally known as reba carp, bhagna bata, raik, or tatkini. In
Bangladesh, the natural distributions of C. reba included
most of the rivers, small creeks, natural depressions, and
floodplains (Akhteruzzaman et al. 1998; Hussain and
Mazid 2001). It is highly popular to consumers due to
its oily flesh and taste qualities as well as having a reasonable amount of protein, minerals, and fatty acid
(Afroz and Begum 2014; Rahman 2005). The C. reba are
omnivores column feeder in nature with a maximum
length of 40–50 cm and can attain the sexual maturity
at the age of 1+ year (Akhteruzzaman et al. 1998; Ali
1997; Rahman 2005). The spawning season of C. reba
begins in April and lasts until August and fecundity is
between 200,000 and 250,000 egg kg−1 body weight of
females (Hussain and Mazid 2001). Though induced
breeding and nursing of fry are mentioned by some authors (Akhteruzzaman et al. 1998; Rahman et al. 2009;
Sarkar et al. 2004) the species is not yet subjected to
commercial production (Mohanta et al. 2008). During
the last two decades, the populations of this species
from natural water bodies have declined in the Indian
subcontinent due to overfishing (Sarkar et al. 2004) and
anthropogenic activities leading to siltation, aquatic pollution, and loss of natural habitat for spawning and
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growth (Ahmad et al. 2013; Sarkar et al. 2004). Currently,
C. reba is considered as a vulnerable species in Bangladesh
(IUCN 2000). Therefore, it is necessary to identify the distinct wild stocks of C. reba for the development of good
hatchery stocks through effective breeding technology,
which is an important measure for mass seed production
and sustainable aquaculture as well as conservation (Sarkar
et al. 2004). Nevertheless, there is no known information
available on the stocks of C. reba populations inhabiting
natural waters of Bangladesh due to the scarcity of scientific
works on the structural variations and no attempts have
been made to assess the stock variability of different populations. The present study was therefore carried out to
identify the stock structure of C. reba based on morphometric characters and truss network measurements in four
rivers, the Padma, Jamuna, Brahmaputra, and Karatoya of
Bangladesh.

Materials and methods
Fish sampling and preservation

In total, 124 individuals of C. reba were collected from
the Brahmaputra River (n = 30), the Padma River (n =
33), the Karatoya River (n = 31), and the Jamuna River
(n = 30) (Fig. 1, Table 1) with the help of local fishermen.
The sampling sites were selected randomly to represent
the major river systems of Bangladesh. Captured fish
were wrapped into individual plastic bags and preserved
and transported in an ice box to the laboratory for morphometric, meristic, and landmark measurements. Morphological identification of C. reba was done based on
Talwar and Jhingran (1991).
Meristic and morphometric data and landmark distances

Eight meristic (Additional file 1: Table S1) and nine morphometric (Additional file 2: Figure S1) characters were
recorded from the undamaged fish only immediately
after arriving at the laboratory. The principle fin rays
were counted manually. A magnifying glass was used to
ease the counting of the fin rays. Morphometric characters were measured to an accuracy of 0.1 mm with
digital calipers following the methods described by
Hubbs and Lagler (2004).
For measurement of landmark distances, the truss network system described for fish body morphometric was
used to construct a network on the fish body. Ten landmarks were measured (Bookstein 1997) by first placing
an individual fish on a water-resistant paper and then by
marking the points corresponding to the anatomical
landmarks on the paper using needles (Additional file 3:
Figure S2). Afterwards, the paper was removed from the
fish, and the distances between perforated places on the
graph paper were measured using digital calipers. Each
landmark point was marked with colored pointers to enabled accurate and consistent measurements.

Ethin et al. Fisheries and Aquatic Sciences

(2019) 22:12

Page 3 of 8

Fig. 1 Sample collection sites of reba carp (C. reba) in the present study

Data analysis

The Kruskal-Wallis non-parametric test (Hoaglin et al.
2009) was used to test fish from the four localities had
significantly different meristic counts. The dorsal fin rays
(DFR) and the scales below the lateral line (SBLL) were

not analyzed using the Kruskal-Wallis test due to identical values in all samples. A multivariate discriminant
analysis was used to identify the combination of morphometric variables that best separates the C. reba populations from the four rivers. Prior to the analysis, the

Table 1 Sampling details of C. reba collected from different sources in Bangladesh
Sample sources

Location

Number of individuals

Total length (mean ± SD)

Month of capture

Brahmaputra River

Mymensingh

30

184.01 ± 16.74

February 2016

Karatoya River

Rangpur

31

158.83 ± 26.44

April 2016

Padma River

Faridpur

33

224.11 ± 12.36

May 2016

Jamuna River

Sirajgonj

30

194.08 ± 9.23

June 2016
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size effects from the dataset were eliminated through the
allometric formula of Elliott et al. (1995).
Madj = M(Ls/Lo)b
Where M is the original measurement, Madj the sizeadjusted measurement, Lo the standard length of fish, Ls
the overall mean of standard length for all fish from all
samples in each analysis. The parameter b was estimated
for each character from the observed data as the slope
of the regression of log M on log Lo using the fish from
all groups. The total length was excluded from the final
analyses and transformed data were checked by testing
the significance of the correlation between the transformed variables and the total length.
A univariate analysis of variance (ANOVA) was carried
out to test if there was any significant difference in morphological parameters among individuals of different location (P < 0.05) on the basis of size-adjusted morphological
and landmark distance data. In addition, all size-adjusted
morphometric and landmark distance data were standardized and submitted to a discriminant function analysis
(DFA). A dendrogram of the populations based on the
morphometric and landmark distances data were drawn
by the squared Euclidean dissimilarity distance method.
All statistical analyses were done using SPSS Version.16
(SPSS, Chicago, IL, USA).

