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Abstract

The experiment was designed to study effects of fish meal (FM) replaced diets containing a mixture of meat meal (MM), chicken
byproduct meal (CBM), soy protein concentrate (SPC) and corn gluten (CG) on growth performance, feed utilization, biochemical
parameters and muscle composition of juvenile red seabream (Pagrus major). A diet formulated to contain 60% FM was considered
as the control (CON). Two other diets were designed by reducing FM levels to 40% and 20% with 5% or 10% of each MM, CBM, SPC,
and CG to contain 20% or 40% protein source mixture in each diet (named as MX20 and MX40 respectively). Red seabream in juve-
nile stage was distributed among nine fiberglass tanks having a capacity of 300 L. Average weight of fish was 4.57 g and each tank
was added with 40 fish assigning as one of three replicates of diets. Fish were fed till satiation two times a day at 09:00 and 17:00
h for eight weeks. Growth performance of fish fed CON and MX20 diets were significantly higher than those of fish fed MX40 diet.
Feed intake of fish in CON group was significantly higher compared to MX40 group. Feed utilization was not significantly affected
due to FM replacement with protein sources. Serum lysozyme and superoxide dismutase activities were not significantly different
among dietary treatments. Plasma triglyceride level was significantly higher in fish fed CON diet compared to that of MX40 group.
Muscle proximate and amino acid compositions were not significantly affected by the dietary treatments. Muscle palmitic acid level
was significantly lower in CON group while dihomo-gamma-linolenic acid was significantly higher compared to MX20 and MX40
groups. Therefore, the mixture of MM, CBM, SPC, and CG can be used to reduce FM from red seabream diets to 40% without neg-
ative influences on growth performance compared to a diet containing 60% FM. FM level can be further reduced to 20% with the
ingredient mixture without compromising feed utilization, innate immunity and muscle quality.
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Introduction

Red seabream is a marine carnivore fish species originally dis-
tributed in East Asian region. It is an important aquaculture
species in Japan and South Korea due to its unique taste and
cultural importance. The total red seabream aquaculture pro-
duction in South Korea was 6,283 metric tons in 2023 (KOSIS,
2024). In red seabream aquaculture, they were generally fed
diets containing a high amount of conventional fish meal (FM)
due to their strictly carnivore food habit (Hossain et al., 2019;
Herault et al., 2023).

Aquaculture production in the world is currently dependent
on the sustainable utilization of FM which is a limited resource
facing increasing demand and constrained supply. Therefore, al-
ternative protein sources are used in red seabream diet to expand
its aquaculture while increasing the production. Both plant and
animal-based protein sources were evaluated in red seabream
diets as substitutes for FM over the last few decades.

Studies have been conducted since the late 1990s. Aoki et al.
(1997) evaluated a mixture of soybean meal, meat meal (MM)
and corn gluten (CG) in red seabream diet and reported that
approximately 50%-60% of FM can be replaced from a control
containing 65% FM. They also suggested that CG level in red
seabream diet should be limited to 10%. Another study con-
ducted by the same research team (Aoki et al., 1998) tested the
possibility of defatted soybean meal and soy protein concentrate
(SPC) as FM replacers in red seabream diet. Then, they report-
ed that mixture of krill meal, defatted soybean meal, CG, MM,
meat and bone meal, poultry feather meal and blood meal could
replace 100% FM from red seabream diets after 10 weeks long
feeding trial. Further studies on red seabream have reported that
combined supplementation of alternative protein ingredients
was more effective than dietary inclusion of single protein source
(Takagi et al., 2000). Studies were then conducted using different
other protein sources including insect meal (Takakuwa et al.,
2022b), blood meal (Takakuwa et al., 2022a), dehulled soybean
meal (Kader et al., 2012), algae meal (Seong et al., 2021) and
rapeseed meal (Dossou et al., 2019) and their combinations to
improve low FM diets for red seabream with time.

A mixture of protein sources, MM, chicken byproduct meal
(CBM), SPC, and CG, which are available in the local market
were evaluated in the present study. MM is produced using
inedible flesh remaining after meat processing. MM is reported
to improve fish and feed performance when it was used as a
substitute for FM in their diets (Ha et al., 2021a; Rahman et al,,

688 | https://www.e-fas.org

Alternative ingredients in red seabream diet

2022). CBM is also produced using processing waste which is
not suitable for human consumption. Studies on CBM revealed
successful results as a substitute for FM in diets for different fish
species (Ha et al., 2021b). SPC is protein rich ingredient pre-
pared by defatting and removing water soluble carbohydrates
from soy flour. It was reported to replace 40%-70% of FM
from red seabream diets after supplemented with other protein
sources and functional feed additives (Biswas et al., 2019; Gu-
nathilaka et al., 2021; Tola et al., 2019). CG meal is produced
as a byproduct of corn processing which is used as animal feed
ingredient. It was successfully used with other protein sources
as substitute for FM in fish diets (Biswas et al., 2022).

