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Abstract

360 replicates were established, each containing 20 individuals, with starvation
durations of 0 (control), 5, 10, 20, 30, and 40 days at water temperatures of 29-31
°C. Results showed that starvation time had no significant effect on the survival
rate, shell height, or shell width of Hemifusus tuba (P>0.05), with 100% survival
in all groups; with prolonged starvation, the body weight of the snails gradu-
ally decreased, particularly during 20-40 days of starvation, with weight loss of
12.73%-21.14%. Except at 40 days of starvation, starvation time had no signif-
icant effect on moisture and crude protein content in the foot muscle (P>0.05);
with prolonged starvation, crude fat content in the foot muscle gradually de-
creased, while crude ash content gradually increased. With prolonged starva-
tion, glycogen content in the foot muscle decreased significantly (P<0.05), and
hepatopancreatic glycogen content exhibited a decreasing trend; except for no
significant differences between the 10- and 20-day starvation groups or between
the 20- and 30-day starvation groups (P>0.05), significant differences were found
among other groups (P<0.05). With prolonged starvation, the contents of satu-
rated fatty acids and monounsaturated fatty acids in the foot muscle gradually
decreased, while polyunsaturated fatty acid content increased relatively; the
content of even-carbon fatty acids gradually decreased, whereas the content of
odd-carbon fatty acids increased relatively. Hepatopancreatic lipase and trypsin
activities were significantly higher than those in the control group after 5 days
of starvation (P<0.05) and significantly lower than the control group after 40
days of starvation (P<0.05); hepatopancreatic amylase activity was significantly
higher than the control and 5-day starvation groups after 10 days of starvation
(P<0.05) and significantly lower than the control group after 40 days of starva-
tion (P<0.05). Hepatopancreatic superoxide dismutase (SOD), catalase (CAT),

chinarxiv.org/items/chinaxiv-201812.00242 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00242
https://chinarxiv.org/items/chinaxiv-201812.00242

ChinaRxiv [$X]

and glutathione peroxidase (GPx) activities increased with starvation duration
during 5-30 days and were significantly higher than the control group (P<0.05),
whereas after 40 days of starvation they were significantly lower than the con-
trol group (P<0.05); hepatopancreatic malondialdehyde (MDA) content showed
no significant difference prior to 30 days of starvation (P>0.05) but increased
significantly thereafter (P<0.05). These results suggest that Hemifusus tuba
exhibits tolerance to starvation, but after 30 days of starvation at high tempera-
ture (29-31 °C), substantial alterations occurred in its biochemical parameters,
indicating the onset of starvation stress.

Full Text

Effects of Starvation Time onGrowth, Biochemical Com-
position, Digestive Enzyme Activities, and Antioxidant In-
dices of Hemifusus tuba Gmelin

*WANG Shuangjian, DING Yuhui, JJANG Maowang, JIANG Xiamin*, HAN
Qingxi** (School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract

This study investigated the effects of different starvation durations on the
growth, biochemical composition, digestive enzyme activities, and antioxidant
indices of Hemifusus tuba Gmelin. A total of 360 individuals with an average
body weight of (28.33+£1.27) g were randomly divided into six groups (three
replicates per group, 20 snails per replicate) and subjected to starvation periods
of 0 (control), 5, 10, 20, 30, and 40 days at water temperatures of 29-31 °C.
The results showed that starvation time had no significant effect on survival
rate, shell height, or shell width (P>0.05), with all groups achieving 100%
survival. However, body weight gradually decreased with prolonged starvation,
with losses of 12.73%-21.14% observed after 20-40 days of food deprivation.
Except for the 40-day starvation group, moisture and crude protein contents
in the pedal muscle were not significantly affected by starvation (P>0.05).
Crude lipid content in the pedal muscle gradually decreased, while ash content
progressively increased with extended starvation. Pedal muscle glycogen
content declined significantly (P<0.05) as starvation progressed, and hep-
atopancreas glycogen content also showed a decreasing trend, with significant
differences among most groups (P<0.05) except between the 10- and 20-day
groups and between the 20- and 30-day groups. With prolonged starvation,
saturated fatty acid (SFA) and monounsaturated fatty acid (MUFA) contents
in the pedal muscle gradually decreased, whereas polyunsaturated fatty acid
(PUFA) content relatively increased. Additionally, fatty acids with even carbon
numbers decreased while those with odd carbon numbers relatively increased.
Hepatopancreas lipase and protease activities were significantly higher than
the control group after 5 days of starvation (P<0.05) but significantly lower
after 40 days (P<0.05). Hepatopancreas amylase activity peaked at 10 days
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of starvation, significantly exceeding both the control and 5-day groups
(P<0.05), but dropped significantly below control levels by 40 days (P<0.05).
Hepatopancreas superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) activities increased with starvation duration during 5-30
days, significantly surpassing control values (P<0.05), but declined sharply at
40 days, falling significantly below control levels (P<0.05). Hepatopancreas
malondialdehyde (MDA) content remained stable until 30 days (P>0.05) but
increased significantly thereafter (P<0.05). These results indicate that H.
tuba Gmelin exhibits strong starvation tolerance, but dramatic changes in
biochemical markers after 30 days of starvation at high temperature (29-31 °C)
suggest the onset of severe starvation stress.

Keywords: Hemifusus tuba Gmelin; starvation stress; survival rate; growth;
nutritional components; enzyme activity

Introduction

In natural aquatic environments, food resources are spatially heterogeneous and
temporally variable due to seasonal changes, making starvation a common phe-
nomenon throughout the life history of aquatic animals. Starvation significantly
affects physiological metabolic activity and the consumption of endogenous en-
ergy reserves [1]. Hemifusus tuba Gmelin, belonging to Mollusca, Gastropoda,
Mesogastropoda, Galeodidae, and genus Hemifusus, is a relatively large econom-
ically important marine gastropod. As a carnivorous species, it offers delicious
meat and high nutritional value, making it a prized seafood delicacy that has at-
tracted considerable attention from researchers worldwide. Domestic studies on
H. tuba Gmelin have primarily focused on artificial breeding [2-3], reproductive
biology [4-5], ecological habits [6-7], nutritional composition analysis [8-9], and
antitumor activity [10], while international research has concentrated on shell
structure [11], mechanical properties [12], and molecular biology [13]. Due to
resource scarcity and soaring prices, particularly during fishing moratorium pe-
riods when supply cannot meet demand, fishermen in Zhoushan and Xiangshan
coastal areas of Zhejiang Province frequently collect or purchase adult H. tuba
Gmelin in large quantities during March-April. These snails are concentrated
in net cages suspended at 3-8 m depth for temporary culture without feeding,
to be sold during the June-July fishing moratorium. However, this practice
of prolonged starvation and high-density suspended culture yields inconsistent
economic returns. Therefore, this study employed a single-factor starvation ex-
periment to investigate the effects of different starvation durations on growth,
nutritional composition, and enzyme activities in H. tuba Gmelin, providing a
theoretical basis for large-scale offshore temporary culture of this species.
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1.1 Experimental Materials

Experimental H. tuba Gmelin were collected from the Xiangshan sea area
(122.13°E, 28.54°N) in August 2016 through a single batch of bottom trawling,
totaling 280 kg. The snails were temporarily cultured for one week in cement
tanks (6.0 m x 4.0 m x 1.4 m, water depth 65 cm) at Xiangshan Laifa
Aquaculture Seedling Farm. Culture conditions were maintained at 29-31
°C water temperature, 19%0-25%0 salinity, and pH 7.6-8.4. The snails were
fed once daily with fresh clams (Sinonovacula constricta) ad libitum; feeding
ceased when visual observation indicated the snails stopped consuming the
bait. Water was completely exchanged daily with removal of residual bait, and
continuous aeration was provided throughout the one-week acclimation period.

