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Effects of different feeding
strategies for the frozen
Antarctic krill meal on growth,
muscle nutrition, digestive
enzyme activity, immunity,
molting, and gut microbiota
structure of Cherax
quadricarinatus

Zhuang Mai'?, Jie Wei? Yakun Wang?, Zhonggiang Zeng?,
Fubai Liu?, Huarong Li**, Qiyao Su®*, Kunhao Hong?**,
Qiaoyan Zhou?, Tianhui Jiao**, Tianyan Yang' and Lingyun Yu®

tSchool of Fishery, Zhejiang Ocean University, Zhoushan, China, ?Key Laboratory of Tropical and
Subtropical Fishery Resource Application and Cultivation of Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou, China,
3Muzhou Industry-Academia-Research Base, Hengzhao Lanlong Aquatic Products Co., Ltd.,
Jiangmen, China, “College of Fisheries and Life Science, Shanghai Ocean University, Shanghai, China

To investigate the effect of the frozen Antarctic krill meal (AKM) as an nutritional
supplement in Cherax quadracarinatus culturing, an experiment was designed
with the following groups: a control group (C) fed with basic feed throughout the
experiment; Experimental Group 1 (E1) fed basic feed for 2 d and then compound
feed (50% AKM + 50% basic feed) for 1 d; Experimental Group 2 (E2) fed basic
feed for 1 d and then compound feed (50% AKM + 50% basic feed) for 1 d;
Experimental Group 3 (E3) fed compound feed (50% AKM + 50% basic feed) daily.
After 10 weeks of feeding, growth results revealed that both E1 and E2 groups
exhibited significantly higher weight gain rate (WGR) and specific growth rate
(SGR) compared to groups C and E3 (p < 0.05), with E2 achieving the highest
survival rate (SR). Regarding muscle nutrition, the contents of eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) in C. quadracarinatus muscle
showed a gradual increase with higher AKM feeding levels (p < 0.05), while the
highest astaxanthin content was observed in group E2. Analysis of digestive
enzyme activity and fluorescence quantification demonstrated that feeding AKM
every other day (E2) not only enhanced the activities of trypsin and lipase in the
hepatopancreas but also upregulated the expression levels of immune-related
and molting-related genes (p < 0.05), whereas daily AKM feeding showed no
significant improvements. Additionally, AKM feeding influenced the intestinal
microbiota structure and abundance, with a notable increase in Bacteroidota
phylum abundance in group E2.In conclusion, this study demonstrates that
alternate-day AKM feeding (E2) optimizes growth performance, enhances
muscle nutritional quality, improves digestive and immune capacities, and
modifies intestinal microbiota composition in red claw crayfish. In contrast,
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daily AKM feeding, while elevating certain nutritional indices (e.g., EPA+DHA),
exhibits limited benefits for overall growth performance and physiological
function enhancement. Therefore, alternate-day AKM feeding is recommended
as a superior strategy, providing scientific evidence for its application in C.
quadracarinatus aquaculture.
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1 Introduction

In the past 10 years, the global aquaculture industry has
experienced rapid development. The scale of shrimp and crab
farming has been continuously expanding, and production has
been rapidly increasing (FAO (Food and Agriculture
Organization of the UN), 2024). While the aquaculture industry
grows rapidly, it has raised higher demands for the diversity and
functionality of aquatic feed nutrition. In practice, aquaculture
enterprises typically select meat as nutritional supplements to
fulfill the growth requirements of farmed species. Current aquatic
nutrition research primarily focuses on replacing fishmeal in feeds
or supplementing specific trace elements, while studies on
aquaculture nutritional supplements remain limited (Liu et al,
2022). Moreover, the fresh frozen trash fish commonly used as
nutritional supplements in production carries drawbacks such as
aquaculture water pollution and disease outbreaks (Zeng et al,
2022). Therefore, identifying new and efficient nutrition sources as
nutritional supplements in crustacean farming is the primary task
to ensure healthy and sustainable development of the
aquaculture industry.

In recent years, Antarctic krill (Euphausia superba), which also
belongs to crustacean classes, has attracted the attention of many
aquaculture nutrition researchers as a potential nutritional source
for aquatic feed (Wang et al., 2021). Antarctic krill is a small marine
crustacean, mainly distributed in Antarctic waters. It is currently
the largest single-species biological resource on Earth, with an
annual catch of < 100 million tons (Zuo and Zuo, 2019).
Antarctic krill has high nutritional value and is rich in 20:5n-3
(EPA) and 22:6n-3 (DHA) (Mai et al,, 2016), which play important
roles in disease resistance, immune function, material metabolism,
and energy regulation in aquatic animals (Yang et al., 2006), and
their endogenous synthesis is extremely low (Zhu and Zhu, 2022).
Antarctic krill is also rich in astaxanthin, chitin, phospholipids, and
other essential substances for aquatic animals. These substances are
beneficial for enhancing the growth and development performance
and disease resistance of crustaceans (Liu et al., 2018; Wang et al,,
2021; Shi et al.,, 2023). Moreover, Antarctic krill meets the ideal
protein pattern recommended by the Food and Agriculture
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Organization/World Health Organization, making it a natural
high-quality feed (FAO/WHO, 1991).

Numerous studies have confirmed that addition of Antarctic
krill to feed helps promote aquatic animal growth. Researchers such
as Torrecillas et al. (2021) have found that replacing fishmeal in feed
with Antarctic krill meal significantly improved the final body
weight, protein and fat efficiency, specific growth rate (SGR), and
feed conversion ratio (FCR) of European seabass (Dicentrarchus
labrax), and effectively maintained liver health. Among crustaceans,
Gao et al. (2020) found that adding Antarctic krill meal to feed
significantly increased the weight gain rate, feed coefficient, and
survival rate of Procambarus clarkii, and enhanced its immune
function. In addition, addition of Antarctic krill to feed helps to
enhance the digestive and antioxidant capacities of aquatic animals.
For example, addition of Antarctic krill shell powder to feed
significantly improved the growth performance of
Macrobrachium nipponense and enhanced its digestive and
antioxidant capacities (Yan et al., 2023). Similar results were
reported in studies on Litopenaeus vannamei and Portunus
trituberculatus (Guo et al., 2022; Li et al., 2023). Therefore,
feeding with Antarctic krill has a promoting effect on the growth
performance, antioxidant and digestive enzyme activity, and
immune function of aquatic animals.

