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Abstract

This experiment aimed to investigate the effects of feeding frequency on growth
performance, body composition, digestive enzyme activity, tissue fatty acids,
and amino acid content in tiger cuttlefish (Sepia pharaonis). One hundred
eighty juvenile tiger cuttlefish with an initial body weight of (13.0840.01) g
were randomly divided into three groups (feeding frequencies of 1, 2, and 4
times per day, designated as F1, F2, and F4 feeding groups, respectively), with
three replicates per group and 20 individuals per replicate. The experimental
period lasted 4 weeks. The results showed that: 1) The weight gain rate, spe-
cific growth rate, and hepatosomatic index of the F2 and F4 feeding groups were
significantly higher than those of the F1 feeding group (P<0.05), while the feed
efficiency of the F1 and F4 feeding groups was significantly lower than that of
the F2 feeding group (P<0.05). 2) The liver moisture content of the F4 feed-
ing group was significantly lower than that of the F1 feeding group (P<0.05),
and the liver crude lipid content was significantly higher than that of the F1
and F2 feeding groups (P<0.05). The muscle moisture content of the F2 and
F4 feeding groups was significantly lower than that of the F1 feeding group
(P<0.05), while the muscle crude protein and crude lipid contents were signif-
icantly higher than those of the F1 feeding group (P<0.05). 3) No significant
differences were observed in the total amino acid, essential amino acid, and
non-essential amino acid contents of muscle among all groups (P>0.05). The
hepatic total amino acid, essential amino acid, and non-essential amino acid
contents of the F1 feeding group were significantly lower than those of the F2
and F4 feeding groups (P<0.05), while no significant differences were observed
in hepatic total amino acid and non-essential amino acid contents between the
F2 and F4 feeding groups (P>0.05). 4) The docosahexaenoic acid (DHA) con-
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tent and DHA /eicosapentaenoic acid (EPA) ratio in muscle and liver of the F1
feeding group were significantly higher than those of the F2 and F4 feeding
groups (P<0.05), while no significant differences were observed between the F2
and F4 feeding groups (P>0.05). No significant differences were observed in
the polyunsaturated fatty acid and n-3 highly unsaturated fatty acid contents
of muscle and liver among all groups (P>0.05). 5) The hepatic glutathione
peroxidase activity of the F1 feeding group was significantly higher than that
of the F2 feeding group (P<0.05). The foregut -amylase, lipase, and alkaline
phosphatase activities of the F1 feeding group were significantly higher than
those of the F2 feeding group (P<0.05), while no significant differences were ob-
served between the F2 and F4 feeding groups (P>0.05). Therefore, the optimal
feeding frequency for juvenile tiger cuttlefish culture is twice daily.
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Abstract: This experiment was conducted to investigate the effects of feeding
frequency on growth performance, body composition, digestive enzyme activi-
ties, and tissue fatty acid and amino acid compositions of Sepia pharaonis. A
total of 180 juvenile Sepia pharaonis with an initial body weight of (13.08+0.01)
g were randomly divided into 3 groups (feeding frequencies of 1, 2, and 4 times
per day, designated as F1, F2, and F4 groups, respectively), with 3 replicates
per group and 20 cuttlefish per replicate. The experimental period lasted for 4
weeks. The results showed as follows: 1) The weight gain rate (WGR), specific
growth rate (SGR), and hepatosomatic index (HSI) in F2 and F4 groups were
significantly higher than those in F1 group (P<0.05), while the feed efficiency
(FE) in F1 and F4 groups was significantly lower than that in F2 group (P<0.05).
2) The liver moisture content in F4 group was significantly lower than that in F1
group (P<0.05), and the liver crude lipid content was significantly higher than
that in F1 and F2 groups (P<0.05). The muscle moisture content in F2 and F4
groups was significantly lower than that in F1 group (P<0.05), and the muscle
crude protein and crude lipid contents were significantly higher than those in
F1 group (P<0.05). 3) There were no significant differences in the contents of
total amino acids (TAA), essential amino acids (EAA), and non-essential amino
acids (NEAA) in muscle among all groups (P>0.05). The contents of TAA,
EAA, and NEAA in liver in F1 group were significantly lower than those in F2

chinarxiv.org/items/chinaxiv-201812.00807 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00807