Efficiency of FM replacement in fish diets is mainly depen-
dent on the feed formulation. The efficiency is slightly affected
by some other factors such as water temperature, photoperiod
(Biswas et al., 2005), fish growth stage (Ishibashi et al., 2005),
ingredient quality (Gunathilaka et al., 2021) and cost of produc-
tion (Baek & Cho, 2024). Therefore, development of low FM di-
ets including highly available protein sources in local market is
a sustainable aquaculture practice when considering a country
or a specific region. In this regard, we evaluated the efficacy of
available protein sources as substitutes for FM in red seabream
diet in a previous study (Gunathilaka et al., 2023). The study
revealed that fish performance was not restored when 30% FM
was replaced with CG as the sole FM replacer or as a mixture
with SPC. A diet containing 30% FM and a mixture of MM,
CBM, SPC, and CG in similar proportion improved growth
performance and feed utilization of red seabream compared
to a control diet containing 60% FM. Therefore, in accordance
with these results, we designed the present study to evaluate an
effective FM replacement level with the mixture of MM, CBM,
SPC, and CG in diets for juvenile red seabream.

Materials and Methods

Experimental diets

Three experimental diets containing approximately 49% crude
protein and 13% crude lipid were prepared as shown in Table 1.
Diets were formulated based on the previous study (Gunathilaka
et al,, 2023) with slight improvements. A diet formulated to con-
tain 60% FM was considered as control (CON). Two other diets
were designed by reducing FM levels to 40% and 20% with 5%
or 10% of each MM, CBM, SPC, and CG to contain 20% or 40%
protein source mixture in each diet (named as MX20 and MX40
respectively). The total crude protein levels were balanced with
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Table 1. Proximate composition of the experimental diets (%,
dry matter basis) for red seabream (Pagrus major)

Fisheries and Aquatic Sciences FA S

Table 2. Fatty acid composition of the experimental diets (%,
fatty acid) for red seabream (Pagrus major)

CON MX20 MX40 CON MX20 MX40
Fish meal” 60.00 40.0 20.0 12:0 0.05 0.06 0.06
Meat meal 5.00 10.0 14:.0 2.07 2.09 1.66
Chicken byproduct meal 5.00 10.0 14:1 0.00 0.07 0.05
Soy protein concentrate 5.00 10.0 15:0 0.39 0.32 0.22
Corn gluten 5.00 5.00 10.0 16:0 159 174 173
Wheat flour 19.00 24.61 22.52 16:1 247 281 249
Squid liver powder 6.00 6.00 6.00 17:0 040 0.38 0.31
Fish oil 2.30 4.60 18:0 5.64 5.88 5.62
Soybean oil 6.00 225 120 18:1n-9 255 285 311
Vitamin premix” 150 150 150 182n-6 304 264 288
Mineral premix” 2,00 2.00 2,00 200 037 0.35 030
Choline 0.50 0.50 0.50 201 083 119 1.20
Met 0.40 0.80 18:3n-3 3.26 3.16 3.36
LyS 0.44 0.88 20:2 0.13 0.14 0.07
Proximate composition 220 036 029 027
Dry matter 95.1 942 944 203n-6 0.13 0.09 0.08
Protein 499 494 474 2219 0.17 0.21 0.20
Ash 11.6 103 935 23:.0 0.72 0.66 045
" Anchovy fish meal (crude protein, 65.9; crude lipid 9.41). 240 022 018 016
? Vitamin mixture composition (unit/kg mix): ascorbic acid, 6,400 mg; tocopherol acetate, 20:5n-3 3.29 3.10 215
37,500 mg; thiamin nitrate, 5,000 mg; riboflavin, 10,000 mg; pyridoxine hydrochloride,
5,000 mg; nicotinic acid, 37,500 mg; Ca-D-pantothenate, 17,500 mg; inositol, 75,000 mg; 241 045 043 0.28
biotin, 50 mg; folic acid, 2,500 mg; menadione sodium bisulfite, 2,500 mg; retinol acetate, 22:6n-3 7.13 6.22 3.64
5,000,000 IU; cholecalciferol, 1,000,000 IU; cyanocobalamin, 25 mg; riboflavin, 10,000 mg.
* Mineral mixture composition (g/kg mix); ferrous fumarate, 12.5; manganese sulfate, 11.3, YSFA 26.2 275 263
ferrous sulfate, 20; cupric sulfate, 1.25; cobaltous sulfate, 0.75; zinc sulfate, 13.75; calcium SMUFA 205 332 353
iodate, 0.75; magnesium sulfate, 80.2; aluminum hydroxide, 0.75.
CON, considered as control. n3FA 13.7 125 9.19
Yn6FA 30.5 26.5 289
YHUFA 10.6 9.46 591
wheat flour. Diets were prepared after measuring the ingredients  513/516 045 047 032