The red claw crawfish (Cherax quadracarinatus) belongs to the
family Parastacidae and genus Cherax and is native to northern
Australia. It is highly favored by consumers for its appealing taste,
high meat yield, and rich muscle nutrition (Wang et al., 2019; Sun
etal,, 2023). Current research on C. quadracarinatus mainly focuses
on farming methods (Huang et al., 2024a), environmental factors
(Huang et al., 2024b), and immunogenomics (Liu et al, 2025);
however, studies on its nutritional requirements remain limited.
The majority of current nutritional research has focused on
exploring effects of protein (Wu, 2019), fat levels (Chen et al,
2022), and trace additives (Kong et al., 2024) in feed on growth and
reproduction. There is a lack of research on nutritional
supplements, particularly on the effects of Antarctic krill nutrition
on red claw crayfish growth, which, to the best of our knowledge,
has not previously been reported. Therefore, this study aimed to
explore the effects of frozen Antarctic krill meat as a nutritional
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supplement on the growth performance, muscle nutrition, immune
function, and gut microbiota structure of red claw crayfish to
provide a theoretical basis for nutritional research on
C. quadracarinatus.

2 Materials and methods
2.1 Experimental diets and design

Frozen Antarctic krill meat was provided by Hengzhao Lanlong
(Guangdong) Aquatic Co., Ltd. (Jiangmen, Guangdong, China),
and its nutritional composition is shown in Table 1. Basal feed was
purchased from Charoen Pokphand Aquaculture Co., Ltd.
(Yangjiang, Guangdong, China), with the main raw materials
being fishmeal, soybean meal, flour, and fish oil, etc. Crude
protein, crude fat, crude ash, and moisture contents in this feed
were 35.0%, 4.0%, 16.0%, and 12.0%, respectively. To simulate the
actual practice of supplementary feeding in aquaculture production,

TABLE 1 Nutrient composition of Antarctic krill.

Amino acids(g/100g)

Asp 0.64
Thr 0.27
Ser 0.24
Glu 0.95
Pro 0.23
Gly 033
Ala 0.35
Val 0.29
Met 0.19
Ile 0.28
Leu 0.48
Tyr 0.26
Phe 0.29
Lys 0.54
His 0.13
Arg 0.33
Total amino acids 5.80

Fatty acid(% of total fatty acids)

C14:0 6.70
C15:0 1.46
C16:0 2591
Clé6:1 221
C18:0 2.24
C18:1n9¢ 12.33
C18:2n6¢ 441
C18:3n3 3.36
C20:5n3 17.25
C20:4n6 2.68
C22:1n9 1.58
C22:6n3 26.38

Proximate composition(g/100g)

Protein 6.85
Fat 1.3
Ash 0.8
Astaxanthin 9.47

Frontiers in Marine Science

10.3389/fmars.2025.1573152

this study adopted an alternating feeding strategy. To avoid uneven
feeding among redclaw crayfish individuals due to low single-
feeding amounts and physiological issues caused by excessive
daily protein intake from high single-feeding amounts, the
feeding amount of Antarctic krill per session was controlled at
50% of the daily total feeding amount. The experiment included a
control group (C) fed with basal feed throughout the experiment;
Experimental Group 1 (E1) fed with basal feed for 2 d followed by 1
d offeeding with mixed feed (50% Antarctic krill meal [AKM[+ 50%
basal feed); Experimental Group 2 (E2): fed with basal feed for 1 d
followed by 1 d of feeding with mixed feed (50% AKM + 50% basal
feed), and; Experimental Group 3 (E3) fed with mixed feed (50%
AKM + 50% basal feed) daily for a total of 10 weeks of rearing. The
frozen krill meat is preserved using a -20°C refrigeration unit.
Before feeding, the AKM should be thawed for half an hour and
then mixed with commercial feed for feeding.

2.2 Experimental animals and operation

Juvenile C. quadracarinatus were sourced from Hengzhao
Lanlong (Guangdong) Aquatic Co., Ltd. (Jiangmen, Guangdong,
China) and acclimated for 2 weeks prior to the experiment to adapt
to the experimental environment. After acclimation, 180 red claw
crayfish of uniform size (initial weight: 6.77 + 0.78 g) were
randomly allocated to 12 glass tanks (150 x 58 x 31 cm), with 15
crayfish per tank, divided into 4 groups, each with 3 replicates.
During the experiment, feeding was conducted twice daily at 08:00
and 17:00, with a daily feeding rate of 4% of total body weight. Feces
and leftover feed at the bottom of the tanks were removed using a
siphoning method 1-2 h after feeding. Throughout the rearing
period, water quality parameters were regularly monitored using an
Octadem W-II water quality analyzer (Octadem Technology, Inc.,
Wuxi, China) to ensure stable water quality.

2.3 Sample collection and determination

Sample collection was conducted in compliance with the animal
collection guidelines established by the Animal Experiment Ethics
Committee of the Pearl River Fisheries Research Institute, with due
regard for animal welfare. Upon completion of the 10-week rearing
experiment, juvenile crayfish were subjected to a 24-h fasting
period. Juvenile crayfish in each tank were then enumerated, and
the survival rate was calculated. Body weight, hepatopancreas wet
weight, and tail muscle weight of juvenile crayfish in each group
were determined using a Mettler Toledo AL-204 analytical balance
(Mettler Toledo, Inc., Shanghai, China). The hepatopancreas from
15 red claw crayfish in each group were harvested for assessments of
enzyme activity and gene expression levels. Nine individual red claw
crayfish from each group were sampled to determine the
astaxanthin content and muscle amino acid and fatty acid
composition. The remaining red claw crayfish from each group
were collected for gut microbiota analysis. All tissues were rapidly
frozen in liquid nitrogen and stored in a -80 °C freezer. Growth
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indices were calculated using the methods described by Liu et al.
(2010) and Zhou et al. (2023) to determine the survival rate (SR),
weight gain rate (WGR), SGR, Meat yield (MY), and hepatosomatic
index (HSI). The formulas are as follows:

Survival rate(SR, % ) =

(final number of crayfish/initial number of crayfish) x 100;

Weight gain rate(WGR, % ) =

[[final weight] — (initial weight)] /(initial weight) x 100;

Specific growth rate(SGR, % day” — 1)

= [(In final weight — In initial weight) /number of days] x 100;

Meat yield(MY, %) =

(abdominal muscle weight/final weight) x 100;

Hepatosomatic index(HSI, % ) =

(wet weight of hepatopancreas /final weight) x 100.

