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An 8-week feeding trial was carried out to assess the effect of dietary krill meal on growth performance and expression of genes
related to TOR pathway and antioxidation of swimming crab (Portunus trituberculatus). Four experimental diets (45% crude
protein and 9% crude lipid) were formulated to obtain different replacements of fish meal (FM) with krill meal (KM); FM was
replaced with KM at 0% (KM0), 10% (KM10), 20% (KM20), and 30% (KM30); fluorine concentration in diets were analyzed
to be 27.16, 94.06, 153.81, and 265.30mg kg-1, respectively. Each diet was randomly divided into 3 replicates; ten swimming
crabs were stocked in each replicate (initial weight, 5:62 ± 0:19 g). The results indicated that crabs fed with the KM10 diet had
the highest final weight, percent weight gain (PWG), and specific growth rate (SGR) among all treatments (P < 0:05). Crabs fed
with the KM0 diet had the lowest activities of total antioxidant capacity (T-AOC), total superoxide dismutase (SOD),
glutathione (GSH), and hydroxyl radical scavenging activity and had the highest concentration of malondialdehyde (MDA) in
the hemolymph and the hepatopancreas (P < 0:05). In the hepatopancreas, the highest content of 20:5n-3 (EPA) and the
lowest content of 22:6n-3 (DHA) were shown in crabs fed with the KM30 diet among all treatments (P < 0:05). With the
substitution level of FM with KM gradually increasing from 0% to 30%, the color of the hepatopancreas changed from pale
white to red. Expression of tor, akt, s6k1, and s6 in the hepatopancreas was significantly upregulated, while 4e-bp1, eif4e1a,
eif4e2, and eif4e3 were downregulated with dietary replacement of FM with KM increasing from 0% to 30% (P < 0:05). Crabs
fed with the KM20 diet had notably higher expression of cat, gpx, cMnsod, and prx than those fed with the KM0 diet (P < 0:05
). Results demonstrated that 10% replacement of FM with KM can promote growth performance and antioxidant capacity and
notably upregulate the mRNA levels of genes related to TOR pathway and antioxidant of swimming crab.

1. Introduction

Fish meal (FM) has been regarded as the main and important
protein ingredient in aquafeeds due to its high protein, bal-
anced essential amino acid profile, low carbohydrate, good
palatability, less antinutritional factors, and easily digestible
and absorbable by aquatic animals [1–3]. Nevertheless, with
the overfishing of marine fishery resources, the abnormal
weather caused by El Nino, and the rapid development of
aquaculture in developing countries, especially in China and
other Southeast Asian countries, the world’s FM demand
exceeds supply and the price skyrocketed [1]. According to
statistics, an increasing proportion of food fish is now pro-
vided by aquaculture, and the production is growing at an

average rate of 9% per year [4, 5]. At the same time, aquafeeds
for FM demand is high, whose market accounted for about
60% of total FM [3]. Therefore, many studies focused on the
exploitation of alternative protein sources of FM, such as plant
protein sources and byproducts of terrestrial animal and
marine fish [1].Whereas, although protein sources and species
have a great variety, the utilization of plant protein is restricted
by the imbalance of amino acids, the existence of antinutri-
tional factors, and poor palatability, especially for marine fish
and crustaceans [1, 3, 6, 7]. Moreover, the byproducts of ter-
restrial animal and marine fish are more than the consump-
tion of human beings, and they cannot become the primary
protein source of aquafeeds due to the small number of
resources and easy metamorphism [2]. Therefore, exploiting
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new protein sources with large resources is an urgent task for
aquaculture industry.

Antarctic krill (Euphausia superba) is an important species
of fisheries in the world, whose biomass is estimated to be
between 342 and 356 million tons [3, 8]. Antarctic krill is
regarded as an excellent protein source and a suitable replace-
ment for FM due to its balanced amino acids and fatty acids
[9]. Generally, the crude protein content of Antarctic KM
ranges from 490 to 720g kg-1, and the crude lipid content is
120-170g kg-1 [10, 11]. Moreover, docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) are rich in KM,
and 30% to 65% of the total fatty acids were presented as the
form of phosphoglyceride (PG), and the phospholipid form
of n-3 fatty acids has been demonstrated to be more efficiently
absorbed by aquatic animals [12, 13], whereas the conven-
tional composition of Antarctic KM is also affected by differ-
ent growth stages and processing methods [14]. Moreover,
Antarctic KM is rich in carotenoids, especially astaxanthin
(AX). AX is a natural antioxidant that has significant effect
on scavenging free radicals, and its antioxidant power is over
500 times of vitamin E [15, 16]. Previous studies have evalu-
ated the feasibility of dietary replacement of KM in fish and
crustacean; the results indicated that dietary KM could pro-
mote growth performance and feed intake, improve the
meat quality, and enhance immunity [3, 11, 17–19]. Never-
theless, some studies have also reported that high content
of fluorine in KM might be a major influence factor to
limit its utilization [10, 20]. Fluorine has mainly existed in
the exoskeleton of krill. Therefore, removing the exoskele-
tons can be an effective way to reduce the fluorine level
because fluorine could migrate from the exoskeleton into
the muscle after the krill dies [21, 22].

Swimming crab (Portunus trituberculatus) is a familiar
marine crustacean in China. Recently, it has become the
most popular seafood due to its rich nutrition, delicious
meat, and special taste [23]. By 2020, the total aquaculture
production of swimming crab in China has reached
113,810 tons [24]. Several studies have evaluated the applica-
tion of protein sources in swimming crab, such as soy pro-
tein concentrate and low-gossypol cottonseed protein
concentrate [25, 26]. To our knowledge, there is no informa-
tion on the use of KM as a substitute for FM in swimming
crab. Hence, the present study purposed to evaluate the
effects of dietary substitution of FM with KM on growth per-
formance, body composition, hematological characteristics,
amino acid composition, fatty acid profile, antioxidant
capacity, and expression of genes related to TOR pathway.

2. Materials and Methods

2.1. Ethics Statement. The animal welfare and housing provi-
sions of this study were in the Guide for the Use of Labora-
tory Animals of Ningbo University, and the experiment was
approved by the Animal Research and Ethics Committee of
Ningbo University [26].