at the feed manufacturing laboratory of Gangneung-Wonju Na-
tional University. Dry ingredients of each diet were then mixed
by adding the required amount of fish oil, according to feed for-
mulation, and distilled water in order to making doughs. Each
dough was extruded using a noodle machine, crushed to a size of
3-5 mm before dry at 35°C for 12 h. Dry diets were kept at 20 C
till the feeding trial began. Fatty acids and amino acids composi-
tion of diets are presented in Tables 2 and 3.

Proximate composition of protein sources are shown in
Fig. 1.

Experimental fish feeding trial and conditions

Juvenile red seabream were provided by a private hatchery
(Uljin county, Korea). They were then stocked at the Research
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CON, considered as control.

Facilities of Gangneung-Wonju National University, Marine
Biology Center. Following an acclimation period for two weeks,
juveniles, averaging 4.57 + 0.03 g, were stocked at a density of
40 fish per tank in 9 tanks (300 L). Three diets were divided into
three replicates, and each tank was randomly allocated to one of
them. Fish were fed one of the experimental diets until satiation
(twice a day at 09:00 and 17:00 h) for eight weeks. The photo-
period was adjusted to match the season’s actual day duration
as precisely as possible. Water temperature (17.7 C-21.3C),
pH (7.47-7.87), and dissolved oxygen (6.57-7.29 mg/L) were
recorded daily.
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Table 3. Amino acid composition of the experimental diets (%, amino acid) for red seabream (Pagrus major)

CON MX20 MX40
Essential amino acids
Arg 562 554 537
His 3.60 333 293
lle 8.03 379 3.65
met 299 3.81 3.88
Leu 823 827 8.15
Lys 8.03 7.80 7.50
Phe 3.71 371 3.98
Thr 4.79 423 3.88
Val 4.90 491 458
Non-essential amino acids
Ala 6.26 6.52 6.47
Asp 9.26 8.76 840
Cys 2.00 0.95 1.18
Glu 15.7 16.5 16.8
Gly 5.82 6.61 6.86
Pro 5.78 7.22 742
Ser 437 4.38 4.20
Tyr 3.27 1.90 2.89

CON, considered as control.

OFM B8MM BCBM ®SPC

100.0 95.6 95.9 97.3 954
90.0 :
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

%, dry matter basis

Dry matter Protein Lipid Ash

Fig. 1. Proximate composition (%, dry matter basis) of fish meal (FM), meat meal (MM), chicken byproduct meal (CBM) and
soy protein concentrate (SPC).

Collection and analysis of samples growth rate (SGR) feed intake (FI), feed efficiency (FE) and
Fish were fasted for 24 h after the trial period, counted, and  protein efficiency ratio (PER). Randomly selected sets of six
weighed for the calculation of final body weight (FBW), surviv-  fish from each tank were frozen at —20C for later analysis of
al and other parameters including weight gain (WG), specific ~ muscle proximate composition, amino acids, and fatty acid lev-
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els. Blood samples were collected from six individual fish from
each experimental tank using heparinized syringes to separate
the plasma for subsequent hematological analyses. Another six
fish were captured and collected blood samples with non-hep-
arinized syringes to separate serum samples for analysis of
non-specific immune parameters. Remaining fish in all tanks
were sedated separately, total lengths were measured to closest
0.1 mm and they were dissected to weighed viscera and livers to
calculate condition factor (CF) and organosomatic indices.

