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A 70-day feeding experiment was carried out to assess the replacement of dietary fishmeal (FM) protein with degossypolized
cottonseed protein (DCP) on large yellow croaker (Larimichthys crocea) with initial body weight (13:09 ± 0:50 g). Five
isonitrogenous and isolipidic diets replaced fishmeal protein with 0%, 20%, 40%, 60%, and 80% DCP were formulated and
named as FM (the control group), DCP20, DCP40, DCP60, and DCP80, respectively. Results displayed that weight gain rate
(WGR) and specific growth rate (SGR) in the DCP20 group (263.91% and 1.85% d-1) were significantly increased compared
with the control group (194.79% and 1.54% d-1) (P < 0:05). Furthermore, fish fed the diet with 20% DCP significantly
increased the activity of hepatic superoxide dismutase (SOD) compared with the control group (P < 0:05). Meanwhile, the
content of hepatic malondialdehyde (MDA) in the DCP20, DCP40, and DCP80 groups was significantly lower than that in the
control group (P < 0:05). The activity of intestinal trypsin in the DCP20 group was significantly degraded compared with that
in the control group (P < 0:05). The transcription of hepatic proinflammatory cytokine genes (interleukin-6 (il-6); tumor
necrosis factor-α (tnf-α); and interferon-γ (ifn-γ)) in the DCP20 and DCP40 groups was significantly upregulated compared
with that in the control group (P < 0:05). As to the target of rapamycin (TOR) pathway, the transcription of hepatic target of
rapamycin (tor) and ribosomal protein (s6) was significantly up-regulated, while the transcription of hepatic eukaryotic
translation initiation factor 4E binding protein 1 (4e-bp1) gene was significantly downregulated in the DCP group compared
with the control group (P < 0:05). In summary, based on the broken line regression model analysis of WGR and SGR against
dietary DCP replacement levels, the optimal replacement level was recommended to be 8.12% and 9.37% for large yellow
croaker, respectively. These results revealed that FM protein replaced with 20% DCP could promote digestive enzyme activities
and antioxidant capacity and further activate immune response and the TOR pathway so that growth performance of juvenile
large yellow croaker was improved.

1. Introduction

Fishmeal (FM) protein, characterized by easy availability, bal-
anced amino acid profile, and high digestibility, is regarded as

the main protein source in aquafeed [1–3]. The rapid develop-
ment of aquaculture well boosts the feed industry and sharply
increases the demand for FM. However, FM production is
decreasing year by year. This maladjustment between provision
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and requirement leads to the high price of FM, which urges
people to explore suitable substitutes for protein sources.
Plant-derived materials are considered the first choice of high-
quality protein sources to replace FM due to high yield, easy
availability, and low price. However, they are limited as feed
ingredients due to imperfect amino acid compositions and the
existence of antinutritional factors (ANFs) [4, 5]. Free gossypol
is the main ANF in cottonseed by-products. Degossypolized
cottonseed protein (DCP), which was obtained by one-step
low-temperature leaching and two-solvent stepwise extraction
process to remove the majority of free gossypol, is a high-
quality feed protein source with low free gossypol and relatively
complete amino acid profile. Thus, DCP has been used to sub-
stitute FM protein in several fishes [6, 7].

Previous studies have shown that FM protein replaced
with DCP will have effects on antioxidant activity, digestive
enzyme activity, and immune response in some aquatic ani-
mals. Zhao et al. [8] indicated that FM protein replaced with
concentrated dephenolized cottonseed protein (CDCP)
enhanced the antioxidant activity of rain trout (Oncorhyn-
chus mykiss). The study in South American white shrimp
(Litopenaeus vannamei) found that intestinal digestive
enzyme activities were significantly improved due to replace-
ment of FM protein with cottonseed protein concentrate
(CPC) [9]. In addition, it was indicated that high content
of low-gossypol cottonseed protein concentrate (CPC)
induced inflammation in swimming crab (Portunus trituber-
culatus) [10].

The target of rapamycin (TOR) pathway was involved as
a crucial regulator in several extracellular and intracellular
signaling pathways, such as growth factors and nutritional
status in mammals [11]. Protein synthesis is closely relevant
to organismal growth and homeostasis, which can be regu-
lated by the TOR pathway [12]. The connection between
activation of the TOR pathway and promotion of growth
performance had been revealed in blunt snout bream (Mega-
lobrama amblycephala) [13], gibel carp (Carassius auratus
gibelio var. CAS V) [14], and jian carp (Cyprinus carpio
var. Jian) [15], which indicated that the TOR pathway could
profoundly govern the growth of fish similar to mammals.
Some studies on large yellow croaker larvae suggested that
dietary size-fractionated fish hydrolysates and amino acids
could not significantly impact the TOR pathway [16, 17].
However, other studies of different aquatic animals indicated
that the transcription of the TOR pathway-related genes was
affected by supplementing some amino acids to diets [14, 18,
19]. These different results could be attributed to the differ-
ences in trial animals of age and tissue. So far, little data is
available on whether the TOR pathway is regulated by
DCP in juvenile large yellow croaker and needs further
investigation.

Large yellow croaker (Larimichthys crocea) is a crucial
marine fish with the highest yield and great economic value
in China [20, 21], and its output has approached 254,062
tons in 2020 [22]. With the continuous expansion of the cul-
tured scale, the demand for the production capacity of FM in
feed is also gradually increasing. However, few studies on
large yellow croaker focused on effects of FM protein
replaced with dietary DCP. Thus, the feasibility of FM pro-

tein replaced with dietary DCP on growth performance,
antioxidant capacity, digestive enzyme activities, the TOR
pathway, and immune response of juvenile was assessed in
the present study, which could fill the gap in the research
of replacing dietary FM protein with DCP of large yellow
croaker and provide a reference for its application in
aquaculture.