2.4 Biochemical analysis

Red claw crayfish liver-pancreas samples were collected for
determination of antioxidant and digestive enzyme activities.
Activities of superoxide dismutase (SOD), glutathione peroxidase
(GSH-PX), trypsin (TPS), and lipase (LPS) in hepatopancreas tissue
were measured using the WST-1, ammonium molybdate,
colorimetric, microplate enzyme labeling, and microplate
methods, respectively. These measurements were used to evaluate
the effects of feeding Antarctic krill on antioxidant and digestive
enzyme activities of red claw crayfish. All indicators were
determined using kits produced by Nanjing Jiancheng
Bioengineering Institute (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). Sample pre-treatment, reagent
preparation, and sample measurement were strictly carried out
according to the manufacturer’s instructions.

2.5 Amino acid analysis in the muscle of
C.quadricarinatus

The amino acid composition in the muscle was determined
according to the method described in GB 5009.124-2016 (Ministry
of Health and Family Planning of China, 2016b). First, the muscle of
the C. quadricarinatus was ground, and 1.00 g of the homogenized
muscle was taken. Then, 10 mL of 6 mol/L hydrochloric acid was
added, and the mixture was frozen for 5 minutes. After vacuum
treatment and nitrogen flushing, the mixture was hydrolyzed at 110°
C for 22 hours. After cooling, the hydrolysate was filtered into a 50
mL volumetric flask and diluted to the mark with water. Then, 1.0 mL
of the filtrate was taken and dried under reduced pressure at 50°C.
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The residue was dissolved in 2 mL of water, dried again under
reduced pressure, and finally evaporated to dryness. The residue was
dissolved in pH 2.2 sodium citrate buffer, filtered through a 0.22 um
membrane, and the resulting solution was used for analysis. The
amino acid content was measured using an amino acid analyzer
(Sykam S-433Dup, Germany).

The amino acid content in the sample solution was calculated
using the following formula:

¢ = & X A;
As

In which:

¢;: Content of amino acid i in the sample solution, in nanomoles
per milliliter (nmol/mL);

A;: Peak area of amino acid i in the sample solution;

Ag: Peak area of amino acid s in the standard working solution;

¢;: Content of amino acid s in the standard working solution, in
nanomoles per milliliter (nmol/mL).

The content of each amino acid in the sample was calculated
using the following formula:

_GXFXV XM

X
m x 10°

1

x 100

In which:

X;: Content of amino acid i in the sample, in grams per 100
grams (g/100g)

¢;: Content of amino acid i in the sample solution, in nanomoles
per milliliter (nmol/mL)

F: Dilution factor

V: Volume of the hydrolyzed sample solution, in
milliliters (mL)

M: Molar mass of amino acid 7, in grams per mole (g/mol);

m: Sample weight, in grams (g); 10°: Conversion factor from
nanograms (ng) to grams (g);

100: Conversion factor.

2.6 Fatty acid analysis in the muscle of
C. quadricarinatus

The fatty acid composition was determined according to the GB
5009.168-2016 method (Ministry of Health and Family Planning of
China, 2016a). First, the muscle of the C. quadricarinatus was
ground, and 3.00-5.00 g of homogenized sample was weighed and
transferred into a 250 mL flat-bottom flask. Sequentially, 100 mg of
pyrogallic acid and 2 mL of 95% ethanol were added and mixed
thoroughly, followed by 8 mL of 2% NaOH-methanol solution. The
flask was connected to a reflux condenser and refluxed in an 80°C +
1°C water bath until oil droplets disappeared. Then, 7 mL of 15%
boron trifluoride-methanol solution was added through the top of
the reflux condenser, and refluxing was continued for 2 minutes.
After cooling, 10 mL to 15 mL of n-heptane was added, shaken for 2
minutes, followed by the addition of saturated sodium chloride
solution. The mixture was allowed to stand for phase separation. A
5 mL aliquot of the n-heptane layer was dehydrated with anhydrous
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Na2S0O4 and analyzed by gas chromatography (HP 6890, USA).
The percentage of each fatty acid relative to the total fatty acids was
calculated using the area normalization method.

The percentage of a specific fatty acid (Y;) in the total fatty acids
was calculated using the formula:

A X FFAME,,FAi

Y, =— PR
' EAsi X FFAMEi,FA‘

In which:

Y;: Percentage of a specific fatty acid in the total fatty acids, %;

Asi :
sample solution;

Peak area of the fatty acid methyl ester in the

Frame, ., : Conversion factor from FAME ii to its corresponding
fatty acid; ‘

> Ag: Sum of the peak areas of all FAMEs in the sample
test solution.

2.7 Astaxanthin content determination

Muscle and shell samples (5 g) were collected from each tank
and the astaxanthin content was determined according to the SN/T
2327-2009 7.2 method. (General Administration of Quality
Supervision, Inspection and Quarantine of the People's Republic
of China, 2009). Samples were extracted using acetonitrile, defatted
with n-hexane, and concentrated. Determination was carried out
using a high-performance liquid chromatograph (Shanghai
Zhuangrun International Trading Co., Ltd., Shanghai, China).

2.8 Immune- and molting-related gene
expression

Total RNA was isolated from hepatopancreas samples using
TRIzol reagent (Life technologies, USA) according to the
manufacturer’s instructions. The RNA concentration, integrity, and
quality were analyzed by spectrophotometry (OD260/0OD280) using
a Nanodrop8000 spectrophotometer (Thermo Scientific, USA) and
1.0% agarose gel electrophoresis. cDNA was synthesized using an M-
MLV reverse transcription kit (Invitrogen, Waltham, MA, USA)
following the manufacturer’s protocol. RNA and cDNA samples

TABLE 2 The primer sequences used in the real-time quantitative PCR.

Primer Name Primer Sequences (5’ -3’)

ACTB-F CCCCATGCTATCTTGCGTCT
ACTB-R CGTCAGGAAGCTCGTAGGAT

Toll-F ATGGCCTCACGGATGATACTGG
Toll-R TCAAGGGTTTTGTTTGGAATTTGAT
HEM-F ACATAGCAAGGACTGGCAAAC
HEM-R TGACCTCGTAAAGTGGTGGAA
EcR-F GGTTTCGGCACTCTTCAACG

EcR-R ACAGATTGCGACAAAAGCGG
RXR-F AGGAGATGCCGTAACCAACA
RXR-R ATGCTTCGGTGTGAGAAGGA

10.3389/fmars.2025.1573152

were stored at -80°C until use. Primer sequences for target and
reference genes are shown in Table 2. Real-time quantitative PCR
(qQPCR) was performed using the Step One Plus Real-time PCR
system (Applied Biosystems, Foster City, CA, USA) to evaluate
immune- and molting-related gene expression levels. The reaction
mixture consisted of 1 pL (50 ng/uL) cDNA, 10 uL 2xSYBR Green
Premix (Universal), 1 uL (10 pmol/uL) of each primer, and 7 pL
double-distilled water, with a final volume of 20 pL. The qPCR
program included initial denaturation at 95°C for 30 min, followed by
35 cycles of denaturation at 95°C for 40 s, annealing at 60°C for 45 s,
and extension at 72°C for 30 s, with a final extension at 72°C for 10
min. Relative gene expression levels were calculated using the 2/-
AAct method.

