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Abstract
This experiment aimed to investigate the effects of replacing dietary fish meal
with Gracilaria, Enteromorpha, algae residue, and fungal residue on growth
performance, serum and liver biochemical indices, body composition, and in-
testinal histology of juvenile turbot. Five isonitrogenous and isolipidic diets
were formulated: a basal diet containing 60% fish meal (fish meal group, as
control), and four experimental diets in which 35% of the fish meal in the
basal diet was replaced by a combination of 10% Gracilaria, Enteromorpha,
algae residue, or fungal residue with plant proteins (wheat gluten meal, corn
gluten meal, and soybean meal). The diets were fed to juvenile turbot with
initial body weight of (16.00$±$0.11) g for 77 days. The results showed: 1)
The weight gain rate and specific growth rate of Gracilaria, algae residue, and
fungal residue groups showed no significant difference compared with the fish
meal group (P>0.05), while the Enteromorpha group was significantly lower
than the fish meal group (P<0.05); feed efficiency of Gracilaria and fish meal
groups showed no significant difference (P>0.05), and both were significantly
higher than Enteromorpha, algae residue, and fungal residue groups (P<0.05);
protein retention rate of the fish meal group was significantly higher than En-
teromorpha, algae residue, and fungal residue groups (P<0.05), with no sig-
nificant difference from the Gracilaria group (P>0.05). 2) The crude protein
content in fish body of Gracilaria and Enteromorpha groups was significantly
lower than the fish meal group (P<0.05), while the crude lipid content in fish
body of algae residue and fungal residue groups was significantly higher than
the fish meal group (P<0.05); the histidine and taurine contents in muscle of
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Gracilaria, Enteromorpha, algae residue, and fungal residue groups were sig-
nificantly lower than the fish meal group (P<0.05), and the lysine content in
muscle of Enteromorpha and algae residue groups was significantly lower than
the fish meal group (P<0.05); there were no significant differences in serum
alanine aminotransferase, aspartate aminotransferase activities, and liver aspar-
tate aminotransferase activity among all groups (P>0.05), while liver alanine
aminotransferase activity of the fish meal group was significantly higher than
Gracilaria and fungal residue groups (P<0.05), with no significant difference
from Enteromorpha and algae residue groups (P>0.05). 3) The foregut and
midgut fold heights of the fungal residue group were significantly higher than
the fish meal group (P<0.05), and the foregut fold height of the algae residue
group was significantly higher than the fish meal group (P<0.05), while there
were no significant differences in foregut and midgut microvillus heights among
all groups (P>0.05). In summary, replacing 35% of dietary fish meal with a
combination of 10% Gracilaria, algae residue, and fungal residue with plant
proteins had no adverse effects on growth performance of juvenile turbot, and
algae residue and fungal residue had improving effects on intestinal histology of
juvenile turbot.
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Abstract: This experiment investigated the effects of replacing dietary fish
meal with Gracilaria verrucosa, Enteromorpha prolifera, algae residue and fungi
residue on growth performance, serum and liver biochemical indices, body com-
position and intestinal histological morphology of juvenile turbot (Scophthal-
mus maximus L.). Five isonitrogenous and isolipidic diets were formulated: a
basal diet containing 60% fish meal served as the control (fish meal group),
while four experimental diets replaced 35% of the fish meal in the basal diet
with a combination of 10% Gracilaria verrucosa, Enteromorpha prolifera, al-
gae residue (waste from alginate extraction from kelp) or fungi residue (waste
from Aspergillus terreus fermentation for itaconic acid production) plus plant
proteins (wheat gluten, corn gluten meal and soybean meal). The diets were
fed to juvenile turbot with an initial body weight of (16.00$±$0.11) g for 77
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days. The results showed: 1) Weight gain rate and specific growth rate of the
Gracilaria, algae residue and fungi residue groups were not significantly different
from the fish meal group (P>0.05), while the Enteromorpha group was signif-
icantly lower (P<0.05). Feed efficiency of the Gracilaria group did not differ
significantly from the fish meal group, and both were significantly higher than
the Enteromorpha, algae residue and fungi residue groups (P<0.05). Protein
productive value of the fish meal group was significantly higher than the Entero-
morpha, algae residue and fungi residue groups (P<0.05), but not significantly
different from the Gracilaria group (P>0.05). 2) Crude protein content in fish
body was significantly lower in the Gracilaria and Enteromorpha groups than
the fish meal group (P<0.05), while crude lipid content was significantly higher
in the algae residue and fungi residue groups (P<0.05). Muscle histidine and
taurine contents were significantly lower in all experimental groups compared
to the fish meal group (P<0.05), and muscle lysine content was significantly
lower in the Enteromorpha and algae residue groups (P<0.05). No significant
differences were observed in serum glutamic-pyruvic transaminase, glutamic-
oxaloacetic transaminase activities or liver glutamic-oxaloacetic transaminase
activity among groups (P>0.05), though liver glutamic-pyruvic transaminase
activity in the fish meal group was significantly higher than in the Gracilaria
and fungi residue groups (P<0.05). 3) Foregut and midgut mucosal fold heights
in the fungi residue group were significantly higher than in the fish meal group
(P<0.05), and foregut mucosal fold height in the algae residue group was also
significantly higher than in the fish meal group (P<0.05). No significant dif-
ferences were found in foregut and midgut microvillus heights among groups
(P>0.05). In conclusion, replacing 35% of fish meal with 10% Gracilaria verru-
cosa, algae residue or fungi residue combined with plant proteins had no adverse
effects on growth performance of juvenile turbot, and algae residue and fungi
residue improved intestinal histological structure.

Keywords: juvenile turbot; seaweed; growth performance; body composition;
intestinal histological structure

Introduction
Global aquaculture production has increased rapidly in recent years, and the
expansion of farming scale has increased demand for aquafeeds. Fish meal is
the primary protein source in aquafeeds, but due to overfishing, environmental
pollution and adverse climate events such as El Niño, wild fish meal resources
are decreasing while prices continue to rise [1]. Therefore, reducing fish meal
usage and developing suitable protein alternatives is critically important for the
aquafeed industry.

Plant proteins have long been used as fish meal alternatives due to their wide
availability, stable supply and low cost. Although numerous studies have in-
vestigated traditional plant proteins in aquafeeds [2-5], they cannot completely
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replace fish meal because they contain antinutritional factors [6] and lack cer-
tain essential amino acids and growth-promoting components required by fish.
Seaweeds are autotrophic marine organisms containing chlorophyll. Compared
with terrestrial plants, seaweeds are rich in minerals, vitamins, seaweed polysac-
charides, unsaturated fatty acids, free amino acids and feeding stimulants that
can compensate for nutritional deficiencies caused by large-scale replacement
of fish meal with terrestrial plant proteins [7-8]. China has vast sea areas and
abundant seaweed resources that remain underutilized. If seaweed protein re-
sources can be fully exploited, it would be significant for solving protein source
issues in aquafeeds. Therefore, this study used two common low-value sea-
weeds (Gracilaria verrucosa and Enteromorpha prolifera) and two industrial
by-products (algae residue from alginate extraction from kelp and fungi residue
from Aspergillus terreus fermentation for itaconic acid production) combined
with plant proteins to replace partial fish meal in juvenile turbot diets, inves-
tigating effects on growth performance, serum and liver biochemical indices,
body composition and intestinal morphology to provide a theoretical basis for
application of seaweeds and industrial by-products in turbot feeds.