Results
Meristic characters

Among the counted meristic parameters, only the pectoral fin rays (PtFR), and the scales in lateral line (SLL)
were varied significantly (Kruskal-Wallis, P < 0.05)
among the stocks (Additional file 4: Table S2).
Morphometric and landmark distances

The allometric transformation of the morphometric (8)
and truss measurements (22) did not show a significant
correlation with the standard length. The univariate statistics (ANOVA) showed that among the eight sizeadjusted general morphometric measurements, four
measurements (head length, HL; pre-orbital length, preOL; post-orbital length, post-OL; and maximum body
depth, MBD) and only one truss measurement (4–7)
were significantly (P < 0.05) different among the stocks
(Additional file 5: Table S3).
Pooled within groups correlation between discriminant
variables and DFs revealed that among the morphometric measurements, the post-OL and the HL dominantly
contributed to the first DF while, the pre-OL and the
pre-dorsal length (Pre-DL) contributed to the second DF
and the rest contributed to the third DF (Additional file
6: Table S4). Landmark measurements, 4 to 5, and 3 to 9
contributed to the first DF, whereas 5 to 7, 5 to 8, 5 to 6,
2 to 10, 1 to 10, 4 to 8, 3 to 10, 1 to 2, and 6 to 7 contributed to the second DF and the remaining 11
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landmark measurements contributed to the third DF
(Additional file 7: Table S5).
Discriminant function analysis produced three types of
discriminant functions (DF1, DF2, and DF3) for both
morphometric and landmark measurements. For morphometric measurements, the first DF accounted for
62.7%, the second DF 34.7%, and the third DF 2.6% of
the total variability among groups respectively. In sum,
the first DF and second DF explained 97.45% of the total
variability among groups. For landmark measurements,
the first DF accounted for 78.8%, the second DF 17.9%,
and the third DF 3.3% of the total variability among the
groups respectively. In sum, the first DF and second DF
explained 96.33% of the total variability among groups.
In canonical discriminant function, the Jamuna population sample formed a distinct group while the samples
from the Padma, Brahmaputra, and Korotuya were clustered around their centroid value while overlapping to a
certain degree with each other (Fig. 2). The discriminant
function analysis also showed that the overall allotment
of individuals into their original populations was high
(91.2%). All of the fishes (100%) of Jamuna River were
correctly classified into their own group. While 95, 92.9,
and 80% of fishes were correctly classified for the Brahmaputra, Padma, and Karatoya River samples, respectively. On the other hand, the overlapping of samples
from the Karatoya (20%) and the Padma (7.1%) rivers
implied some misclassification (Table 2).
The dendrogram derived from the cluster analysis of
Euclidean distances among groups of centroids showed
that the four populations of C. reba segregated from
each other into two distinct clusters (Fig. 3). The Padma
populations formed one cluster with the Brahmaputra
and the Karatoya populations. However, the Brahmaputra and the Karatoya populations formed another subcluster. Finally, the Jamuna River population formed a
completely separate third group.

Discussion
This study demonstrates that meristic attributes of C.
reba including the number of pectoral fin rays (PtFR),
caudal fin rays (CFR), and scales in the lateral line (SLL)
varied significantly within the studied populations. This
indicates that these populations underwent some extent
morphological changes over the course of the time due
to geographical isolation or might be of from different of
ancestors’ origin. They may also be resulting from different environmental and habitat conditions variations.
Since, fish shows higher plasticity in morphological traits
to environmental changes (Wimberger 1992; Allendorf
1988; Stearns 1983; Swain et al. 1991). The variability of
meristic counts of C. reba have also been reported in the
findings of Hamilton (1822), Rahman (2005), Talwar and
Jhingran (1991) and Galib (2008), while, Shafi and
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Fig. 2 Sample centroids and scatter plot of canonical discriminant function scores showing different stocks of C. reba based on morphometric
and truss measurements

Quddus (2001) found no difference in meristic counts
among different populations. The later researchers may
have sampled populations that were experiencing similar
environmental conditions or had a common ancestor
and therefore were not undergo differentiation despite
being isolated geographically. Similarly, variable meristic
counts have also been observed in other fish species of
isolated stocks, such as Labeo calbasu, Mesopotamian
spiny eel, (Çakmak and Alp 2010); Heteropneustes fossilis, (Rahman et al. 2014) and Rhinomugil corsula, (Lipták
et al. 2019).
In addition to meristic characters, a truss network system is another important criterion to discern species,
subspecies, races, and strains and have been employed
by different authors (Khan et al. 2013; Mir et al. 2013;
Sajina et al. 2011; Siddik et al. 2016; Ujjania and Kohli
2011). These characters can be also modified by environmental fluctuations during early life-history stages of fish
(Cheverud 1988; Reyment 1985). In the present study,
Table 2 Percentage of individuals correctly classified into their
original populations using discriminate function analysis
Population

Predicted group membership1
Brahmaputra

%

1

Karatoya

Padma

Total
Jamuna

Brahmaputra

95.0

0.0

5.0

0.0

100.0

Karatoya

0.0

80.0

20.0

0.0

100.0

Padma

0.0

7.1

92.9

0.0

100.0

Jamuna

0.0

0.0

0.0

100.0

100.0

91.2% of original grouped cases correctly classified

we did not find any significant difference among the
measured landmarked distance except one (4–7). Sizeadjusted morphometric and landmark data showed
phenotypic divergence among C. reba samples. The discriminant function analysis and dendrogram revealed
the existence of two distinct morphologically differentiated stocks. The Jamuna River population itself is a
unique stock, highly distinct from the other three stocks,
and formed the first group due its geographical location.
The Padma, the Brahmaputra, and the Karatoya River
populations formed the second group. The stock from
the Brahmaputra and Karatoya River sites had similarity
in all examined parameters in addition to overlapping
between the two populations. This confirmed their
phenotypic similarity. Both the rivers are the distributary
and tributary of the Jamuna River and point of origin
not geographically isolated (Fig. 1). Fish could migrate
from Jamuna River to these two rivers. This similarity
indicates that the C. reba populations in these two rivers
might be are of the same ancestral origin. On the other
hand, the Jamuna stock highly deviated from the Brahmaputra and the Karatoya as well as from the Padma
River samples. The sampling sites of Jamuna and Padma
River are geographically far from the sampling sites of
Karatoya and Brahmaputra River (see Fig. 1). These
might make the Jamuna population unique from others.
In accordance to geographical distance and sampling site
position (downstream from the Jamuna sampling site)
the Padma population could be connected with the Jamuna population. But, the Padma population was
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Fig. 3 Dendrogram based on size-adjusted morphometric and landmark distances of the Brahmaputra River, the Karatoya River, the Padma River,
and the Jamuna River populations