2.9 16S rRNA gene sequencing

Intestines of red claw crayfish from each group were collected
for microbial diversity analysis. Following the method of Liu et al.
(2019), genomic DNA was extracted from samples, and the V3 + V4
region of the 16S rDNA was amplified using specific primers with
barcodes. The selected primer sequences were: 341F:
CCTACGGGNGGCWGCAG; 806R: GGACTACHV
GGGTATCTAAT. The purified amplification products (i.e.,
amplicons) were connected to sequencing adaptors to construct a
sequencing library, which was then sequenced on an Illumina
platform (Illumina, Inc., San Diego, USA). Based on the
operational taxonomic unit (OTU) sequences and abundance
data, species annotation, species composition analysis, indicator
species analysis, o-diversity analysis, and functional prediction of
the microbial community were conducted (Liu et al., 2024).

2.10 Statistical analysis

Data are presented as the mean + standard error (SE) of three
replicates. All statistical analyses were performed using GraphPad
Prism 9.5 software. First, the normality of data distribution in each
group was verified by the Shapiro-Wilk test, and homogeneity of
variances among groups was confirmed by the Levene test. If the data
met the assumptions of normality and homogeneity of variances, one-

Efficiency Values Sources
98.5 MN396754.1
97.6 Li et al., 2017
97.4 Lu et al,, 2021
98.8 0L963596.1
97.9 KM016907.1
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way ANOVA was applied, followed by post hoc multiple comparisons
using the Tukey test. If the variances were unequal, Welch’s ANOVA
test was used. If the data violated the assumptions of normality or
homogeneity of variances, the nonparametric Kruskal-Wallis test was
employed. A statistically significant difference was defined
when p<0.05.

3 Results
3.1 Growth performance

Growth indices of C. quadracarinatus in each group after 10
weeks of rearing are shown in Table 3. The SR of red claw crayfish in
groups C, E1, E2, and E3 were 66.67 + 0.00%, 60.00 + 6.67%, 93.33 +
0.00%, and 70.00 + 3.33%, respectively, and was significantly higher
in E2 than in other groups (p < 0.05); whereas, no significant
differences were observed among the other three groups (p > 0.05).
WGR ranged from 134.91-218.61%, with that of E1 and E2 being
218.61 + 10.36% and 203.60 £ 11.04%, respectively, which were
significantly higher than those of C (154.40 + 7.62%) and E3 (134.91
+8.83%) (p < 0.05). SGR ranged from 1.22-1.67% day ", with those
of E1 and E2 being significantly higher than those of other groups (p
<0.05). Meat yield ranged from 16.29-18.32%, with that of E1 being
significantly higher than that of group C (p < 0.05); whereas, no
significant differences were observed between the other three groups
(p > 0.05). HSI ranged from 6.61-7.90%, with no significant
differences among groups (p > 0.05). The growth indices
indicated that E2 exhibited better overall growth performance.

3.2 Muscle amino acid composition

The amino acid composition in muscle of C. quadracarinatus
from each group is shown in Table 4. A total of 16 amino acids,
including 9 essential amino acids (EAA) and 7 non-essential amino
acids (NEAA), were detected in crayfish muscle from all groups.

10.3389/fmars.2025.1573152

TABLE 4 Amino acid composition in muscle of C. quadricarinatus after
the 10-week feeding trial.

Amino acids Groups

(g kg™ C

Threonine 079 +0.02  080+001  078+0.02 | 0.80+0.02
Valine 087 +0.03 | 089+003  085+002 | 0.87+0.01
Methionine 044 +002  044+001  043+001 | 045001
Isoleucine 079 +001  084+02 0.82+002 | 0.84+001
Leucine 1554002  158+001  154+006 @ 157 +0.04
Phenylalanine 081 +0.01 | 081+002 082+001 | 084001
Lysine 169004 170003  168+001 | 170 +0.01
Arginine 2154003 | 2214002  221+005 | 229+ 0.0l
Histidine 044 +001  045+001  045+002 | 043+ 001
Serine 0.80+0.03 | 078+002  077+002 | 079+ 001
Glutamic acid 341+005 | 336+003  3.38+0.10 | 335011
Proline 0.66+0.02 | 070+002  0.67+002 | 0.67 0.0l
Glycine 091 +0.00°  0.90+001" 0.88+0.02" | 097 +0.02
Alanine 1.04£002  1.05+001  1.00+002 104 +0.02
Aspartic acid 209+007 | 211+005  204+005 | 206+ 0.02
Tyrosine 068003  071+001 071002 071001
TAA 19.18 +039 1933 +0.16 1895+ 041 1933 +0.38
EAA 959+020 | 973+008  9.50+022 | 992001
NEAA 959 +0.19  9.60 +0.08  9.45+020 | 9.60 +0.20
EAA/TAA 050 +0.00  0.50+000  0.50+0.00 | 050 0.00
NEAA/TAA 050 +0.00  0.50+000  0.50+0.00 | 050 0.00

TAA, sum of total amino acids; EAA, sum of essential amino acids, included threonine, valine,
leucine, isoleucine, histidine, arginine, lysine, phenylalanine, methionine; NEAA, sum of non-
essential amino acids, included serine, glutamic acid, glycine, alanine, tyrosine, proline,
aspartic acid. (Mean + SE).

Different superscripts indicate significant differences (p<0.05) or highly significant
differences (p<0.01).

TABLE 3 Effects of Antarctic krill supplementation on growth performance in C. quadricarinatus after the 10-week feeding trial.