ChinaRxiv [$X]

and F4 groups (P<0.05), while the contents of TAA and NEAA in liver showed
no significant difference between F2 and F4 groups (P>0.05). 4) The docosa-
hexaenoic acid (DHA) content and DHA /eicosapentaenoic acid (EPA) ratio in
muscle and liver in F1 group were significantly higher than those in F2 and
F4 groups (P<0.05), with no significant differences between F2 and F4 groups
(P>0.05). There were no significant differences in the contents of polyunsatu-
rated fatty acids (PUFA) and n-3 high unsaturated fatty acids (n-3HUFA) in
muscle and liver among all groups (P>0.05). 5) The liver glutathione peroxidase
activity in F1 group was significantly higher than that in F2 group (P<0.05).
The activities of -amylase, lipase, and alkaline phosphatase in anterior intes-
tine in F1 group were significantly higher than those in F2 group (P<0.05), with
no significant differences between F2 and F4 groups (P>0.05). Therefore, the
appropriate feeding frequency for juvenile Sepia pharaonis is 2 times per day.

Key words: Sepia pharaonis; feeding frequency; growth performance; body
composition; digestive enzyme activities; tissue fatty acids; tissue amino acids

*Corresponding author, professor, E-mail: zhougicun@nbu.edu.cn

Feeding strategy, comprising feeding frequency, feeding level (or feeding rate),
and feeding method, constitutes an important component of intensive aquacul-
ture management [1]. Feeding frequency is a crucial factor affecting aquaculture
production; inappropriate feeding frequency can lead to slow growth rates and in-
creased size variation among individuals [2]. Excessively high feeding frequency
often reduces feed efficiency, thereby increasing production costs and deteriorat-
ing the culture environment, whereas excessively low feeding frequency results
in reduced growth performance [3]. Therefore, determining appropriate feeding
frequency is of great significance for fish farming.

Sepia pharaonis belongs to the phylum Mollusca, class Cephalopoda, order De-
capoda, family Sepiidae, and genus Sepia, and is widely distributed in the South
China Sea [4]. This species is characterized by large body size, delicious taste,
strong disease resistance, rapid growth, and suitability for high-density culture,
making it a promising economic cephalopod for aquaculture [5]. Current re-
search on Sepia pharaonis has primarily focused on skin gelatin properties [6],
tolerance to ecological factors [7], nutritional composition including body com-
position, amino acids, and fatty acids in different tissues [8], and embryonic
development [9]. However, studies investigating the effects of feeding frequency
on this species have not been reported. This experiment aimed to determine
the optimal feeding frequency by examining its effects on growth performance,
body composition, digestive enzyme activities, and tissue amino acid and fatty
acid compositions of Sepia pharaonis, thereby providing scientific basis for ratio-
nal feeding strategies, culture practices, quality control, and energy conversion
during the juvenile stage.
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1.1 Experimental Design

Experimental Sepia pharaonis were purchased from Xiangshan Laifa Farm and
reared at the Ningbo Marine and Fisheries Science and Technology Innovation
Base. Prior to the experiment, juvenile cuttlefish were acclimated in 300 L
blue barrels for 2 weeks under indoor natural lighting with transparent plastic
roofing. The water was aerated daily, and during acclimation, the cuttlefish were
fed chilled shrimp twice daily (body composition and amino acid composition,
fatty acid composition shown in Table 1 and Table 2 , respectively). After
acclimation, the cuttlefish were fasted for 24 h, and 180 juveniles with uniform
size, no surface injuries, and an initial body weight of (13.08+0.01) g were
selected and randomly divided into 3 groups (feeding frequencies of 1, 2, and
4 times per day, designated as F1, F2, and F4 groups, respectively), with 3
replicates per group and 20 cuttlefish per replicate. The experimental period
lasted for 4 weeks.