morphologically close to Karatoya and Brahmaputra
population. Sometimes, it is quite difficult to explain the
causes of morphological differences between populations
(Cadrin 2000), but it is assumed that these differences
might be related to genetical factors or be associated
with phenotypic plasticity in response to different environmental factors in each area (Murta 2000). Environmental factors may be one of the reasons that explain
the morphological differences observed in this study. Indeed, previous studies reported a difference in water
quality parameters in these four rivers especially water
temperature and the concentrations of dissolved oxygen
(Haque et al. 2019; Islam et al. 2015; Islam et al. 2014;
Uddin et al. 2014).
Other important morphological differences among
these populations were noted in the area of the fish
head, the maximum body depth, the pre-orbital length,
and the post-orbital length. The relative head length was
significantly higher in Jamuna samples, while the maximum body depth was lower in the Brahmaputra stocks
than from the remaining stocks. On the other hand, the
values of the eye diameter were significantly higher in
Karatoya River sample and lower in Jamuna River population. Higher availability of food is one the reasons proposed to explain the development of large head, large
eye diameter and long pectoral fins in fish (Rao 2001)
. This explains that Jamuna River was richer in food
source for its fish stock than the others. Similarly,
low availability of food was suggested as the reason
for the presence of smaller mouth size, body depth,
and short pectoral fin of the Channa punctatus in Yamuna River in India (Khan et al. 2013). The lower
eye diameter of Jamuna River fish also suggests higher
turbidity of its waters according to Moore (1950).
This author noticed that reduced eye diameter was
characteristic of fishes living in turbid waters. During
our sample collections, we also observed higher turbidity in the Jamuna and the Padma Rivers (personal
observation). Several authors also described that feeding regimes and water quality parameters are responsible for the morphological variations in the head
region of fishes (Keivany et al. 2016; Sun et al. 2009).

Conclusion
C. reba has distinct two stocks in the four selected rivers. The Jamuna samples were unique compared to the
Padma, the Brahmaputra, and the Karatoya River samples. The fish stocks in the Brahmaputra and the Karatoya Rivers were similar. The present study provides
baseline biological information that is expected to be
helpful in facilitating the development of management
strategies in relation to the fishery and conservation of
C. reba populations in selected rivers. However, further
research is necessary to explore the genetic and molecular basis of stock discrimination as well environmental
and climatic effect on the C. reba stock structures in the
Indo-Ganger basin.
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(beginning of scaled nape), (3) origin of dorsal fin, (4) insertion of
dorsal fin, (5) anterior attachment of dorsal membrane from caudal
fin, (6) anterior attachment of ventral membrane from caudal fin, (7)
insertion of anal fin, (8) origin of anal fin, (9) insertion of pelvic fin,
and (10) insertion of pectoral fin. (JPG 146 kb)
Additional file 4: Table S2. Meristic counts (median) of C. reba
collected from four populations (minimum and maximum counts are in
parenthesis) and significance value of Kruskal-Wallis test. (DOCX 15 kb)
Additional file 5: Table S3. Univariate statistics (ANOVA) testing
differences among samples from eight morphometric measurements and
22 truss measurements. Definition of all measurements are available in
Fig S1 and S2 captions. (DOCX 17 kb)
Additional file 6: Table S4. Pooled within-groups correlations between
discriminating variables and standardized canonical discriminant functions based on morphometric measurement (variables ordered by absolute size of correlation within function, *denotes the largest absolute
correlation between each variable and any discriminant functions).
(DOCX 15 kb)

Ethin et al. Fisheries and Aquatic Sciences

(2019) 22:12

Additional file 7: Table S5. Pooled within-groups correlations between
discriminating variables and standardized canonical discriminant functions based on truss measurement (variables ordered by absolute size of
correlation within function, *denotes the largest absolute correlation between each variable and any discriminant functions). (DOCX 16 kb)
Acknowledgements
Authors would like to thank the funding agencies that supported financially
this study and the local fishermen who helped in sample collection.
Consent of publication
Not applicable
Authors’ contributions
MSH designed the experiment, RE and MSH conducted the experiment,
RE and AR collected the samples. RE and MSH drafted the manuscript. MR
helped in data analysis and final revision. All authors read and approved the
final manuscript.
Funding
The Ministry of Education, Youth, financially supported the study and Sports
of the Czech Republic-project “CENAKVA” (LM2018099) and by the Grant
Agency of the University of South Bohemia (no. 017/2016/Z).
Availability of data and materials
The datasets and/or analyzed during current study available from the
corresponding author on reasonable request.
Ethics approval and consent to participate
No specific permissions were required for the locations and activities
involved in this study. All experimental manipulations (capture and
measurements) were conducted according to the principles of the Ethical
Committee of Bangabandhu Sehikh Mujibur Rahman Agricultural University,
Bangladesh, and National Research Ethics Committee (NREC) of Bangladesh.
This study also follows the rules for the Protection of Animals in Research of
the University of South Bohemia, Faculty of Fisheries and Protection of
Waters, Research Institute of Fish Culture and Hydrobiology, Vodňany, based
on the EU harmonized animal welfare act of Czech Republic. The principles
of laboratory animal care and the national laws 246/1992 and regulations on
animal welfare were followed (ref. number 22761/2009-17210).
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Fisheries Biology and Aquatic Environment, Bangabandhu
Sheikh Mujibur Rahman Agricultural University, Gazipur 1706, Bangladesh.
2
University of South Bohemia in České Budejovice, Faculty of Fisheries and
Protection of Waters, South Bohemian Research Center of Aquaculture and
Biodiversity of Hydrocenoses, Zátiší 728/II, 389 25, Vodňany, Czech Republic.
3
Faculty of Education, University of Rwanda-College of Education, P.O. Box
55, Rwamagana, Eastern Province, Rwanda.
Received: 25 March 2019 Accepted: 13 June 2019

References
Afroz H, Begum M. Analysis of nutritional value and mineral contents of three
different parts of body of Cirrhinus reba. Int J Sci Eng Res. 2014;5:2301–6.
Ahmad S, Muralidharan M, Venkateshwarlu M, Arunachalam M. Distribution
pattern, endemism, threat status and conservation measures of fishes in the
Tunga and Bhadra rivers of Western Ghats, India. Environ Biol Fish. 2013;
96(10-11):1245–56.
Akhteruzzaman M, Kohinoor AHM, Islam MS, Modak PC. Observations on the
induced breeding of indigenous small fishBhagna,(Cirrhinusreba Ham) in
Bangladesh. Progress Agric. 1998;9(1-2):281–4.
Ali MY. Small indigenous fish species culture in Bangladesh. Dhaka: Paper
presented at the Proceedings of national workshop on small indigenous fish
culture in Bangladesh, IFADEP-SP2; 1997.
Allendorf FW. Conservation biology of fishes. Conserv Biol. 1988;2(2):145–8.