1.1 Experimental Diets

Five isonitrogenous and isolipidic experimental diets were formulated. A basal
diet containing 60% fish meal as the main protein source and fish oil as the
lipid source served as the control (fish meal group). Four other diets replaced
35% of fish meal in the basal diet with combinations of 10% Gracilaria verrucosa,
Enteromorpha prolifera, algae residue (waste from alginate extraction from kelp)
or fungi residue (waste from Aspergillus terreus fermentation for itaconic acid
production) plus plant proteins (wheat gluten, corn gluten meal and soybean
meal). After analyzing conventional nutritional components, all ingredients were
ground to pass through an 80-mesh sieve, weighed according to formulation, and
mixed stepwise. Fish oil was then added and mixed, followed by 30% water to
form a uniform dough. The mixture was pelleted into 2 mm diameter particles
using a pellet mill, dried at 55°C for 12 hours with forced air, and stored at -20°C.
The proximate nutritional components of Gracilaria verrucosa, Enteromorpha
prolifera, algae residue and fungi residue are shown in Table 1 . Diet composition
and nutrient levels are presented in Table 2 , and amino acid composition of
experimental diets is shown in Table 3 .

Table 1 Proximate nutritional components of Gracilaria verrucosa, Enteromor-
pha prolifera, algae residue and fungi residue (DM basis)

Items
Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Crude
pro-
tein
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Items
Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Crude
lipid
Ash

Table 2 Composition and nutrient levels of experimental diets (DM basis)

Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Ingredients
Fish
meal
Gracilaria
ver-
ru-
cosa
Enteromorpha
pro-
lif-
era
Algae
residue
Fungi
residue
Wheat
gluten
Corn
gluten
meal
Soybean
meal
Wheat
meal
Phospholipid
Choline
Fish
oil
Ca(H2PO4)2
Vitamin
pre-
mix1
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Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Mineral
pre-
mix2

Total
Nutrient
lev-
els
Crude
pro-
tein
Crude
lipid
Ash

1 Vitamin premix contained per kg: VA 375,000 IU, VD3 75,000 IU, VE 3,000
mg, VK3 900 mg, VB1 600 mg, VB2 600 mg, VB6 600 mg, VB12 3.7 mg,
D-calcium pantothenate 2,400 mg, niacinamide 4,500 mg, folic acid 185 mg,
D-biotin 7.5 mg, inositol 3,000 mg, VC 10,500 mg.
2 Mineral premix contained per kg: Zn 1,750 mg, Mn 1,050 mg, Cu 410 mg, Fe
1,150 mg, Co 60 mg, I 50 mg, Se 15 mg.

Table 3 Amino acid composition of experimental diets (DM basis)

Amino
acids

Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Essential
amino
acids
(EAA)
Thr
Val
Met
Ile
Leu
Phe
Lys
His
Arg
ΣEAA
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Amino
acids

Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Non-
essential
amino
acids
(NEAA)
Asp
Ser
Glu
Gly
Ala
Cys
Tyr
Tau
ΣNEAA
ΣEAA/ΣNEAA

1.2 Feeding Management

The feeding trial was conducted at Yantian Yuan Aquatic Co., Ltd. in Yantai,
Shandong Province. Juvenile turbot were obtained from the same company
and acclimated to the experimental conditions and diet for one week using the
control diet before the trial began. The experiment used natural lighting and a
flow-through culture system with deep well seawater. Water temperature was
maintained at 12-14°C, dissolved oxygen concentration at approximately 5.5
mg/L, salinity at approximately 35‰, and pH at 7.5-8.0.

Prior to the experiment, fish were fasted for 24 hours. Healthy, uniformly sized
juvenile turbot with an initial body weight of (16.00$±$0.11) g were randomly
selected and stocked into 15 plastic tanks (150 L capacity) at 25 fish per tank.
The 15 tanks were randomly divided into 5 groups with 3 replicate tanks per
group, and each group was randomly assigned one experimental diet. During the
77-day trial period (September to November 2016), fish were fed to apparent
satiation twice daily (morning and evening). Uneaten feed was collected 0.5
hours after feeding and counted, and residual feed mass was calculated based
on the average weight per 100 feed pellets.

1.3 Sample Collection and Analysis

At the start of the experiment, 20 juvenile turbot were randomly sampled as
initial fish for proximate composition analysis. At the end of the trial, fish were
fasted for 24 hours, then counted and weighed per tank. Three fish per tank were
randomly selected for blood collection via caudal vein using 1% heparin sodium
as anticoagulant. Blood was left at 4°C for 4 hours, then centrifuged at 3,500
r/min for 10 minutes to obtain serum, which was stored in liquid nitrogen. After
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blood collection, fish were weighed and measured for body length, then dissected
to separate viscera and liver for calculation of condition factor, hepatosomatic
index and viserosomatic index. Livers were stored in liquid nitrogen. Skinless
dorsal muscle samples from the same location were collected and stored in liquid
nitrogen for amino acid analysis. Three additional fish per tank were randomly
sampled for whole-body composition analysis. One fish per tank was randomly
selected for intestinal histology; the foregut and midgut were fixed in Davidson’
s solution (330 mL 95% ethanol, 220 mL formaldehyde, 115 mL glacial acetic
acid, 335 mL purified water) for 24 hours, then transferred to 70% ethanol for
storage.

Proximate composition analysis of feeds and fish followed AOAC (1995) meth-
ods: moisture by drying at 105°C to constant weight, crude protein by Kjeldahl
method (VELP Kjeldahl analyzer, UDK-142 Automatic Distillation Unit, Italy),
crude lipid by Soxhlet extraction with petroleum ether (SOXTEC 2050 FOSS,
Sweden), and ash by muffle furnace incineration at 550°C for 6 hours. Serum
triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), malondialdehyde (MDA)
and total bile acid (TBA) contents, as well as superoxide dismutase (SOD), acid
phosphatase (ACP), alkaline phosphatase (AKP), glutamic-oxaloacetic transam-
inase (GOT) and glutamic-pyruvic transaminase (GPT) activities in serum, and
GOT and GPT activities in liver were measured using assay kits from Nanjing
Jiancheng Bioengineering Institute.

Amino acid composition in feeds and muscle was determined according to GB/T
18246-2000 using an L-8900 automatic amino acid analyzer (Hitachi, Japan).
Nine essential amino acids, seven non-essential amino acids and taurine were
measured; tryptophan was not analyzed due to destruction by acid hydrolysis.