Standard procedures were followed to assess the moisture
and ash content of fish muscle samples and experimental diets
(AOAC, 2005). A Kjeltec Analyzer (Buchi, Flawil, Switzerland)
was used to test crude protein, and a Soxhlet extractor (VELP
Scientifica, Milano, Italy) was used to analyze crude lipid. The
fatty acid composition of the experimental meals and muscle
samples was examined using a gas chromatographic method.
Amino acid compositions were analyzed using automatic ami-
no acid analyzer (Hitachi, Tokyo, Japan). Lysozyme activity
of serum samples was measured on the basis of turbidimetric
technique with Micrococcus lysodeikticus (Sigma-Aldrich, St.
Louis, MO, USA) as a substrate (Khosravi et al., 2015). Super-
oxide dismutase activity (SOD) of serum samples was analyzed
with an assay kit (Sigma 19,160). An automated blood analyzer
was used to analyze plasma biochemical parameters including
glutamic-oxaloacetic transaminase, alkaline phosphatase, total
cholesterol, triglycerides, glutamate-pyruvate transaminase, to-
tal protein, albumin and glucose levels.

Statistical analysis

Data were analyzed using one-way analysis of variance. Duncan’s
multiple range test (Duncan, 1955) was performed to identify any
significant variations in the mean values of the parameters, using

Fisheries and Aquatic Sciences FA S

SPSS version 20.0 (SPSS, Chicago, IL, USA). Statistical signifi-
cance was determined at p < 0.05. Data were presented as mean
+ standard error (SE). Arcsine transformation was performed on
percentage data prior to statistical analysis.

Results

Growth performance and feed utilization of red seabream are
presented in Table 4. FBW, WG and SGR of fish fed CON and
MX20 diets were significantly higher than those of fish fed
MX40 diet. FI of fish in CON group was significantly higher
compared to MX40 group. However, FE, PER and survival were
not significantly different.

Results of lysozyme and SOD activities are shown in Table
5. Fish in CON group exhibited slightly improved lysozyme
activity. However, both lysozyme and SOD activities were not
significantly different among dietary treatments.

Results of plasma biochemical analyzes are presented in
Table 6. Only the TG level was significantly higher in fish fed
CON diet compared to that of MX40 group. Other parameters
were not significantly changed by the diets at the end of the
feeding trial. However, total cholesterol level exhibited a de-
creasing trend and glucose level exhibited an increasing trend
with the increase of ingredient mixture in diet.

Results of muscle proximate analysis of fish fed the exper-
imental diets are presented in Table 7. Muscle dry matter, pro-
tein, lipid or ash levels were not significantly affected by dietary
treatments although ash level exhibited decreasing level with
the increase of ingredient mixture in diet.

Muscle fatty acid profile of fish fed experimental diets are
shown in Table 8. Palmitic acid (16:0) level of fish fed CON diet
was significantly lower than that of fish fed MX20 and MX40

Table 4. Growth performance and feed utilization and survival of red seabream (Pagrus major) fed the three experimental

diets for 8 weeks
FBW (g) WG (%)" SGR (%) FI (g/fish)” FE (9%)* PER” SUR (%)
CON 158+ 0.45° 243454 2.20+0.03° 16.6 +0.54° 613+6.26 1434013 81.7+546
MX20 16.2+0.76° 257412 2.27 0.06° 14.941.15% 757 +572 1.58+0.12 90.8 +4.64
MX40 1254052 173+ 16 1.78+0.10° 1344056 572+6.62 1244015 942 +3.00

Values are the mean of triplicate groups and are presented as mean + SE.

Values with different superscripts in the same row are significantly different (p < 0.05). The lack of superscript letters indicates no significant differences among treatments.
" Weight gain (WG) = 100 x (final mean body weight - initial mean body weight) / initial mean body weight.

? Specific growth rate (SGR) = [(log, final body weight - log, initial body weight) / days] x 100.

? Feed intake (FI) = dry feed consumed (g) / number of fish.

* Feed efficiency (FE) = (fish wet weight gain / feed intake) x 100.

¥ Protein efficiency ratio (PER) = wet weight gain / total protein given.

CON, considered as control; FBW, final mean body weight; SUR, survival.
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Table 5. Non-specificimmune response of red seabream (Pagrus major) fed the three experimental diets for 8 weeks

Lysozyme™ SOD?
CON 38.6+1.23 59.2+2.67
MX20 36.5+1.39 59.8+1.78
MX40 358+0.81 56.6+0.59

Values are the mean of triplicate groups and presented as mean + SE.

Values with different superscripts in the same raw are significantly different (p < 0.05).
" Lysozyme activity (ug/mL).