2.2. Diet Preparation. The formulation and proximate com-
positions of the experimental diets are shown in Table 1.
Four isonitrogenous (about 45.0% crude protein) and isoli-

pidic diets (about 9.0% crude lipid) were formulated to sat-
isfy the protein and lipid requirements for juvenile
swimming crab [27]. The dietary FM was substituted by
KM at 0% (KM0), 10% (KM10), 20% (KM20), and 30%
(KM30), respectively. Each diet was supplemented with
lysine and methionine for consistency. Tables 2 and 3 show
the dietary amino acid profiles and fatty acid compositions
in the present study. The process of feed production was
referred to the previous study [27].

2.3. Feeding Trial and Rearing Conditions. Juvenile swim-
ming crabs were all taken from fishery breeding bases
(Ningbo, China). Domestication and grouping of swimming
crabs could be referred to the previous study [26]. 120 swim-
ming crabs with an initial weight of 5:62 ± 0:19 g were ran-
domly selected and distributed into independent plastic
baskets (35 cm × 30 cm × 35 cm) and were distributed into
three cement pools (8:3m × 3:5m × 1:5m). The internal dis-
tribution of the plastic basket is as follows: the inside of the
basket is separated by a partition to provide a resting and
feeding area for the experimental crabs, and a moderate
amount of sand is added to the resting area. In addition,
each plastic basket is embedded with a foam block of the
right size, allowing it to float and facilitate feeding and
observation during the experiment [28]. The feeding work
was precisely arranged at 8 : 00 and 18 : 00 everyday. The
number of crab’s carapaces and remaining feed was recorded
and removed before feeding. Approximately 20% of the sea-
water in the cement pool was replaced every day to control
the seawater parameters as follows: water temperature: 28.9
to 31.0°C; salinity: 24.8 to 25.4 g L-1; pH: 7.7 to 8.0; ammonia
nitrogen: under 0.05mg L-1; and dissolved oxygen: not less
than 6.0mg L-1.

2.4. Sample Collection. After the 8-week feeding trial ended,
the crabs were counted and weighed in each replicate. The
hemolymph was extracted from the pericardial cavity of
the swimming crab by using a 2ml syringe. In addition,
the same number of samples was ensured for each repetition
and then loaded the hemolymph into the same centrifuge
tube to ensure the consistency of the sampling. The hemo-
lymph was allowed to stand at 4°C overnight to remove the
gelatinous material, and the remaining supernatant was
stored at -80°C for analysis. The hepatopancreas and the
muscles were sampled quickly and frozen in liquid nitrogen
for analysis. In addition, the hepatopancreas samples for
enzyme activity analysis and gene expression were immedi-
ately added into 2ml centrifuge tubes and 1.5ml centrifuge
tubes with RNA stabilization solution (Beijing Solarbio Sci-
ence & Technology Co., Ltd.). Except for the sample con-
taining RNA protection solution should be stored at -80°C
after standing at 4°C overnight, the rest of the samples were
immediately stored at -80°C after sample collection.

2.5. Proximate Composition Analysis. Proximate composi-
tion of diets and tissues was drawn on the method of the
AOAC (Association of Official Analytical Chemists) [29].
Moisture was determined by continuous drying at 105°C to
constant weight. The crude protein content was measured
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by the method of Dumas combustion, and the content of
crude lipid was analyzed by the ether extraction method.

2.6. Antioxidant Capacity Assays. After the hepatopancreas
samples were thawed, samples were mixed with ice-cold
saline in a ratio of 1 : 9. Subsequently, the mixture was
crushed and centrifuged at 8000 rpm for 10min at 4°C
(Eppendorf centrifuge 5810R, Germany). After centrifuga-
tion, the supernatant in the tube was taken and aliquoted
into 200μl centrifuge tubes and finally stored at -80°C for
analysis. Parameters of antioxidant capacity included the
activities of total antioxidant capacity (T-AOC), total super-
oxide dismutase (T-SOD), glutathione (GSH), and the con-
centration of malondialdehyde (MDA) as well as
enzymatic activities of hydroxyl radical scavenging activity.
The parameters above were totally analyzed by assay kits
(Nanjing Jiancheng Bioengineering Institute, China).

2.7. Analysis of Amino Acid Composition. About 0.1 g muscle
samples were weighed into a glass tube then add 5ml of
6N HCL, blow out excess air with nitrogen, seal the bottle,
and put it in a sand bath of 110°C for 24h. Pour out the
liquid in the bottle and filter the impurities and then
maintain a constant volume to a 50ml volumetric flask,
take 1ml and dry it with nitrogen, and add 0.05N HCL
to dissolve it. And the residue was filtered with a 0.2μm
nylon membrane. After the preprocessing, the values were
analyzed through L-8900 amino acid analyzer (Hitachi,

Japan), and the detailed procedure was referred to the pre-
vious study [30].

2.8. Analysis of Fatty Acid Profile. The specific method for
the determination of fatty acid composition in the hepato-
pancreas and diets was referred to previous studies [28,
31]. 1ml methyl tricosanoate (1mg ml-1) was added to a
glass tube with a screwcap and blown dry with nitrogen.
Next, about 100mg of the sample was weighed per tube
and 3ml BHT (0.25mg ml-1, 0.025 g BHT, 1ml H2SO4,
and 99ml CH3OH) solution was added to the glass tube.
The glass tubes were then placed in an 80°C water bath for
3 hours and shaken every 20 minutes. After cooling the glass
tube, add 1ml n-hexane and 1ml ultrapure water and shake
for 1 minute. After stratification, the upper transparent liq-
uid was extracted and concentrated with nitrogen and finally
stored in 0.5ml of n-hexane at -20°C until analysis. Results
of fatty acid were measured by a gas chromatograph mass
spectrometer (Agilent Technologies, CA, USA).

2.9. RT-PCR Analysis. Hepatopancreas samples stored at
-80°C were thawed and transferred to 1ml TRIzol reagent
(Invitrogen, USA) for RNA extraction, followed by agarose
gel electrophoresis and NanoDrop 2000 spectrophotometer
(NanoDrop Technologies, USA) to assess RNA quality and
quantity. According to the instructions of HiScript RT Super-
Mix Reagent Kit (Vazyme, China), synthesize cDNA for RT-
qPCR. The specific primers were all designed from the base
of transcriptome (PRJNA432636) [32] and were used for

Table 1: Ingredients and proximate composition of the experimental diets (dry matter basis, %).