Intestinal histological analysis: Paraffin sections were prepared using paraffin
embedding and hematoxylin-eosin (HE) staining, observed and photographed
under a microscope (80i, Nikon, Japan). Mucosal fold height, enterocyte height
and microvillus height were measured using Photoshop CC 2017 software.

1.4 Calculation Formulas

• Survival rate (SR, %) = 100 × final fish number / initial fish number
• Feed intake (FI, %/d) = 100 × dry feed intake / [trial days × (initial body

weight + final body weight) / 2]
• Weight gain rate (WGR, %) = 100 × (final body weight - initial body

weight) / initial body weight
• Specific growth rate (SGR, %/d) = 100 × (ln final body weight - ln initial

body weight) / trial days
• Feed efficiency ratio (FER) = (final body weight - initial body weight) /

dry feed intake
• Protein productive value (PPV, %) = 100 × fish protein deposition / total

feed protein intake
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• Protein efficiency ratio (PER) = (final body weight - initial body weight)
/ total feed protein intake

• Hepatosomatic index (HSI, %) = 100 × liver weight / body weight
• Viscerosomatic index (VSI, %) = 100 × viscera weight / body weight
• Condition factor (CF, g/cm3) = 100 × body weight / body length3 (body

weight in g, body length in cm)

1.5 Data Analysis

Experimental data were processed using SPSS 17.0 software. One-way ANOVA
was used for variance analysis, and Duncan’s multiple comparison test was
applied when significant differences were detected (P < 0.05). Results are ex-
pressed as mean ± standard error (SE).

2.1 Effects of Fish Meal Replacement on Growth Performance

Effects of Gracilaria verrucosa, Enteromorpha prolifera, algae residue and fungi
residue on growth performance of juvenile turbot are shown in Table 4 . Sur-
vival rates ranged from 92% to 96% with no significant differences among groups
(P>0.05). Weight gain rate and specific growth rate of the Gracilaria, algae
residue and fungi residue groups were not significantly different from the fish
meal group (P>0.05), while the Enteromorpha group was significantly lower
(P<0.05). The fungi residue and Enteromorpha groups were significantly lower
than the algae residue group (P<0.05), while the Gracilaria group showed no
significant differences with the other three groups (P>0.05). Feed intake of
the Enteromorpha and algae residue groups was significantly higher than the
fish meal and Gracilaria groups (P<0.05), and the fungi residue group was sig-
nificantly higher than the Gracilaria group (P<0.05), though neither differed
significantly from the fish meal group (P>0.05). Feed efficiency and protein
efficiency ratio of the fish meal and Gracilaria groups were not significantly dif-
ferent, but both were significantly higher than the Enteromorpha, algae residue
and fungi residue groups (P<0.05). Protein productive value of the fish meal
and Gracilaria groups was significantly higher than the Enteromorpha and algae
residue groups (P<0.05), with no significant difference between the Gracilaria
and fungi residue groups (P>0.05). Viscerosomatic index of the fish meal group
was significantly lower than the algae residue group (P<0.05) but not signif-
icantly different from the Gracilaria, Enteromorpha and fungi residue groups
(P>0.05). No significant differences were observed in hepatosomatic index or
condition factor among groups (P>0.05).

Table 4 Effects of fish meal replacement by Gracilaria verrucosa, Enteromorpha
prolifera, algae residue and fungi residue on growth performance and physical
indicators of juvenile turbot
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Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

SR
(%)

96.00$±4.00|94.67±1.33|92.00±2.31|96.00±2.31|94.67±2.67||𝑊𝐺𝑅(±3.47𝑎𝑏|127.79±5.97𝑎𝑏𝑐|120.28±3.85𝑐|149.14±8.99𝑎|123.62±9.03𝑏𝑐||𝑆𝐺𝑅(±0.02𝑎𝑏|1.07±0.03𝑎𝑏𝑐|1.03±0.02𝑐|1.18±0.05𝑎|1.04±0.05𝑏𝑐||𝐹𝐼(±0.04𝑏𝑐|0.93±0.02𝑐|1.22±0.03𝑎|1.23±0.07𝑎|1.11±0.05𝑎𝑏||𝐹𝐸𝑅|1.09±0.04𝑎|1.09±0.05𝑎|0.80±0.04𝑏|0.90±0.04𝑏|0.89±0.02𝑏||𝑃𝑃𝑉 (±1.51𝑎|31.87±2.42𝑎𝑏|23.59±1.21𝑐|26.80±0.52𝑐|27.44±0.23𝑏𝑐||𝑃𝐸𝑅|2.18±0.09𝑎|2.25±0.10𝑎|1.64±0.04𝑏|1.83±0.05𝑏|1.79±0.03𝑏||𝐻𝑆𝐼(±0.07|0.77±0.12|1.02±0.24|0.94±0.13|0.92±0.12||𝑉 𝑆𝐼(±0.21𝑏𝑐|4.37±0.20𝑐|4.82±0.32𝑎𝑏𝑐|5.29±0.26𝑎|5.15±0.15𝑎𝑏||𝐶𝐹(𝑔/𝑐𝑚^{3})|3.86±0.05|3.52±0.09|3.59±0.21|3.59±0.11|3.71±$0.14

In the same row, values with no letter or the same letter superscripts mean no
significant difference (P>0.05), while different letter superscripts mean signifi-
cant difference (P<0.05). The same as below.

2.2 Effects of Fish Meal Replacement on Serum and Liver Biochemical
Indices

Effects of fish meal replacement on serum TG, TC, HDL-C, LDL-C and TBA
contents are shown in Table 5 . No significant differences were found in serum
TG, LDL-C and TBA contents among groups (P>0.05). Serum TC content in
the Enteromorpha group was significantly lower than the algae residue group
(P<0.05) but significantly higher than the fish meal and fungi residue groups
(P<0.05), with no significant difference from the Gracilaria group (P>0.05).
Serum HDL-C content in the Enteromorpha and algae residue groups was sig-
nificantly higher than the fish meal and fungi residue groups (P<0.05), but not
significantly different from the Gracilaria group (P>0.05).

Table 5 Effects of fish meal replacement on serum TG, TC, HDL-C, LDL-C
and TBA contents of juvenile turbot

Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

TG
(mmol/L)

2.71$±0.94|1.63±0.75|1.64±0.86|3.38±1.42|4.22±2.40||𝑇 𝐶(𝑚𝑚𝑜𝑙/𝐿)|2.70±0.03𝑐|2.95±0.06𝑏𝑐|3.16±0.17𝑏|4.06±0.20𝑎|2.38±0.13𝑐||𝐻𝐷𝐿−
𝐶(𝑚𝑚𝑜𝑙/𝐿)|2.15±0.16𝑏|2.63±0.08𝑎𝑏|2.89±0.24𝑎|2.81±0.26𝑎|1.90±0.20𝑐||𝐿𝐷𝐿−
𝐶(𝑚𝑚𝑜𝑙/𝐿)|0.38±0.01|0.28±0.04|0.25±0.06|0.43±0.14|0.32±0.07||𝑇 𝐵𝐴(𝜇𝑚𝑜𝑙/𝐿)|7.71±1.64|5.95±0.17|5.88±0.20|6.47±0.30|6.67±$1.20

Effects of fish meal replacement on GPT and GOT activities in serum and
liver are shown in Table 6 . No significant differences were observed in serum
GPT and GOT activities or liver GOT activity among groups (P>0.05). Liver
GPT activity in the fish meal group was significantly higher than in the fungi
residue and Gracilaria groups (P<0.05), but not significantly different from the
Enteromorpha and algae residue groups (P>0.05).

