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Abstract
This experiment aimed to investigate the effects of periodic starvation and
refeeding on the growth performance, antioxidant indices, digestive enzyme ac-
tivities, amino acid composition, and fatty acid composition of juvenile pharaoh
cuttlefish (Sepia pharaonis). A total of 360 juvenile cuttlefish with an initial
body weight of (6.83$±$0.01) g were randomly divided into 4 groups, with 3
replicates per group and 30 individuals per replicate. Four feeding regimes were
implemented: periodic starvation for 1 day followed by refeeding for 6 days
(S1F6 group), periodic starvation for 2 days followed by refeeding for 5 days
(S2F5 group), periodic starvation for 3 days followed by refeeding for 4 days
(S3F4 group), and continuous feeding (control group), in a 14-day feeding trial.
The results showed: 1) Different starvation durations had significant effects on
weight gain rate, survival rate, and specific growth rate (P<0.05). These three
parameters in the S3F4 group were significantly lower than those in the control
group (P<0.05), while no significant differences were observed among the S1F6
group, S2F5 group, and control group (P>0.05). 2) The contents of muscle
moisture, crude fat, and crude protein showed no significant differences among
all groups (P>0.05). 3) Different starvation durations had a significant effect
on liver superoxide dismutase activity (P<0.05), which reached its maximum
value in the S2F5 group; however, no significant effects were observed on liver
malondialdehyde and reduced glutathione contents or glutathione peroxidase
activity (P>0.05). 4) Different starvation durations had significant effects on
liver amylase and lipase activities (P<0.05). With the extension of starvation
duration, liver amylase activity first decreased and then increased, reaching its
minimum value in the S1F6 group, while liver lipase activity first increased, then
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decreased, and then increased again, reaching its minimum value in the S2F5
group. 5) A total of 17 amino acids were detected in the muscle tissue of juvenile
cuttlefish, and the contents of 10 essential amino acids, 7 non-essential amino
acids, total amino acids (TAA), total essential amino acids (TEAA), and the
TEAA/TAA ratio showed no significant differences among all groups (P>0.05).
6) No significant differences were observed among all groups in saturated fatty
acids, monounsaturated fatty acids, and polyunsaturated fatty acids in liver
and muscle (P>0.05). The contents of C20:5n-3 (EPA), C22:5n-3 (DPA), and
C22:6n-3 (DHA) in muscle, as well as DPA and DHA contents in liver, also
showed no significant differences among all groups (P>0.05). However, liver
EPA and n-3 polyunsaturated fatty acid contents in the S3F4 group were signif-
icantly lower than those in the control group (P<0.05). In conclusion, juvenile
cuttlefish in both the S1F6 and S2F5 groups exhibited compensatory growth,
with no significant changes in routine muscle nutrient composition. Taking into
account cost savings, pollution reduction, and compensatory growth, it is rec-
ommended to adopt the feeding regime of periodic starvation for 2 days followed
by refeeding for 5 days in the culture of juvenile cuttlefish.