Ingredients
Replacement levels of FM with KM

0% 10% 20% 30%

Peru fish meal 40.00 36.00 32.00 28.00

Soybean meal 20.00 20.00 20.00 20.00

Krill meal 0.00 4.78 9.56 14.34

Yeast brewers 3.00 3.00 3.00 3.00

Wheat flour 22.89 22.89 22.89 22.89

Lysine 0.04 0.03 0.02 0.02

Methionine 0.09 0.07 0.06 0.04

Fish oil 2.85 2.39 1.94 1.48

Soybean lecithin 2.00 2.00 2.00 2.00

Vitamin premixa 1.00 1.00 1.00 1.00

Mineral premixb 2.00 2.00 2.00 2.00

Ca(H2PO4)2 2.00 2.00 2.00 2.00

Choline chloride 0.30 0.30 0.30 0.30

Sodium alginate 2.00 2.00 2.00 2.00

Cellulose 1.83 1.54 1.23 0.93

Proximate composition (%)

Dry matter 89.52 88.84 91.58 91.34

Ash 11.09 10.78 10.89 10.95

Lipid 8.99 8.90 9.03 8.89

Protein 44.94 45.99 45.23 45.59

Fluorine content (mg/kg) 27.16 94.06 153.81 265.30
a, bThe preparation of mineral mixture and vitamin mixture was on the basis of Wang et al. [25].
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analysis of RT-qPCR (Table 4). The total reaction system for
RT-qPCR includes 0.8μl of primer, 0.8μl cDNA template,
8.4μl DEPC-water, and 10μl SYBR Green premix. The RT-
qPCR conditions and calculationmethod ofmRNAexpression
levels were referred to the previous study [30].

2.10. Calculations. Percent weight gain ðPWG,%Þ = 100 × ð
Wt −Wi Þ/Wi.

Specific growth rate ðSGR,%da y−1Þ = 100 × ðln Wt − ln
WiÞ/t.

Feed efficiency ðFEÞ = ð Wt +W d −WiÞ ðg, wet weightÞ
/feed intake ðg, dry weightÞ.

Survival ð%Þ = 100 × ð final number of crabÞ /ðinitial
number of crabÞ.

Comments: Wt : final body weight (g); Wi: initial body
weight (g); Wd : dead body weight (g); t: experimental
duration.

The results with three replicates were manifested as the
means ± S:E:M. All statistics were evaluated by one-way
ANOVA followed by Tukey’s multiple-range test to deter-
mine significant differences between the treatment groups;
P< 0.05 was set for the level of significance. Analyses of data
were conducted using SPSS 20.0 (SPSS, USA).

3. Results

3.1. Growth Performance, Feed Utilization, and Survival. As
is shown in Table 5, survival and feed efficiency (FE) showed
no significance with the influence of dietary FM replacement
with KM (P > 0:05). Crabs fed with the KM30 diet had lower
final weight (FW), percent weight gain (PWG), and specific
growth rate (SGR) than those fed with the KM0 and KM10
diets (P < 0:05).

3.2. Proximate Composition in the Muscle and the
Hepatopancreas. As is shown in Table 6, the highest content
of protein in the hepatopancreas was manifested in crabs fed
with the KM30 diet (P < 0:05), while contents of moisture
and lipid were not significantly influenced by the experimen-
tal diets (P > 0:05). Crabs fed with the KM20 and KM30
diets had higher lipid content in the muscle than those fed
with the control diet (P < 0:05).

3.3. Hematological Characteristics. As is exhibited in Table 7,
total protein (TP), albumin (ALB), low density lipoprotein

Table 3: Fatty acid composition of experimental diets (mg/g, based
on dry matter).

Fatty acids
Replacement levels of FM with KM

0 10% 20% 30%

14 : 0 2.15 2.99 3.64 4.46

16 : 0 13.28 12.83 13.38 14.56

18 : 0 4.20 3.85 3.76 3.66

20 : 0 0.20 0.16 0.15 0.12

∑SFAa 19.83 19.84 20.92 22.80

16:1n-7 3.15 4.16 4.54 4.99

18:1n-9 7.40 6.84 7.12 7.57

20:1n-9 0.85 0.42 0.47 0.53

22:1n-11 0.11 0.14 0.20 0.26

∑MUFAb 11.51 11.55 12.33 13.35

18:2n-6 15.73 13.07 13.03 13.56

18:3n-6 0.06 0.07 0.07 0.09

20:2n-6 0.12 0.08 0.08 0.07

20:4n-6 0.59 0.57 0.55 0.53

∑n-6PUFAc 16.51 13.80 13.73 14.25

18:3n-3 2.24 1.73 1.77 1.91

18:4n-3 0.71 0.69 0.85 1.06

20:4n-3 0.26 0.27 0.26 0.25

20:5n-3 4.48 7.29 8.33 9.32

22:5n-3 0.58 1.05 1.00 0.94

22:6n-3 9.88 7.93 7.93 7.84

∑n-3PUFAd 18.14 18.96 20.14 21.32

Total 65.98 64.16 67.12 71.72

EPA+DHA 14.37 15.22 16.26 17.16

DHA/EPAe 2.21 1.09 0.95 0.84
aSFA: saturated fatty acids; bMUFA, mono-unsaturated fatty acids; cn-6
PUFA: n-6 polyunsaturated fatty acids; dn-3 PUFA: n-3 polyunsaturated
fatty acids; eDHA/EPA: the ratio of 22:6n-3 to 20:5n-3.

Table 2: The amino acid profile of the experimental diets (g/kg, dry
matter).