Table 6 Effects of fish meal replacement on GPT and GOT activities in serum
and liver of juvenile turbot
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Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Serum
GPT
(U/L)

7.31$±3.99|6.67±1.48|6.46±4.65|12.32±5.01|6.93±2.84||𝐺𝑂𝑇 (𝑈/𝐿)|8.38±2.85|6.30±1.07|7.20±5.16|12.44±6.95|7.64±5.65||∗
∗𝐿𝑖𝑣𝑒𝑟∗
∗|||||||𝐺𝑃𝑇 (𝑈/𝑔𝑝𝑟𝑜𝑡)|89.12±4.02𝑎|67.16±0.51𝑐|85.92±3.22𝑎𝑏|86.18±2.53𝑎𝑏|78.23±4.03𝑏||𝐺𝑂𝑇 (𝑈/𝑔𝑝𝑟𝑜𝑡)|19.47±1.90|20.63±5.22|16.82±1.07|20.57±0.99|17.04±$2.79

Effects of fish meal replacement on serum non-specific immune and antioxidant
indices are shown in Table 7 . Serum ACP activity in the Gracilaria, Enteromor-
pha, algae residue and fungi residue groups was not significantly different from
the fish meal group (P>0.05), though the algae residue group was significantly
higher than the Enteromorpha group (P<0.05). No significant differences were
found in serum AKP activity or MDA content among groups (P>0.05). Serum
SOD activity in the Gracilaria, Enteromorpha, algae residue and fungi residue
groups was not significantly different from the fish meal group (P>0.05), but
the Gracilaria and algae residue groups were significantly higher than the En-
teromorpha and fungi residue groups (P<0.05).

Table 7 Effects of fish meal replacement on serum non-specific immune and
antioxidant indices of juvenile turbot

Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

ACP
(King’
s
unit/dL)

1.71$±0.37𝑎𝑏|1.92±0.25𝑎𝑏|1.27±0.23𝑏|2.67±0.45𝑎|1.64±0.16𝑎𝑏||𝐴𝐾𝑃(𝐾𝑖𝑛𝑔′𝑠𝑢𝑛𝑖𝑡/𝑑𝐿)|2.04±0.62|1.35±0.28|0.83±0.16|2.56±1.00|1.67±0.49||𝑀𝐷𝐴(𝑛𝑚𝑜𝑙/𝑚𝐿)|9.75±2.61|6.10±1.49|7.94±1.77|12.12±5.14|8.64±1.37||𝑆𝑂𝐷(𝑈/𝑚𝐿)|118.52±16.40𝑎𝑏|141.41±4.70𝑎|93.41±3.12𝑏|135.71±5.87𝑎|89.20±$16.69b

2.3 Effects of Fish Meal Replacement on Body Composition and Mus-
cle Amino Acid Composition

Effects of fish meal replacement on body composition are shown in Table 8 . No
significant differences were observed in moisture or ash content among groups
(P>0.05). Crude protein content in the fish meal group was significantly higher
than in the Gracilaria and Enteromorpha groups (P<0.05), but not significantly
different from the algae residue and fungi residue groups (P>0.05). Crude lipid
content in the algae residue and fungi residue groups was significantly higher
than in the fish meal group (P<0.05), but not significantly different from the
Gracilaria and Enteromorpha groups (P>0.05).

Table 8 Effects of fish meal replacement on body composition of juvenile turbot
(%)
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Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Moisture77.51$±0.17|78.39±0.38𝑎|77.57±0.41𝑎𝑏|77.09±0.39𝑏|76.51±0.06𝑏||𝐶𝑟𝑢𝑑𝑒𝑝𝑟𝑜𝑡𝑒𝑖𝑛|14.93±0.05|14.07±0.25𝑐|14.21±0.21𝑏𝑐|14.40±0.11𝑎|14.73±0.08𝑎||𝐶𝑟𝑢𝑑𝑒𝑙𝑖𝑝𝑖𝑑|2.77±0.16𝑏|2.89±0.10𝑎𝑏|3.58±0.29𝑎𝑏|3.79±0.44𝑎|3.81±0.28𝑎||𝐴𝑠ℎ|4.10±0.05𝑎𝑏|4.21±0.06𝑎|3.98±0.04𝑏|4.14±0.05𝑎𝑏|4.13±$0.09ab

Effects of fish meal replacement on muscle amino acid composition are shown
in Table 9 . Muscle lysine content in the fish meal group was significantly
higher than in the Enteromorpha and algae residue groups (P<0.05), but not
significantly different from the Gracilaria and fungi residue groups (P>0.05).
Muscle histidine and taurine contents in the fish meal group were significantly
higher than all experimental groups (P<0.05). Muscle alanine content in the
Gracilaria group was significantly higher than in the fish meal and fungi residue
groups (P<0.05), but not significantly different from the Enteromorpha and
algae residue groups (P>0.05). No significant differences were found in other
muscle amino acids among groups (P>0.05). Total essential amino acid content
in muscle of the fish meal group was significantly higher than in the Enteromor-
pha and algae residue groups (P<0.05), but not significantly different from the
Gracilaria and fungi residue groups (P>0.05). No significant differences were
observed in total non-essential amino acid content among groups (P>0.05). To-
tal amino acid content in the fish meal group was significantly higher than in the
algae residue group (P<0.05), but not significantly different from the Gracilaria,
Enteromorpha and fungi residue groups (P>0.05).

Table 9 Effects of fish meal replacement on amino acid composition in muscle
of juvenile turbot (DM basis)

Amino
acids

Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Essential
amino
acids
(EAA)
Thr 4.07$±0.|3.95±0.10|3.88±0.05|3.88±0.0|3.94±0.0||𝑉 𝑎𝑙|3.97±0.|3.82±0.06|3.79±0.03|3.84±0.0|3.82±0.0||𝑀𝑒𝑡|2.5±0.0|2.44±0.06|2.44±0.08|2.46±0.0|2.49±0.0||𝐼𝑙𝑒|3.66±0.|3.61±0.05|3.58±0.04|3.59±0.0|3.62±0.0||𝐿𝑒𝑢|6.91±0.|6.77±0.10|6.69±0.08|6.67±0.1|6.74±0.0||𝑃ℎ𝑒|4.21±0.|4.00±0.22|3.98±0.08|3.89±0.2|4.05±0.0||𝐿𝑦𝑠|8.05±0.|7.75±0.05𝑎𝑏|7.66±0.08𝑏|7.58±0.1|7.78±0.0||𝐻𝑖𝑠|1.85±0.|1.72±0.02𝑏|1.71±0.03𝑏|1.72±0.0|1.73±0.0||𝐴𝑟𝑔|5.34±0.|5.25±0.09|5.22±0.11|5.17±0.1|5.22±0.0||Σ𝐸𝐴𝐴|40.55±0|39.31±0.27𝑎𝑏|38.95±0.44𝑏|38.79±0.|39.39±0.||∗