Full Text
Abstract
A 14-day feeding trial was conducted to evaluate the effects of periodical
starvation-refeeding on growth performance, antioxidant indices, digestive
enzyme activities, amino acid composition, and fatty acid composition of
juvenile Sepia pharaonis. A total of 360 juvenile cuttlefish with an initial body
weight of (6.83$±$0.01) g were randomly divided into four groups with three
replicates per group and 30 individuals per replicate. Four different repetitive
cycles of starvation-refeeding were implemented: starvation for 1 day followed
by refeeding for 6 days (S1F6), starvation for 2 days followed by refeeding for
5 days (S2F5), starvation for 3 days followed by refeeding for 4 days (S3F4),
and continuous feeding (control group). The results showed: (1) Different
starvation durations significantly affected weight gain rate (WGR), survival
rate, and specific growth rate (SGR) (P<0.05). These three indicators in the
S3F4 group were significantly lower than in the control group (P<0.05), while
no significant differences were observed among the control, S1F6, and S2F5
groups (P>0.05). (2) No significant differences were found in muscle moisture,
crude lipid, or crude protein contents among all groups (P>0.05). (3) Hepatic
superoxide dismutase (SOD) activity was significantly affected by different
starvation durations (P<0.05), reaching its maximum value in the S2F5
group. However, hepatic malondialdehyde (MDA) and reduced glutathione
(GSH) contents, as well as glutathione peroxidase (GSH-Px) activity, were not
significantly affected (P>0.05). (4) Hepatic amylase and lipase activities were
significantly influenced by starvation duration (P<0.05). As starvation time
extended, hepatic amylase activity first decreased then increased, with the
minimum value observed in the S1F6 group, while hepatic lipase activity first
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increased, then decreased, and then increased again, with the minimum value
in the S2F5 group. (5) Seventeen amino acids were detected in the muscle
tissue of juvenile Sepia pharaonis, including 10 essential amino acids and 7
non-essential amino acids. No significant differences were found among groups
in the contents of these amino acids, total amino acids (TAA), total essential
amino acids (TEAA), or the TEAA/TAA ratio (P>0.05). (6) No significant
differences were observed among groups in saturated fatty acids (SFA), mo-
nounsaturated fatty acids (MUFA), or polyunsaturated fatty acids (PUFA)
in either liver or muscle tissues (P>0.05). Additionally, muscle C20:5n-3
(EPA), C22:5n-3 (DPA), C22:6n-3 (DHA) contents, and hepatic DPA and DHA
contents showed no significant differences among groups (P>0.05). However,
hepatic EPA and n-3 PUFA contents in the S3F4 group were significantly
lower than in the control group (P<0.05). In conclusion, compensatory growth
was observed in both S1F6 and S2F5 groups, with no significant changes in
muscle conventional nutrient composition. Considering cost savings, pollution
reduction, and compensatory growth, we recommend adopting the periodical
starvation-refeeding pattern of 2 days starvation followed by 5 days refeeding
for juvenile Sepia pharaonis culture.

Keywords: juvenile Sepia pharaonis; starvation-refeeding; conventional nutri-
ents; digestive enzyme activities; amino acids; fatty acids

Introduction
Sepia pharaonis (pharaoh cuttlefish) belongs to the phylum Mollusca, class
Cephalopoda, order Sepiida, family Sepiidae, and genus Sepia. This species
is large-bodied, delicious, nutritious, and has high nutritional value, represent-
ing a promising cephalopod for aquaculture. In natural environments, animals
frequently face starvation stress due to seasonal changes, temperature fluctua-
tions, water quality variations, and uneven spatial distribution of food resources.
Under starvation conditions, many animals reduce their metabolic rate and mo-
bilize stored tissue substances to cope with the stress [1]. Animals actively
utilize stored substances by regulating various enzyme activities to sustain life
[2]. During starvation, the utilization sequence of amino acids and fatty acids
also differs.

Compensatory growth refers to the phenomenon where animals exhibit growth
rates exceeding normal levels after experiencing starvation or nutritional de-
privation and then returning to normal feeding [3]. The degree of compen-
satory growth in aquatic animals varies significantly depending on species, de-
velopmental stage, starvation duration, and refeeding period [4-6]. Based on
changes in specific growth rate and body mass during the recovery period,
compensatory growth in aquatic animals can be classified into four categories:
hyper-compensatory, complete compensatory, partial compensatory, and non-
compensatory growth [7]. Research has shown that compensatory growth can
promote growth, improve feed utilization, reduce labor costs [8-10], and decrease
nitrogen emissions, thereby reducing water pollution [11]. Current studies have
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primarily focused on fish [12-14], crustaceans [15], and bivalves [16], with limited
reports on cephalopods [17].

Different starvation and refeeding protocols yield varying results in compen-
satory growth studies [18]. Cyclic starvation is an effective approach to achieve
desirable compensatory growth [19], as it reduces labor intensity, saves labor
costs, and shortens starvation duration. Le et al. [3] investigated compensatory
growth in newly hatched Sepia pharaonis larvae, but in-depth research on com-
pensatory growth after multiple cycles of starvation stress in juvenile Sepia
pharaonis is lacking. Therefore, this study examined the effects of different
periodical starvation-refeeding patterns on growth performance, muscle conven-
tional nutrients, antioxidant indices, digestive enzyme activities, amino acid
composition, and fatty acid composition of juvenile Sepia pharaonis. The ob-
jective was to explore the physiological response mechanisms under starvation
stress and provide a scientific basis for developing efficient feeding strategies for
juvenile Sepia pharaonis.