Table 1 Body composition (wet weight basis) and amino acid composition (DM
basis) of chilled shrimp

Table 2 Fatty acid composition of chilled shrimp (percentage of total fatty
acids)

The three groups of Sepia pharaonis were randomly distributed among 9 barrels,
with 20 cuttlefish per barrel. The different feeding frequencies and schedules
during the experiment were as follows: F1 group, fed once daily (09:00); F2
group, fed twice daily (09:00, 18:00); F4 group, fed four times daily (09:00, 12:00,
15:00, and 18:00). Each feeding was conducted to satiation. Frozen shrimp
were thawed before feeding, surface moisture was removed and the shrimp were
weighed. After 1 h of feeding, residual feed was siphoned out, surface moisture
was removed and weighed. Feed intake was calculated as the weight of feed
offered minus residual feed. Water exchange was performed daily at 08:00 using
a micro-flow system, with 30% water exchanged. The culture period lasted
for 4 weeks, during which water temperature was maintained at 29.0-34.9 °C,
dissolved oxygen concentration was above 6.0 mg/L, and salinity ranged from
23.0%0 to 27.3%e.

1.3 Sample Collection

At the end of the feeding trial, the cuttlefish were fasted for 24 h, anesthetized
with 0.15 mol/L magnesium chloride (MgCl ) [10], weighed and counted to cal-
culate weight gain rate (WGR), survival rate (SR), and specific growth rate
(SGR). In each culture barrel, 3 cuttlefish were randomly selected, weighed indi-
vidually, and measured for mantle length. The liver was dissected and weighed
to calculate condition factor (CF) and hepatosomatic index (HSI). Ten cuttle-
fish were dissected on ice packs; the anterior intestine and liver were collected
in 2.0 mL centrifuge tubes for determination of digestive enzyme activities and
amino acid and fatty acid contents. Abdominal muscle was stripped and placed
in 4 mL centrifuge tubes for determination of muscle composition, amino acids,
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and fatty acids. All samples were stored at -80 °C.

1.4 Analytical Methods

Routine nutrient contents in muscle and liver were determined according to
AOAC (1995) [11] methods. Moisture content was determined by oven drying
at 105 °C to constant weight. Crude protein content was measured using a
protein analyzer (Leco FB-528) based on the principle of thermal conductivity
absorption. Crude lipid content was determined using a lipid analyzer (SX360)
based on the Soxhlet extraction principle. Crude ash content was measured by
muffle furnace incineration at 550 °C.

Fatty acid analysis: Liver and muscle samples were freeze-dried for 48 h.
Lipids were extracted using hydrochloric acid-methanol solution and potassium
hydroxide-methanol solution for pretreatment, then sent to the Testing Center
of Ningbo Institute of Materials Technology & Engineering, Chinese Academy
of Sciences. Fatty acid methyl esters were analyzed using a gas chromatography-
mass spectrometer (GCMS-QP2010 Plus, SHIMADZU, Japan), and the relative
percentages of various fatty acids were calculated using area normalization.

Amino acid analysis: Liver and muscle samples were hydrolyzed with 6 mol/L
HCI in a sand bath for 24 h, 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 HCI for analysis using an amino acid analyzer (L-8900).

Intestinal digestive enzyme and liver antioxidant enzyme activity analysis: Ac-
tivities of intestinal trypsin, -amylase (AMS), lipase (LPS), creatine kinase
(CK), -glutamyl transferase ( -GT), alkaline phosphatase (AKP), and Na , K -
ATPase, as well as liver malondialdehyde (MDA) content and superoxide dismu-
tase (SOD) and glutathione peroxidase (GSH-Px) activities, were all determined
using assay kits from Nanjing Jiancheng Bioengineering Institute.