∗𝑁𝑜𝑛−
𝑒𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙𝑎𝑚𝑖𝑛𝑜𝑎𝑐𝑖𝑑𝑠(𝑁𝐸𝐴𝐴)∗
∗|||||||𝐴𝑠𝑝|8.98±0.1|8.85±0.27|8.68±0.15|8.63±0.1|8.8±0.09||𝑆𝑒𝑟|3.86±0.|3.7±0.12|3.63±0.08|3.64±0.0|3.67±0.0||𝐺𝑙𝑢|14.26±0|14.03±0.40|13.83±0.31|13.79±0.|14.05±0.||𝐺𝑙𝑦|4.45±0.|4.57±0.07|4.48±0.04|4.44±0.0|4.47±0.0||𝐴𝑙𝑎|4.71±0.|5.4±0.32𝑎|4.93±0.15𝑎𝑏|5.01±0.0|4.57±0.1||𝐶𝑦𝑠|0.89±0.|0.83±0.02|0.75±0.07|0.83±0.0|0.79±0.0||𝑇 𝑦𝑟|3.31±0.|3.16±0.20|3.13±0.05|3.14±0.11|3.21±0.0||𝑇 𝑎𝑢|1.2±0.1|0.52±0.03𝑏|0.58±0.05𝑏|0.53±0.0|0.71±0.0||Σ𝑁𝐸𝐴𝐴|41.64±0|41.06±0.91|40.01±0.72|40.01±0.|40.26±0.||∗
∗𝑇 𝑜𝑡𝑎𝑙∗
∗|||||||𝑇 𝐴𝐴|82.19±0|80.37±1.14𝑎𝑏|78.96±1.16𝑎𝑏|78.8±1.0|79.64±0.||Σ𝐸𝐴𝐴/Σ𝑁𝐸𝐴𝐴|0.97±0.|0.96±0.02|0.97±0.01|0.97±0.0|0.97±$0.0

2.4 Effects of Fish Meal Replacement on Intestinal Histological Struc-
ture

The midgut cross-sectional structure of juvenile turbot in each group is shown
in Figure 1 [Figure 1: see original paper]. MF: mucosal fold; EH: enterocyte;
MV: microvillus. A, a: fish meal group; B, b: Gracilaria verrucosa group; C,
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c: Enteromorpha prolifera group; D, d: algae residue group; E, e: fungi residue
group. Scale bars for A, B, C, D and E: 400 �m; scale bars for a, b, c, d and e:
40 �m.

Figure 1 The midgut transection structure of juvenile turbot in each group

Effects of fish meal replacement on intestinal histological structure are shown
in Table 10 . Foregut mucosal fold height in the algae residue group was sig-
nificantly higher than in the fish meal group (P<0.05), significantly lower than
in the fungi residue group (P<0.05), and not significantly different from the
Gracilaria and Enteromorpha groups (P>0.05). Foregut enterocyte height in
the algae residue group was significantly higher than in the fish meal, Gracilaria
and Enteromorpha groups (P<0.05), but not significantly different from the
fungi residue group (P>0.05). No significant differences were found in foregut
microvillus height among groups (P>0.05). Midgut mucosal fold height in the
fungi residue group was significantly higher than in the fish meal group (P<0.05),
but not significantly different from the Gracilaria, Enteromorpha and algae
residue groups (P>0.05). No significant differences were observed in midgut
enterocyte height or microvillus height among groups (P>0.05).

Table 10 Effects of fish meal replacement on intestinal histological structure of
juvenile turbot

Items
Fish
meal

Gracilaria
verrucosa

Enteromorpha
prolifera

Algae
residue

Fungi
residue

Foregut
Mucosal
fold
height

910.53$±26.18𝑏𝑐|917.39±47.15𝑏𝑐|801.09±30.0|941.06±32.8|1073.43±55.02𝑎||𝐸𝑛𝑡𝑒𝑟𝑜𝑐𝑦𝑡𝑒ℎ𝑒𝑖𝑔ℎ𝑡|45.09±1.02𝑏|44.76±1.68𝑏|46.08±1.76𝑏|52.02±2.82𝑎|49.38±1.79𝑎𝑏||𝑀𝑖𝑐𝑟𝑜𝑣𝑖𝑙𝑙𝑢𝑠ℎ𝑒𝑖𝑔ℎ𝑡|2.73±0.11|3.15±0.21|3.10±0.15|3.19±0.19|3.18±0.12||∗
∗𝑀𝑖𝑑𝑔𝑢𝑡∗
∗|||||||𝑀𝑢𝑐𝑜𝑠𝑎𝑙𝑓𝑜𝑙𝑑ℎ𝑒𝑖𝑔ℎ𝑡|582.61±33.46𝑎𝑏|585.51±30.19𝑎𝑏|649.28±28.62𝑎|536.96±11.9|759.03±37.8||𝐸𝑛𝑡𝑒𝑟𝑜𝑐𝑦𝑡𝑒ℎ𝑒𝑖𝑔ℎ𝑡|41.96±1.02|41.09±2.14|44.49±1.09|42.21±1.27|42.63±2.65||𝑀𝑖𝑐𝑟𝑜𝑣𝑖𝑙𝑙𝑢𝑠ℎ𝑒𝑖𝑔ℎ𝑡|2.65±0.21|2.77±0.12|2.88±0.06|2.65±0.14|2.79±$0.18

3.1 Effects on Growth Performance

Numerous studies have reported on seaweed application in aquafeeds, including
common species such as Gracilaria, Gelidium, Porphyra (Rhodophyta), Ulva,
Enteromorpha (Chlorophyta), and kelp (Phaeophyta) [9-14]. Many studies have
shown that dietary inclusion of small amounts of seaweed (2.5%-10.0%) bene-
fits fish growth by improving growth performance, increasing feed intake and
efficiency, and enhancing physiological activity, disease resistance and stress
tolerance [9-12].

In this study, when Gracilaria, Enteromorpha and algae residue were combined
with plant proteins to replace partial fish meal, the Gracilaria group showed
no significant reduction in major essential amino acids compared to the fish
meal group (Table 3). In contrast, the Enteromorpha group had substantially
lower lysine, methionine and histidine contents, which may explain the infe-
rior growth rate, feed efficiency and protein productive value compared to the
Gracilaria group. The algae residue group showed better growth performance
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than the Enteromorpha group with no significant difference from the fish meal
group, despite reduced essential amino acid levels compared to the fish meal
diet. This may be attributed to polysaccharides in algae residue, such as fu-
coidan, laminarin, alginate starch and alginates [15], which promoted growth.
This is consistent with Lin et al. [16] who reported that 0.6% kelp polysaccharide
improved growth and reduced feed coefficient in pearl gentian grouper. Simi-
lar findings were reported by Yang et al. [17] who found that 0.10% fucoidan
improved weight gain, specific growth rate and digestive enzyme activities in
yellow catfish.