1.1 Experimental Design
Juvenile Sepia pharaonis were obtained from Xiangshan Laifa Aquatic Seedling
Farm, and the experiment was conducted at the Marine Science and Technology
Innovation Base in Ningbo, Zhejiang Province. Prior to the experiment, the cut-
tlefish were acclimated with fresh shrimp for one week and fasted for 24 hours
before grouping. A total of 360 healthy individuals of uniform size [initial body
weight (6.83$±$0.01) g] were randomly divided into four groups: one control
group and three periodical starvation-refeeding groups (S1F6, S2F5, and S3F4).
Each group had three replicates with 30 individuals per replicate, stocked in 300
L tanks. Water was exchanged twice daily (morning and afternoon) at approx-
imately 50% each time. Natural seawater after dark sedimentation and sand
filtration was used, with salinity ranging from 21.2‰ to 26.7‰, temperature
from 23.8 to 27.4 °C, and pH from 7.5 to 8.0. Natural lighting and micro-flow
aeration were provided. The diet consisted of small fresh shrimp (proximate
composition, amino acid composition, and fatty acid composition of the fresh
shrimp are shown in Table 1 ), fed twice daily at 07:30 and 15:30. Feeding
behavior was observed within 1 hour after feeding.

1.2 Feeding Protocols
Control group: continuous feeding for 14 days; S1F6 group: starvation for 1 day
followed by refeeding for 6 days, repeated for 2 cycles; S2F5 group: starvation
for 2 days followed by refeeding for 5 days, repeated for 2 cycles; S3F4 group:
starvation for 3 days followed by refeeding for 4 days, repeated for 2 cycles. The
experimental period lasted 14 days.

chinarxiv.org/items/chinaxiv-201812.00774 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00774


1.3 Sample Collection and Analysis Methods
At the end of the feeding trial, all cuttlefish were fasted for 24 hours. Before
sampling, each tank was weighed and counted individually to calculate weight
gain rate, specific growth rate, and survival rate. Four cuttlefish were randomly
selected from each tank. Muscle tissue was dissected for analysis of conventional
muscle composition, amino acid composition, and fatty acid composition, while
liver tissue was dissected for determination of antioxidant indices, digestive en-
zyme activities, and fatty acid composition. All operations were performed on
ice.

Proximate composition analysis of diet and muscle: Moisture content
was determined by oven drying at 105 °C; crude ash content was measured by
incineration in a muffle furnace at 550 °C; crude protein content was analyzed us-
ing a protein analyzer (LECO FP-528); and crude lipid content was determined
using a fat analyzer (SX360).

Amino acid composition determination: Samples were hydrolyzed with 6
mol/L HCl in a sand bath for 24 hours, then diluted to 50 mL in a volumetric
flask. One milliliter of the solution was rotary evaporated, and the residue was
dissolved in 0.02 mol/L HCl before analysis using a high-speed automatic amino
acid analyzer (L-8900, HITACHI, Japan).

Fatty acid composition determination: Diet, liver, and muscle samples
were freeze-dried for 48 hours. Lipids were extracted using HCl-methanol and
KOH-methanol solutions for pretreatment, then sent to the Analysis Center of
Ningbo Institute of Materials Technology and Engineering, Chinese Academy of
Sciences for determination by gas chromatography-mass spectrometry (GCMS-
QP2010 Plus, SHIMADZU, Japan).

Antioxidant indices determination: A precise amount of tissue was weighed
and homogenized with physiological saline at a ratio of 1:9 (weight:volume) un-
der ice-water bath conditions. The homogenate was centrifuged at 2,500 r/min
for 10 minutes, and the supernatant was stored at -80 °C until analysis. Hepatic
superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activities, as
well as reduced glutathione (GSH) and malondialdehyde (MDA) contents, were
measured using commercial kits from Nanjing Jiancheng Bioengineering Insti-
tute according to the manufacturer’s instructions.

Digestive enzyme activity determination: Tissue pretreatment followed
the same procedure as for antioxidant indices. Hepatic lipase and amylase ac-
tivities were measured using commercial kits from Nanjing Jiancheng Bioengi-
neering Institute according to the manufacturer’s instructions.

1.4 Calculation Formulas
Weight gain rate (%) = 100 × (final mean weight - initial mean weight) / initial
mean weight
Specific growth rate (%/d) = 100 × (ln final body weight - ln initial body weight)
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/ feeding days
Survival rate (%) = 100 × (final number - initial number) / initial number

1.5 Data Processing and Analysis
All data are expressed as mean ± standard error (mean±SE). One-way ANOVA
was performed using SPSS 19.0 software. When significant differences were
detected among groups, Tukey’s multiple comparison test was conducted, with
P<0.05 as the significance threshold.