? Superoxide dismutase (SOD; % inhibition).

CON, considered as control.

Table 6. Plasma biochemical parameters of juvenile red seabream (Pagrus major) fed the three experimental diets for 8 weeks

GOT" GPT? ALPY CHO% TGY TP9 ALB? GLU®
CON 387+784 90+173 123 £26.1 175£252 183 +£28.2° 28+0.21 0.6+0.01 98.7+23.2
MX20 553+173 15.7+10.7 59.0+21.7 119£299 129+£17.0® 26+054 06+0.15 126+£7.23
MX40 60.7+£11.4 14.7£7.22 88.0+174 91.0+20.2 88.7 £24.9 2.7+0.69 06+0.13 135£16.6

Values are the mean of triplicate groups and are presented as mean + SE.

Values with different superscripts in the same raw are significantly different (p < 0.05). The lack of superscript letters indicates no significant differences among treatments.

! Glutamic-oxaloacetic transaminase (U/L).
? Glutamate Pyruvate Transaminase (U/L).
? Alkaline phosphatase (U/L).

“Total cholesterol (mg/dI).

* Triglycerides (ng/dl).

“Total protein (g/dI).

7 Albumin (g/dl).

¥ Glucose (mg/dl).

CON, considered as control.

Table 7. Muscle proximate composition (%, wet basis) of red
seabream (Pagrus major) fed the three experimental diets
for 8 weeks

Dry matter Protein Lipid Ash
CON 242+039 19.9 +0.66 231041 1.78+0.14
MX20 243+047 19.3+0.71 2.11+037 1.77+£0.19
MX40 24.1+0.92 18.8+0.69 2.09+0.31 1.80+0.16

Values are the mean of triplicate groups and are presented as mean + SE.
CON, considered as control.

diets. Dihomo-gamma-linolenic acid (20:3 n-6) was significant-
ly higher in CON group compared to that of fish fed MX20 and
MX40 diets. Other than these two, other fatty acids were not
significantly affected by experimental diets although there were
some slight variations. Docosanoic acid (22:0) was not detected
in fish fed MX40 diet and eicosatrienoic acid (20:3 n-3) was not
detected in that of fish groups fed both MX20 and MX40 diets.

Results of muscle amino acid analysis are shown in Table 9.
Amino acid profiles were not significantly different among fish
groups fed three experimental diets at the end of 8 weeks feeding
trial.
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Biometric parameters of fish are shown in Table 10. CE,
HSI, or VSI were not significantly affected by three experimen-
tal diets at the end of feeding trial. However, CF level was slight-
ly reduced with the increase of ingredient mixture in diet.

Discussion

Growth performance of red seabream fed CON diet was re-
stored by inclusion of 20% MX mixture. Inclusion of 40% MX
mixture resulted in significantly lower performance compared
to the CON diet indicating that optimum inclusion level was
less than 40% and higher than 20% in diets. In the previous
study, we observed restored growth performance when di-
ets were prepared with 30% of MX mixture (Gunathilaka et
al., 2023). However, in the present study, experimental diets
were prepared with slight variations compared to the previous
formulation. Fish growth stages were also different in both
studies. Therefore, proper inclusion level of MX mixture in red
seabream diet might be lies within 20%-40%. Fatty acid and
amino acids are one of main reasons by which fish growth per-
formance was accelerated (Gunathilaka et al., 2019; Kotani et
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Table 8. Muscle fatty acid composition (%, fatty acid) of red
seabream (Pagrus major) fed the three experimental diets
for 8 weeks

Fisheries and Aquatic Sciences FA S

Table 9. Muscle amino acid composition (%, amino acid) of
red seabream (Pagrus major) fed the three experimental
diets for 8 weeks