The Enteromorpha and algae residue groups showed significantly higher feed
intake than the fish meal and Gracilaria groups, possibly due to feeding stimu-
lants in these ingredients. Studies have shown that seaweeds commonly contain
feeding stimulants such as dimethyl-𝛽-propiothetin (DMPT or DMSP) [18-19]
that increase feed intake. However, the Gracilaria group did not show increased
feed intake, possibly because it contains fewer feeding stimulants. Since these
compounds were not measured in this study, the exact reason requires further
investigation. Despite lower feed intake, the Gracilaria group showed good
growth performance, likely due to both adequate essential amino acids and tau-
rine content. Taurine can regulate digestive enzyme activity, enhance nutrient
absorption and utilization, and improve feed efficiency [20]. The Gracilaria
diet had higher taurine content than the Enteromorpha and algae residue diets,
which may explain why reduced feed intake did not impair growth performance.

Previous studies on plant protein replacement in turbot have shown limited re-
placement levels. Soy protein concentrate could only replace 17% of fish meal
without affecting growth [21]; corn gluten meal could replace 21% without af-
fecting growth performance and feed efficiency [22]; composite plant proteins
replacing 20.7% of fish meal significantly reduced growth performance [23]; and
enzymatically hydrolyzed animal cartilage protein combined with plant proteins
could replace 24% of fish meal without affecting growth and feed intake [24].
Similar results have been reported for other fish species. Wang et al. [25] found
soybean meal could replace 16% of fish meal without affecting sea bass growth;
Wu et al. [26] found soybean meal replacement of 13.4% did not affect golden
perch growth; and Cui et al. [27] found rapeseed meal could replace 13.5% of
fish meal without affecting rainbow trout growth performance and feed utiliza-
tion. In this study, Gracilaria, Enteromorpha, algae residue and fungi residue
combined with plant proteins replaced 35% of fish meal, yet the Gracilaria, al-
gae residue and fungi residue groups did not show significantly reduced growth
performance. This indicates that compared with traditional terrestrial plant
proteins, marine plant protein sources like Gracilaria and algae residue can mit-
igate growth reduction caused by high-level fish meal replacement, and fungi
residue as a fungal protein source contains compounds that promote turbot
growth.
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3.2 Effects on Lipid Metabolism and Non-Specific Immunity

Serum HDL-C and LDL-C contents reflect high- and low-density lipoprotein
levels. Increased HDL transports more cholesterol to the liver, while increased
LDL transports more cholesterol and triglycerides to the blood [28], collectively
affecting serum TC and TG levels. In this study, serum TG changes were con-
sistent with LDL-C trends. Compared with the fish meal group, the Gracilaria
and Enteromorpha groups showed reduced serum LDL-C and TG, while the En-
teromorpha and algae residue groups had significantly increased serum HDL-C,
indicating that dietary Gracilaria, Enteromorpha and algae residue increased
HDL and reduced LDL, benefiting blood lipid health in turbot.

MDA is a terminal product of free radical oxidation that is cytotoxic and can
cause cross-linking of macromolecules like proteins and nucleic acids, affect-
ing mitochondrial respiratory chain complexes and key enzyme activities [12].
Serum MDA content reflects lipid peroxidation degree and indirectly indicates
cellular oxidative damage [12,29]. SOD plays a crucial role in maintaining
oxidative-antioxidant balance by scavenging superoxide anion radicals and pro-
tecting cells from damage. In this study, no significant differences were found
in serum MDA content or SOD activity among groups, indicating that fish meal
replacement with Gracilaria, Enteromorpha, algae residue and fungi residue did
not adversely affect antioxidant capacity.

Changes in serum GPT and GOT activities are primary indicators of liver dam-
age. These enzymes mainly exist in the liver, with low serum activity under
normal conditions. When liver tissue is damaged, increased cell membrane
permeability releases GPT and GOT into the blood, elevating serum activity
[30]. In this study, no significant differences in serum GPT or GOT activities
were observed, indicating that fish meal replacement did not cause liver damage.
Amino acids are metabolized mainly through transamination and deamination,
with fish primarily using combined deamination to meet physiological needs.
GPT and GOT are key enzymes in fish amino acid metabolism, and their liver
activity reflects metabolic intensity and liver function [30]. The significantly
lower liver GPT activity in the Gracilaria and fungi residue groups suggests
slower amino acid metabolism, possibly related to differences in dietary amino
acid composition and absorption rates affecting amino acid metabolism and liver
GPT activity.

Aquatic animals lack secondary antibody responses in specific immunity
mechanisms, making non-specific immunity critically important for defense [30].
Serum ACP and AKP are important indicators for evaluating non-specific im-
munity in fish, promoting disease resistance and stress tolerance [30-32]. ACP,
a lysosomal marker enzyme, participates in phosphate metabolism regulation,
signal transduction and energy conversion, while AKP directly participates in
phosphate group transfer and metabolism [30]. In this study, serum ACP and
AKP activities in experimental groups were not significantly different from the
fish meal group, indicating that fish meal replacement did not adversely affect
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non-specific immunity. Moreover, the algae residue group showed higher ACP
and AKP activities than the fish meal group, possibly due to polysaccharides
and oligosaccharides enhancing non-specific immunity. Studies have shown
that fucoidan can improve mouse immunity and antiviral capacity [33-34], and
alginate oligosaccharides can enhance non-specific immunity in turbot [32].

3.3 Effects on Body Composition and Muscle Amino Acid Composi-
tion

Differences in body composition among groups may be related to dietary tau-
rine content. Zhou et al. [35] found that taurine increased whole-body protein
deposition and reduced lipid deposition in orange-spotted grouper. Zhang et
al. [36] found that taurine supplementation in high plant protein diets reduced
lipid deposition in turbot. Qi [37] reported that taurine increased protein de-
position and reduced lipid deposition in 6.3 g and 48.0 g turbot, but increased
both in 165.9 g fish. Taurine regulates protein deposition by modulating se-
cretion of protein synthesis-related hormones [35]; studies have shown that tau-
rine promotes thyroid hormone secretion in carp [38], which accelerates tissue
differentiation, growth and protein/enzyme synthesis. Taurine regulates lipid
deposition by conjugating bile acids to stimulate secretion, increasing fatty acid
oxidation and energy expenditure [39]. In this study, the fish meal group had
higher dietary and muscle taurine content and higher serum total bile acid con-
tent, consistent with these findings and possibly explaining the higher crude
protein and lower crude lipid content.

Muscle amino acid composition analysis revealed that fish meal replacement
affected muscle amino acid profiles, primarily due to dietary amino acid com-
position. Studies have shown that tissue essential amino acid composition is
significantly correlated with dietary amino acid composition [40].