2.1 Effects of Periodical Starvation-Refeeding on Growth
Performance
As shown in Table 2 , starvation duration significantly affected weight gain
rate, specific growth rate, and survival rate (P<0.05). The weight gain rate,
specific growth rate, and survival rate of the S3F4 group were significantly lower
than those of the control group (P<0.05), while no significant differences were
observed between the S1F6 group, S2F5 group, and control group (P>0.05).

2.2 Effects of Periodical Starvation-Refeeding on Muscle
Conventional Nutrients
Table 3 shows that no significant differences were found in moisture, crude
protein, or crude lipid contents of juvenile Sepia pharaonis muscle among the
three periodical starvation-refeeding groups and the control group (P>0.05).

2.3 Effects of Periodical Starvation-Refeeding on Hepatic
Antioxidant Indices
As shown in Table 4 , different starvation durations significantly affected hep-
atic superoxide dismutase (SOD) activity (P<0.05). With prolonged starvation
time, hepatic SOD activity first decreased, then increased, and then decreased
again, reaching its maximum value in the S2F5 group. However, no significant ef-
fects were observed on hepatic malondialdehyde (MDA) and reduced glutathione
(GSH) contents or glutathione peroxidase (GSH-Px) activity (P>0.05).

2.4 Effects of Periodical Starvation-Refeeding on Hepatic
Digestive Enzyme Activities
Table 5 indicates that different starvation durations significantly affected hep-
atic amylase (AMS) and lipase (LPS) activities (P<0.05). As starvation time
extended, hepatic AMS activity first decreased then increased, with the mini-
mum value in the S1F6 group and the maximum value in the S3F4 group, and
these two groups differed significantly (P<0.05). Hepatic LPS activity first in-
creased, then decreased, and then increased again, with the minimum value in
the S2F5 group, which was significantly lower than all other groups (P<0.05),
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and the maximum value in the S1F6 group, which was significantly higher than
both the S2F5 and S3F4 groups (P<0.05).

2.5 Effects of Periodical Starvation-Refeeding on Muscle
Amino Acid Composition
As shown in Table 6 , 17 amino acids were detected in the muscle tissue of
juvenile Sepia pharaonis, including 10 essential amino acids and 7 non-essential
amino acids. No significant differences were found among groups in the contents
of these 10 essential and 7 non-essential amino acids, nor in total amino acids
(TAA), total essential amino acids (TEAA), or the TEAA/TAA ratio (P>0.05).

2.6 Effects of Periodical Starvation-Refeeding on Fatty Acid
Composition
Table 7 shows that 24 fatty acids were detected in the liver tissue of juvenile
Sepia pharaonis, with carbon chain lengths ranging from 12 to 24, including 7
saturated fatty acids (SFA), 5 monounsaturated fatty acids (MUFA), and 12
polyunsaturated fatty acids (PUFA). No significant differences were observed
among groups in hepatic MUFA, PUFA, SFA, or n-6 PUFA contents (P>0.05).
Hepatic C22:5n-3 (DPA) and C22:6n-3 (DHA) contents also showed no signif-
icant differences among groups (P>0.05). However, hepatic C20:5n-3 (EPA)
content in the three periodical starvation-refeeding groups decreased to vary-
ing degrees compared with the control group. While the differences were not
significant in the S1F6 and S2F5 groups (P>0.05), the S3F4 group showed signif-
icantly lower EPA content than the control group (P<0.05). Similarly, hepatic
n-3 PUFA content decreased in all three periodical starvation-refeeding groups
compared with the control, with the S3F4 group showing a significant difference
(P<0.05).

Table 8 shows that 18 fatty acids were detected in the muscle tissue of juve-
nile Sepia pharaonis, with carbon chain lengths ranging from 12 to 22, includ-
ing 4 SFAs, 4 MUFAs, and 10 PUFAs. No significant differences were found
among groups in muscle SFA, MUFA, PUFA, or n-3 PUFA contents (P>0.05).
Muscle EPA, DPA, and DHA contents also showed no significant differences
among groups (P>0.05). Although muscle n-6 PUFA content in the three pe-
riodical starvation-refeeding groups did not differ significantly from the control
group (P>0.05), the S1F6 group was significantly higher than the S2F5 group
(P<0.05).