Amino acids
Replacement levels of FM with KM

0 10% 20% 30%

EAAa

Thr 18.26 18.69 18.65 18.40

Val 21.66 21.90 21.54 21.00

Met 11.49 11.72 11.70 11.21

Ile 17.48 18.54 18.48 18.53

Leu 33.13 34.93 34.93 34.16

Phe 18.55 19.45 19.90 19.86

Lys 29.16 30.01 30.19 29.07

His 11.02 10.47 10.46 9.96

Arg 25.59 26.57 26.49 26.14

NEAAb

Asp 37.51 38.07 38.15 37.74

Ser 18.17 18.46 18.50 18.08

Glu 67.37 67.16 67.13 66.14

Gly 17.69 18.27 18.19 19.84

Ala 19.57 21.72 21.44 20.71

Cys 7.24 6.59 5.98 6.16

Tyr 13.12 13.57 13.50 13.77

Pro 55.33 54.78 54.46 55.41

∑EAA 186.34 192.28 192.34 188.33

∑NEAA 236.00 238.62 237.36 237.83

TAAc 422.34 430.89 429.70 426.16

∑EAA/TAA 0.44 0.45 0.45 0.44
aEAA: essential amino acids; bNEAA: nonessential amino acids; cTAA: total
amino acids.
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Table 4: Real-time quantitative PCR primer-related genes of swimming crab (Portunus trituberculatus).

Genes names
Primers

Size (bp) Access no.
Forward (5′-3′) Reverse (5′-3′)

β-actin GAAGTAGCCGCCCTGGTTGT GAATACCTCGCTTGCTCTGC 184 [25]

cata GCTCTGACCCTGACTATGCT CGACCAACAGGAATTAGCGG 180 FJ152102.2

gpxb TACCGTTCAGCAAGTACCGT GTGGTGTTTTCCTGGTGACC 171 KY216076.1

cMnsodc GATCCATCACACCAAGCACC GTTCTCCTCCAGCTTCAGGT 193 FJ031018.1

prxd TGACCAGCAACATGAGCAAC CAATCTTGCGGAACTCCTCG 215 FJ174664.1

trxe GAAAGGGCGAGAAGGTCCA CTACTCCCCAATGAGCCGAT 188 OP081649

torf TGTGGACATAGGGCAAACTG GACCGCTTCACCAAATCATC 174 [25]

aktg GGACTACGAGGCACCAAGAA TGGACCACTTCATCACGCTC 179 [25]

s6k1h CGCCCCTCAGATTTCCAGT TCTCAGCCTTTGTGTGCG 175 [25]

s6i CACTAACAACCGTGTGCGAC ACCCTTCTTGATGATGACCAG 148 [25]

4e-bp1j GGCTGAACTTCCAAATGACT TTCTTGGGTGGGGTCTTG 142 [25]

eif4e1ak TGAACAAGCAGCAGCGAG TGACCACAGCACCACACA 114 [25]

eif4e2 GCTTTCAGGAGGACATCATC TGAGGGAGTCATTGTGAGTCT 144 [25]

eif4e3 CCCTGGACCTTCTGGATTGA TCCTGTTACCCCTCATCAAG 181 [25]
acat: catalase; bgpx: glutathione peroxidase; ccMnsod: cytosolic manganese superoxide dismutase; dprx, thioredoxin peroxidase; etrx: thioredoxin; ftor: target of
rapamycin; gakt: protein kinases B; hs6k1: ribosomal protein S6 kinase1; is6: ribosomal protein S6; j4e-bp1: eukaryotic initiation factor 4E binding protein-1;
keif4e: eukaryotic translation initiation factor 4E.

Table 5: Growth performance, feed utilization, and survival of Portunus trituberculatus fed with diets with different replacement levels of
FM with KM.

Items
Replacement levels of FM with KM

0 10% 20% 30%

IBWa (g) 5:68 ± 0:05 5:59 ± 0:02 5:62 ± 0:04 5:62 ± 0:03
Final weight (g) 59:86 ± 2:00b 63:23 ± 1:26b 55:44 ± 2:88ab 52:10 ± 2:18a

PWG (%)b 953:48 ± 27:61b 1030:52 ± 25:11b 886:39 ± 43:73ab 826:98 ± 43:49a

SGR (%/d) c 4:20 ± 0:05b 4:33 ± 0:04b 4:08 ± 0:08ab 3:97 ± 0:08a

Survival (%) 86:67 ± 5:77 90:00 ± 10:00 86:67 ± 5:77 83:33 ± 5:77
FE (%/d) d 0:44 ± 0:03 0:45 ± 0:02 0:43 ± 0:03 0:43 ± 0:03
The mean values of three replicates ± S:E:M. Difference of superscript letters in the same row indicates statistical significance (P < 0:05). aIBW: initial body
weight; bPWG: percent weight gain; cSGR: specific growth rate; dFE: feed efficiency.

Table 6: Proximate composition in the hepatopancreas and muscle of Portunus trituberculatus fed with the experimental diets for 8 weeks
(%, based on wet weight).

Items
Replacement levels of FM with KM

0 10% 20% 30%

Hepatopancreas

Moisture 66:31 ± 0:01 66:25 ± 1:69 66:25 ± 0:27 66:45 ± 0:99
Protein 11:30 ± 0:06a 11:58 ± 0:52a 12:21 ± 0:16ab 13:19 ± 0:41b

Lipid 15:46 ± 0:43 16:38 ± 1:62 14:94 ± 0:68 14:80 ± 0:85
Muscle

Moisture 78:54 ± 0:07 78:38 ± 0:13 78:53 ± 0:18 78:67 ± 0:01
Protein 17:85 ± 0:06 17:89 ± 0:12 17:97 ± 0:13 18:19 ± 0:09
Lipid 0:96 ± 0:04a 1:11 ± 0:03ab 1:23 ± 0:05b 1:19 ± 0:03b

The mean values of three replicates ± S:E:M. Difference of superscript letters in the same row indicates statistical significance (P < 0:05).
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(LDL), and triglyceride (TG) in the hemolymph were nota-
bly influenced by substitution levels of FM with KM
(P < 0:05). The lowest concentration of TP, ALB, and TG
was shown in the crabs fed with the KM30 diet (P < 0:05)
and crabs fed with the KM20 diet had the highest concentra-
tion of LDL within all the treatment groups (P < 0:05). Never-
theless, no distinctions were presented in the concentrations of
high density lipoprotein (HDL), total cholesterol (T-CHO),
and glucose (GLU) (P > 0:05).

