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Abstract
A feeding trial was designed to assess the effects of dietary protein and lipid content on growth, feed utilization
efficiency, and muscle proximate composition of juvenile mandarin fish, Siniperca scherzeri. Six experimental diets
were formulated with a combination of three protein (35, 45, and 55%) and two dietary lipid levels (7 and 14%).
Each diet was fed to triplicate groups of fish (8.3 ± 0.1 g) to apparent satiation for 8 weeks. The results showed that
growth performance in terms of weight gain (WG) and specific growth rate (SGR) increased with increasing dietary
protein level from 35 to 55% at the same dietary lipid level. At the same dietary lipid content, WG and SGR obtained
with diets containing 55% protein was significantly higher than those obtained with diets containing 45 and 35%
protein. No significant effect on growth rate was found when the dietary level of lipid was increased from 7 to 14%.
While the levels of protein and lipid in the diets had no significant effect on feed intake, other nutrient utilization
efficiency parameters including daily protein intake (DPI), feed efficiency (FE), and protein efficiency ratio (PER) showed
a similar trend to that of growth rates, with the highest values obtained with diets containing 55% protein. Muscle
chemical composition was not significantly affected by the different dietary treatments for each dietary lipid or protein
level tested. These findings may suggest that a practical diet containing 55% protein and 7% lipid provides sufficient
nutrient and energy to support the acceptable growth rates and nutrient utilization of mandarin fish juveniles.
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Background
Since protein is often the most costly component of the
formulated fish feeds, numerous studies have been
undertaken to define the optimum dietary protein requirement for developing more cost-effective, nutritionally balanced practical diets for various fish species.
However, the optimum dietary protein requirements are
known to be affected by several factors including the fish
species and size, the quality of the protein source, and the
amount of non-protein energy in the diet (NRC 2011).
When insufficient non-protein energy is available in

the diet, part of the dietary protein will be catabolized
to supply energy, which is wasteful. Thus, dietary
supplementation of energy-yielding nutrients, mainly
lipids, has been suggested as a strategy to spare or
improve the efficiency of protein utilization by fish,
thereby enhancing economic returns and reducing
water pollution. Conversely, supply of dietary lipid in
excess of requirement can limit feed consumption,
thereby reducing the intake of the necessary amount
of protein and other essential nutrients for maximal
growth rates of fish while enhancing body fat deposition.
Therefore, it is very important to determine the optimal
dietary balance between protein and lipid for achieving
maximum growth and efficient feed utilization of fish.
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Golden mandarin fish, Siniperca scherzeri, is one of
the most commercially important freshwater species
endemic to East Asia, mainly distributed in China,
Korea, and Northern Vietnam (Zhou et al. 1988). Increased market demands combined with the dramatic
decline in wild stocks as a result of over-catching and
habitat destruction (Liang 1996; Wu et al. 1997) has
created considerable interest in the development and
improvement of culture practices for commercial production of this species. In fact, mandarin fish has become one of the most promising target species with
high potential for aquaculture due to its excellent
taste, high market value, rapid growth, and high resistance against disease. However, despite the commercial
importance of mandarin fish, no commercial formulated feed is yet available for this species, and fish
reared in commercial pens are usually fed live feed.
Since live feed production is not cost-effective, feeding
live prey to mandarin fish may hinder the prospective
development of extensive commercial production of
this species. Therefore, it is necessary to develop formulated feeds for mandarin fish culture to be far more
practical and efficient in terms of commercial operation cost compared with the present practice of using
live feed as the rearing diet. In fact, the present study
is believed to be the first attempt to evaluate the effects of dietary protein and lipid levels in practical
feeds on growth performance, feed utilization, and
muscle composition of juvenile mandarin fish, S. scherzeri. The results of the current study could be helpful
in formulating a cost-effective and nutritionally sound
practical diet for this species.

Methods
Experimental diets

Formulation and proximate composition of the experimental diets are provided in Table 1. Six experimental
diets were formulated to contain three protein levels
(35, 45, and 55% crude protein) each at two lipid levels
(7 and 14% crude lipid). Anchovy fish meal served as
the main protein source and equal proportions of
squid liver oil and soybean oil as lipid sources in the
experimental diets. All dried ingredients were wellmixed and, after addition of oil and double-distilled
water, pelleted through a meat chopper machine. The
pellets were dried overnight at room temperature,
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crushed into suitable size (3 mm in diameter), and
stored at −30 °C until used.
Fish and feeding trial