Page 7 of 8

Bookstein FL. Morphometric tools for landmark data: geometry and biology.
Cambridge: Cambridge University Press; 1997.
Cadrin SX. Advances in morphometric identification of fishery stocks. Rev Fish
Biol Fish. 2000;10(1):91–112.
Çakmak, Esen, & Alp, Ahmet. Morphological Differences Among the
Mesopotamian Spiny Eel, Mastacembelus mastacembelus (Banks & Solander
1794), Populations. Turkish J Fish Aquatic Sci. 2010;10:87–92.
Cheverud JM. A comparison of genetic and phenotypic correlations. Evolution.
1988;42(5):958–68.
Elliott NG, Haskard K, Koslow JA. Morphometric analysis of orange roughy
(Hoplostethus atlanticus) off the continental slope of southern Australia. J
Fish Biol. 1995;46(2):202–20.
Galib SM. A study on fish diversity and fishing gears of Chalan beel with
reference to preservation of catches. Bangladesh: Honors dissertation
submitted to the Department of Fisheries, University of Rajshahi; 2008.
Gunawickrama KBS. Morphological heterogeneity and population differentiation
in the green chromid Etroplus suratensis (Pisces: Cichlidae) in Sri Lanka.
Ruhuna J Sci. 2007;2:70–81.
Hajjej G, Hattour A, Hajjej A, Allaya H, Jarboui A, Bouain A. Biometry, lengthlength and length-weight relationships of little tuna Euthynnus alletteratus in
the Tunisian waters. J Fish Aquatic Sci. 2011;6(3):256.
Hamilton F. An account of the fishes found in the river Ganges and its branches:
Printed for A. Constable and company; 1822.
Haque MA, Jewel MAS, Sultana MP. Assessment of physicochemical and
bacteriological parameters in surface water of Padma River, Bangladesh. Appl
Water Sci. 2019;9(1):10.
Hoaglin DC, Mosteller F, Tukey JW. Fundamentals of exploratory analysis of
variance, vol. 367: Wiley; 2009.
Hubbs CL, Lagler KF. Fishes of the Great Lakes region (revised ed.): The University
of Michigan Press; 2004.
Hussain MG, Mazid MA. Genetic improvement and conservation of carp species
in Bangladesh: Research Institute and International Center for Living Aquatic
Resources Management, Bangladesh; 2001.
Islam MS, Ferdous J, Nasmi S, Kabir MH. Seasonal variations in water quality and
its effects on fish production in the Brahmaputra River at Mymensingh of
Bangladesh. Bang J Environ Sci. 2015;29:18–25.
Islam MS, Kabir MH, Sifat SA, Meghla NT, Tushar TR. Status of water quality from
the Padma river at Bheramara point of Kushtia in Bangladesh. Bang J Environ
Sci. 2014;27:110–5.
IUCN, Bangladesh. Red Book of Threatened Fishes of Bangladesh: IUCN-The world
conservation union; 2000. p. 116.
Keivany Y, Mousavi SMA, Dorafshan S, Zamani-Faradonbe M. Morphological
variations of Alburnus mossulensis Heckel, 1843 populations in the Tigris
tributaries of the Persian Gulf basin in Iran (Teleostei: Cyprinidae). Iran J
Ichthyol. 2016;3(3):190–202.
Khan MA, Miyan K, Khan S. Morphometric variation of snakehead fish, Channa
punctatus, populations from three Indian rivers. J Appl Ichthyol. 2013;29(3):637–42.
Lipták B, Veselý L, Ercoli F, Bláha M, Buřič M, Ruokonen TJ, Kouba A. Trophic role
of marbled crayfish in a lentic freshwater ecosystem. Aquat Invas. 2019;
Accepted.
Mir JI, Sarkar UK, Dwivedi AK, Gusain OP, Jena JK. Stock structure analysis of
Labeo rohita (Hamilton, 1822) across the Ganga basin (India) using a truss
network system. J Appl Ichthyol. 2013;29(5):1097–103.
Mohanta KN, Subramanian S, Komarpant N, Saurabh S. Alternate carp species for
diversification in freshwater aquaculture in India. Aquaculture Asia. 2008;
13(1):11.
Moore GA. The cutaneous sense organs of barbeled minnows adapted to life in
the muddy waters of the Great Plains region. Transac Am Microscop Soc.
1950;69(1):69–95.
Murta AG. Morphological variation of horse mackerel (Trachurus trachurus) in the
Iberian and North African Atlantic: implications for stock identification. ICES J
Marine Sci. 2000;57(4):1240–8.
Rahman AKA. Freshwater fishes of Bangladesh (second ed.). Dakha: Zoological
Society of Bangladesh; 2005.
Rahman MA, Zaher M, Azimuddin KM. Development of fingerling production
techniques in nursery ponds for the critically endangered reba carp,
Cirrhinus ariza (Hamilton, 1807). Turkish J Fish Aquatic Sci. 2009;9(2):165–72.
Rahman MM, Sharker MR, Sumi KR, Alam MA, Hossen MS. Landmark-based
morphometric and meristic variations of stinging catfish, Heteropneustes
fossilis (Bloch) among three isolated stocks, the Old Brahmaputra river and
the Tanguar haor and a hatchery. Int J Fish Aquatic Stud. 2014;1(3):163–70.

Ethin et al. Fisheries and Aquatic Sciences

(2019) 22:12

Randall JE, Pyle RL. Synodus orientalis, a new lizardfish (Aulopiformes:
Synodontidae) from Taiwan and Japan, with correction of the Asian record
of S. lobeli. Zool Stud. 2008;47(5):657–62.
Rao RJ. Biological resources of the Ganga river, India. Hydrobiologia. 2001;458(1):
159–68.
Reyment RA. Multivariate morphometrics and analysis of shape. J Int Assoc Math
Geol. 1985;17(6):591–609.
Sajina AM, Chakraborty SK, Jaiswar AK, Pazhayamadam DG, Sudheesan D. Stock
structure analysis of Megalaspis cordyla (Linnaeus, 1758) along the Indian
coast based on truss network analysis. Fish Res. 2011;108(1):100–5.
Sarkar UK, Negi RS, Deepak PK, Singh SP, Srivastava SM, Roy D. Captive breeding
of vulnerable Indian carp Cirrhinus reba with Ovaprim for conservation of
wild populations. Aquaculture Asia. 2004;9:5–7.
Shafi M, Quddus MMA. Bangladesher Matsho Shampad (Fisheries of
Bangladesh)(in Bengali), Kabir publication. Dhaka; 2001. p. 153–4.
Siddik M, Chaklader M, Hanif M, Islam M, Sharker M, Rahman M. Stock
identification of critically endangered olive barb, Puntius sarana (Hamilton,
1822) with emphasis on management implications. J Aquacult Res Dev.
2016;7(2):411.
Stearns SC. A Natural Experiment in Life-History Evolution: Field Data on the
Introduction of Mosquitofish (Gambusia affinis) to Hawaii. Evolution. 1983:
601–17.
Sun P, Hawkins W, Overstreet R, Brown-Peterson N. Morphological deformities as
biomarkers in fish from contaminated rivers in Taiwan. Int J Environ Res
Public Health. 2009;6(8):2307–31.
Swain DP, Riddell BE, Murray CB. Morphological differences between hatchery
and wild populations of coho salmon (Oncorhynchus kisutch): environmental
versus genetic origin. Can J Fish Aquatic Sci. 1991;48(9):1783–91.
Talwar PK, Jhingran AG. Inland fisheries of India and adjacent countries (Vol. 2).
New Delhi: Oxford and IBH Publishing; 1991.
Turan C. Stock identification of Mediterranean horse mackerel (Trachurus
mediterraneus) using morphometric and meristic characters. ICES J Marine
Sci. 2004;61(5):774–81.
Turan C, Oral M, Öztürk B, Düzgüneş E. Morphometric and meristic variation
between stocks of Bluefish (Pomatomus saltatrix) in the Black, Marmara,
Aegean and northeastern Mediterranean Seas. Fish Res. 2006;79(1):139–47.
Uddin MN, Alam MS, Mobin MN, Miah MA. An Assessment of the River water
quality parameters: A case of Jamuna River. J Environ Sci Nat Res. 2014;7(1):
249–56.
Ujjania NC, Kohli MPS. Landmark-based morphometric analysis for selected
species of Indian major carp (Catla catla, Ham. 1822). Int J Food Agric Vet Sci.
2011;1:64–74.
Vishalakshi C, Singh BN. Differences in Morphological Traits between Two Sibling
Species, Drosophila ananassae and D. pallidosa. Zool Stud. 2008;47(3):352–9.
Wimberger PH. Plasticity of fish body shape. The effects of diet, development,
family and age in two species of Geophagus (Pisces: Cichlidae). Biol J
Linnean Soc. 1992;45(3):197–218.