2. Materials and Methods

2.1. Experimental Diets. Five isonitrogenous (41% crude pro-
tein content) and isolipidic (12% crude lipid content) diets
replacing 0% (the control group), 20%, 40%, 60%, and 80%
FM protein with DCP were formulated (Table 1). Based on
the control diet, graded levels of DCP (89.00, 175, 264, and
349 g/kg dry matter) were, respectively, added to formulate
experimental diets. The detailed production process of feed
pellets was followed on the previous research of Li et al.
[23]. Then, feed pellets were packed in plastic sealed bags
and stored at -20°C until use.

2.2. Experimental Procedures. All experimental juvenile large
yellow croakers were fed the control diets for two weeks to accli-
matize the trial conditions. Nine hundred fish with mean body
weight (13:09 ± 0:50g) were randomly put in 15 seawater cages
(1:0m × 1:0m × 1:5m) after being starved for 24h. Each die-
tary treatment was set three biological repeats. During the feed-
ing trial, fish were fed once in the morning (06:00) and evening
(17:00) for 10 weeks. The management of water quality param-
eters was measured in a general range (temperature: 19.8-
22.5°C, salinity: 25.7-29.7‰, and oxygen level: 6.0-7.2mg/L).

2.3. Sample Collection. The experimental fish were treated by
eugenol (1 : 10,000) narcosis to collect samples, which were
fasted for 24 h. The amount and weight of survival fish from
each experimental seawater cage were, respectively, recorded
and weighted. Three fish randomly from each seawater cage
were used for whole body composition analysis. Samples of
the liver, intestine, and serum were collected from eight ran-
domly fish in each seawater cage, and then, the samples of
liver and intestine were packed into 10mL tubes, immedi-
ately stored in liquid nitrogen for further analysis. Mean-
while, the sample of serum was injected into a 1.5mL
centrifuge tube and stored in liquid nitrogen for further
analysis. Subsequently, the morphological parameters were
calculated based on the recorded data of six fish randomly
selected from each seawater cage.

2.4. Body Composition Analysis. The approximate chemical
composition of whole body in trial fish samples was analyzed
following by the method of AOAC [24].

2.5. Serum Biochemical Analysis. The contents of serum tri-
glyceride (TG), total cholesterol (TC), activities of serum ala-
nine transaminase (ALT), aspartate transaminase (AST),
and alkaline phosphatase (ALP) were tested by kits from
Nanjing Jiancheng Biological Engineering Institute Co.,
Ltd. The detailed experimental steps refer to the instruction
attached to the kit.

2 Aquaculture Nutrition



2.6. Hepatic Antioxidant Capacity Analyses. Activities of
hepatic superoxide dismutase (SOD) and catalase (CAT),
total antioxidant capacity (T-AOC), and the content of
hepatic malondialdehyde (MDA) were detected by kits from
Nanjing Jiancheng Biological Engineering Institute Co., Ltd.
The detailed experimental steps were presented in the
instruction attached to the kit.

2.7. Intestinal Digestive Enzyme Activities. Activities of intes-
tinal lipase (LPS), amylase (AMS), and trypsin were quanti-
fied by kits from Nanjing Jiancheng Biological Engineering
Institute Co., Ltd. The specific experimental operations were
followed by the instruction attached to the kit.

2.8. RNA Extraction, cDNA Synthesis, and Real-Time
Quantitative PCR (RT-qPCR). Samples of experimental fish
liver were cut and added Trizol Reagent (Takara) in order to
extract total RNA. Then, RNA was reversed transcribe into
cDNA using Prime Script-RT reagent Kit (Takara, Japan).
The amplification system and program of RT-qPCR were set
up referring to the published study in our lab [25]. The primer
sequences (Table 2) of il-1β, il-6, il-8, il-10, tnf-α, inf-γ, tor, s6,
4e-bp1, and β-actin for RT-qPCR were designed by Primer Pre-

mier 5.0 software. The amplification efficiency and product
specificity were verified followed by the operation of Li et al.
[21]. The relative expression of genes was calculated by the 2-
ΔΔCt method.

2.9. Calculations and Statistical Analysis. The following are
the calculations and statistical analysis:

Survival rate ðSR,%Þ = the initial amount of
experimental fish/ the final amount of survival fish × 100.

Weight gain rate ðWGR,%Þ = ðfinial wet weight of fish –
initial wet weight of fishÞ /initial wet weight of fish × 100.

Specific growth rate ðSGR,%da y−1Þ = ½Ln ðfinial wet
weight of fishÞ − Ln ðinitial wet weight of fishÞ � × 100/trial
days.

Viscerosomatic index ðVSI,%Þ =Wv/finial wet weight
of fish × 100.

Hepatosomatic index ðHSI,%Þ = Wl/finial wet weight
of fish × 100.

In the above, Wv andWl were visceral weight and liver
weight (g/wet weight) of fish, respectively.

SPSS 25.0 software (IBM, USA) was used to analyze all
experimental data. The method of one-way analysis of vari-
ance (ANOVA) was used to analysis all data, and then,

Table 1: Formulation and approximate composition of the experimental diets.