Juvenile mandarin fish were kindly provided by Dr.
Yi Oh Kim (Inland Fisheries Research Institute,
Chungcheongbuk-do, South Korea). A commercial
feed (50% crude protein and 13% lipid; Woosung,
Daejeon, South Korea) was ground to a fine powder
and sieved through a 2–3-mm mesh screen. Then it
was pelletized into 1.5–1.8-mm long cylindrical
pellets having a diameter of 3 mm. Fish were fed the
repelleted commercial diet for 2 weeks to be
acclimated to the experimental conditions and facilities. Following the acclimation period, fish (initial
mean body weight, 8.3 ± 0.1 g) were distributed in a
closed recirculation system equipped with 18 square
glass aquaria of 65 L capacity at a density of 20 fish
per aquarium. Each aquarium was supplied with
dechlorinated freshwater at a flow rate of 1.5 L min−1 and
continuous aeration. The photoperiod was maintained
on a 12:12-h (light/dark) schedule. The average water
temperature during the feeding trial was 23 ± 0.7 °C.
Triplicate groups of fish were fed with one of the test
diets to visual satiation twice a day (09:00 and
17:00 h) for 8 weeks. The uneaten feed was collected,
dried, and weighted to determine the feed intake
level.
At the end of the feeding trial, all the fish in each
tank were counted and bulk-weighed for calculation
of survival, growth, and feed utilization parameters including weight gain (WG), specific growth rate (SGR),
feed efficiency (EF), daily feed intake (DFI), daily protein intake (DEI), and protein efficiency ratio (PER)
through the following formulas:
Weight gain ¼ ½ðfinal body weight ‐ initial body weightÞ
 initial body weight  100

Specific growth rate ¼
½ð ln final body weight ‐ ln initial body weightÞ
 days  100

Feed efficiency ¼ ðfish wet weight gain=feed intakeÞ
 100

Daily feed intake ¼ ffeed intake=½ðinitial fish weight þ final fish weight þ dead fish weightÞ
 days fed=2g  100
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Daily protein intake ¼ fprotein intake=½ðinitial fish weight þ final fish weight þ dead fish weightÞ
 days fed=2g  100

Protein efficiency ratio ¼ fish wet weight gain=protein intake

Five fish per tank were randomly sampled and stored
at −45 °C for muscle proximate composition analyses.
The proximate composition of the experimental diets
and muscle samples of fish were analyzed according to
standard methods (AOAC 1997). The crude protein
content was determined using the Auto Kjeldahl System
(Buchi, Flawil, Switzerland), the crude lipid content by
the ether-extraction method, using a Soxhlet extractor
(VELP Scientifica, Milano, Italy), the moisture content
by oven drying (105 °C for 6 h), and the ash content
using a muffler furnace (600 °C for 4 h).
Statistical analysis

The data were subjected to two-way ANOVA to test
for differences in the mean effects of dietary protein
and lipid levels, using SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA). Statistical significance was determined at P < 0.05. Data were presented as mean ± SE.

Percentage data were arcsine transformed before statistical analysis.

Results
The increase of dietary protein level from 35 to 55% induced a significant increase in fish growth performance
in terms of WG and SGR (Table 2). Fish fed diets with
55% protein had significantly higher growth rate than
those fed the 35 and 45% protein, regardless of dietary
lipid level. Although fish growth performance was not
significantly affected by dietary lipid content, numerically higher values were observed in fish offered the diet
with the highest lipid content (14%). While DFI was not
affected by the dietary treatment, significantly higher
DPI was found in fish fed the diets containing 55% protein compared to those fed the 45% protein or less. Fish
fed the 55% protein diet showed significantly higher feed
efficiency than those given lower protein at both dietary
lipid levels. PER was significantly increased with increasing dietary protein from 35 to 55%, and the

Table 1 Formulation and nutrient contents (%) of the six experimental diets
Diets
Ingredients (%)

P35L7

P45L7

P55L7

P35L14

P45L14

P55L14

Anchovy fish meal

42.0

59.0

76.0

42.0

59.0

76.0

Wheat flourb

40.1

25.1

10.1

30.0

15.0

0.0

Corn gluten meal

0.0

0.0

0.0

2.8

2.8

2.8

Potato starch

3.5

7.0

10.5

3.5

7.0

10.5

a

c

Squid liver oil + soybean oil

2.2

1.5

0.8

9.5

8.8

8.1

Cellulose

9.6

4.8

00

9.6

4.8

0.0

Vitamin premixd

1.0

1.0

1.0

1.0

1.0

1.0

Mineral premixe

1.0

1.0

1.0

1.0

1.0

1.0

Vitamin C

0.3

0.3

0.3

0.3

0.3

0.3

Vitamin E

0.2

0.2

0.2

0.2

0.2

0.2

Choline salt

0.1

0.1

0.1

0.1

0.1

0.1

Proximate composition (% dry matter)