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

Page 8 of 8

Kim et al. Fisheries and Aquatic Sciences
https://doi.org/10.1186/s41240-019-0127-2

(2019) 22:13

RESEARCH ARTICLE

Open Access

Chemical compositions and biological
activities of marine invertebrates from the
East Sea of South Korea
Geun-Hyeong Kim1,2, Hyeon-Ho Park3, Pathum Chandika1,2, Seok-Chun Ko4, Kyung-Mi Jung5, Sang Chul Yoon6,
Taeg-Yun Oh7, Young-Mog Kim2,8 and Won-Kyo Jung1,2*

Abstract
Background: Marine invertebrates are well known as pivotal bioresources with bioactive substances such as antiinflammatory sterols, antitumor terpenes, and antimicrobial peptides. However, there are few scientific reports on
chemical compositions and bioactivities of marine invertebrates from the East Sea of South Korea.
Methods: In this study, chemical compositions and biological activities were evaluated on both 70% EtOH and hot
water extracts of 5 species of marine invertebrates (Crossaster papposus japonicus, Actinostola carlgreni, Stomphia
coccinea, Actinostola sp., and Heliometra glacialis) collected from the East Sea of South Korea. The antioxidant
activities were measured by ABTS radical scavenging assay. The cytotoxicity and anti-inflammatory activity were
evaluated using MTT and Griess reagents. Moreover, the antibacterial effect was evaluated using paper disc assay
and minimum inhibitory concentration (MIC) assay.
Results: In the results of antioxidant activities, 70% EtOH extract of A. carlgreni showed the highest activity
(IC50 0.19 ± 0.03 mg/ml) compared to other extracts. Moreover, 70% EtOH extract of A. carlgreni could
significantly suppress the nitric oxide (NO) production in lipopolysaccharide-induced RAW 264.7. All extracts
treated under 400 μg/ml have no cytotoxic effects on RAW 264.7 macrophages. In the antibacterial test, both
70% EtOH extracts of C. papposus japonicus and H. glacialis showed a significant antibacterial effect on
Staphylococcus aureus. The MIC values were evaluated at 256 and 512 μg/ml, respectively.
Conclusions: These results suggested the bioactive potentials of marine invertebrates from the East Sea of
South Korea in pharmaceutical and nutraceutical applications.
Keywords: East Sea of South Korea, Marine invertebrates, Antioxidant, Anti-inflammatory, Antibacterial

Background
The ocean is a large body of water that covers over
70% of earth embedding numerous resources including potent therapeutic agents (Fernando et al. 2016).
Ocean current is non-predicted directional movement
of both warm and cold current, which provides the
best ground for marine organisms. Accordingly, the
East Sea of South Korea including Dokdo island is
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Department of Biomedical Engineering, and Center for Marine-Integrated
Biomedical Technology (BK21 Plus), Pukyong National University, Busan
48513, Republic of Korea
2
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affected by North Korean cold current and Tsushima
warm current (Ryu et al. 2012; Yun et al. 2004). Due
to this parallel current, high pressure and high salinity due to sea depth over 400 m, and its geological
positioning, the East Sea is known as the Pacific
Ocean with nutrient-rich environment (Rho et al.
2016; Danovaro et al. 2017). Moreover, the East Sea
is a unique habitat for unique organisms due to the
characteristic features of the deep sea such as low intensity of light which may be not enough to support
photosynthesis, low oxygen concentration, and declining temperature with increasing depth (Yoon and
Chough 1995). Thus, the marine organisms inhabited
in the deep sea have adapted to extreme conditions,
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which causes the development of unique and special
metabolites including tremendous polyphenolic compound and polysaccharides (Gomes et al. 2016).
Marine organisms have been reported to possess
nutraceutical and pharmaceutical potentials in human health (Chandika et al. 2015; Najafian and Babji
2017). Especially, marine algae are a great source of
polyphenolic compounds like phlorotannins with
various bioactivities (Wijesinghe and Jeon 2011).
Also, marine invertebrates such as sponges, soft
corals, starfish, and sea squirt produce various secondary metabolites in their defense system against
predators and microorganism infection, which has a
potential biological effect on human health (Ko et al.
2017). However, few studies have been reported on
the secondary metabolites of marine invertebrates
from the East Sea of South Korea (Ko et al. 2017).
Thus, the aim of this study is to investigate the
chemical compositions and biological activities of
marine invertebrates such as Crossaster papposus
japonicus, Actinostola carlgreni, Stomphia coccinea,
Actinostola sp., and Heliometra glacialis collected
from the East Sea of South Korea.
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Materials and methods
Materials

Five species of marine invertebrates (C. papposus japonicus, A. carlgreni, S. coccinea, Actinostola sp., and H. glacialis) were collected from the deep ocean seafloor (depth
range 300–1000 m) around Wangdol-cho in the southwest area of East Sea during trawl survey of National Institute of Fisheries Science in June 2017 (Fig. 1). The marine
invertebrates were washed three times with tap water to
remove salt, sand, and epiphytes attached to their surface
and then rinsed with distilled water and freeze at − 80 °C.
The frozen samples were lyophilized and homogenized
using home grinder prior to extraction.
Lipopolysaccharide (LPS), Griess reagent (1% sulfanilamide and 0.1% naphthylethylenediamine dihydrochloride
in 2.5% phosphoric acid), and 3-(4, 5–dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide (MTT) were purchased from Sigma-Aldrich, St. Louis, USA. Dulbecco’s
minimum Eagle’s medium (DMEM), fetal bovine serum
(FBS), and penicillin/streptomycin were purchased from
GIBCO™, Invitrogen Corporation, Carlsbad, CA, USA.
The other chemical and reagents were used of analytical
grade, EtOH.