3 Discussion
Starvation affects a series of physiological changes in aquatic animals, in-
cluding behavior, survival, growth, and metabolism. After starvation stress,
aquatic animals exhibit various compensatory growth responses, including
non-compensatory, partial compensatory, complete compensatory, and hyper-
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compensatory growth [20]. Ribeiro et al. [21] suggested that feeding rate,
feed conversion efficiency, protein synthesis rate, and energy reserves are key
indicators for evaluating compensatory growth. Zhang et al. [22] considered
weight gain rate and survival rate as evaluation metrics for Sepiella japonica
due to cannibalism during starvation stress. A et al. [23] used body mass change
rate and specific growth rate as evaluation criteria for compensatory growth
in turbot. Based on previous studies, this experiment adopted weight gain
rate, specific growth rate, and survival rate as evaluation criteria. The results
showed that under equal total starvation and feeding time, different starvation
durations significantly affected weight gain rate, survival rate, and specific
growth rate. The S1F6 and S2F5 groups showed no significant differences from
the control group, indicating compensatory growth occurred, similar to findings
in turbot juveniles [23]. The S3F4 group exhibited significantly lower weight
gain rate, survival rate, and specific growth rate compared with the S1F6 group,
S2F5 group, and control group, suggesting that the 3-day starvation and 4-day
refeeding pattern failed to induce compensatory growth. This indicates that
excessively long starvation periods may prevent compensatory growth and are
detrimental to industrial aquaculture of Sepia pharaonis. In this experiment,
survival rates were relatively low across all groups, particularly in the S3F4
group, which showed significantly reduced survival compared with the control
group. This may be attributed to cannibalism induced by starvation stress
during culture. Considering labor cost savings, improved feed utilization,
and reduced water pollution, the optimal feeding pattern for juvenile Sepia
pharaonis appears to be periodical starvation for 2 days followed by refeeding
for 5 days.

Lipids, carbohydrates, and proteins are the primary energy storage substances
for aquatic animals. During starvation, aquatic animals consume these stored
substances to maintain dynamic equilibrium. Different aquatic animals utilize
stored substances differently during starvation [24]. Lin et al. [25] found that
Litopenaeus vannamei primarily utilizes lipids as an energy source. Shen et
al. [26] reported that grass carp can effectively use carbohydrates as an energy
source. Mehner et al. [27] discovered that perch mainly utilizes protein as an
energy source. In this study, no significant differences were observed in mus-
cle moisture, crude protein, or crude lipid contents among the three periodical
starvation-refeeding groups and the control group, indicating that after com-
pensatory growth, moisture, crude protein, and crude lipid could recover to
control levels within a short period. Thus, periodical starvation-refeeding does
not affect the nutritional quality of juvenile Sepia pharaonis.

Oxygen free radicals are produced during stress responses and metabolism. The
antioxidant system composed of antioxidant enzymes and antioxidants continu-
ously scavenges these free radicals, forming a dynamic equilibrium [28]. When
aquatic animals experience stress, the activities of these antioxidant enzymes
change accordingly [29]. Superoxide dismutase is a key enzyme in the biolog-
ical defense system that catalyzes the dismutation of superoxide anion radi-
cals (O2

−・), reducing free radicals while producing hydrogen peroxide (H2O2).
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In this experiment, different starvation durations significantly affected hepatic
SOD activity, which showed a trend of first decreasing, then increasing, and
then decreasing again with prolonged starvation time, reaching its maximum in
the S2F5 group and significantly higher than in the S1F6 group. This suggests
that juvenile Sepia pharaonis had stronger antioxidant stress capacity at this
point, possibly because starvation stress induced superoxide anion radical gener-
ation, which in turn stimulated massive expression of SOD genes. Glutathione
peroxidase reduces hydrogen peroxide and organic peroxides, while reduced glu-
tathione both resists reactive oxygen species (ROS) oxidative damage and serves
as a substrate for other antioxidant enzymes [30]. Malondialdehyde is a toxic
product of lipid peroxidation caused by free radicals [31], and its content re-
flects the degree of lipid peroxidation and cell damage [32]. In this study, no
significant differences were found in hepatic MDA and GSH contents or GSH-Px
activity among the three periodical starvation-refeeding groups and the control
group, indicating that periodical starvation-refeeding does not negatively affect
these antioxidant parameters in juvenile Sepia pharaonis.