1.5 Calculation Formulas

Survival rate (%) = 100 x Nt/N

Weight gain rate (%) = 100 x (Wt — W )/W

Specific growth rate (%/d) = 100 x (In Wt — In W )/t
Feed intake (FI, g) = amount fed — residual feed

Feed efficiency (FE, %) = 100 x (Wf + Wd — Wi)/F
Condition factor (g/cm?) = 100 x W/L?
Hepatosomatic index (%) = 100 x Wh/W

Where: Nt = number of cuttlefish at experiment end; N = initial number of
cuttlefish; Wt = final average weight of cuttlefish (g); W = initial average
weight of cuttlefish (g); t = experimental duration (days); Wf = total final
weight of cuttlefish (g); Wd = total weight of dead cuttlefish (g); Wi = total
initial weight of cuttlefish (g); F = feed intake (g); W = body weight of cuttlefish
(g); L = mantle length of cuttlefish (cm); Wh = liver weight (g).
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1.6 Data Processing and Analysis

Data were initially processed using Excel 2007 and then subjected to statistical
analysis using SPSS 16.0 software. One-way analysis of variance (ANOVA) was
performed on the data. When significant differences were detected, Turkey’ s
test was used for multiple comparisons. P<0.05 was considered statistically
significant, and results were expressed as mean + standard error.

2.1 Effects of Feeding Frequency on Growth Performance and Mor-
phological Indices of Sepia pharaonis

The effects of feeding frequency on growth performance and morphological in-
dices of Sepia pharaonis are presented in Table 3 . The results showed that
survival rate and condition factor did not differ significantly among groups
(P>0.05). Feed intake increased significantly with increasing feeding frequency
(P<0.05). Feed efficiency in F4 group was significantly higher than that in
F1 and F4 groups (P<0.05), with no significant difference between F1 and F4
groups (P>0.05). Weight gain rate, specific growth rate, and hepatosomatic
index in F2 and F4 groups were significantly higher than those in F1 group
(P<0.05), while no significant differences were observed between F2 and F4
groups (P>0.05).

Table 3 Effects of feeding frequency on growth performance and morphology
indexes of Sepia pharaonis

2.2 Effects of Feeding Frequency on Liver and Muscle Composition
of Sepia pharaonis

The effects of feeding frequency on liver and muscle composition of Sepia pharao-
nis are shown in Table 4 . The results indicated that liver crude protein content
did not differ significantly among groups (P>0.05). Liver moisture content in F4
group was significantly lower than that in F1 group (P<0.05). Liver crude lipid
content in F4 group was significantly higher than that in F1 and F2 groups
(P<0.05), with F2 group being significantly higher than F1 group (P<0.05).
Muscle moisture content in F2 and F4 groups was significantly lower than that
in F1 group (P<0.05), while muscle crude protein and crude lipid contents were
significantly higher than those in F1 group (P<0.05). However, no significant
differences were observed between F2 and F4 groups (P>0.05).

Table 4 Effects of feeding frequency on liver and muscle composition of Sepia
pharaonis (wet weight basis)

2.3 Effects of Feeding Frequency on Tissue Amino Acid Composition
of Sepia pharaonis

The effects of feeding frequency on muscle amino acid composition of Sepia
pharaonis are presented in Table 5 . The results demonstrated that the con-
tents of essential amino acids threonine (Thr), leucine (Leu), and lysine (Lys) in
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muscle of F2 group were significantly higher than those in F1 group (P<0.05),
with no significant differences between F4 group and either F1 or F2 groups
(P>0.05). The contents of non-essential amino acids aspartic acid (Asp), serine
(Ser), glutamic acid (Glu), and alanine (Ala) in muscle of F2 group were sig-
nificantly higher than those in F1 group (P<0.05), while F4 group showed no
significant differences compared with F1 and F2 groups (P>0.05).