Fig. 1 Collection site from the East Sea of South Korea (June 13 to 16 in 2017)
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Preparation of 70% EtOH and hot water extracts of the
marine invertebrates

Freeze-dried marine invertebrates were mixed with 70%
EtOH at a ratio of 1:10 (w/w) and then subjected to continuous shaking at room temperature for 24 h. The liquid layer was centrifuged for 20 min to remove the
residue and filtered under reduced pressure. The filtrates
were volatilized with a vacuum concentrator under reduced pressure, and the concentrates were freeze-dried
to obtain extracts.
Freeze-dried marine invertebrates were mixed with
distilled water at a ratio of 1:10 (w/w) and then subjected
to continuous shaking in a water bath at 90 °C for 3 h.
The extracted solution was centrifuged for 20 min to remove the residue and filtered under reduced pressure.
The filtrates were freeze-dried to obtain dry powder of
extracted samples. The extracts were kept at − 70 °C for
further use.
Chemical compositions of extracts of marine
invertebrates

Protein contents were determined using bicinchoninic
acid (BCA) protein assay kit (Thermo, Rockford, IL,
USA) following the manufacturer's specification. Briefly,
20 μl of each extract with 180 μl of working reagent
solution was incubated at 37 °C for 30 min. Absorbance
was measured at 562 nm using a microplate reader
(PowerWave XS2, BioTek Instruments, Inc., Winooski,
VT, USA). A bovine serum albumin standard curve was
prepared to calculate the protein content.
Polyphenol contents were measured according to a
protocol previously described by Singleton et al. (1999).
Two hundred fifty microliters of 7.5% Na2CO3 was
added to 100 μl of each extract and reacted at room
temperature for 5 min. Then, 300 μl of 1N FolinCiocalteu reagent was added and incubated in a dark
condition for 30 min. After incubation, absorbance was
measured at 765 nm using a microplate reader. A gallic
acid standard curve was prepared to calculate the polyphenolic content.
Sugar contents were measured according to a protocol
previously described by Dubois et al. (1956). One hundred microliters of each extract was mixed with 100 μl
of 5% phenol and 500 μl of H2SO4 and reacted at room
temperature for 20 min. The absorbance was measured
at 490 nm using a microplate reader. A glucose standard
curve was prepared to calculate the sugar content.
Measurement of antioxidant activity

Antioxidant activity was determined by ABTS radical
scavenging assay according to the method used by Thaipong et al. (2006). The ABTS radical was generated by
2.45 mM potassium persulfate and 7 mM 2,2′-azino-bis
(ehtylbenzothiazoline-6-sulfonic acid) diammonium salt
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(ABTS) reaction for 16 h at room temperature. Then, a
mixture was diluted with distilled water and obtained
the absorbance at 735 nm using a microplate reader.
Then, 100 μl of each extract was mixed with 100 μl of
ABTS radical solution at room temperature for 30 min
in a 96-well plate and the absorbance of mixture was
measured again at 735 nm using a microplate reader.
Finally, the IC50 value, the concentration required for
50% scavenging of ABTS radical, was determined.
The ABTS radical scavenging activity was calculated as
follows:
ABTS radical scavenging activity (%) = [1 − (Ac −
As)/Ac] × 100
where Ac is the absorbance of the control sample and
As is the absorbance of the sample solution.
Measurement of anti-inflammatory activity
Cell culture

The murine macrophage cell line RAW 264.7 was
purchased from the American Type of Culture Collection (Rockville, MD, USA). RAW 264.7 cells were cultured in DMEM supplemented with 100 U/ml penicillin,
100 mg/ml streptomycin, and 10% FBS. The cells were
then incubated in an atmosphere of 5% CO2 at 37 °C
and subcultured every 2 days.
Cytotoxicity assessment MTT assay

Cytotoxicity assessment was performed by MTT assay.
RAW 264.7 macrophages (4 × 105 cells/ml) plated on
24-well plates were preincubated at 37 °C for 24 h. Cells
were treated with extracted samples at various concentrations (100, 200, and 400 μg/ml) and incubated under
the same conditions. After 1 h of incubation, LPS
(0.25 μg/ml) was added to the cell culture medium and
incubated again at 37 °C for 24 h. MTT stock solution
(100 μl; 1 mg/ml) was added to each well and further
incubated for 4 h allowing formazan formation in the
viable cells. Thereafter, supernatants were removed. The
formazan crystals in each well were dissolved in 100 μl
of dimethyl sulfoxide (DMSO). The absorbance was
measured at 540 nm using a microplate reader.
Determination of nitric oxide production

After 24 h preincubation of RAW 264.7 macrophages
(4 × 105 cells/ml) at 24-well plates with various concentrations (100, 200, and 400 μg/ml) of extracts and with
LPS (0.25 μg/ml), the quantity of nitrite accumulated in
the culture medium was determined as an indicator of
NO production. NO production was measured using
100 μl of cell culture medium mixed with 100 μl of
Griess reagent. The mixture was then incubated for 10
min, and the absorbance was determined at 540 nm in a
microplate reader.
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Determination of antibacterial activity
Test strain and culture conditions

Type bacterial strains used in the present study were
obtained from the Korean Collection for Type Cultures
(KCTC; Daejeon, Korea): Staphylococcus aureus (KCTC
1916) and Escherichia coli (KCTC 2593). S. aureus was
grown aerobically at 37 °C.
Disc diffusion assay

The antibacterial activity of extracts was determined by
disc diffusion assay. A suspension of each bacteria was
spread on the Mueller-Hinton agar (MHA) plates, and
paper discs (6 mm in diameter) containing 1 and 5 mg of
each extract was placed on the surface of inoculated
MHA plates. After incubation at 37 °C for 24 h, the
diameter of growth inhibition zone was measured using
vernier calipers.
Measurement of minimum inhibitory concentration