3.4. Antioxidant Parameters in the Hemolymph and the
Hepatopancreas. The effect of dietary replacement of FM
with KM on antioxidant parameters in the hemolymph
and the hepatopancreas is presented in Table 8. In the
hemolymph, crabs fed with the KM10 and KM20 diets
showed the highest activities of T-AOC and hydroxyl radical
scavenging within all dietary treatments (P < 0:05). Crabs
fed with the KM30 diet had significantly higher activity of
total superoxide dismutase (T-SOD) than those fed with
other diets (P < 0:05), and crabs fed with the KM10 and
KM20 diets had the highest glutathione (GSH) concentra-
tion than crabs fed with other diets (P < 0:05). Meanwhile,
crabs fed with the diet without KM supplementation had
significantly higher malondialdehyde (MDA) than crabs
fed with diets with KM supplementation (P < 0:05).

In the hepatopancreas, crabs fed with the KM30 diet had
the highest concentration of GSH and activities of T-AOC
and hydroxyl radical scavenging among all treatments
(P < 0:05). Crabs fed with the KM10 and KM20 diets had sig-
nificantly higher total superoxide dismutase (T-SOD) than
crabs fed with other diets (P < 0:05). Furthermore, with die-
tary substitution of FM with KM increasing from 0% to
30%, the concentration of MDA notably decreased (P < 0:05).

3.5. Amino Acid Profile. As is shown in Table 9, crabs fed
with the KM30 diet had the highest glycine content in the
muscle within all the treatment groups (P < 0:05), whereas
there were no distinctions in other nonessential amino acids
and all essential amino acids among all the treatment
groups.

3.6. Fatty Acid Composition. As is presented in Table 10, the
contents of 14 : 0 and 16 : 0 in the hepatopancreas were nota-
bly increased with the increasing replacement of FM with

KM, and the highest content of saturated fatty acids
occurred in the KM30 group (P < 0:05). Crabs fed with the
KM30 diet had significantly lower contents of 18:2n-6,
20:4n-6, and total n-6 PUFA than those fed with other diets
(P < 0:05). Crabs fed with the KM30 diet had significantly
higher contents of EPA and 22:5n-3 than those fed with
other diets (P < 0:05), while crabs fed with the KM30 diet
had the lowest contents of 18:3n-3 and DHA in the hepato-
pancreas. With the increase of dietary replacement of FM
with KM, the ratios of DHA to EPA in the hepatopancreas
significantly decreased, whereas no significant differences
were observed in the composition of MUFA and n-3 PUFA
among all the treatment groups (P > 0:05).

3.7. Hepatopancreas Coloration. The effects of different
replacements of FM with KM on the hepatopancreas color-
ation are presented in Figure 1. With the substitution level
of FM with KM gradually increasing from 0% to 30%, the
color of the hepatopancreas changed from pale white to red.

3.8. mRNA Levels Involved into TOR Pathway in the
Hepatopancreas. As is shown in Figure 2. mRNA levels of
tor, akt, s6k1, and s6 were notably activated in the crabs
fed with the KM30 diets (P < 0:05) while expression of 4e-
bp1, eif4e1a, eif4e2, and eif4e3 was the lowest among all the
treatment groups (P < 0:05).

3.9. mRNA Expression Levels Involved into Antioxidation in
the Hepatopancreas. As is presented in Figure 3, crabs fed
with the KM20 diet had higher expression of cMnsod, gpx,
and prx in the hepatopancreas than those fed with other
diets, and the lowest expression of gpx, cMnsod, and prx
was presented in crabs fed with the KM0 diet (P < 0:05).
Meanwhile, gene of trx was notably activated with dietary
replacement of FM with KM increasing from 0% to 30%
(P < 0:05). Moreover, crabs fed with the KM10 diet had sig-
nificantly higher expression of cat than those fed with the
KM0 and KM30 diets (P < 0:05).

4. Discussion

Previous studies have illustrated that dietary krill meal sup-
plementation could enhance the growth performance of fish
[33–35] and crustaceans [3, 19] and promote feed utilization
in crustacean diets as an attractant or a growth promoter

Table 7: Hemolymph biochemical indices of Portunus trituberculatus fed with different experimental diets for 8 weeks.

Items
Replacement levels of FM with KM

0 10% 20% 30%

ALBa (g/L) 5:95 ± 0:38b 5:90 ± 0:06b 5:45 ± 0:03b 4:25 ± 0:09a

TPb (g/L) 63:61 ± 5:27b 58:01 ± 0:24b 55:82 ± 0:50b 50:19 ± 0:59a

LDLc (mmol/L) 0:13 ± 0:01a 0:15 ± 0:01ab 0:20 ± 0:01b 0:14 ± 0:02ab

HDLd (mmol/L) 0:15 ± 0:01 0:16 ± 0:01 0:18 ± 0:01 0:14 ± 0:01
TGe (mmol/L) 0:09 ± 0:03ab 0:10 ± 0:03b 0:09 ± 0:06ab 0:05 ± 0:03a

T-CHOf (mmol/L) 0:25 ± 0:03 0:25 ± 0:03 0:30 ± 0:06 0:25 ± 0:03
GLUg (mmol/L) 2:87 ± 0:34 2:68 ± 0:06 3:04 ± 0:08 2:09 ± 0:06
Themean values of three replicates ± S:E:M. Difference of superscript letters in the same row indicates statistical significance (P < 0:05). a ALB, albumin; b TP,
total protein; c LDL, low denstiy lipoprotein; d HDL, high density lipoprotein; e TG, triglyceride; f T-CHO, total cholesterol; g GLU, glucose.
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Table 8: Antioxidant parameters in the hemolymph and the hepatopancreas of Portunus trituberculatus fed with different experimental
diets for 8 weeks.