3.4 Effects on Intestinal Histological Structure

Mucosal fold height, enterocyte height and microvillus height are important
indicators for evaluating intestinal morphological changes. Intestinal fold and
microvillus heights expand surface area and determine nutrient absorption ca-
pacity. In this study, fish meal replacement with Gracilaria, Enteromorpha,
algae residue and fungi residue promoted intestinal development, particularly
in the algae residue and fungi residue groups, which showed excellent intesti-
nal development. This may be related to carbohydrates in these ingredients.
Algae residue contains kelp polysaccharides and oligosaccharides like mannose,
while fungi residue is a by-product of Aspergillus terreus fermentation contain-
ing fungal cell wall polysaccharides like chitin, whose derivative chitosan can
be hydrolyzed to chitooligosaccharides. Studies have shown that kelp polysac-
charides increased intestinal villus length in orange-spotted grouper [41]; Pan
[42] found that chitooligosaccharides increased intestinal fold and microvillus
heights in turbot; Tian et al. [43] found that chitooligosaccharides promoted
intestinal development in GIFT tilapia; and Yu et al. [44] reported that man-
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nan oligosaccharides increased intestinal fold height and promoted microvillus
development in half-smooth tongue sole. Polysaccharides and oligosaccharides
in algae residue and fungi residue may be responsible for promoting intestinal
development in juvenile turbot.

4 Conclusion
1. Replacing 35% of fish meal with 10% Gracilaria verrucosa, algae residue

or fungi residue combined with plant proteins had no adverse effects on
growth performance of juvenile turbot, while replacement with 10% En-
teromorpha prolifera reduced growth performance.

2. Algae residue and fungi residue improved intestinal histological structure
in juvenile turbot.

References
[1] Kong QH. 2014 fish meal market review and future supply-demand outlook
[J]. Ocean and Fishery, 2015(3): 89-93.

[2] Shimeno S, Mima T, Imanaga T, et al. Inclusion of combination of defatted
soybean meal, meat meal, and gluten meal in yellowtail diets [J]. Nippon Suisan
Gakkaishi, 1993, 59(11): 1889-1895.

[3] Sanz A, Morales AE, De la Higuera M, et al. Sunflower meal compared with
soybean meal as partial substitutes for fish meal in rainbow trout (Oncorhynchus
mykiss) diets: protein and energy utilization [J]. Aquaculture, 1994, 128(3/4):
287-300.

[4] Eusebio PS, Coloso RM. Nutritional evaluation of various plant protein
sources in diets for Asian sea bass Lates calcarifer [J]. Journal of Applied Ichthy-
ology, 2010, 16(2): 56-60.

[5] Millamena OM. Replacement of fish meal by animal by-product meals in a
practical diet for grow-out culture of grouper Epinephelus coioides [J]. Aquacul-
ture, 2002, 204(1/2): 75-84.

[6] Zhao XD. Food Antinutritional Factors [M]. Beijing: China Agricultural
University Press, 2015.

[7] Chang QL, Sun JY. Seaweed feed resources and their application in aquacul-
ture [J]. Feed Industry, 2006, 27(2): 62-64.

[8] Li RG, Jiang YX, Jiang RY, et al. Comprehensive utilization technology of
macroalgae as feed [J]. Scientific Fish Farming, 2009(1): 64-65.

[9] Norambuena F, Hermon K, Skrzypczyk V, et al. Algae in fish feed: perfor-
mances and fatty acid metabolism in juvenile Atlantic salmon [J]. PLoS One,
2015, 10(4): e0124042.

chinarxiv.org/items/chinaxiv-201812.00241 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00241


[10] Wasserf EA, El-Sayed AFM, Kandeel KM, et al. Evaluation of Pterocladia
(Rhodophyta) and Ulva (Chlorophyta) meals as additives to gilthead seabream
Sparus aurata diets [J]. Egyptian Journal of Aquatic Research, 2005, 31: 321-
332.

[11] Li YT, Chen M, Zeng SL, et al. Effects of dietary Gracilaria lemaneiformis
on growth, fatty acid composition, immunity and intestine of red drum (Sci-
aenops ocellatus) [J]. South China Fisheries Science, 2016, 12(1): 85-93.

[12] Zhou SQ, You CH, Wang SQ, et al. Effects of dietary Enteromorpha on
growth performance and physiological-biochemical indices of rabbitfish (Siganus
canaliculatus) [J]. Journal of Fishery Sciences of China, 2013, 20(6): 1257-1265.

[13] Su YM, Cai XX, Sun J, et al. Effects of several feed ingredients on ju-
venile sea urchin Strongylocentrotus intermedius [J]. Journal of Dalian Ocean
University, 2008, 23(3): 242-246.

[14] Yang WW, Liu WB, Shen MF, et al. Effects of kelp powder on growth,
non-specific immunity and hepatopancreas antioxidant capacity of red swamp
crayfish (Procambarus clarkii) [J]. Journal of Dalian Ocean University, 2014,
29(1): 40-44.

[15] Xu FQ, Wu H. Research progress on kelp polysaccharides [J]. Chinese Jour-
nal of Information on Traditional Chinese Medicine, 2005, 12(6): 106-108.

[16] Lin JB, Liang P, Zhu QG, et al. Effects of kelp polysaccharide on growth
performance and immunity of pearl gentian grouper [J]. Fujian Journal of Agri-
cultural Sciences, 2017, 32(1): 17-21.

[17] Yang Q, Yang R, Zhou QC, et al. Effects of fucoidan on growth performance
and digestive enzyme activities of yellow catfish (Pelteobagrus fulvidraco) [J].
Chinese Journal of Animal Nutrition, 2014, 26(7): 1880-1887.

[18] Zou SG, Tao ZG, Xu Y. Application of DMPT in aquatic animal nutrition
[J]. Guangdong Feed, 2005, 14(3): 34-35.

[19] Wang L. Detection of DMSP content in some macroalgae [D]. Master’s
thesis. Suzhou: Soochow University, 2012.

[20] Gao CS, Fan GL, Wang YL. Effects of taurine on growth performance and
digestive enzyme activities of Yellow River carp [J]. Chinese Agricultural Science
Bulletin, 2007, 23(6): 645-647.

[21] Day OJ, González HGP. Soybean protein concentrate as a protein source
for turbot Scophthalmus maximus L. [J]. Aquaculture Nutrition, 2015, 6(4): 221-
228.

[22] Regost C, Arzel J, Kaushik SJ. Partial or total replacement of fish meal
by corn gluten meal in diet for turbot (Psetta maxima) [J]. Aquaculture, 1999,
180(1/2): 99-117.

chinarxiv.org/items/chinaxiv-201812.00241 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00241


[23] Chen C, Chen JH. Effects of taurine and crystalline amino acids on feed
intake, growth and feed utilization of turbot [J]. Chinese Agricultural Science
Bulletin, 2012, 28(23): 108-112.