The minimum inhibitory concentration (MIC) assay was
followed by the guideline of Clinical and Laboratory
Standards Institute (2015). The MIC assay was performed using 2-fold dilution method with MuellerHinton broth (MHB) in 96-well microplates. The MIC
values were determined visually.
Statistical analysis

All data were expressed as mean ± standard deviation
(SD) of three replications. Statistical analysis was performed using one-way ANOVA, followed by Duncan’s
multiple range test using the SPSS program (SPSS Inc.
Ver12.0). The differences were considered statistically
significant at p < 0.05.
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yield (28.20 ± 2.35% w/w). These results demonstrate
that the hot water extraction is the most efficient
method for obtaining higher yields compared to 70%
EtOH extraction.
Chemical compositions

The marine invertebrates are commonly composed of a
greater amount of water, protein, and minerals and a few
amounts of sugars and phenolic substances. For example, the red sea anemone (Actinia equine), one of the
most common sea anemones, is also composed of 80%
water, 13% protein, and some of sugars and minerals
(Silva et al. 2017). Furthermore, the abalone contains
about 70% water and 20% protein (Qian et al. 2012).
The chemical compositions of marine invertebrate’s extracts in our present study are presented in Table 2,
which shows a higher percentage of protein, both in 70%
EtOH and hot water extracts as a common feature of
the marine invertebrates. Similar to that of the total yield
of the crude extraction, the protein content of the 70%
EtOH extracts exhibited the higher deviation while hot
water extraction exhibited the minor deviation and
higher protein content compared to 70% EtOH extracts.
However, some hot water extracts showed lower
polyphenol content than in 70% EtOH extracts, where
only A. carlgreni showed lower sugar content in hot
water extraction. Moreover, both polyphenol and sugar
contents in both hot water and 70% EtOH extracts
showed a significantly lower amount than the protein
content, which illustrates the same common feature of
marine invertebrates.
Antioxidant activity

Results and discussions
Yields of marine invertebrate’s extracts

Table 1 shows the yields of marine invertebrates
extracted using 70% EtOH and hot water in a percent of
freeze-dried weight of marine invertebrates. The yields
of 70% EtOH extracts showed a wide deviation in yield
ranging from 5.18 ± 0.52 to 31.20 ± 0.11% (w/w) compared to hot water extraction 21.50 ± 1.40 to 37.70 ±
1.38% (w/w). In addition, hot water extracts gave a moderately higher percentage of yields compared with 70%
EtOH, except A. carlgreni, which gave a relatively low
Table 1 Yield of hot water and 70% EtOH extracts
Scientific name

Hot water (%)

70% EtOH (%)

C. papposus japonicas

36.70 ± 0.32

20.60 ± 0.21

A. carlgreni

28.20 ± 2.35

31.20 ± 0.11

S. coccinea

37.70 ± 1.38

10.23 ± 0.32

Actinostola sp.

30.60 ± 0.88

29.00 ± 1.18

H. glacialis

21.50 ± 1.40

5.18 ± 0.52

In this study, antioxidant activities were tested and compared using ABTS radical scavenging activity. The antioxidant activities of extracts are shown in Fig. 2. Among
them, 70% EtOH extract of A. carlgreni showed the
highest scavenging activity as 42.4, 59.64, and 82.5% at
the concentrations of 0.5, 1, and 2 mg/ml, respectively.
The IC50 value of A. carlgreni exhibited the lowest both
in hot water and 70% EtOH extract, and the values were
0.19 ± 0.03 mg/ml and 0.86 ± 0.22 mg/ml, respectively.
Further similar studies, the antioxidant activities of
Acanthaster planci (Lee et al. 2014a), Ophiocoma erinaceus (Amini et al. 2015), and Edwardisa sipuncluoides
(Rongjun et al. 2015) reported higher ABTS radical scavenging activities. However, 70% EtOH and hot water extracts obtained from A. carlgreni exhibited significantly
higher antioxidant activities with respect to A. planci
(IC50 value, 1.62 mg/ml) and O. erinaceus (IC50 value,
1.012 mg/ml) activities. Moreover, similar antioxidant activity was reported by E. sipuncluoides (IC50 value, 0.25
mg/ml) to hot water extract of A. carlgreni.
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Table 2 Chemical compositions of hot water and 70% EtOH extracts
Scientific name
Hot water extract (mg/g)

70% EtOH extract (mg/g)

Protein

Polyphenol

Sugar

Protein

Polyphenol

Sugar

C. papposus japonicas

356.89 ± 3.81

35.36 ± 0.23

40.41 ± 2.86

240.67 ± 10.00

29.53 ± 0.69

32.65 ± 2.68

A. carlgreni

332.53 ± 2.31

30.59 ± 1.42

38.63 ± 1.21

192.53 ± 10.07

25.75 ± 1.34

39.98 ± 0.60

S. coccinea

274.67 ± 5.83

28.92 ± 1.39

30.75 ± 1.25

131.33 ± 3.35

29.08 ± 0.52

21.22 ± 1.22

Actinostola sp.

319.20 ± 24.00

26.09 ± 2.03

55.15 ± 2.06

137.87 ± 10.07

25.32 ± 0.71

43.56 ± 0.93

H. glacialis

349.87 ± 15.14

26.33 ± 0.70

42.40 ± 1.43

125.87 ± 14.05

31.44 ± 0.23

37.95 ± 0.33

Cytotoxicity and inhibitory effect of NO production

A tiny amount of NO (10− 12 mol) secreted under normal conditions of cells plays a variety of physiological
roles, including neurotransmission, relaxation of vascular smooth muscle, and inhibition of platelet aggregation
(Sanders and Word 1992). However, a higher concentration of NO (10−19 mol) secreted under abnormal conditions produces strong hydroxyl radical and harmful
substances and causes the deamination of intracellular
DNA which leads to cell damages and apoptosis (Beckman et al. 1990). Prior to evaluating the inhibitory effect
of marine invertebrate extracts on NO production, we
first examined their cytotoxicity in LPS-stimulated RAW
264.7 macrophages using MTT assay. According to the

results, all extracts did not exhibit cytotoxicity at different concentrations: 100, 200, and 400 μg/ml (Fig. 3). To
evaluate the anti-inflammatory activity of marine invertebrate extracts on NO production, RAW 264.7 macrophages were stimulated with LPS in the absence or
presence of all extracts. The LPS-stimulated group distinctly induced NO production compared with the nonstimulated group (Fig. 4).
As shown in Fig. 4, all 70% EtOH extracts inhibited
the NO production compared with the respective hot
water extracts in all level of concentrations. However,
both types of extracts of A. carlgreni showed higher
anti-inflammatory activities than other extracts while
70% EtOH extract of A. carlgreni indicates 71.8%