Diets (g/kg dry matter)
Ingredients FM DCP20 DCP40 DCP60 DCP80

White fish meal1 384.00 307.00 230.00 153.00 77.00

Degossypolized cottonseed protein2 0.00 89.00 175.00 261.00 349.00

Krill meal1 35.00 35.00 35.00 35.00 35.00

Casein 101.00 101.00 101.00 101.00 101.00

Bread flour1 256.00 256.00 256.00 256.00 256.00

Soy lecithin 20.00 20.00 20.00 20.00 20.00

Fish oil 51.00 58.00 66.00 73.00 80.00

Choline chloride 2.00 2.00 2.00 2.00 2.00

α-Starch 111.00 92.00 75.00 59.00 40.00

Vitamin C 1.00 1.00 1.00 1.00 1.00

Vitamin premix1 2.00 2.00 2.00 2.00 2.00

Mineral premix1 10.00 10.00 10.00 10.00 10.00

Ca(H2PO4)2 20.00 20.00 20.00 20.00 20.00

Attractant1 5.00 5.00 5.00 5.00 5.00

Mould inhibitor3 1.00 1.00 1.00 1.00 1.00

Ethoxyquinoline 1.00 1.00 1.00 1.00 1.00

Total 1000.00 1000.00 1000.00 1000.00 1000.00

Proximate analysis (g/kg dry matter)

Crude protein 418.20 418.90 418.80 418.60 419.70

Crude lipid 120.30 120.10 120.80 120.60 120.40

Crude ash 131.63 130.50 132.75 135.63 131.42

Carbohydrate 165.69 165.69 165.69 165.69 165.69

Gross energy4 (kJ/g) 17.49 17.49 17.52 17.52 17.52
1The crude protein and crude lipid content and detailed compositions of ingredients were presented in the previous study of He et al. [45]. 2Degossypolized
cottonseed protein (649.00 g/kg crude protein, 5.00 g/kg crude lipid, 0.06 g/kg free gossypol, 25.40 g/kg valine, 7.40 g/kg methionine, 18.30 g/kg isoleucine,
34.30 g/kg leucine, 18.70 g/kg threonine, 33.10 g/kg phenylalanine, 16.80 g/kg histidine, 24.70 g/kg lysine, and 72.2 g/kg arginine). The degossypolized
cottonseed protein was obtained from Da Bei Nong Bio-Tech Co., Ltd., China. 3The mould inhibitor is calcium propionate. 4The value of gross energy
was calculated based on the contents of crude protein, crude lipid, and carbohydrate in diets.
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Tukey’s test was used to determine the differences of all data
between dietary treatments. All data of the present experi-
mental results were presented as themeans ± SEM (standard
error of the mean). P < 0:05 was considered significant.

3. Results

3.1. Survival Rate, Growth Performance, and Body Indexes.
As dietary DCP replacement levels increased from 0 to 20%,
the specific growth rate (SGR) significantly elevated and then
significantly decreased from 1.85 to 1.27% d-1 with increasing
dietary DCP levels (Figure 1(e)). Consistent with the results of
SGR, the weight gain rate (WGR) reached the highest level in
the DCP20 group and then degraded with increasing dietary
CDP replacement levels (P<0.05) (Figure 1(d)). Based on the
broken line regressionmodel ofWGR and dietary DCP replace-
ment levels, it was indicated that the optimal replacement level
was 8.12% (Figure 2), while the analysis of the above model
between SGR and dietary DCP replacement levels showed that
the optimal replacement level was 9.37% (Figure 3). However,
dietary DCP replacement levels did not significantly impact
the survival rate (SR) (P > 0:05) (Figure 1(a)). In terms of body
indexes, a decreasing trend was observed in HSI (from 2.49 to
2.41%) and then significantly degraded with increasing dietary
DCP levels (P < 0:05) (Figure 1(g)). Nevertheless, dietary DCP
replacement levels did not significantly impact VSI in the pres-
ent study (P > 0:05) (Figure 1(f)).

3.2. Body Composition. As dietary DCP replacement levels
increased, the whole fish body content of moisture, crude
protein, and crude lipid was not significantly affected
(P > 0:05) (Table 3).

3.3. Serum Biochemical Indexes. Dietary DCP replacement
levels did not significantly impact the contents of serum tri-
glyceride (TG) and total cholesterol (TC) contents in the
present study (P > 0:05). As dietary DCP replacement levels
increased from 20% to 60%, the activity of serum alanine
transaminase (ALT) in fish was significantly elevated com-
pared with the control group (P < 0:05). Simultaneously,
the activity of aspartate transaminase (AST) in the DCP20

group was significantly elevated compared with that in the
control group (P < 0:05). Moreover, as dietary DCP replace-
ment levels increased, the activity of serum alkaline phos-
phatase (ALP) in fish appeared to have no significant
difference (P > 0:05) (Table 4).

3.4. Hepatic Antioxidant Capacity. As dietary DCP replace-
ment levels elevated, hepatic antioxidant capacity of fish
was degraded. The activity of superoxide dismutase (SOD)
in the DCP20 group was significantly elevated compared
with that in the control group and then significantly
degraded as increasing dietary DCP replacement levels
(P < 0:05) (Figure 4(b)). Meanwhile, the concentration of
malondialdehyde (MDA) in the DCP20, DCP40, and
DCP80 groups was significantly lower than that in the con-
trol group (P < 0:05) (Figure 4(d)). However, total antioxi-
dant capacity (T-AOC) and activity of catalase (CAT) were
not significantly affected by dietary DCP replacement levels
(P > 0:05) (Figures 4(a) and 4(c)).

3.5. Intestinal Digestive Enzyme Activities. In the present
study, a decreasing trend was observed in the activity of
intestinal lipase (LPS) in fish fed diets with from 20% to
80% DCP, but dietary DCP replacement levels did not sig-
nificantly impact the trend of change (P > 0:05)
(Figure 5(a)). Meanwhile, as dietary DCP levels increased,
the activity of intestinal trypsin in the DCP20 group was sig-
nificantly elevated compared with the control group
(P < 0:05) (Figure 5(c)). However, dietary DCP replacement
levels did not significantly affect the activity of amylase
(AMS) compared with the control group (P > 0:05)
(Figure 5(b)).