Parameters

SR (%) 66.67 + 0.00° 60.00 + 6.67°
WGR (%) 154.40 + 7.62° 218.61 + 10.36
SGR (% day™) 1.342 + 0.04° 1.67 + 0.05°
MY (%) 16.29 + 0.42° 1832 + 0.51°
HSI (%) 7.90 + 0.20 7.67 +0.57

93.33 % 0.00°
203.60 + 11.04°
1.56 + 0.05°
17.56 + 0.56*

7.47 +0.53

70.00 + 3.33"
13491 + 8.83"
1.22 + 0.06
17.07 + 0.42%°

6.61 +0.21

Data are reported as the mean + SE of three replicates. Data with different letters were significantly different (p < 0.05) among all the treatments. SR, survival rate; WGR, weight gain rate; SGR,
specific growth rate; MY, Meat yield; HIS, hepatosomatic index.

C: Basal diet.

El: 2-day basal diet +1-day compound (50% Antarctic krill meat +50% basal diet).
E2: 1-day basal diet +1-day compound (50% Antarctic krill meat +50% basal diet).
E3: Feeding compound (50% Antarctic krill meat +50% basal diet).
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The total amino acid (TAA) content ranged from 18.95-19.33 g/kg,
with no significant differences among groups (p > 0.05). The EAA
content ranged from 9.50-9.92 g/kg, with no significant differences
among groups (p > 0.05). The NEAA content ranged from 9.45-
9.60 g/kg, with no significant differences among groups (p > 0.05).
EAA/TAA and NEAA/TAA ratios were both 0.50, with no
significant differences among groups (p > 0.05). The glycine (Gly)
content in E3 was significantly higher than that in the other three
groups (p < 0.05), whereas other amino acid contents showed no
significant differences among groups (p > 0.05). Overall, feeding
AKM had no significant effect on the amino acid composition of
C. quadracarinatus.

3.3 Muscle fatty acid compositions

Regarding muscle fatty acid composition, dietary AKM
significantly influenced the fatty acid profile in C. quadricarinatus

10.3389/fmars.2025.1573152

muscle tissue. The fatty acid composition in muscle of C.
quadracarinatus from each group is shown in Table 5. A total of
16 fatty acids, including 5 saturated fatty acids (SFA), 4
monounsaturated fatty acids (MUFA), and 7 polyunsaturated
fatty acids (PUFA), were detected in crayfish muscle from all four
groups. The SFA content ranged from 28.70-31.06%, with that of
the non-fed group (C) being significantly higher than that of the fed
groups (E1, E2, and E3) (p < 0.05). The MUFA content ranged from
24.62-26.34%, with no significant differences among groups (p >
0.05). The n-3 PUFA content ranged from 14.92-28.52%, which
increased significantly with an increasing amount of Antarctic krill
feed (p < 0.05). The n-6 PUFA content ranged from 18.63-24.94%,
with that of E3 being significantly lower than those of C and E1 (p <
0.05). The PUFA content ranged from 42.52-47.60%, with no
significant differences among groups (p > 0.05). The EPA+DHA
content ranged from 14.93-25.43%, with that of E3 being
significantly higher than those of E1 and E2 (p < 0.05) and
extremely significantly higher than that of C (p < 0.01).

TABLE 5 Fatty acid composition in muscle of C. quadricarinatus after the 10-week feeding trial.

Fatty acid

(% fatty acid)

C16:0 16.94 + 0.51 16.87 +0.16 16.74 + 0.15 15.73 + 0.03
cl6:1 1.87 + 0.07°° 1.90 + 0.05% 2,01 + 0.08" 1.79 +0.01°
C17:0 0.37 + 0.04" 0.41 + 0.02%° 0.39 + 0.03*° 0.54 + 0.04*
C18:0 9.27 + 023 9.04 +0.17 9.01 + 0.06 9.00 + 0.06
C18:1n9¢ 2240 + 023" 22.00 + 0.15% 21.45 + 0.05%° 20.63 + 047"
C18:2n6c 21.15 + 1.14° 19.49 + 0.31° 18.00 + 0.029° 1427 +1.38°
C18:3n3 0.32 +0.01° 0.32 +0.01° 0.32 +0.01° 2.51 + 0.05*
C20:0 1.97 + 0.09 1.93 + 0.06 1.92 +0.10 2.03 +0.03
C20:1 0.87 + 0.01* 0.79 + 0.02%° 0.82 + 0.01*° 0.72 + 0.03°
C20:2 1.87 + 0.01° 1.65 + 0.02° 1.73 + 0.0°° 1.71 + 0.06°
C20:5n3 10.33 +0.73¢ 13.16 + 0.32° 14.17 + 0.17° 18.98 + 0.01°
C20:4n6 3.79 + 0.22%° 3.61 + 0.06° 3.90 + 0.11%° 434 +0.19°
C20:3n3 0.56 + 0.01 0.51 +0.01 0.55 + 0.01 0.56 + 0.01
C22:0 1.56 + 0.12 1.36 + 0.04 132 +0.08 1.45 + 0.01
C22:1n9 0.98 + 0.00° 0.90 + 0.01¢ 0.92 +0.01¢ 111 +0.01°
C22:6n3 4.61 +0.16° 5.36 + 0.07° 5.48 +0.10° 6.45 + 0.01*
SFA 31.06 + 0.01* 29.50 + 0.40° 29.40 + 0.36° 28.70 + 0.09°
MUFA 26.34 + 0.06 25.80 + 0.16 2557 + 0.15 24.62 + 0.84
n-3 PUFA 14.92 + 0.02¢ 19.62 + 0.01¢ 20.77 + 0.01° 28.52 + 0.04*
n-6 PUFA 24.94 + 0.92* 22.78 + 0.38° 21.90 + 0.40% 18.63 + 1.19°
PUFA 4252 +0.14 43.68 + 0.77 44.04 + 0.77 47.60 + 0.01
DHA+EPA 14.93 +0.10° 18.52 +0.25° 19.65 + 0.27° 2543 + 0.01%
n-3/n-6 PUFA 0.58 + 0.00¢ 0.85 + 0.00° 0.93 + 0.00° 1.64 +0.01°

SFA, Sum of saturated fatty acids; MUFA, Sum of monounsaturated fatty acids; n-3 PUFA, Sum of n-3 polyunsaturated fatty acids; n-6 PUFA, Sum of n-6 polyunsaturated fatty acids. (Mean + SE).
Different superscripts indicate significant differences (p<0.05) or highly significant differences (p<0.01).
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3.4 Astaxanthin content in muscle and
shell

The astaxanthin content in C. quadracarinatus shell and muscle
is shown in Table 6. The astaxanthin content in shell ranged from
28.23-39.27 mg/kg among the groups, with E2 having a significantly
higher content than C (p < 0.05) and an extremely significantly
higher content than E1 and E3 (p < 0.01). The astaxanthin content in

TABLE 6 Effects of AKM supplementation on content of astaxanthin in
muscle and shell of C. quadricarinatus after the 10-week feeding trial
(mg/kg).