Under starvation stress, aquatic animals actively utilize stored energy sub-
stances by regulating digestive enzyme activities to sustain life [33-35]. Current
research suggests that the primary reason for decreased digestive enzyme
activities during starvation is the lack of food stimuli (olfactory, visual,
etc.) that normally influence central nervous system control of digestive gland
secretion [36-37]. Starvation also causes substantive changes in digestive organs,
such as hepatopancreas atrophy, which reduces digestive enzyme secretion
[38]. This study showed that hepatic amylase and lipase activities in juvenile
Sepia pharaonis were affected by starvation duration. In the early starvation
stage, due to lipid depletion, hepatic lipase secretion decreased to enhance
adaptability. After 3 days of starvation, juvenile Sepia pharaonis developed
some adaptability to starvation stress, and hepatic lipase activity increased
again. This pattern aligns with the trend of muscle crude lipid content first
increasing then decreasing with prolonged starvation time. Sepia pharaonis is
a carnivorous species with low carbohydrate utilization efficiency, resulting in
low amylase activity. In the early starvation stage, hepatic amylase activity
decreased due to food scarcity, but increased in the S3F4 group, possibly
because the liver enhanced utilization of muscle glycogen and hepatic glycogen
to meet metabolic demands.

Amino acids play important roles in aquatic animal growth. Under starvation
stress, organisms can convert amino acids to glucose for energy, leading to
decreased essential amino acids and total amino acids [39]. Different aquatic
animals utilize amino acids in different sequences during starvation. Channel
catfish (Ictalurus punctatus) preferentially utilizes non-essential amino acids as
an energy source during starvation [40], while Mystus macropterus preferentially
utilizes essential amino acids [41], and starvation does not affect amino acid con-
tent in Sepiella japonica [22]. This study found no significant differences in the
contents of 10 essential amino acids, 7 non-essential amino acids, total amino
acids, total essential amino acids, or the TEAA/TAA ratio among groups, in-
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dicating that periodical starvation-refeeding does not significantly affect amino
acid content in juvenile Sepia pharaonis, similar to findings in Sepiella japonica
[22].

During starvation stress, aquatic animals utilize different types of fatty acids in
a specific order: first saturated fatty acids, followed by low-unsaturated fatty
acids, and finally high-unsaturated fatty acids [42]. This study investigated the
effects of periodical starvation-refeeding on fatty acid composition in liver and
muscle of juvenile Sepia pharaonis. The results showed no significant differences
in SFA, MUFA, and PUFA contents in liver and muscle among the three pe-
riodical starvation-refeeding groups and the control group. Overall, in muscle
tissue, SFAs were utilized first, followed by alternating utilization of MUFAs
and PUFAs as starvation time extended. In liver tissue, PUFAs were utilized
first, followed by alternating utilization of SFAs and MUFAs. This indicates
that the utilization sequence of different fatty acid types varies between tissues
in juvenile Sepia pharaonis.

Generally, EPA and DHA contents are higher in marine fish than in freshwater
fish [43]. EPA, DHA, and DPA belong to n-3 polyunsaturated fatty acids and
are important nutritional components in marine organisms. EPA plays a crucial
role in immune and inflammatory responses, DHA is essential for neurological
function and normal retinal development [43], and DPA strongly inhibits platelet
aggregation and promotes bovine aortic endothelial cell migration [44-45], with
potential applications in treating hypertriglyceridemia [46]. Under the three
periodical starvation-refeeding patterns, muscle EPA, DHA, and DPA contents
in juvenile Sepia pharaonis showed no significant differences compared with
the control group. However, in the liver, EPA content in the S1F6 and S2F5
groups did not differ significantly from the control, while the S3F4 group showed
significantly lower EPA content. Hepatic DHA and DPA contents showed no
significant differences among the three periodical starvation-refeeding groups
and the control group. These results indicate that starvation stress under the
1-day starvation/6-day refeeding and 2-day starvation/5-day refeeding patterns
did not significantly affect important nutritional components in juvenile Sepia
pharaonis, but the 3-day starvation/4-day refeeding pattern caused nutritional
deficiencies.

4 Conclusion
1. Compensatory growth was observed in both S1F6 and S2F5 groups of ju-

venile Sepia pharaonis, with no significant changes in muscle conventional
nutrient composition.

2. Considering cost savings, pollution reduction, and compensatory growth,
we recommend adopting the periodical starvation-refeeding pattern of 2
days starvation followed by 5 days refeeding for juvenile Sepia pharaonis
culture.
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