Table 5 Effects of feeding frequency on muscle amino acid composition of Sepia
pharaonis (DM basis)

The effects of feeding frequency on liver amino acid composition of Sepia pharao-
nis are shown in Table 6 . The results revealed that the contents of Thr, valine
(Val), methionine (Met), isoleucine (Ile), Leu, phenylalanine (Phe), Lys, histi-
dine (His), arginine (Arg), Asp, Ser, Glu, glycine (Gly), Ala, cysteine (Cys), ty-
rosine (Tyr), total amino acids, essential amino acids, and non-essential amino
acids in liver of F1 group were significantly higher than those in F2 and F4
groups (P<0.05). Among these, the contents of Val, Met, His, Arg, Asp, Glu,
Gly, Ala, Cys, total amino acids, and non-essential amino acids in liver showed
no significant differences between F2 and F4 groups (P>0.05).

Table 6 Effects of feeding frequency on liver amino acid composition of Sepia
pharaonis (DM basis)

2.4 Effects of Feeding Frequency on Tissue Fatty Acid Composition
of Sepia pharaonis

The effects of feeding frequency on muscle fatty acid composition of Sepia
pharaonis are presented in Table 7 . The results indicated that EPA, saturated
fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty
acids (PUFA), and n-3 high unsaturated fatty acids (n-3HUFA) contents in
muscle did not differ significantly among groups (P>0.05). The DHA content,
n-6 high unsaturated fatty acids (n-6HUFA) content, and DHA /EPA ratio in
muscle of F1 group were significantly higher than those in F2 and F4 groups
(P<0.05), with no significant differences between F2 and F4 groups (P>0.05).
The n-3/n-6 ratio in F2 group was significantly higher than that in F1 group
(P<0.05), but showed no significant difference with F4 group (P>0.05).

Table 7 Effects of feeding frequency on muscle fatty acid composition of Sepia
pharaonis (percentage of total fatty acids)

The effects of feeding frequency on liver fatty acid composition of Sepia pharao-
nis are shown in Table 8 . The results demonstrated that EPA, MUFA con-
tents, and n-3/n-6 ratio in liver of F2 and F4 groups were significantly higher
than those in F1 group (P<0.05), while no significant differences were observed
between F2 and F4 groups (P>0.05). The DHA content, SFA content, and
DHA/EPA ratio in liver of F1 group were significantly higher than those in
F2 and F4 groups (P<0.05), with no significant differences between F2 and F4
groups (P>0.05).
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Table 8 Effects of feeding frequency on liver fatty acid composition of Sepia
pharaonis (percentage of total fatty acids)

2.5 Effects of Feeding Frequency on Liver Antioxidant Capacity and
Intestinal Digestive Enzyme Activities of Sepia pharaonis

The effects of feeding frequency on liver antioxidant capacity and intestinal
digestive enzyme activities of Sepia pharaonis are presented in Table 9 . The
results showed that liver superoxide dismutase activity and malondialdehyde
content did not differ significantly among groups (P>0.05). Liver glutathione
peroxidase activity in F1 group was significantly higher than that in F2 group
(P<0.05), but showed no significant difference with F4 group (P>0.05).

The activities of trypsin, creatine kinase, -glutamyl transferase, and Na , K -
ATPase in anterior intestine did not differ significantly among groups (P>0.05).
The activities of -amylase, lipase, and alkaline phosphatase in anterior intestine
of F1 group were significantly higher than those in F2 group (P<0.05), with no
significant differences between F2 and F4 groups (P>0.05).

Table 9 Effects of feeding frequency on liver antioxidant ability and intestinal
digestive enzyme activities of Sepia pharaonis