Items
Replacement levels of FM with KM

0 10% 20% 30%

Hemolymph

T-AOCa (U/mL) 0:97 ± 0:03a 1:40 ± 0:08b 1:48 ± 0:12b 1:00 ± 0:06a

SODb (U/mL) 54:88 ± 4:67a 61:02 ± 1:23a 68:72 ± 7:28ab 83:90 ± 0:96b

MDAc (nmol/mL) 4:46 ± 0:08b 3:08 ± 0:07a 2:39 ± 0:24a 2:78 ± 0:01a

GSHd (mgGSH/L) 10:56 ± 0:67a 14:46 ± 0:62b 13:89 ± 0:27b 13:01 ± 0:96ab

Hydroxyl radical scavenging activity (U/L) 196:94 ± 12:53a 246:92 ± 0:67b 256:80 ± 9:29b 194:19 ± 5:73a

Hepatopancreas

T-AOC (mgpro/mL) 3:11 ± 0:03a 3:61 ± 0:20ab 4:09 ± 0:13b 4:10 ± 0:10b

SOD (U/mgprot) 5:60 ± 0:17a 5:55 ± 0:05a 8:29 ± 0:15b 7:55 ± 0:24b

MDA (nmol/mgprot) 2:86 ± 0:08c 2:39 ± 0:12b 2:07 ± 0:02ab 1:87 ± 0:04a

GSH (mgGSH/gprot) 3:74 ± 0:16a 3:74 ± 0:36a 3:99 ± 0:14a 6:11 ± 0:14b

Hydroxyl radical scavenging activity (U/mgprot) 321:72 ± 13:09a 377:70 ± 7:95b 376:06 ± 8:77b 428:13 ± 4:48c

The mean values of three replicates ± S:E:M. Difference of superscript letters in the same row indicates statistical significance (P < 0:05). aT-AOC: total
antioxidant capacity; bSOD: total superoxide disumutase; cMDA: malondialdehyde; dGSH: glutathione.

Table 9: Amino acid composition in the muscle of Portunus trituberculatus fed with diets with different replacement levels of FM with KM.

Amino acids (g kg-1)
Replacement levels of FM with KM

0 10% 20% 30%

EAA

Thr 29:46 ± 0:39 29:19 ± 0:31 29:08 ± 0:33 28:94 ± 0:12
Val 31:62 ± 0:50 29:72 ± 0:20 31:01 ± 0:23 29:66 ± 0:90
Met 16:72 ± 0:60 15:38 ± 0:64 17:28 ± 0:52 16:94 ± 1:27
Ile 29:13 ± 0:39 28:07 ± 0:37 28:03 ± 0:40 28:54 ± 0:18
Leu 55:12 ± 0:63 54:06 ± 0:64 53:92 ± 0:7 54:38 ± 0:18
Phe 26:83 ± 0:53 26:73 ± 0:54 26:31 ± 0:35 26:57 ± 0:23
Lys 58:25 ± 0:53 57:30 ± 0:54 56:86 ± 0:35 57:42 ± 0:23
His 14:47 ± 0:46 14:80 ± 0:44 14:29 ± 0:14 14:39 ± 0:22
Arg 85:82 ± 1:59 86:17 ± 0:98 85:52 ± 1:65 86:42 ± 0:80

NEAA

Asp 61:02 ± 0:46 59:54 ± 0:86 58:65 ± 0:40 58:84 ± 0:19
Ser 27:25 ± 0:29 26:89 ± 0:29 26:95 ± 0:31 27:03 ± 0:18
Glu 103:27 ± 1:09 101:65 ± 1:17 99:20 ± 1:21 102:04 ± 1:50
Gly 48:46 ± 0:94a 46:98 ± 2:25a 50:27 ± 2:55ab 57:88 ± 1:41b

Ala 39:43 ± 1:18 36:76 ± 1:33 38:21 ± 0:30 40:15 ± 0:93
Cys 9:91 ± 0:27 8:91 ± 0:38 10:20 ± 0:06 9:51 ± 0:58
Tyr 24:77 ± 0:63 24:47 ± 0:43 24:16 ± 0:32 24:53 ± 0:09
Pro 81:70 ± 0:58 81:02 ± 1:53 79:89 ± 1:80 80:75 ± 1:29
∑EAA 292:29 ± 0:74 287:36 ± 2:17 288:38 ± 4:35 288:89 ± 1:93
∑NEAA 395:81 ± 2:82 386:22 ± 0:42 387:54 ± 5:51 400:73 ± 2:87
TAA 688:10 ± 2:79 673:58 ± 1:76 675:92 ± 8:78 689:62 ± 4:57
∑EAA/TAA 0:42 ± 0:00 0:43 ± 0:00 0:43 ± 0:00 0:42 ± 0:00

The mean values of three replicates ± S:E:M. Difference of superscript letters in the same row indicate statistical significance (P < 0:05).
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[33, 36, 37]. As was observed in the present study, crabs fed
with the KM10 diet had higher PWG and SGR than those
fed with the KM30 diet. The results of previous studies
reported that dietary 10% KM supplementation can be used
as the most suitable diet for growth performance in the
Pacific white shrimp (Litopenaeus vannamei) [3]. Similar
results were reported in the tiger shrimp (Penaeus monodon)
[34]. Gao et al. [19] indicated that the optimum replacement
proportion of FM with KM was 50% for red swamp crayfish
(Procambarus clarkia) (the amount of FM in the control diet
was 43%). In contrast, Nunes et al. [38] demonstrated that
dietary KM supplementation made no positive influence
on the growth performance of L. vannamei, probably
because of the dietary low KM supplementation. In the pres-
ent study, more than 20% replacement of FM with KM
resulted in a significant decrease in PWG and SGR. The
results demonstrated that excessive KM could inhibit the
growth performance of swimming crabs. Different studies
have come to different or even opposite conclusions on the
evaluation of the effect of dietary KM supplementation on

growth for crustaceans. The reason may be due to the differ-
ent processing technology and nutrient composition of KM,
dietary formulation especially plant protein sources, species,
different animal sizes, and culture conditions. Moreover, the
fluorine content in KM is also a major factor for dosage of
KM. In the present study, with the increasing replacement
level of FM with KM, fluorine content in experimental diets
increased from 27.16 to 265.30mg/kg. How the fluorine con-
tent in KM affects the growth of crustaceans is still unclear
and the related mechanism needs further study.