Parameters  Groups

C
Shell 318 £023% | 2823 +023 3927 +0.7° 2823 +0.23¢
Muscle 0.35+0.00° | 055+001°  115+001*  0.55+0.01°

Data are reported as the mean + SE of three replicates. Data with different letters were
significantly different (p < 0.05) among all the treatments.
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muscle ranged from 0.35-1.15 mg/kg, with that of E2 being
significantly higher than those of E1 and E3 (p < 0.05) and
extremely significantly higher than that of C (p < 0.01).

3.5 Antioxidant capacity and digestive
enzyme activities

Antioxidant enzyme activity results are shown in Figures 1A, B.
The activity levels of SOD and GSH-Px ranged from 57.90-67.78 U/
mgprot and 362.81-453.80 U/mgprot, respectively. Compared with
the C, AKM supplementation showed no significant effects on
these enzyme activities (p > 0.05). However, it should be noted
that the GSH-Px activity in E1 was significantly higher than that in
E3 (p < 0.05). The digestive enzyme activity results are shown in
Figures 1C, D. The TPS content ranged from 2.59-4.94 U/gprot,
with that of E2 being significantly higher than that of the other
three groups (p > 0.05) (Figure 1C). The LPS content ranged from
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Effects of feeding different amounts of AKM on antioxidant and digestive enzyme activity in hepatopancreas of (C) quadricarinatus. (A) superoxide
dismutase (SOD), (B) glutathione peroxidase (GSH-XP), (C) trypsin (TPS), (D) lipase (LPS). Different letters above the error line indicate significant

differences (P < 0.05).
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0.53-1.43 U/gprot, with that of E2 being significantly higher than
those of E1 and E3 (p > 0.05) and extremely significantly higher
than that of C (p < 0.01) (Figure 1D).

3.6 Immune- and molting-gene expression

Immune gene expression results in crayfish are shown in
Figures 2A, B. The Expression levels of the Toll gene in El and
E2 were significantly higher than those in C and E3 (p < 0.05)
(Figure 2A). Expression level of the hemocyanin (HEM) gene in E2
was significantly higher than that in the other three groups, with no
significant differences among the remaining three groups (p > 0.05)
(Figure 2B). The results of molting-related genes are shown in
Figures 2C, D. The EcR expression level in E2 was significantly

A
Toll

0.05
0.04
0.03
0.02

0.01-

Relative expression level

- o

0.00 T

EcR
0.04 -

level

0.03 4

0.02- be

1ve expression

.

0.01

Relat

0.00-
C E1l E2 E3

FIGURE 2

10.3389/fmars.2025.1573152

higher than that in E1 (p < 0.05) and extremely significantly higher
than that in Cand E3 (p < 0.01) (Figure 2C); the retinoid X receptor
gene (RXR) expression level in E2 was significantly higher than that
in the other three groups, with no significant differences among the
remaining three groups (p > 0.05) (Figure 2D).

3.7 Intestinal microbiota structure

o-diversity results of intestinal microbiota in the four groups,
analyzed using non-parametric tests, are shown in Table 7. The
Chaol index ranged from 460.80-700.90 among the groups, with
that of C and E2 being significantly higher than that of E1 (p < 0.05)
and showing no significant difference compared to that of E3 (p >
0.05). The Shannon index ranged from 3.39-5.87 and the Simpson’s
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Effects of feeding different amounts of AKM on immunity, and molting gene expression levels in hepatopancreas of C. quadricarinatus. (A) Toll;
(B) HEM, hemocyanin; (C) EcR, ecdysone receptor; (D) RXR, retinoic acid receptor. Different letters above the error line indicate significant

differences (P < 0.05).
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TABLE 7 Alpha diversity indices of intestinal microbiota of C. quadricarinatus after the 10-week feeding trial.

Alpha diversity indices

Groups

C

Chaol 700.90 + 46.63" 460.80 + 41.99" 671.70 + 59.60" 546.40 + 2524
Shannon 5252 + 1.02 3.39 £0.74 5.87 £0.29 4.86 + 0.13
Simpson 0.88 + 0.04 0.73 £ 0.14 0.94 £ 0.01 0.89 + 0.01
Coverage 0.99 + 0.00 0.99 + 0.00 0.99 + 0.00 0.99 + 0.00

Data are reported as the mean + SE of three replicates. Data with different letters were significantly different (p < 0.05) among all the treatments.

index ranged from 0.73-0.94, with no significant differences among
the four groups (p > 0.05). The coverage index for sequencing of gut
samples from red claw crayfish in each group was 0.99,
demonstrating the high reliability of the obtained diversity
profiles. After high-throughput sequencing analysis, a total of
2,833 OTUs were identified in the gut of the four groups, among
which 271 OTUs were common to all four groups. The number of
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unique OTUs in C, El, E2, and E3 was 282, 119, 169, and 109,
respectively (Figure 3A). The top 10 phyla in relative abundance in
intestinal microbiota of the four groups are shown in Figure 3B. At
the phylum level, the common dominant phyla in the gut of the four
groups (relative abundance > 10%) were Firmicutes and
Proteobacteria. The Firmicutes abundance in E1 was significantly
higher than that in E3 (p < 0.05) and extremely significantly higher
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than that in C and E2 (p < 0.01); In contrast, the Proteobacteria
abundance in E1 was significantly lower than that in the other three
groups (p < 0.05). In addition, C had a unique dominant phylum,
i.e., Actinobacteriota (10.47%), and E2 had a unique dominant
phylum, i.e., Bacteroidota (16.03%). E1 and E3 did not have any
unique dominant phyla. The top 10 genera in relative abundance in
the gut microbiota of the four groups are shown in Figure 3C.
Genera with a relative abundance > 10% were considered dominant.
In C, dominant genera were Candidatus_Bacilloplasma (12.65%),
Hypnocyclicus (11.32%), and Vibrio (11.09%). In El, dominant
genera were Candidatus_Hepatoplasma (27.06%) and
Candidatus_Bacilloplasma (15.51%). In E2, dominant genera were
Aeromonas (12.86%) and Flavobacterium (11.04%). In E3,
dominant genera were Acinetobacter (20.16%) and
Candidatus_Bacilloplasma (16.13%). There were no common
dominant genera among the four groups.