3.1 Effects of Feeding Frequency on Growth Performance of Sepia
pharaonis

Within an appropriate range of feeding frequency, the growth rate of most fish
species increases with feeding frequency [12]. Lin et al. [13] reported that the
specific growth rate and weight gain rate of Megalobrama amblycephala were
significantly higher when fed 5 times daily compared with 1 or 2 times daily.
Wang et al. [14] also found that the specific growth rate of Pelteobagrus vachelli
richardson increased significantly with increasing feeding frequency. For juvenile
Sebastes schlegeli, the specific growth rate was highest when fed 4 times daily,
being 2.25%-15.43% higher than groups fed 1, 2, or 3 times daily [1]. Similarly,
this experiment found that when fed twice daily (F2 group), Sepia pharaonis
exhibited significantly higher weight gain rate and specific growth rate than F1
group. This may be because at appropriate higher feeding frequencies, cuttlefish
had more opportunities to approach or achieve satiety daily, obtaining more nu-
trients and energy for weight gain [15], consequently improving feed efficiency.
Similar results were reported in Megalobrama amblycephala [13], indicating that
moderately increasing feeding frequency benefits fish growth. In this study, feed
efficiency in F2 group was significantly higher than in F4 group, possibly be-
cause excessively high feeding frequency led to increased energy expenditure for
feeding activities, reducing energy available for growth. Additionally, frequent
activity behaviors in aquatic animals accelerate energy consumption, which is
detrimental to growth and increases feed costs [16]. Furthermore, as cuttlefish
are stomach-bearing animals capable of holding substantial food quantities, re-
peated multiple feedings may cause reflexive rapid movement of digestive tract
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contents, resulting in undigested food being expelled and reducing feed conver-
sion efficiency, thereby affecting growth.

3.2 Effects of Feeding Frequency on Liver and Muscle Composition,
Morphological Indices, and Tissue Amino Acid Composition of Sepia
pharaonis

Some studies have found that feeding frequency had no significant effect on hep-
atosomatic index of Oreochromis niloticus [17], whereas the hepatosomatic index
of Pelteobagrus vachelli decreased with increasing feeding frequency [18]. Other
reports have indicated that increasing feeding frequency elevates feed intake,
and excess energy beyond that required for normal growth is converted to and
stored as fat, consequently increasing body lipid content and correspondingly
decreasing moisture content [19]. Dong et al. [20] reported that in Ictalurus
punctatus, higher feeding frequency provided abundant food, reducing energy
expenditure on food competition and cannibalism, allowing large amounts of
dietary fat and protein to be stored in the liver. Conversely, at lower feeding
frequencies, more energy was utilized for competing for food and avoiding can-
nibalism, leading to catabolism of most protein nutrients. In this study, with
increasing feeding frequency, crude lipid contents in muscle and liver of Sepia
pharaonis increased significantly while moisture content decreased significantly.
The elevated lipid content also led to an increasing trend in hepatosomatic index,
consistent with the aforementioned reports. This may be attributed to reduced
feeding activity with increased feeding frequency [21], causing excess dietary
nutrients to be converted to and stored as fat in the liver [22]. The decreasing
liver amino acid content with increasing feeding frequency, along with the high-
est liver crude protein content in F2 group (though not significantly different
from other groups), further supports this hypothesis. These findings are similar
to those reported in Larimichthys crocea [23] and Acanthopagrus schlegeli [24].
Changes in muscle crude protein and crude lipid contents were consistent, both
increasing significantly with feeding frequency, which aligns with the trends of
numerous essential and non-essential amino acids in muscle. This suggests that
excess energy consumed by Sepia pharaonis is stored as fat and protein in mus-
cle, indicating that muscle is an important energy storage tissue. However, the
trends of Thr, Leu, Lys, Asp, Ser, Glu, and Ala contents in muscle were oppo-
site to those in liver with increasing feeding frequency, representing the result of
amino acid transfer among body tissues. We speculate this may also contribute
to the reduced liver crude protein content. The essential amino acids/total
amino acids (EAA/TAA) ratio did not differ significantly among feeding fre-
quency groups but was greater than the ideal protein pattern recommended
by FAO/WHO: EAA/TAA 40% [25]. Cuttlefish fed chilled shrimp exhibited
balanced amino acid profiles with complete varieties, representing high-quality
aquatic protein.
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3.3 Effects of Feeding Frequency on Tissue Fatty Acid Composition
of Sepia pharaonis