CON MX20 MX40 CON MX20 MX40

14:0 1.22+£035 1.34+0.16 0.93+0.29 Essential amino acids

15:0 0.27 £0.03 0.21+0.01 0.27£0.13 Arg 6.42 £0.03 6.47 +0.04 6.50+0.14

16:0 1724035 182+ 0.54° 184+047° His 2.56+0.05 2.63+0.05 254+0.12

16:1 225+0.53 2.80+043 2.15+0.27 lle 4.60+0.00 4.54+0.06 4.55+0.08

17:0 0.31+0.03 0.30+0.00 0.20+0.19 met 3.27+0.07 333+0.05 332+0.07

180 757 +£045 744+0.16 7.81+0.23 Leu 9.29+0.26 899+1.24 9.61+0.16

18:1n-9 243+322 276+241 235+345 Lys 9.66£0.11 9.62+0.12 9.57£0.13

182n-6 249+1.04 225+032 19.2+5.06 Phe 4.28+0.09 4.38+0.09 4.27+0.15

20:0 0.17+0.15 0.22+0.00 0.05+0.10 Thr 5.07 +0.04 5.06 +0.04 5.06+0.05

183 n-6 0.27+0.12 0.21+0.09 0.10+0.17 Val 4.54+0.03 4.60+0.13 4.57 £0.09

20:1 0.93+0.09 1.05+0.11 1.10£0.23 Non-essential amino acids

18:3n-3 2.08 +0.48 2.15+0.24 1.48 £0.45 Ala 6.22+0.11 6.33+£0.05 6.26+0.10

20:2 0.36 +0.05 0.28 +0.04 039+0.14 Asp 10.2+£0.08 10.1+£0.25 9.94+0.18

22:0 0.12+0.10 0.13+0.01 ND Cys 1.01+£0.04 0.99+0.12 1.03+£0.08

20:3n-6 0.39 +0.06° 0.29+0.01° 0.31+0.02° Glu 155+0.16 15.4+0.25 155+0.33

22:1n9 0.28 +0.01 0.27 £0.02 0.26 +0.05 Gly 472+0.14 495+0.16 490+0.29

20:3n-3 0.07 +£0.07 ND ND Pro 342+046 3.26+0.74 3.22+0.54

23:0 0.96 +0.33 0.91+0.26 133+£033 Ser 4.17 £0.05 424 +0.07 4.23+£0.07

20:5n-3 3.24+0.76 3.11+047 468+1.71 Tyr 3.65+0.22 3.58+0.23 3.56+0.28

24:1 0.71+0.06 0.63+0.12 0.87+0.13 Values are the mean of triplicate groups and are presented as mean + SE.

22:6n-3 120+440 10.0+260 16.7 607 CON, considered as control.

>SFA 27.9+0.56 28.8+0.37 29.0+1.13

>MUFA 285+3.80 324+2.70 279+342

e 174+ 462 1534283 229+733 Table 10. Biometric parameters of red seabream (Pagrus

SH6FA 2564091 2304026 1964504 major) fed the three experimental diets for 8 weeks

SHUFA 157 +5.14 134+3.09 2174778 P HSP sk

5n3/5n6 0.68+0.20 066+0.11 128:+0.69 CON 175+£0.22 163031 774088
Values are the mean of triplicate groups and are presented as mean + SE. MX20 1.68+0.12 1.65+042 6.92+0.72
Values with different superscripts in the same row are significantly different (p < 0.05). The MX40 158 +0.08 1.82+039 7.06 +0.66

lack of superscript letters indicates no significant differences among treatments.
CON, considered as control; ND, not detected.

al., 2013; Takagi et al., 2001). Imbalance of fatty acids or amino
acids in diets resulted in reduced growth performance in fish
(Glencross et al., 2003; Kader et al., 2012). In the present study,
CON diet was prepared by adding soybean oil. MX20 and
MX40 diets were prepared replacing soybean oil from fish oil
to balance marine originated lipid levels. However, EPA and
DHA levels were gradually reduced with the increase of alterna-
tive protein sources in diet (Table 2) while amino acid profiles
exhibit slight variations. EPA and DHA enhance the growth
performance of fish (Kotani et al., 2013). The reduced growth

https://doi.org/10.47853/FAS.2024.e65

Values are the mean of triplicate groups and are presented as mean + SE.
" Condition factor = weight (g) x 100 / length*(cm).

? Hepatosomatic index = [liver weight(g) / fish weight(g)] x 100.
?Viscerosomatic index = [Viscera weight(g) / fish weight(g)] x 100.