[24] Liu YZ, He G, Mai KS, et al. Effects of partial replacement of fish meal by
a new composite animal and plant protein source on growth and flesh quality
of juvenile turbot [J]. Periodical of Ocean University of China: Natural Science
Edition, 2016, 46(1): 33-39.

[25] Wang GX, Fu JJ, Huang YH, et al. Effects of five plant protein sources
replacing fish meal on growth performance and digestive enzyme activities of
sea bass (Lateolabrax japonicus) [J]. Hubei Agricultural Sciences, 2014, 53(4):
866-870.

[26] Wu LF, Wang JL, Xing XP, et al. Effects of different soybean protein
sources on growth, feed utilization and muscle nutrient composition of golden
perch (Perca flavescens) [J]. Journal of Northwest A&F University: Natural
Science Edition, 2017, 45(1): 1-6.

[27] Cui CH, Yang CH, Bu XY, et al. Effects of replacing fish meal with rapeseed
meal on growth, body composition and hematological indices of rainbow trout
(Oncorhynchus mykiss) [J]. Feed Industry, 2016, 37(22): 21-25.

[28] Ji LQ, Jiang KY, Han LJ, et al. Effects of continuous temperature decrease
on metabolic function of adult turbot [J]. Marine Sciences, 2014, 38(5): 46-53.

[29] Jain SK, Lim G. Pyridoxine and pyridoxamine inhibits superoxide radicals
and prevents lipid peroxidation, protein glycosylation, and (Na++K+)-ATPase
activity reduction in high glucose-treated human erythrocytes [J]. Free Radical
Biology & Medicine, 2001, 30(3): 232-237.

[30] Yan JL, Chen SQ, Chang Q, et al. Effects of Antarctic krill meal replacing
fish meal on growth performance, serum and liver biochemical indices and serum
non-specific immune indices of juvenile spotted halibut (Verasper variegatus) [J].
Chinese Journal of Animal Nutrition, 2016, 28(11): 3503-3510.

[31] Song XL, Yang XT, Si HW, et al. Isolation of Bifidobacterium cell wall
peptidoglycan and its effects on immune activity of two marine animals [J].
Journal of Fisheries of China, 2005, 29(3): 350-355.

[32] Huo PY, Pan JL, Han YZ, et al. Effects of alginate oligosaccharide on growth
performance, hematological indices and non-specific immunity of juvenile tur-
bot (Scophthalmus maximus) [J]. Journal of Guangdong Ocean University, 2015,
35(4): 10-16.

[33] Liu XL, Liu DY, Wang YQ, et al. Study on immunomodulatory and anti-
tumor activities of fucoidan [J]. Chinese Journal of Microecology, 2010, 22(12):
1074-1076.

[34] Liu XD, Wang WD, Zhang FB, et al. Effects of fucoidan on mouse immu-
nity and anti-Japanese encephalitis virus [J]. Heilongjiang Animal Science and

chinarxiv.org/items/chinaxiv-201812.00241 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00241


Veterinary Medicine, 2016(19): 32-35.

[35] Zhou MW, Wang HW, Ye JD. Response of growth performance, body
composition and tissue free amino acid content of orange-spotted grouper
(Epinephelus coioides) to dietary taurine levels [J]. Chinese Journal of Animal
Nutrition, 2015, 27(3): 785-794.

[36] Zhang YQ, Zhang Y, Wei YL, et al. Study on regulation methods of lipid
accumulation in turbot [J]. Journal of Shanghai Ocean University, 2016, 25(5):
700-709.

[37] Qi GS. Effects of dietary taurine, methionine, cystine, serine and cysteamine
on growth performance and taurine metabolism of turbot [D]. PhD thesis. Qing-
dao: Ocean University of China, 2012.

[38] Qiu XC, Zhao HX. Effects of taurine on growth and serum T3, T4 contents
in common carp [J]. Freshwater Fisheries, 2006, 36(1): 22-24.

[39] Kim SM, Matsunari H, Nomura K, et al. Effect of dietary taurine and
lipid contents on conjugated bile acid composition and growth performance,
serum biochemical indices related to lipoprotein metabolism of juvenile Japanese
flounder Paralichthys olivaceus [J]. Fisheries Science, 2008, 74(4): 875-881.

[40] Cui YY, Zhang NN, Ma QQ, et al. Effects of four plant proteins on growth
performance, amino acid retention rate and antioxidant enzyme activities of ju-
venile Chinese mitten crab (Eriocheir sinensis) [J]. Acta Hydrobiologica Sinica,
2017, 41(1): 146-154.

[41] Li WW. Effects of kelp polysaccharide on serum indices and intestinal
function of orange-spotted grouper (Epinephelus coioides) [D]. Master’s thesis.
Fuzhou: Fujian Agriculture and Forestry University, 2015.

[42] Pan JL. Effects of dietary chitooligosaccharide and alginate oligosaccharide
on digestion and intestinal microflora of turbot (Scophthalmus maximus) [D].
Master’s thesis. Dalian: Dalian Ocean University, 2016.

[43] Tian J, Sun LW, Wen H, et al. Effects of chitooligosaccharide on growth
performance, foregut histological structure and intestinal microflora of GIFT
tilapia (Oreochromis niloticus) [J]. Journal of Fishery Sciences of China, 2013,
20(3): 561-568.

[44] Yu CL, Chang Q, Lü YY. Effects of mannan oligosaccharide on growth,
intestinal development and non-specific immunity of juvenile half-smooth tongue
sole (Cynoglossus semilaevis Günther) [J]. Progress in Fishery Sciences, 2014,
35(6): 53-59.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00241 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00241

	Effects of Gracilaria, Enteromorpha prolifera, Algae Residue, and Fungal Residue as Fish Meal Replacements on Growth Performance, Serum and Liver Biochemical Indices, Body Composition, and Intestinal Histology in Juvenile Turbot (Scophthalmus maximus) Postprint
	Abstract
	Full Text
	Effects of Gracilaria verrucosa, Enteromorpha prolifera, Algae Residue and Fungi Residue on Growth Performance, Serum and Liver Biochemical Indices, Body Composition and Intestinal Histological Morphology of Juvenile Turbot (Scophthalmus maximus L.)
	Introduction
	1.1 Experimental Diets
	1.2 Feeding Management
	1.3 Sample Collection and Analysis
	1.4 Calculation Formulas
	1.5 Data Analysis
	2.1 Effects of Fish Meal Replacement on Growth Performance
	2.2 Effects of Fish Meal Replacement on Serum and Liver Biochemical Indices
	2.3 Effects of Fish Meal Replacement on Body Composition and Muscle Amino Acid Composition
	2.4 Effects of Fish Meal Replacement on Intestinal Histological Structure
	3.1 Effects on Growth Performance
	3.2 Effects on Lipid Metabolism and Non-Specific Immunity
	3.3 Effects on Body Composition and Muscle Amino Acid Composition
	3.4 Effects on Intestinal Histological Structure

	4 Conclusion
	References