In this study, results indicated that crabs fed with the
diet without KM supplementation had the lowest protein
content in the hepatopancreas and lipid content in the mus-
cle among all the treatment groups. Compared with regular
FM, Gao et al. [19] indicated that KM could induce the
improvement of amino acid patterns by the increasing of
protein biosynthesis in red swamp crayfish. Wang et al.
[25] proved that the dietary replacement levels of FM with
soy protein concentrate could significantly affect the proxi-
mate composition in the hepatopancreas of swimming crabs.

Table 10: Fatty acid composition in the hepatopancreas of Portunus trituberculatus fed with diets with different replacement levels of FM
with KM.

Fatty acids (mg g-1)
Replacement levels of FM with KM

0 10% 20% 30%

14 : 0 5:13 ± 0:42a 5:54 ± 0:10ab 7:26 ± 0:29bc 7:57 ± 0:72c

16 : 0 32:29 ± 0:27a 31:41 ± 0:20a 32:5 ± 0:34a 34:45 ± 0:14b

18 : 0 18:28 ± 0:32 19:91 ± 1:18 17:2 ± 0:32 17:86 ± 0:19
20 : 0 1:29 ± 0:07 1:00 ± 0:12 1:06 ± 0:10 0:92 ± 0:03
∑SFAa 56:99 ± 0:82a 57:86 ± 1:33ab 58:02 ± 0:94bc 60:79 ± 0:69c

16:1n-7 8:63 ± 0:18a 8:56 ± 0:10a 10:18 ± 0:05b 10:6 ± 0:09b

18:1n-9 26:87 ± 1:26 27:59 ± 1:50 26:94 ± 1:63 24:96 ± 1:33
20:1n-9 6:06 ± 0:07c 5:01 ± 0:20b 4:25 ± 0:16a 4:38 ± 0:03a

22:1n-11 0:73 ± 0:03a 0:72 ± 0:09a 1:22 ± 0:06b 1:28 ± 0:10b

∑MUFAb 42:30 ± 1:50 41:88 ± 1:69 42:60 ± 1:61 41:22 ± 1:31
18:2n-6 34:33 ± 0:08b 38:82 ± 0:42c 31:48 ± 0:92ab 28:86 ± 1:49a

18:3n-6 0:18 ± 0:02 0:18 ± 0:03 0:17 ± 0:01 0:17 ± 0:02
20:2n-6 5:76 ± 0:25 5:55 ± 0:31 4:91 ± 0:16 4:81 ± 0:25
20:4n-6 2:51 ± 0:13b 2:26 ± 0:13ab 2:33 ± 0:03b 1:85 ± 0:06a

∑n-6 PUFAc 42:78 ± 0:36b 46:81 ± 0:31c 38:89 ± 0:80ab 35:69 ± 1:45a

18:3n-3 5:44 ± 0:35c 4:35 ± 0:19b 3:80 ± 0:18ab 3:15 ± 0:17a

18:4n-3 1:07 ± 0:15 0:95 ± 0:27 1:08 ± 0:08 1:25 ± 0:17
20:4n-3 0:72 ± 0:08 0:71 ± 0:11 0:71 ± 0:03 0:65 ± 0:04
20:5n-3 11:35 ± 0:53a 11:56 ± 0:44a 16:34 ± 0:10b 17:01 ± 0:01b

22:5n-3 1:60 ± 0:06a 2:22 ± 0:20b 2:78 ± 0:06c 2:43 ± 0:04bc

22:6n-3 27:25 ± 1:41b 22:33 ± 1:75ab 19:89 ± 0:74a 17:28 ± 0:67a

∑n-3 PUFAd 46:85 ± 2:40 41:62 ± 2:07 44:38 ± 1:04 42:00 ± 0:96
Total 193:63 ± 4:52 186:19 ± 5:12 187:71 ± 3:30 175:96 ± 4:28
EPA+DHA 38:60 ± 1:93 33:89 ± 1:58 36:23 ± 0:70 34:29 ± 0:66
DHA/EPAe 2:40 ± 0:01c 1:94 ± 0:22b 1:22 ± 0:05a 1:02 ± 0:04a

The mean values of three replicates ± S:E:M. Difference of superscript letters in the same row indicate statistical significance (P < 0:05). aSFA: saturated fatty
acids; bMUFA: mono-unsaturated fatty acids; cn-6 PUFA: n-6 polyunsaturated fatty acids; dn-3 PUFA: n-3 polyunsaturated fatty acids; eDHA/EPA: the ratio
of 22:6n-3 to 20:5n-3.
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A previous study exhibited that the content of crude lipid of
whole crab was reduced with the substitution rate of FM
with low-gossypol cottonseed protein concentrate exceeding
40% for juvenile swimming crab [29]. Different studies could
draw diametrically different conclusions on the same study
species (swimming crab) which may be due to different pro-
tein sources, such as soy protein concentrate and low-
gossypol cottonseed protein concentrate [25, 26]. The juve-
nile swimming crab cannot synthesize essential amino acids
itself, so they must obtain them from the diets [27]. In this
study, results indicated that the content of essential amino
acids (EAA) in the muscle was observed without a signifi-
cant influence. Dietary substitution of FM with plant protein
sources showed similar results of no distinctions in EAA
contents in the muscle for rainbow trout (Oncorhynchus
mykiss) [39], red claw crayfish (Cherax quadricarinatus)
[40], and Atlantic cod (Gadus morhua) [41]

Liver or hepatopancreas had the function of lipid stor-
age. Generally speaking, fatty acid profiles in the liver or
the hepatopancreas reflect the dietary fatty acid profiles
[28]. In the present study, with the increasing replacement
level of FM with KM, eicosapentaenoic acid (EPA) in the
hepatopancreas significantly increased. On the contrary,
docosahexaenoic acid (DHA) in the hepatopancreas
decreased with the increasing level of the replacement of
FM with KM. Correspondingly, similar results of the com-
position of DHA and EPA in the hepatopancreas were
reported in previous studies on dietary lipid sources of
marine crustaceans [42–45]. Mammal-related studies dem-
onstrated that a lower ratio of DHA to EPA seems to be
more beneficial to alleviate liver damage in mice caused by
a high-fat diet, and when the ratio of DHA to EPA is 1 : 2,
it could reduce factors for inflammation [46].