3.6. Relative Gene Expression Related to Inflammation in the
Liver. The transcription of proinflammatory cytokines was
significantly increased in the DCP20 (il-6 and ifn-γ) and
DCP40 (il-6 and tnf-α) groups compared with the control
group (P < 0:05), but the transcription of il-6, ifn-γ, and
tnf-α in the DCP60 and DCP80 groups was not significantly
impacted compared with the control group (P > 0:05).
Meanwhile, compared with the control group, the

Table 2: Primer sequences used for RT-qPCR in the present study1.

Target genes Forward primers (5′-3′) Reverse primers (5′-3′) Reference

il-1β CATAGGGATGGGGACAACGA AGGGGACGGACACAAGGGTA [21]

il-6 CGACACACCCACTATTTACAAC TCCCATTTTCTGAACTGCCTCT [21]

il-8 AATCTTCGTCGCCTCCATTGT GAGGGATGATCTCCACCTTCG [21]

il-10 AGTCGGTTACTTTCTGTGGTG TGTATGACGCAATATGGTCTG [21]

tnf-α ACACCTCTCAGCCACAGGAT CCGTGTCCCACTCCATAGTT [21]

ifn-γ TCAGACCTCCGCACCATCA GCAACCATTGTAACGCCACTTA [21]

tor GCTGCAGTGTTGGTGTTGAG GGACCCTGTCGTCTCGATTC XM_027288345.1

s6 AGAAGCGTATGGCCACTGAG CAGGAGTGTCCCTTGCTGAG XM_019267468.2

4e-bp1 TGACCATCAACGACTCGGC CCTGGAATGTTGGGCAGACC XM_010732553.3

β-Actin GACCTGACAGACTACCTCATG AGTTGAAGGTGGTCTCGTGGA [21]
1il-1β: interleukin-1β; il-6: interleukin-6; il-8: interleukin-8; il-10: interleukin-10; tnf-α: tumor necrosis factor-α; ifn-γ: interferon-γ; tor: target of rapamycin; s6:
ribosomal protein S6; 4e-bp1: eukaryotic initiation factor 4E binding protein 1.
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Figure 1: Effect of degossypolized cottonseed protein on survival rate, growth performance, and body indexes of juvenile fed the trial diets
(means ± SEM, n = 3). No repetition of letters in the equal index means significant differences (P < 0:05).
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transcription of anti-inflammatory (il-10) in the DCP20
group was observed a degraded trend (P > 0:05) (Figure 6).

3.7. Relative Gene Expression Related to Protein Metabolism
in the Liver. The transcription of tor was significantly ele-
vated in the DCP40 group (P < 0:05), while the transcription
of tor in the DCP20, DCP60, and DCP80 groups was not sig-
nificantly impacted compared with the control group
(P > 0:05) (Figure 7(a)). Meanwhile, the transcription of s6
was significantly increased in the DCP60 group (P < 0:05)
(Figure 7(b)). Moreover, as dietary DCP levels increased,

the transcription of 4e-bp1 was significantly lower than that
in the control group (P < 0:05) (Figure 7(c)).

4. Discussion

Growth performance is one of the crucial indicators to assess
effects of FM protein replaced with plant protein. The pres-
ent results revealed that growth performance of large yellow
croaker was significantly affected by dietary DCP levels.
WGR and SGR displayed a significant higher value in the
DCP20 group (263.91% and 1.85% d-1) than the control
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Figure 2: The broken line model for the relationship between WGR and dietary DCP replacement levels of juvenile large yellow croaker fed
the trial diets.
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Figure 3: The broken line model for the relationship between SGR and dietary DCP replacement levels of juvenile large yellow croaker fed
the trial diets.

Table 3: Effect of degossypolized cottonseed protein on body composition of whole body in juvenile fed the trial diets (g/kg dry matter,
means ± SEM, n = 3)1.

Diets
Indexes FM DCP20 DCP40 DCP60 DCP80

Moisture (g/kg) 792:00 ± 11:78 814:23 ± 11:99 803:73 ± 19:02 821:17 ± 19:45 810:83 ± 1:53
Crude protein (g/kg) 596:48 ± 7:32 528:37 ± 6:46 584:26 ± 5:61 497:40 ± 9:47 604:60 ± 5:74
Crude lipid (g/kg) 245:35 ± 8:54 245:05 ± 3:11 265:16 ± 10:37 217:40 ± 5:46 228:32 ± 1:68
1No repetition of letters in the equal index means significant differences (P < 0:05).
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group (194.79% and 1.54% d-1). Meanwhile, WGR and SGR
in the DCP40 and DCP60 group were not significantly
affected by dietary DCP replacement levels. However, with
increasing dietary DCP levels, growth performance was sig-
nificantly impaired. Dietary DCP replacement levels did not
significantly affect SR in the current study. In the present
study, according to the broken line regression model analysis
of WGR and SGR against dietary DCP replacement levels,
the optimal replacement level was recommended to be
8.12% and 9.37% for large yellow croaker, respectively.
Results about growth performance also revealed that dietary
FM protein could be replaced with less than 60% DCP with-
out significantly inhibiting growth performance under
experimental diets and conditions of the present study,

which may be due to the fact that as dietary DCP replace-
ment levels increased, the amount of free gossypol in diets
was also increased, thus causing damage to the growth per-
formance of fish. These results were similar with relevant
research conclusions. Xie et al. [10] found that replacement
of FM protein with less than 40% low-gossypol cottonseed
protein concentrate could not affect growth performance
and SR of swimming crab compared with the FM control
group. Zhao et al. [8] indicated that growth performance
and SR of rainbow trout were not significantly impacted by
the level of 50% concentrated dephenolization cottonseed
protein replacing FM protein. However, other studies
revealed that growth performance and SR in southern floun-
der (Paralichthys lethostigma) were not significantly

Table 4: Effect of degossypolized cottonseed protein on serum biochemical indexes of juvenile fed the trial diets (means ± SEM, n = 3)1.