4 Discussion

Antarctic krill has gained attention from aquaculture nutrition
researchers in recent years due to its rich astaxanthin, EPA, and
DHA contents, which are essential nutrients for aquatic animals.
Currently, studies have reported that addition of an appropriate
amount of Antarctic krill to feed can significantly improve the
growth performance of aquatic animals such as Salmo salar L
(Olsen et al., 2006), Oncorhynchus mykiss (Wei et al., 2019),
gilthead seabream (Saleh et al, 2018), and D. labrax (Torrecillas
etal., 2021). However, feeding excessive amounts of Antarctic krill is
not necessarily beneficial for growth. For example, when feed of M.
nipponense and Verasper variegatus is supplemented with excessive
Antarctic krill, it can lead to a decrease in SGR (Yan et al., 2018, Yan
et al., 2023). The results of the present study showed that feeding
AKM once every 3 d or once every 2 d enhanced the growth
performance of red claw crayfish, whereas feeding a high dose (i.e.,
daily feeding) of AKM did not promote its growth. Antarctic krill is
rich in palatable components such as nucleotides, Gly, and glutamate
(Olsen et al., 2006; Hatlen et al, 2017; Yan et al, 2018). We
speculated that these palatable components can enhance the
appetite of crayfish, thereby promoting their growth. In addition,
Antarctic krill is also rich in fatty acids such as EPA and DHA, as
well as astaxanthin (Aratjo et al., 2019; Deng et al., 2024). Its unique
nutritional substances are beneficial for EPA, DHA, and astaxanthin
intake by crayfish, thus promoting their growth. According to the
nutritional analysis by Sands et al. (1998), Antarctic krill is rich in
chitin and fluoride, and it has been proven that high chitin and
fluoride intake by aquatic animals can negatively affect their growth
performance (Sands et al., 1998; Shiau and Yu, 1999; Julshamn et al.,
2004; Yoshitomi et al., 2006; Yoshitomi and Nagano, 2012).
Therefore, this study suggested that feeding AKM once every 3 d
or once every 2 d is beneficial for C. quadracarinatus growth,
whereas daily feeding of AKM does not produce beneficial effects
on growth and other indicators.

The nutritional value of aquatic food has been a hot topic of
concern for many years. Analyzing the fatty acid composition and
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unique nutritional substances in food is a means of evaluating its
nutritional value. From the perspective of human fatty acid
requirements, excessive SFA intake can increase the risk of
coronary heart disease (Mensink, 2013); therefore, compared to
SFA, PUFA is more in line with human nutritional needs. n-3
PUFA has been proven to be beneficial for human health and
growth. In particular, EPA and DHA play positive roles in infant
development, cancer prevention, cardiovascular disease control,
and treatment of mental illnesses. Since they cannot be
synthesized in the human body (Riediger et al., 2008), they must
be obtained through food intake (Ruxton et al, 2004). Current
research has shown that adding Antarctic krill to feed can increase
the EPA and DHA levels in crustaceans such as L. vannamei and P.
trituberculatus (Ambasankar et al., 2022; Guo et al., 2022). The
present study found that with the increase of AKM feeding, the n-
3PUFA, EPA, and DHA contents in muscle of C. quadracarinatus
increased, and the SFA content decreased (Table 5). This indicated
that feeding AKM effectively promoted intake of n-3PUFA,
particularly EPA and DHA, in C. quadracarinatus, while reducing
the SFA content, thereby enhancing the nutritional value of its
muscle. Antarctic krill is also rich in natural astaxanthin, which is a
nutrient with extensive health benefits for the human body, has
been proven to prevent various human diseases, including diabetes
and intestinal diseases, and has a positive promoting effect on
human immune response, brain function, and skin health
(Guerin et al.,, 2003; Hussein et al., 2006; Visioli and Artaria,
2017). Analysis of astaxanthin content showed that feeding AMK
increased the astaxanthin content in C. quadracarinatus muscle
(Table 6), indicating that feeding AKM was conducive to
astaxanthin absorption by C. quadracarinatus. Therefore, this
study suggested that feeding AKM can improve the fatty acid
composition of C. quadracarinatus muscle and increase the
astaxanthin content in its muscle, thereby enhancing the
nutritional value of C. quadracarinatus muscle.

The hepatopancreas is an important part of the crustacean
digestive system, and its digestive enzyme activity is an important
indicator for evaluating the digestive function of the organism. It
can reflect the ability of an organism to digest and absorb nutrients
(Yan etal., 2023). TPS is among the important digestive enzymes in
the hepatopancreas of crustaceans, and its activity level reflects the
ability of an organism to break down and utilize feed protein (Dali
et al., 2024). LPS is involved in regulating fat metabolism and can
promote absorption of energy required for growth and development
of the organism (Olivecrona, 2016). Previous studies have shown
that adding an appropriate amount of Antarctic krill to feed can
enhance TPS activity in M. nipponense and promote TPS secretion
in Seriola quinqueradiata (Morimoto Kofuji et al., 2006; Yan et al.,
2023). This demonstrates that adding Antarctic krill to feed is
beneficial for improving the ability of aquatic animals to utilize
proteins. The present study found that feeding AKM every 2 d (E2)
enhanced TPS activity (Figure 1C), indicating that feeding AKM
every 2 d is beneficial for C. quadracarinatus to utilize protein in
feed. Analysis of LPS activity in C. quadracarinatus (Figure 1D)
showed that with the increase of AKM feeding, LPS activity first
increased and then decreased, and was significantly higher than that
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in the non-fed group, proving that feeding AKM was conducive to
improving the ability of C. quadracarinatus to break down and
utilize fat in feed. Moreover, feeding AKM every 2 d had a more
obvious effect on its ability to utilize fat in feed. In addition,
antioxidant enzyme activity results (Figures 1A, B) showed that
feeding AKM resulted in no significant difference in the antioxidant
enzyme activity of C. quadracarinatus (p > 0.05), indicating that
feeding AKM did not significant affect its antioxidant capacity.