a

Moisture

7.45

8.92

7.58

7.74

8.46

7.99

Crude protein

36.8

45.7

54.6

36.0

45.3

55.8

Crude lipid

6.5

6.7

6.8

13.7

13.9

14.5

Ash

9.7

12.2

14.2

10.0

11.7

11.8

Pesquera Bahia Caldera, Caldera, Chile. Fishmeal composition (% dry matter): crude protein, 67.3; crude lipid, 8.6
b
CJ CheilJedang Corporation, Seoul, South Korea. Wheat flour composition (% dry matter): crude protein, 16.4; crude lipid, 3.9
c
WooSung Feed Corporation, Daejeon, South Korea. Corn gluten meal composition (% dry matter): crude protein, 66.1; crude lipid, 2.8
d
Vitamin premix contained the following ingredients (g/kg premix), which were diluted in cellulose: 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
e
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
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Table 2 Growth performance and feed utilization of mandarin fish fed the six experimental diets for 8 weeks
Diets

WG1

SGR2
a

DFI3
a

DPI4

FE5
a

a

PER6

Survival

P35L7

51.4 ± 7.3

0.74 ± 0.08

2.30 ± 0.03

0.81 ± 0.01

31.5 ± 3.6

0.90 ± 0.10a

99.0 ± 1.1

P45L7

79.3 ± 11.6b

1.04 ± 0.11b

2.49 ± 0.05

1.01 ± 0.02b

39.9 ± 3.8ab

0.98 ± 0.09ab

96.7 ± 1.9

P55L7

c

117.7 ± 4.7

c

1.39 ± 0.04

2.41 ± 0.12

c

1.11 ± 0.04

55.0 ± 3.4

1.19 ± 0.05

97.0 ± 0.0

P35L14

62.4 ± 1.8ab

0.87 ± 0.02ab

2.38 ± 0.06

0.83 ± 0.02a

35.3 ± 0.4ab

1.01 ± 0.01ab

97.7 ± 2.2

P45L14

b

83.2 ± 10.9

b

1.08 ± 0.10

2.33 ± 0.08

b

0.94 ± 0.03

44.7 ± 2.9

ab

1.11 ± 0.07

96.7 ± 1.9

P55L14

133.9 ± 17.7c

1.51 ± 0.13c

2.53 ± 0.03

1.16 ± 0.03c

56.1 ± 3.3c

1.23 ± 0.07b

95.7 ± 1.3

c

b

b

Two-way ANOVA (P value)
Protein

<0.001

<0.001

0.163

<0.001

<0.001

0.019

0.619

Lipid

0.216

0.199

0.890

0.912

0.196

0.160

0.983

Protein × lipid

0.860

0.819

0.094

0.103

0.788

0.775

0.262

Values are mean of triplicate groups and presented as mean ± SE. Values with different superscripts in the same column are significantly different (P < 0.05). The
lack of superscript letter indicates no significant differences among treatments
1
Weight gain (%) = [(final body weight − initial body weight)/initial body weight] × 100
2
Specific growth rate (% day−1) = [(ln final body weight − ln initial body weight)/days] × 100
3
Daily feed intake (%) = {feed intake/[(initial body weight + final body weight + dead fish weight) × days fed/2]} × 100
4
Daily protein intake (%) = {protein intake/[(initial body weight + final body weight + dead fish weight) × days fed/2]} × 100
5
Feed efficiency (%) = (wet weight gain/feed intake) × 100
6
Protein efficiency ratio = wet weight gain/protein intake

highest value was recorded in fish fed the P55L14
diet. However, dietary lipid contents had no significant effect on feed utilization efficiency of juvenile
mandarin fish at all the dietary protein levels.
Two-way ANOVA revealed that neither dietary
protein and lipid levels alone nor their interactions
had significant effect (P > 0.05) on muscle composition of juvenile mandarin fish after 8 weeks of feeding
(Table 2).

Discussion
In the present study, growth performance of juvenile
mandarin fish, in terms of weight gain (WG) and specific
growth rate (SGR), was significantly increased with the
increase in dietary protein level and the highest values
were observed in those fed the highest dietary protein

level of 55% (Table 3). This value fits within the range of
those reported in previous studies for other strictly carnivorous fish species, such as yellow snapper, Lutjanus
argentiventris (Peters 1869) (Maldonado-García et al.
2012), Senegalese sole, Solea senegalensis (Rema et al.
2008), Atlantic halibut (Hippoglossus hippoglossus, L.)
(Hamre et al. 2003), common dentex, Dentex dentex
(Espinos et al. 2003), Murray cod, Maccullochella peelii
peelii (De Silva et al. 2002), and Mediterranean yellowtail, Seriola dumerilii (Jover et al. 1999) that generally
have high dietary requirements for protein (Wilson
2002; NRC 2011). Since growth performance did not
reach a plateau over the tested protein levels in the
present study and fish fed the diets containing 55% protein exhibited higher growth rates than those fed the diet
containing dietary protein of 35 and 45%, it could be