Diets
Indexes FM DCP20 DCP40 DCP60 DCP80

TG (mmol/L) 1:61 ± 0:59 2:77 ± 1:03 1:93 ± 0:27 3:19 ± 0:29 1:16 ± 0:39
TC (mmol/L) 1:68 ± 0:28 2:55 ± 0:29 1:77 ± 0:18 2:39 ± 0:17 2:00 ± 0:14
ALT (U/L) 16:82 ± 1:61b 35:80 ± 4:17a 29:49 ± 3:42a 28:35 ± 1:06a 25:92 ± 1:47ab
AST (U/L) 19:98 ± 7:39b 79:27 ± 10:70a 49:98 ± 15:14ab 31:80 ± 4:84b 34:94 ± 3:47b
ALP (U/L) 46:47 ± 3:56 42:30 ± 5:63 31:89 ± 10:16 35:74 ± 4:52 39:41 ± 5:26
TG: triglyceride; TC: total cholesterol; ALT: alanine transaminase; AST: aspartate transaminase; ALP: alkaline phosphatase. 1No repetition of letters in the
equal index means significant differences (P < 0:05).
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Figure 4: Effect of degossypolized cottonseed protein on hepatic antioxidant capacity of juvenile fed the trial diets (means ± SEM, n = 3). T-
AOC: total antioxidant capacity; SOD: superoxide dismutase; CAT: catalase; MDA: malondialdehyde. No repetition of letters in the equal
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impaired when fish fed the diet with 100% low-gossypol cot-
tonseed meal compared with the control diet [6]. Compara-
ble results were investigated in black sea bass (Centropristis
striata) [7]. These differences in replacement of FM protein
with DCP may be due to differences in protein metabolism
among aquatic animals fed diets with DCP.

The physical status of aquatic animals related to
response to stress, water pollution, and nutritional condition
can be evaluated by the analysis of blood parameters [26].

The evaluation of blood biochemistry may also be helpful
to the diagnosis of diseases [27]. The current study displayed
that as dietary DCP replacement levels increased, the con-
tent of TG and TC in fish was not significantly impacted.
The trial in rainbow trout was found to have similar results
[8]. Fynn-Aikins et al. [28] had well reported that ALT and
AST are the most crucial aminotransferases in serum; high
activities of ALT and AST indicate hepatic dysfunctions
caused by oxidative stress [29]. Results of the present study
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Figure 5: Effect of degossypolized cottonseed protein on intestinal digestive enzyme activities of juvenile fed the trial diets
(means ± SEM, n = 3). LPS: lipase; AMS: amylase. No repetition of letters in the equal index means significant differences (P < 0:05).
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displayed that the activities of ALT and AST were significant
elevated in the DCP20 group compared with the control
group and then decreased with the increasing substitution
levels of DCP, which is parallel to results of previous study.
Yuan et al. [30] indicated that hepatic ALT and AST con-
tents in blunt snout bream significantly increased with 3%
dietary cottonseed meal protein hydrolysate (CPH) com-
pared with the FM control group and then significantly
decreased as further increasing dietary CPH levels. The ele-
vation of hepatic ALT and AST will promote its transport
to the blood.

The increased activities of serum ALT and AST are in
accord with the impairment of capacity of hepatic antioxi-
dant. The redox imbalance in body is partly attributed to
the excessive generation of reactive oxygen species (ROS),
which make metabolism and genetic materials injure [31].
Therefore, SOD and CAT, which are regarded as antioxidant
enzymes in fish, are used to scavenge the excessive-
production of ROS [32]. Dietary DCP replacement levels
significantly elevated the activity of SOD in the DCP20
group compared with the control group. To further investi-
gate the profitable effect on antioxidant capacity of FM pro-
tein replaced with DCP, the content of MDA was tested. The
peroxidation of lipid will produce MDA, which is also a ter-
rific indicator of oxidative stress in fish [33]. Results

displayed that the content of MDA was significantly
degraded in the DCP20, DCP40, and DCP80 groups com-
pared with the control group, which is parallel to the result
of SOD. Parallel results have been proposed in rainbow
trout, which found that dietary FM protein replaced with
over 40% concentrated dephenolization cottonseed protein
(CDCP) could significantly decrease the content of
MDA [8].

The intestine is greatly affected the digestion and absorp-
tion of nutrient, and its digestive enzyme activities play an
essential role in feed utilization and hence in fish growth
[34]. The ability of fish to digest protein in diets is well
reflected by the activities of protease in digestive tract [35].
Fish fed diets with from 20% to 80% DCP significantly ele-
vated the activity of trypsin compared with the control
group, which revealed that replacement of FM protein with
DCP could increase the activity of intestinal trypsin and fur-
ther promote the absorption and utilization of protein.
Trypsin is a selective amino hydrolase, the elevated activity
of intestinal trypsin with DCP could be partly attributed to
the change of amino acid compositions in diets. The specific
mechanism needed to be further explored.

Immunity has a vital impact on resisting external patho-
gens and maintaining internal homeostasis of animal body,
which is made up of nonspecific and specific immunity
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Figure 7: Relative expression of genes related to the TOR pathway of juvenile fed the trial diets (means ± SEM, n = 3). tor: target of
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[36]. Nonspecific immunity is regarded more essential than
specific immune in fish due to the imperfect immune
response mechanism [37]. Results of the current study dis-
played that the transcription of proinflammatory cytokine
genes (il-6, tnf-α, and ifn-γ) was significantly upregulated
in fish fed diets with 20% and 40% DCP. Parallel results were
stated in previous research that DCP replacement could
induce humoral immune response in fish [38]. These results
suggested that the proper substitution level of DCP could
activate immune response in large yellow croaker.