Since crustaceans lack specific immunity, when facing pathogen
invasion, they completely rely on non-specific immune reactions to
enhance their resistance (Liu et al., 2020). The non-specific immune
system of crustaceans can resist pathogen invasion by regulating
immune-related gene expression (Fredrick and Ravichandran, 2012).
Therefore, immune-related gene expression levels are often used to
evaluate the immune capacity of an organism. Toll plays an
important role in the non-specific immunity of crustaceans as it
can regulate antimicrobial peptide production to combat pathogenic
bacteria (Akira, 2001; Li et al., 2017). For example, when the Toll gene
of C. quadracarinatus is silenced, expression of the antimicrobial
peptide ALF decreases, leading to enhanced transcription and
replication of white spot syndrome virus (WSSV), proving that
the Toll plays a significant role in the immune process of
C. quadracarinatus (Li et al, 2017). The results of the present
study showed that the Toll expression levels in E1 and E2 were
significantly higher than those in the non-fed and daily-fed groups
(p < 0.05) (Figure 2A), indicating that feeding AKM every 2 or 3 d is
beneficial for enhancing the immune response capability of red claw
crayfish. In addition, HEM has multiple immune functions such
as antiviral, antibacterial, and hemolytic activities, and is also a
factor used to assess the non-specific immune response of
crustaceans (Destoumieux-Garzon et al.,, 2001; Zhuang et al., 2015).
In L. vannamei, the HEM expression level increases and then
decreases with an increase in Antarctic krill feeding, and it is
significantly enhanced when 4% and 6% Antarctic krill powder are
added to the feed, indicating that feeding an appropriate amount of
Antarctic krill is beneficial for enhancing the immune response of the
organism (Ambasankar et al., 2022). The present study found that the
HEM expression pattern in the hepatopancreas of C. quadracarinatus
after feeding AKM was consistent with previous research on L.
vannamei, and the effect was most significant when feeding AKM
every 2 d (Figure 2B), indicating that feeding AKM every 2 d is
beneficial for enhancing the immune response of the organism.
Molting is an important physiological process in the entire life
cycle of crustaceans and is of great significance to their growth,
development, and reproduction. Molting in crustaceans is regulated
by multiple factors, among which the ecdysteroid receptor gene (EcR)
and retinoid X receptor(RXR) are important regulatory factors (Priya
et al,, 2009; Techa and Chung, 2013). The present study found that
feeding AKM every 2 d significantly increased the EcR and RXR gene
expression levels in C. quadracarinatus (p < 0.05), indicating that
feeding AKM every 2 d is beneficial for enhancing the molting ability
of C. quadracarinatus. Therefore, this study suggested that feeding
AKM every 2 d is beneficial for improving the immune response and
enhancing the molting ability of C. quadracarinatus.
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Aquatic animals have a rich microbial community in their
intestines, the structural characteristics of which can affect
physiological activities such as nutrient absorption, energy
regulation, and metabolism of the host organism. A stable and
healthy microbial community structure is beneficial for promoting
the growth performance of aquatic animals (He et al., 2018; Sehnal
et al, 2021). Analyzing the microbial community diversity and
structure is a common method for assessing the structural
characteristics of the intestinal microbiota. Currently, indices such
as Chaol, Shannon, and Simpson’s are commonly used to evaluate
intestinal microbiota diversity. Chaol and Shannon are indicators
of microbial diversity and richness, and Simpson’s is a parameter
used to determine the evenness of microbial composition
(Hildebrand et al., 2013). The diversity results of the intestinal
microbiota of red claw crayfish in the present study (Table 7)
showed that, except for the Chaol index of the group fed AKM
every 3 d being lower than that of the non-fed group and the group
fed every 2 d, there were no significant differences in Shannon and
Simpson’s indices among the four groups (p > 0.05). Although
feeding AKM every 3 d had a slight effect on the intestinal
microbiota diversity of C. quadracarinatus, based on the overall
assessment of Shannon and Simpson’s indices, it was concluded
that feeding AKM did not significantly affect the intestinal
microbiota diversity. In addition, structural analysis of phyla and
genera is commonly used to assess intestinal microbiota
characteristics. Analysis of intestinal phyla in the present study
found that the common dominant phyla among the four groups
were Firmicutes and Proteobacteria. Firmicutes play an important
role in promoting nutrient utilization in the intestines of aquatic
animals and maintaining stable intestinal function, which has been
verified by analysis of the intestinal microbiota structure of P. clarkii
(Smriga et al., 2010; Zhang et al., 2018, Zhang et al., 2021; Liu et al,,
2024). Phylum Proteobacteria includes many pathogens, such as
Escherichia coli, Vibrio, and Helicobacter pylori. A high abundance
of Proteobacteria can easily cause intestinal digestive and absorptive
disorders (Xiao et al, 2023). According to previous research,
Firmicutes and Proteobacteria are commonly found in the
intestines of crustaceans such as P. clarkii and Macrobrachium
rosenbergii, and play a role in nutrient utilization in crustaceans
(Xie et al,, 2021; Liu et al., 2024). In addition, at the phylum level, it
was found that only the group fed AKM every other day had a
unique dominant phylum (Bacteroidetes) (relative abundance >
10%) (Figure 3B). It has been reported that Bacteroidetes participate
in carbohydrate and fiber decomposition in the digestive tract of
aquatic animals, thereby promoting digestion and nutrient
absorption in the host (Zhou et al., 2022). Therefore, we speculate
that feeding AKM every other day is conducive to increasing the
Bacteroidetes abundance in the intestine, thereby enhancing the
intestinal digestive function of C. quadracarinatus. Although there
were no common dominant genera among the four groups at the
genus level, Vibrio abundance in intestines of crayfish in the unfed
group was significantly higher than that in intestines of crayfish in
all fed groups (p < 0.05) (Figure 3C). Since Vibrio is the most
common pathogenic bacterium in aquatic animals (Xiong et al.,

frontiersin.org


https://doi.org/10.3389/fmars.2025.1573152
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Mai et al.

2017; Baron et al., 2020), we speculate that feeding AKM can reduce
the risk of bacterial disease infection in C. quadracarinatus.

5 Conclusion

Antarctic krill, rich in nutrients, is commonly used as a high-
quality nutritional supplement in aquatic animal feed. This study
compared different AKM feeding strategies during juvenile
C.quadricarinatus cultivation. The results revealed that AKM feeding
not only enhanced the content of fatty acids such as EPA and DHA, as
well as astaxanthin in the muscle, but also reduced the abundance of
Vibrio genus in the intestine. Particularly, feeding AKM every two days
significantly improved growth performance including SR, WGR, and
SGR, while enhancing digestive capacity, immune function, and
molting capability. In contrast, daily AKM feeding demonstrated
weaker comprehensive effects on growth performance and
physiological function promotion. In conclusion, the two-day interval
AKM feeding strategy shows potential for improving growth
performance and nutritional quality in C.quadricarinatus, though
dosage control should be emphasized to avoid potential negative
effects from excessive supplementation. This study provides scientific
guidance for practical aquaculture practices.
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