CON, considered as control.

performance observed in the MX40 group might be attributed
to low EPA and DHA levels. Huang et al. (2007) observed that
replacement of dietary fish oil with canola oil had no significant
influences on growth performance of red seabream when diets
contained 50% FM. Mzengereza et al. (2021) reported that total
fish oil level in red seabream diets can be replaced with came-
lina oil and additional EPA, DHA and highly unsaturated fatty
acid when diets contained 46% FM and 20% soybean meal.
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Therefore, we suggest that MX40 diet should be modified with
additional EPA and DHA to increase growth performance of
red seabream. Moreover, CG level was 10% in MX40 diet pre-
pared in the present study. in the previous study, we observed
that high level of CG in diets resulted in reduced growth per-
formance of red seabream (Gunathilaka et al., 2023). Aoki et al.
(2000) also reported that CG level in red seabream diets should
not exceed 10%. The reduced growth performance in fish fed
MX40 diet might also be attributed to high GC level. In con-
trast, we formulated the control diet including 5% CG (Table
1). It is well known that CG can be included in diets containing
high FM levels without adverse effects on fish (Gunathilaka et
al,, 2019; Huang et al., 2007). Future studies should be conduct-
ed with additional essential fatty acids and low CG level to eval-
uate these assumptions.

The FI of red seabream was reduced with the increase of
MX mixture in diets. Low FI is one of the main reasons to re-
duce growth performance of fish. FE and PER were not signifi-
cantly reduced in MX diets in the present study indicating that
the FI was one of reasons to reduce growth performance of fish
fed MX40 diet. FI was reduced due to low palatability (Biswas
etal, 2019). High level of alternative protein sources in diets re-
sulted in reduced palatability in red seabream as represented by
low FI (Biswas et al., 2019; Gunathilaka et al., 2021). Addition
of palatability enhancers in low FM diets was reported as an
effective strategy to improve palatability of red seabream diet.
Reports are available introducing different types of palatabil-
ity enhancers including protein sources, protein hydrolysates
(Herault et al., 2023), amino acids (Takagi et al., 2001), taurine
(Gunathilaka et al., 2019), organic acids (Hossain et al., 2007),
mineral compounds (Hossain et al., 2007) and plant derived
compounds (Seong et al., 2020). We suggest adding one or
more palatability enhancers in MX diets to improve FI of fish
in future studies. Feed utilization as represented by FE and PER
was not significantly deteriorated due to FM replacement in
the present study although the values were slightly reduced.
Mixtures of several feed ingredients were reported to enhance
feed utilization compared to a single ingredient (Gunathilaka et
al., 2023). Feed utilization was increased in red seabream when
nutrient digestibility of ingredients and diets was high. MM and
SPC were reported to exhibit approximately 75% ingredient
digestibility which was higher than several other plant protein
ingredients in olive flounder (Paralichthys olivaceus) (Rahman
et al,, 2022, 2023). Kim et al. (2010) reported that nutrient di-
gestibility of MM and CG in olive flounder were approximately
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73% and 60% respectively. Therefore, feed utilization can be
lower when diets contain high CG compared to MM, CBM and
SPC. It was also reported that nutrient digestibility of low FM
diets containing high SPC levels were significantly lower than
diets supplemented with SPC and palatability enhancers or feed
attractants (Gunathilaka et al., 2021; Herault et al., 2023) by
which provide amino acids, fatty acids and/or other compounds
to accelerate digestion process. Accordingly, we assumed that
the addition of palatability enhancer in MX diets will improve
utilization of MX diets in addition to enhancing FI.

Serum lysozyme and SOD activities were not significantly
affected by experimental diets in the present study. The results
indicate that immune status of red seabream was not influenced
by replacement of FM or inclusion of alternative protein sourc-
es. Number of studies reported that low FM diets containing
high levels of plant or animal protein sources causes signifi-
cant malfunctions in red seabream immune mechanism with
reduced lysozyme and/or SOD activities (Dossou et al., 2019;
Khosravi et al., 2015). Several studies observed no significant
influences on immune parameters of red seabream after feeding
low FM diets (Hossain et al., 2019; Sony et al., 2020). Hossain
et al. (2019) assumed that dietary inclusion of inosine mono-
phosphate was the reason for unaffected lysozyme activity due
to FM replacement. Sony et al. (2020) did not observe signifi-
cant changes in lysozyme activity of red seabream after feeding
low FM diets containing fucoidan extracted from mozuku.
Feed formulations of both studies contained increasing levels
of lysine and methionine in diets indicating that the functional
feed additive was important to maintain immune functions of
fish even after replacing 100% of FM. In the previous study, we
observed significantly improved lysozyme activity and compa-
rable SOD activity in fish fed diets containing the same ingre-
dient mixture without lysine or methionine and with vitamin C
(Gunathilaka et al., 2023). Therefore, it is debatable to conclude
about the exact reason as the effects of diets can be different
according to several other factors including growth stage and
environmental conditions and ingredient quality (Biswas et al.,
2005; Gunathilaka et al., 2021; Ishibashi et al., 2005). We as-
sumed that the functional feed ingredients might have played a
positive role in fish to maintain immune parameters unaffected
with FM replacement down to 20% in the present study.