It is demonstrated that the TOR pathway makes full use
of promoting protein synthesis and regulating growth
responding to nutrient availability in eukaryotic organisms
[39]. Meanwhile, consumed nutrients such as amino acids
also affect regulation of TOR activity in mammals [40].
The promotion of growth performance was contributed to
activation of the TOR pathway, which had been observed
in some trials of fishmeal protein replaced with cottonseed
meal protein at appropriate level [10, 30, 38]. In mammals,
ribosomal S6 protein kinase (S6K) and eukaryotic transla-
tion initiation factor 4E binding protein (4E-BP1) are widely
focused and studied as two the most important TOR sub-
strates [11]. When S6K is phosphorylated, the activity of
protein is activated. On the contrary, when 4E-BP1 is phos-
phorylated, the activity of protein is inactivated. The activa-
tion of TOR will phosphorylate S6K and 4E-BP1 so that
translation could be activated [41, 42]. Some studies on fish
had reported the similar pattern such as largemouth bass
(Micropterus salmoides) [43] and jian carp [44]. In the cur-
rent study, the TOR pathway was activated by replacement
of FM protein with DCP, and the expression of tor was sig-
nificantly elevated. Identically, dietary replacement of FM
protein with DCP significantly elevated the transcription of
s6, which is the substrate of S6K, but significantly decreased
the transcription of 4e-bp1. These results indicated that die-
tary FM protein replaced with DCP could activate the tran-
scription of the TOR pathway-related genes. Meanwhile, the
improved growth performance in the DCP20 group could be
partly attributed to activation of the TOR pathway.

5. Conclusion

In brief, the current study first assesses the effects of replace-
ment of FM protein with DCP in large yellow croaker. Based
on the broken line regression model analysis of WGR and
SGR against dietary DCP replacement levels, the optimal
replacement level was recommended to be 8.12% and
9.37% for large yellow croaker, respectively. Results indi-
cated that large yellow croaker fed diets with 20% DCP could
improve digestive enzyme activities and antioxidant capacity
and further activate immune response and the TOR path-
way, thus enhancing growth performance of large yellow
croaker.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This work was supported by the Earmarked Fund (Grant
No. CARS-47) and the Leading Talent of Technological
Innovation of Ten-Thousand Talents Program (Grand No.
2018-29).

References

[1] J. H. Cho and I. H. Kim, “Fish meal - nutritive value,” Journal
of Animal Physiology and Animal Nutrition, vol. 95, no. 6,
pp. 685–692, 2011.

[2] R. Luthada-Raswiswi, S. Mukaratirwa, and G. O’Brien, “Ani-
mal protein sources as a substitute for fishmeal in aquaculture
diets: a systematic review and meta-analysis,” Applied Sci-
ences., vol. 11, no. 9, p. 3854, 2021.

[3] K. E. Zinn, D. C. Hernot, N. D. Fastinger et al., “Fish protein
substrates can substitute effectively for poultry by-product
meal when incorporated in high-quality senior dog diets,”
Journal of Animal Physiology and Animal Nutrition, vol. 93,
no. 4, pp. 447–455, 2009.

[4] G. Francis, H. P. S. Makkar, and K. Becker, “Antinutritional
factors present in plant-derived alternate fish feed ingredients
and their effects in fish,” Aquaculture, vol. 199, no. 3-4,
pp. 197–227, 2001.

[5] D. M. Gatlin, F. T. Barrows, P. Brown et al., “Expanding the
utilization of sustainable plant products in aquafeeds: a
review,” Aquaculture Research, vol. 38, no. 6, pp. 551–579,
2007.

[6] M. S. Alam, W. O. Watanabe, P. M. Carroll et al., “Evaluation
of genetically-improved (glandless) and genetically-modified
low- gossypol cottonseed meal as alternative protein sources
in the diet of juvenile southern flounder Paralichthys lethos-
tigma reared in a recirculating aquaculture system,” Aquacul-
ture, vol. 489, pp. 36–45, 2018.

[7] A. D. Anderson, M. S. Alam, W. O. Watanabe, P. M. Carroll,
T. C. Wedegaertner, and M. K. Dowd, “Full replacement of
menhaden fish meal protein by low-gossypol cottonseed flour
protein in the diet of juvenile black sea bass Centropristis stri-
ata,” Aquaculture, vol. 464, pp. 618–628, 2016.

[8] W. Zhao, Z. L. Liu, and J. Niu, “Growth performance, intesti-
nal histomorphology, body composition, hematological and
antioxidant parameters of Oncorhynchus mykiss were not det-
rimentally affected by replacement of fish meal with concen-
trated dephenolization cottonseed protein,” Aquaculture
Reports, vol. 19, p. 100557, 2021.

[9] H. M.Wang, X. Xu, Y. D. Zheng et al., “Effects of replacing fish
meal with cottonseed protein concentrate on the growth,
immune responses, digestive ability and intestinal microbial
flora in Litopenaeus vannamei,” Fish & Shellfish Immunology,
vol. 128, pp. 91–100, 2022.

[10] S. C. Xie, Q. C. Zhou, X. S. Zhang et al., “Effect of dietary
replacement of fish meal with low-gossypol cottonseed protein
concentrate on growth performance and expressions of genes
related to protein metabolism for swimming crab (Portunus
trituberculatus),” Aquaculture, vol. 549, article 737820, 2022.

[11] O. Lushchak, O. Strilbytska, V. Piskovatska, K. B. Storey,
A. Koliada, and A. Vaiserman, “The role of the TOR pathway

10 Aquaculture Nutrition



in mediating the link between nutrition and longevity,”Mech-
anisms of Ageing and Development, vol. 164, pp. 127–138,
2017.