Fig. 2 ABTS radical scavenging activities of a hot water and b 70% EtOH extracts. The data are expressed as mean percentages of the ABTS
radical scavenging activities versus non-treated samples. Values are expressed as means ± SD of triplicate experiments
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Fig. 3 The cytotoxicity of the RAW 264.7 was evaluated by using MTT assay. Each sample was extracted by a hot water and b 70% EtOH. The
values are expressed as the mean ± SD of triplicate experiments. *p < 0.05 indicates significant differences from the LPS-stimulated group

Fig. 4 Effect of a hot water and b 70% EtOH extracts on NO production in LPS-treated RAW 264.7 cells. The data are expressed as mean
percentages of the NO production of the cells versus untreated cells. Values are expressed as means ± SD of triplicate experiments. *p < 0.05
indicates significant differences from the LPS-stimulated group
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Table 3 Zone of inhibition of hot water and 70% EtOH extracts
Zone of inhibition (mm)
Strains

S. aureus (KCTC 1916)

E. coli (KCTC 2933)

Concentration

1 mg/disc

5 mg/disc

1 mg/
disc

5 mg/
disc

C. papposus japonicas

ND

ND

ND

ND

A. carlgreni

ND

ND

ND

ND

S. coccinea

ND

ND

ND

ND

Hot water extract

Actinostola sp.

ND

ND

ND

ND

H. glacialis

ND

ND

ND

ND

C. papposus japonicas

8.54 ± 0.46

15.47 ± 0.53

ND

ND

A. carlgreni

ND

ND

ND

ND

S. coccinea

ND

ND

ND

ND

70% EtOH extract

Actinostola sp.

ND

ND

ND

ND

H. glacialis

ND

11.78 ± 0.78

ND

ND

reduction of NO production in LPS-stimulated RAW
264.7 macrophages at the concentration of 400 μg/ml.
In addition, the hot water extract of H. glacialis showed
the highest anti-inflammatory activity at the concentration of 400 μg/ml indicating 48.5% inhibition in NO
production.
Similar to the present study, Senthilkumar and Kim
2013 investigated the anti-inflammatory activity of few
marine invertebrate-derived compounds, since marine
invertebrates possess vital bioactive compounds and they
have found excellent anti-inflammatory action on human
neutrophils by “ascidiathizone” isolated from Ascidian
Aplidium. Moreover, “Cembranolides” isolated from

Fig. 5 Zone of inhibition of 70% EtOH extracts against S. aureus

Lobophytum crassum also showed the higher potential as
an anti-inflammatory drug through inhibiting COX-2. In
addition, Senthilkumar and his team further showed that
“Plakortide P” is isolated from P. angulospiculatus with
outstanding anti-neuroinflammatory activity (Senthilkumar and Kim 2013).
Antibacterial activity

The antibacteril assay were carried out by disc diffusion
method against two bacterial species (E. coli and S. aureus) (Lee et al 2014b). Table 3 shows the antibacterial
activities of the extracts. Among them, the diameter of
clear zone of 70% EtOH extracts of C. papposus japonicus and H. glacialis against S. aureus was 15.47 and
11.78 mm, respectively. In addition, Fig. 5 illustrates the
antibacterial activity of C. papposus japonicus and H.
glacialis 70% EtOH extracts against S. aureus and the
antibacterial activity of each sample was demonstrated
through a zone of inhibition. Moreover, C. papposus
japonicus 70% EtOH extract gave a clearer zone of inhibition demonstrating a significant antibacterial activity
against S. aureus compared to the others.
Moreover, the antibacterial activity against E. coli and
S. aureus were evaluated by MIC assay as resulted in
Table 4. Among the 70% EtOH extracts, the C. papposus
japonicus extract showed the lowest MIC value (256 μg/
ml) against S. aureus demonstrating the complete inhibition of S. aureus at lower sample concentration. The
MIC value of H. glacialis extract against S. aureus was
determined at a concentration of 512 μg/ml. However,
the antibacterial effects on E. coli did not mark values
(> 1024 μg/ml) which indicate all extracts were less effective on E. coli. Hence, the results suggested that both
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Table 4 Minimum inhibitory concentration (MIC) of 70% EtOH
extracts
Strains

MIC values (μg/ml)
C. papposus
japonicas

A.
S.
Actinostola
carlgreni coccinea sp.

H.
glacialis

S. aureus
(KCTC 1916)

256

> 1024

> 1024

> 1024

512

E. coli (KCTC
2933)

> 1024

> 1024

> 1024

> 1024

> 1024

70% EtOH extract of C. papposus japonicus and H. glacialis significantly present antibacterial substance against
S. aureus.
Many investigators including Natarajan and his
colleagues have found the outstanding antibacterial
activity of crude extracts of marine invertebrate (Daletos
et al. 2016; Natarajan et al. 2010). They have found that
methanol extract of Polyclinum madrasensis could inhibit the activity of S. aureus through 23 mm of zone of
inhibition at a concentration of 4 mg/ml (Natarajan et al.
2010), which was a greater inhibitory effect compared
with the 70% EtOH extract of C. papposus japonicus and
H. glacialis. However, the methanol extraction of P.
madrasensis exhibited a significantly higher MIC value
(700 μg/ml) (Natarajan et al. 2010) compared with the
70% EtOH extract of C. papposus japonicus against S.
aureus. Hence, these studies reveal that 70% EtOH extract of C. papposus japonicus is expected to have potential therapeutic agents to treat skin infections (Oh et al.
2017).

Conclusions
This study was focused on chemical compositions and
biological activities of marine invertebrates such as
Crossaster papposus japonicus, Actinostola carlgreni,
Stomphia coccinea, Actinostola sp., and Heliometra glacialis collected from the East Sea. Thus, we conducted ABTS
radical scavenging assay to measure antioxidant activities
and inhibition of NO production to measure the anti-inflammatory activity on LPS-stimulated RAW 264.7
macrophages. The 70% EtOH extract of A. carlgreni
demonstrated the highest free radical scavenging activity
(IC50 value 0.19 ± 0.03 mg/ml) and anti-inflammatory
activity among all extracts obtained from marine invertebrates. MTT assay indicated that all extracts treated under
400 μg/ml of concentration have no cytotoxicity on the
macrophages. Moreover, the 70% EtOH extract of C. papposus japonicus showed the widest clear zone of inhibition
(15.47 mm) and lowest MIC value (256 μg/ml) against S.
aureus indicating the highest antibacterial activity. Overall,
the results suggest that marine invertebrate-derived compounds are a tremendous pharmaceutical agent in prospect drug development over synthetic drugs.
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