Plasma triglyceride level of red seabream was gradually
decrease with increase of protein mixture in diets. MX40 group
exhibited significantly lower values compared to CON group.
Total cholesterol level also exhibited decreasing trend although
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values were not significant among three dietary groups. Tri-
glyceride is the absorption form of lipid which was synthe-
sized using monoglycerides and fatty acids in enterocytes.
Triglycerides then circulate throughout the body with blood.
Excess triglycerides were stored in adipose tissues and liver.
The stored triglycerides were converted to glycerides and fatty
acids in events of energy requirements (Alves-Bezerra & Co-
hen, 2017). Therefore, the triglyceride level can be affected due
to these three events namely lipid digestion, storage and excess
energy requirement. An enzyme called lipoprotein lipase is re-
sponsible for converting triglyceride to fatty acids and glycerol.
Expression of gene related to lipoprotein lipase and plasma tri-
glyceride levels of gilthead seabream was significantly changed
with season and time of year (Saera-Vila et al., 2005). They also
observed significantly lower lipoprotein lipase expression in
adipose tissue and significantly higher expression in liver when
fish fed low FM diets compared to high FM diets indicating that
the protein sources can affect triglyceride metabolism in fish. It
was reported that high levels of plant protein in diets induce liv-
er steatosis and hypotriglyceridaemia in fish (Seong et al., 2020).
Accordingly, triglyceride level might be reduced in fish fed diets
containing high plant protein in the present study. However,
liver lipid level should be investigated to prove the assumption
in future studies because high levels of plasma triglycerides was
observed in red seabream after feeding SPC based non-FM di-
ets (Tola et al., 2019) compared to control diet containing high
level of FM.

Muscle proximate and amino acid compositions were not
significantly affected by the dietary treatments. Muscle palmitic
acid level was significantly lower in CON group while diho-
mo-gamma-linolenic acid was significantly higher compared
to MX20 and MX40 reflecting the pattern of fatty acid in the
diets. Other fatty acids such as EPA and DHA levels were grad-
ually changed after FM replacement with ingredient mixture
in the MX20 and MX40 diets. The changes were not exhibited
in the muscle composition. Similarly, the differences in fatty
acid profile in diets were not reflected in muscle samples in
the previous study (Gunathilaka et al., 2023). We assumed that
the muscle growth was limited with the fatty acid availability.
Huang et al. (2007) observed no significant effects of oil source
to whole-body crude lipid level in red seabream. However, they
observed that fatty acid concentration in whole-body and liver
were significantly affected reflecting dietary composition after
feeding diets containing increasing canola oil. In the present
study, we did not analyze whole-body or liver fatty acid levels. It
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is well known that excess fatty acids which are not utilized were
stored in liver and mesenteric adipose tissue of fish (Medagoda
et al., 2022; Sarker et al,, 2011). Therefore, whole-body or liver
fatty acid levels might reflect the dietary composition although
muscle samples contain fatty acid used to build structure and
remain in cells. In contrast, Martinez-Llorens et al. (2007) ob-
served significantly different muscle fatty acid levels when fish
oil was replaced with soybean oil in gilthead seabream diet. In
their study, final body weight was significantly reduced with
high dietary soybean oil level. Compared to present study,
Martinez-Llorens et al. (2007) prepared all diets to contain
similar levels of protein sources indicating that oil source was
only the reason for significant changes in muscle fatty acid lev-
els. However, the experimental diets in the present study were
formulated with different levels of protein sources, and fish oil
were added to compensate the reducing marine originated lipid
levels due to FM replacement. Therefore, discrepancies with the
previous study might be attributed to the ingredient composi-
tion of diets formulated in the present study. We suggest that
muscle fatty acid levels should be investigated in red seabream
fed different dietary lipid and protein sources in future studies.
In summary, FM level in red seabream diet was success-
fully reduced to 40% with the ingredient mixture. Growth per-
formance was adversely affected with further FM replacement
down to 20%. Therefore, further studies should be conducted to
determine proper FM replacement level in between 40%-20%
and to improve efficiency of protein source mixture. However,
feed utilization, immune parameters and muscle composition
were not significantly influenced by the protein source mixture
indicating that FM level in diets can be reduced to 20% with the
ingredient mixture without adverse effects on these parameters.
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