The antioxidant system in animals is composed of
enzymatic molecules such as catalase (CAT), glutathione
peroxidase (GSH-PX), superoxide dismutase (SOD), and

nonenzymatic molecules such as glutathione (GSH) and
AX [15]. To ensure the intracellular redox balance, the tri-
peptide glutathione (GSH), consisting of glutamate, cyste-
ine, and glycine, played a key role as the major factor
[7]. Counterbalance such as enzymes (SOD and T-AOC)
and functionalized molecules (GSH) could play an impor-
tant role in eliminating oxidative stress for crabs [28, 47].
In the present study, the activities of T-AOC, SOD, and
GSH significantly increased in the hemolymph and the
hepatopancreas with the increasing level of replacement
of FM with KM. It is speculated that AX in KM played
a key role in activating antioxidant system [15]. Since mal-
ondialdehyde (MDA) is a product of lipid peroxidation, its
concentration in tissues is usually used to estimate the
degree of lipid peroxidation [28]. In this study, content
of MDA in the hemolymph and the hepatopancreas was
presented prominently lower in crabs fed with the dietary
supplementation with KM. Results suggested that dietary
KM supplementation could reduce lipid peroxidation.
Hydroxyl free radicals are one of the reactive oxygen spe-
cies produced by the body, which can easily react with
biomolecules such as amino acids and proteins and result
in the disorders of physiological metabolism [48]. There-
fore, removal of hydroxyl radicals can reduce the exposure
of organisms to harsh conditions or diseases [49, 50]. In
the present study, results demonstrated that the increase
of KM replacement level significantly improved the
hydroxyl radical scavenging activity of swimming crabs.

AX is a ketocarotenoid; in addition to its physiological
effects on enhancing immunity, anticancer, and scavenging
free radicals in the body, AX is also the main pigment in
aquatic animals [51]. It has been reported that the addition
of AX exhibited a positive effect on the redness of the cooked
carapace of P. trituberculatus [52], and similar results were
also performed in L. vannamei [53]. The content of AX in
the hepatopancreas was not analyzed in this experiment,
but it was clearly observed that the content of dietary KM,
especially the AX in KM played a great role in the hepato-
pancreas color changing from pale to red. Yao et al. [3] dem-
onstrated that the AX content in the hepatopancreas was
positively correlated with the dietary supplement of KM
because it is rich in AX, and dietary AX can accumulate in
the tissue of shrimp [54].

mTOR belongs to a typical serine/threonine protein
kinase of PI3K-related kinases. mTOR complexes 1
(mTORC1) and 2 (mTOR2) are two complexes formed by
the interaction of mTOR with multiple proteins. The
mTORC1 reacts with insulin and insulin-like peptides
(ILPs) via the PI3K pathway, and AKT could be phosphory-
lated by PI3K through activating phosphoinositide-
dependent kinase-1; then, mTORC1 could be activated by
AKT through phosphorylating tuberous sclerosis complex
2/ PRAS40 [55]. Previous studies have indicated that contin-
uous ecdysis steroid synthesis and secretion in ecdysis glands
of insects and crustaceans depend on mTOR protein synthe-
sis [56, 57]. The main rate-limiting step of protein synthesis
is regulated by the mTOR signaling pathway; mTORC1
directly phosphorylates downstream target proteins ribo-
somal protein S6 kinase1 (S6K1) and eukaryotic initiation

KM0

KM10

KM20

KM30

Figure 1: Hepatopancreas color comparison of swimming crab fed
with diets with different replacement of fish meal with krill meal.
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factor 4E binding protein-1 (4E-BP1), and activated S6K1
can phosphorylate ribosomal protein S6 (S6), thereby pro-
moting a variety of proteins involved in the protein synthesis
and the translation initiation extension; transcription is acti-
vated, and the phosphorylated 4E-BP1 is separated from the
eukaryotic translation initiation factor 4E (eIF4E) to release
the inhibition of translation [58–62]. However, previous
studies on insulin/mTOR pathway and its function in crus-
tacean physiology and metabolism are incomplete. In the
present study, expression of akt was upregulated; conse-
quently, it could activate the TOR pathway which led to
the upregulation of expression of tor, and the highest expres-
sion of tor presented in crabs fed with diet with 30% substi-
tution of FM with KM. It is speculated that dietary KM
supplementation could enhance the secretion of insulin-
like peptides (ILPs) and thus upregulate the expression of
genes involved in the TOR pathway. Moreover, downstream
genes (s6k1 and s6) showed the same trend that is also con-
sistent with previous studies [55].

In the present study, results indicated that increasing sub-
stitution of FM with KM could upregulate the expression of
genes involved in antioxidant such as cat, gpx, and cMnsod;

expression of genes of cat and gpx were downregulated when
replacement of FM with KM exceeded 20%. In this study,
the mRNA levels of prx and trx were stimulated in crabs fed
with diets with 20% and 30% replacement of FM with KM;
crabs fed with the diet without KM supplementation had the
lowest expression of prx and trx among all the treatment
groups. It may suggest that dietary KM supplementation could
stimulate the levels of antioxidant parameters including genes
and enzymes in the hepatopancreas of swimming crab and
catalyze ROS to less reactive species [63].

In summary, this study demonstrated that dietary 10%
replacement of FM with KM could improve growth perfor-
mance, enhance the antioxidant capacity, and stimulate the
mRNA expression levels related to protein synthesis and
antioxidant of swimming crab. The results indicated that
KM could be used as a good protein source for swimming
crab; KM has a relative balance of amino acids and fatty
acids similar to FM; AX in KM could promote antioxidant
capacity in the hepatopancreas and improve the color of
hepatopancreas. Nevertheless, the fluorine content in KM
is an important factor affecting its addition in aquafeed.
The interaction between protein source and growth
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Figure 3: Effects of different replacement levels of fish meal with krill meal on relative mRNA expression levels of antioxidant genes in the
hepatopancreas of Portunus trituberculatus. The gene expression of KM0 was set at 1. Values are means (n = 3), and S.E.M. is expressed as a
vertical T bar. The mean value of different letters in the same gene was different (P < 0:05) (Tukey’s test).
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regulation mechanism needs to be further studied; the
results could provide a basis for the selection and utilization
of feed ingredients, especially protein sources, during the
growth stage of swimming crab.
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