Table 3 Muscle proximate composition (%, wt basis) of mandarin fish fed the six experimental diets for 8 weeks
Diets

Moisture

Protein

Lipid

Ash

P35L7

76.6 ± 0.4

19.2 ± 0.3

0.8 ± 0.1

1.2 ± 0.1

P45L7

77.9 ± 0.6

19.3 ± 0.2

1.2 ± 0.4

1.1 ± 0.1

P55L7

76.5 ± 0.2

20.1 ± 0.5

1.1 ± 0.5

1.2 ± 0.2

P35L14

76.5 ± 0.3

20.0 ± 0.4

0.6 ± 0.2

1.1 ± 0.1

P45L14

77.2 ± 0.3

19.8 ± 0.1

1.3 ± 0.5

1.1 ± 0.0

P55L14

76.4 ± 0.7

19.7 ± 0.1

1.4 ± 0.3

1.0 ± 0.1

Protein

0.197

0.249

0.324

0.956

Lipid

0.512

0.114

0.561

0.724

Protein × lipid

0.584

0.538

0.670

0.617

Two-way ANOVA (P value)

Values are mean of triplicate groups and presented as mean ± SE. Values with different superscripts in the same column are significantly different (P < 0.05). The
lack of superscript letter indicates no significant differences among treatments
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suggested that mandarin fish juveniles require dietary
protein of at least 55% to sustain their fast growth.
Nevertheless, further research is needed to precisely
define the optimal dietary protein requirement for desirable rate of growth using diets containing higher levels
of protein than 55%.
In addition, although increased dietary protein levels
had no significant effect on DFI in the present study, it
resulted in significantly higher FE and PER values. This
meant that fish fed the high-protein diets (45 to 55%
dietary protein) used dietary protein more efficiently
than fish fed the low-protein diet (35%). A similar trend
has also been found by different authors for other freshwater carnivorous fish species including pikeperch,
Sander lucioperca (Nyina-wamwiza et al. 2005), and
snakehead (Aliyu-Paiko et al. 2010). Higher pressure on
body protein in order to satisfy the dietary needs for
tissue building, repair, and metabolism has been suggested as the reason for poor growth and dietary
utilization observed in fish fed sub-optimal dietary protein levels (Mohanta et al. 2013).
Dietary energy has a major impact on the dietary protein requirements of fish, and by proper use of nonprotein energy sources, particularly lipid, dietary protein
in fish feed can be spared (Mohanta et al. 2013). Nevertheless, a protein-sparing effect, where supplementation
of dietary lipid improves fish performance and feed
utilization efficiency, was not evident in this study at all
protein levels. Although numerically higher values were
observed in those of fish fed 14% dietary lipid, there was
no significant difference in weight gain and PER of fish
fed diets containing 7 to 14% lipid. These results may
suggest that 7% dietary lipid is probably sufficient to
meet the minimal requirement of this fish while the
amount of dietary lipid needed to achieve maximum
growth seems to be at or close to 14%. Limited or no obvious protein-sparing effect was also observed in various
other fish species including murray cod, Maccullochella
peelii peelii (De Silva et al. 2002), grass carp, Ctenopharyngodon idella (Du et al. 2005), white seabream,
Diplodus sargus (Ozorio et al. 2006), and tiger puffer,
Takifugu rubripes (Kikuchi et al. 2009), where increasing
levels of dietary lipid had no beneficial effects on growth
and feed utilization efficiency.
In the present study, muscle chemical composition
was not affected by dietary treatment. Similar results
were recorded for Senegalese sole, Solea senegalensis
Kaup, (Valente et al. 2011) Mediterranean yellowtail,
Seriola dumerili (Vidal et al. 2008), Atlantic cod,
Gadus morhua L. (Morais et al. 2001), and red drum,
Sciaenops ocellatus L. (McGoogan and Gatlin 1999).
This finding is in contrast to those reported in other
studies for Totoaba, Totoaba macdonaldi (RuedaLópez et al. 2011), topmouth culter, Culter alburnus
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Basilewsky (Zhang et al. 2015), and red porgy, Pagrus
pagrus, (Schuchardt et al. 2008) where fish muscle
composition was significantly affected by dietary protein/lipid ratios. This discrepancy may be attributed
to the fish species variation or a difference in experimental condition particularly dietary protein/energy
ratios.

Conclusion
Despite the growing importance of the mandarin fish
as a promising target species with high potential for
aquaculture, there is no information concerning the
nutritional requirement of this freshwater finfish species. To the best of our knowledge, this is the first attempt to evaluate the protein and lipid requirements
of this fish indicating that diets for juvenile mandarin
fish should include at least 55% protein and 7% lipid
to maintain a good performance. These findings may
provide useful context for developing a more costeffective and nutritionally balanced feed for the culture of mandarin fish.
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