[12] H. M. Habte-Tsion, “A review on fish immuno-nutritional
response to indispensable amino acids in relation to TOR,
NF-κB and Nrf2 signaling pathways: trends and prospects,”
Comparative Biochemistry and Physiology Part B: Biochemistry
and Molecular Biology, vol. 241, article 110389, 2020.

[13] K. P. Abasubong, W. B. Liu, Y. J. J. Adjoumani, S. L. Xia, C. Xu,
and X. F. Li, “Xylooligosaccharides benefits the growth, diges-
tive functions and TOR signaling in Megalobrama amblyce-
phala fed diets with fish meal replaced by rice protein
concentrate,” Aquaculture, vol. 500, pp. 417–428, 2019.

[14] S. P. Cao, P. Mo, Y. B. Xiao et al., “Dietary supplementation
with fermented plant meal enhances growth, antioxidant
capacity and expression of TOR signaling pathway genes in
gibel carp (Carassius auratus gibelio var. CAS V),” Aquacul-
ture Reports, vol. 19, article 100559, 2021.

[15] Z. Yu, L. Zhao, J. L. Zhao et al., “Dietary Taraxacum mongoli-
cum polysaccharide ameliorates the growth, immune
response, and antioxidant status in association with NF-κB,
Nrf2 and TOR in Jian carp (Cyprinus carpio var. Jian),” Aqua-
culture, vol. 547, article 737522, 2022.

[16] Z. N. Cai, W. J. Li, K. S. Mai, W. Xu, Y. B. Zhang, and Q. H. Ai,
“Effects of dietary size-fractionated fish hydrolysates on
growth, activities of digestive enzymes and aminotransferases
and expression of some protein metabolism related genes in
large yellow croaker (Larimichthys crocea) larvae,” Aquacul-
ture, vol. 440, pp. 40–47, 2015.

[17] W. J. Li, Q. H. Ai, K. S. Mai, W. Xu, Y. W. Luo, and Y. J. Zhang,
“Effects of dietary amino acid patterns on growth and protein
metabolism of large yellow croaker (Larimichthys crocea) lar-
vae,” Aquaculture, vol. 406-407, pp. 1–8, 2013.

[18] M. Irm, S. Taj, M. Jin, J. X. Luo, H. J. T. Andriamialinirina, and
Q. C. Zhou, “Effects of replacement of fish meal by poultry by-
product meal on growth performance and gene expression
involved in protein metabolism for juvenile black sea bream
(Acanthoparus schlegelii),” Aquaculture, vol. 528, 2020.

[19] M. J. Wu, S. D. Lu, X. Y. Wu et al., “Effects of dietary amino
acid patterns on growth, feed utilization and hepatic IGF-I,
TOR gene expression levels of hybrid grouper (Epinephelus
fuscoguttatus ♀ × Epinephelus lanceolatus♂) juveniles,” Aqua-
culture, vol. 468, pp. 508–514, 2017.

[20] W. X. Huang, C. W. Yao, Y. T. Liu et al., “Dietary allicin
improved the survival and growth of large yellow croaker (Lar-
imichthys crocea) larvae via promoting intestinal development,
alleviating inflammation and enhancing appetite,” Frontiers in
Physiology, vol. 11, article 587674, 2020.

[21] X. S. Li, Q. Chen, Q. C. Chen, K. S. Mai, and Q. H. Ai, “Effects
of dietary terrestrial oils supplemented with L-carnitine on
growth, antioxidant capacity, lipid metabolism and inflamma-
tion in large yellow croaker (Larimichthys crocea),” The British
Journal of Nutrition, vol. 125, no. 7, pp. 1–31, 2020.

[22] Ministry of Agriculture and Rural Affairs, China, China Fish-
ery Statistics Yearbook, China Agriculture Press, Beijing,
China, 2021.

[23] J. M. Li, W. X. Xu, W. C. Lai et al., “Effect of dietary methio-
nine on growth performance, lipid metabolism and antioxi-
dant capacity of large yellow croaker (Larimichthys crocea)
fed with high lipid diets,” Aquaculture, vol. 536, article
736388, 2021.

[24] AOAC, “Official Methods of Analysis of Official Analytical
Chemists International,” in 16th. Association of Official Ana-
lytical Chemists, Arlington, VA, 1995.

[25] J. L. Du, H. L. Xu, S. L. Li, Z. N. Cai, K. S. Mai, and Q. H. Ai,
“Effects of dietary chenodeoxycholic acid on growth perfor-
mance, body composition and related gene expression in large
yellow croaker (Larimichthys crocea) fed diets with high
replacement of fish oil with soybean oil,” Aquaculture,
vol. 479, pp. 584–590, 2017.

[26] E. Ahmdifar, R. Akrami, A. Ghelichi, and A. M. Zarejabad,
“Effects of different dietary prebiotic inulin levels on blood
serum enzymes, hematologic, and biochemical parameters of
great sturgeon (Huso huso) juveniles,” Comparative Clinical
Pathology, vol. 20, no. 5, pp. 447–451, 2011.

[27] F. Fazio, “Fish hematology analysis as an important tool of
aquaculture: a review,” Aquaculture, vol. 500, pp. 237–242,
2019.

[28] K. Fynn-Aikins, S. G. Hughes, and G. W. Vandenbergtg, “Pro-
tein retention and liver aminotransferase activities in Atlantic
salmon fed diets containing different energy sources,” Com-
parative Biochemistry and Physiology, vol. 111, no. 1,
pp. 163–170, 1995.

[29] M. R. Narra, “Haematological and immune upshots in Clarias
batrachus exposed to dimethoate and defying response of die-
tary ascorbic acid,” Chemosphere, vol. 168, pp. 988–995, 2017.