Marine fish cannot synthesize sufficient EPA and DHA to meet their growth
requirements and must obtain these from dietary sources [26]. Deficiency in
EPA and DHA adversely affects visual system development and pigmentation,
reduces predation ability in larvae, impairs neuroendocrine system development,
and increases mortality [27]. Arachidonic acid (ARA, C20:4n-6), as one of the
high unsaturated fatty acids, also influences normal development in some ma-
rine fish [28]. In this study, with feeding frequency increasing from once to twice
daily, C20:4n-6 contents in both muscle and liver of cuttlefish decreased signif-
icantly, with no significant differences between F2 and F4 groups. Although
EPA content in muscle showed no significant differences with increasing feeding
frequency, an overall increasing trend was observed, while DHA content and
DHA/EPA ratio in muscle decreased significantly. These changes were consis-
tent with EPA and DHA contents in liver, indicating a positive correlation in
fatty acid content and composition between muscle and liver, which may be
related to fat storage and selective retention of fatty acids. The n-3/n-6 ratio in
fish is an important indicator for evaluating product quality, with WHO/FAO
recommending a minimum level of 0.1-0.2 [29]. In this experiment with Sepia
pharaonis, the n-3/n-6 ratio of chilled shrimp and cuttlefish muscle ranged from
9.01 to 13.54, substantially exceeding the WHO/FAO recommendation, indicat-
ing that chilled shrimp as feed can satisfy the fatty acid requirements of Sepia
pharaonis.

3.4 Effects of Feeding Frequency on Liver Antioxidant Capacity and
Intestinal Digestive Enzyme Activities of Sepia pharaonis

The liver is a vital metabolic organ and a major site of free radical production.
Free radicals can cause fatty acid oxidation [30]. Malondialdehyde, as the end
product of lipid peroxidation, exhibits cytotoxicity [31]. In this study, liver
malondialdehyde content in Sepia pharaonis showed an increasing trend with el-
evated feeding frequency, indicating that high-frequency feeding induces hepatic
oxidative stress. This is consistent with findings in Megalobrama amblycephala,
where liver malondialdehyde content peaked when fed 6 times daily [32]. In
fish research, superoxide dismutase and glutathione peroxidase are important
indicators for evaluating cellular antioxidant capacity [33]. In this experiment,
F4 group exhibited the highest liver superoxide dismutase activity, which may
alleviate oxidative stress induced by high-frequency feeding. Glutathione per-
oxidase activity in F2 group was significantly lower than in F1 group, while F4
group showed no significant differences with either F1 or F2 groups. However,
current research on the precise mechanisms of feeding frequency effects on oxida-
tive stress in Sepia pharaonis remains limited and requires further investigation.

Digestive enzyme activity is considered an indicator of fish ability to absorb
and digest food [34]. In this study, the activities of three digestive enzymes
(-amylase, lipase, and trypsin) showed a trend of initially decreasing then in-
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creasing with feeding frequency. The activities of -amylase and lipase in an-
terior intestine of F1 group were significantly higher than other groups, while
trypsin activity showed no significant differences among groups. These findings
are similar to those reported in Hippocampus erectus [35], Oplegnathus fascia-
tus [3], and Oreochromis niloticus x O. affreus [36]. This may be because at
lower feeding frequencies, insufficient food intake necessitates increased intesti-
nal digestive enzyme activity to ensure adequate absorption of nutrients to meet
growth energy requirements. When food intake increases, cuttlefish can meet
growth energy demands with lower digestive enzyme activity, further confirming
that cuttlefish in F2 group had higher feed utilization efficiency compared with
F4 group. Recent studies have found that intestinal creatine kinase, -glutamyl
transferase, alkaline phosphatase, and Na , K -ATPase show similar trends to
digestive enzymes [37], suggesting enhanced nutrient absorption capacity in fish
under optimal feeding frequencies.

4 Conclusion

Considering growth performance, feed utilization, liver and muscle composition,
liver antioxidant enzyme activities, intestinal digestive enzyme activities, and
tissue fatty acid and amino acid compositions, the appropriate feeding frequency
for juvenile Sepia pharaonis under the conditions of this experiment is 2 times
per day.
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