[30] X. Y. Yuan, M. Y. Liu, H. H. Cheng et al., “Replacing fish meal
with cottonseed meal protein hydrolysate affects amino acid
metabolism via AMPK/SIRT1 and TOR signaling pathway of
Megalobrama amblycephala,” Aquaculture, vol. 510, pp. 225–
233, 2019.

[31] E. Panieri and M. M. Santoro, “ROS homeostasis and metabo-
lism: a dangerous liason in cancer cells,” Cell Death & Disease,
vol. 7, no. 6, article e2253, 2016.

[32] J. H. Kim, S. K. Kim, and Y. B. Hur, “Toxic effects of
waterborne nitrite exposure on antioxidant responses, ace-
tylcholinesterase inhibition, and immune responses in olive
flounders, Paralichthys olivaceus, reared in bio-floc and
seawater,” Fish & shellfish immunology, vol. 97, pp. 581–
586, 2020.

[33] M. Yousefi, H. Ghafarifarsani, S. H. Hoseinifar, G. Rashidian,
and H. Van Doan, “Effects of dietary marjoram, Origanum
majorana extract on growth performance, hematological, anti-
oxidant, humoral and mucosal immune responses, and resis-
tance of common carp, Cyprinus carpio against Aeromonas
hydrophila,” Fish & Shellfish Immunology, vol. 108, pp. 127–
133, 2021.

[34] Z. P. Wen, X. Q. Zhou, L. Feng, J. Jiang, and Y. Liu, “Effect of
dietary pantothenic acid supplement on growth, body compo-
sition and intestinal enzyme activities of juvenile Jian carp
(Cyprinus carpio var. Jian),” Aquaculture nutrition, vol. 15,
no. 5, pp. 470–476, 2009.

[35] M. Grabner, “An in vitro method for measuring protein
digestibility of fish feed components,” Aquaculture, vol. 48,
no. 2, pp. 97–110, 1985.

[36] Y. B. Yu and J. C. Kang, “Effects of dietary ascorbic acid on
growth performance, hematological parameters, antioxidant
and non-specific immune responses in starry flounder, Pla-
tichthys stellatus,” Aquaculture Reports, vol. 18, article
100419, 2020.

[37] V. V. Trichet, “Nutrition and immunity: an update,” Aquacul-
ture Research, vol. 41, no. 3, pp. 356–372, 2010.

11Aquaculture Nutrition



[38] G. L. He, T. T. Zhang, X. M. Zhou et al., “Effects of cottonseed
protein concentrate on growth performance, hepatic function
and intestinal health in juvenile largemouth bass, Micropterus
salmoides,” Aquaculture Reports, vol. 23, article 101052, 2022.

[39] S. Wullschleger, R. Loewith, andM. N. Hall, “TOR signaling in
growth and metabolism,” Cell, vol. 124, no. 3, pp. 471–484,
2006.

[40] D. C. Goberdhan, M. H. Ogmundsdottir, S. Kazi et al., “Amino
acid sensing and mTOR regulation: inside or out?,” Biochemi-
cal Society Transactions, vol. 37, no. 1, pp. 248–252, 2009.

[41] S. C. Johnson, M. Sangesland, M. Kaeberlein, and P. S. Rabino-
vitch, “Modulating mTOR in aging and health,” Aging and
Health-A Systems Biology Perspective, vol. 40, pp. 107–127,
2015.

[42] X. M. Ma and J. Blenis, “Molecular mechanisms of mTOR-
mediated translational control,” Nature reviews Molecular cell
biology, vol. 10, no. 5, pp. 307–318, 2009.

[43] S. L. Li, M. Dai, H. J. Qiu, and N. S. Chen, “Effects of fishmeal
replacement with composite mixture of shrimp hydrolysate
and plant proteins on growth performance, feed utilization,
and target of rapamycin pathway in largemouth bass, Micro-
pterus salmoides,” Aquaculture, vol. 533, article 736185, 2021.

[44] M. Y. Li, H. L. Liang, J. Xie et al., “Diet supplemented with a
novel Clostridium autoethanogenum protein have a positive
effect on the growth performance, antioxidant status and
immunity in juvenile Jian carp (Cyprinus carpio var. Jian),”
Aquaculture Reports, vol. 19, article 100572, 2021.

[45] Y. L. He, Y. H. Tang, N. Xu et al., “Effects of supplemental phy-
tosterol on growth performance, body composition, serum
biochemical indexes and lipid metabolism of juvenile large yel-
low croaker (Larimichthys crocea) fed with high lipid diet,”
Aquaculture, vol. 551, article 737889, 2022.

12 Aquaculture Nutrition


	Replacement of Dietary Fishmeal Protein with Degossypolized Cottonseed Protein on Growth Performance, Nonspecific Immune Response, Antioxidant Capacity, and Target of Rapamycin Pathway of Juvenile Large Yellow Croaker (Larimichthys crocea)
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Diets
	2.2. Experimental Procedures
	2.3. Sample Collection
	2.4. Body Composition Analysis
	2.5. Serum Biochemical Analysis
	2.6. Hepatic Antioxidant Capacity Analyses
	2.7. Intestinal Digestive Enzyme Activities
	2.8. RNA Extraction, cDNA Synthesis, and Real-Time Quantitative PCR (RT-qPCR)
	2.9. Calculations and Statistical Analysis

	3. Results
	3.1. Survival Rate, Growth Performance, and Body Indexes
	3.2. Body Composition
	3.3. Serum Biochemical Indexes
	3.4. Hepatic Antioxidant Capacity
	3.5. Intestinal Digestive Enzyme Activities
	3.6. Relative Gene Expression Related to Inflammation in the Liver
	3.7. Relative Gene Expression Related to Protein Metabolism in the Liver

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