1.2 Experimental Design

Based on acclimation results, five experimental groups were established with
starvation durations of 0 (control), 5, 10, 20, 30, and 40 days. Each group
comprised three replicates, with each replicate containing 20 snails cultured in
white foam boxes (44 ecm x 34 cm x 25 cm). The experimental snails had an
average body weight of (28.33+1.27) g, shell width of (36.28+1.27) mm, and
shell height of (67.27+1.88) mm. During the experiment, water temperature
was maintained at 29-31 °C, salinity at 19%0-25%o, pH at 7.6-8.4, with contin-
uous aeration ensuring dissolved oxygen concentration above 4.0 mg/L. Half of
the water volume was exchanged daily using pre-stored seawater that had un-
dergone sedimentation, sand filtration, and cotton filtration. Body weight, shell
width, and shell height were measured for each snail before and after starvation
treatment. At the end of each starvation period, three snails were randomly
selected from each replicate (nine snails per group) for dissection, and the pedal
muscle and hepatopancreas were separated, snap-frozen in liquid nitrogen, and
stored at -80 °C.

1.3 Analysis of Proximate Composition, Glycogen Content, and Fatty
Acid Profile in Pedal Muscle

To eliminate individual variation, pedal muscle samples from three snails in
each of the three replicates were pooled after mincing. Moisture content was
determined by oven drying at 105 °C, crude protein by the Dumas combus-
tion method, crude lipid by Soxhlet extraction with anhydrous ether, and ash
content by muffle furnace incineration at 550 °C. Glycogen content was mea-
sured using an assay kit (anthrone reagent colorimetric method) purchased from
Nanjing Jiancheng Bioengineering Institute. Fatty acid composition was ana-
lyzed according to GB/T 9695.2-2008 using a Shimadzu GCMS-QP2010 gas
chromatography-mass spectrometer (Shimadzu, Japan).
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1.4 Determination of Digestive Enzyme Activities, Antioxidant In-
dices, and Glycogen Content in Hepatopancreas

To eliminate individual variation, hepatopancreas samples from three snails in
each replicate were pooled after mincing. The hepatopancreas was homogenized,
and the supernatant was aliquoted and stored at -80 °C until analysis. All in-
dices were determined using assay kits from Nanjing Jiancheng Bioengineering
Institute following the manufacturer’s protocols. Protease activity was measured
by the Folin-phenol method, lipase activity by titration of fatty acid reaction
products with dilute NaOH to determine acid value, amylase activity by the
3,5-dinitrosalicylic acid colorimetric method, superoxide dismutase (SOD) ac-
tivity by the WST-1 method, catalase (CAT) activity by ammonium molybdate
colorimetry, glutathione peroxidase (GPx) activity by the dithionitrobenzoic
acid (DTNB) method, malondialdehyde (MDA) content by the thiobarbituric
acid (TBA) method, and glycogen content by the anthrone reagent colorimetric
method.

1.5 Statistical Analysis

All data are expressed as mean + standard deviation (mean+SD). One-way
ANOVA was performed using SPSS 13.0 statistical software. When significant
differences were detected (P<0.05), Tukey’ s-b(k) multiple comparison test was
used to analyze differences among groups.

2.1 Effects of Starvation Time on Growth of H. tuba Gmelin

As shown in Table 1 , starvation time had no significant effect on survival rate
(P>0.05), with no mortality observed in any group throughout the experiment.
Similarly, shell height and shell width were not significantly affected by starva-
tion (P>0.05). Body weight did not differ significantly among the 0-, 5-, and
10-day groups (P>0.05), but all differed significantly from the 20-; 30-, and
40-day groups (P<0.05). After 40 days of starvation, body weight decreased by
21.14%.

Table 1 Survival rate and changes in body weight, shell width, and shell height
of Hemifusus tuba Gmelin during starvation

Shell Shell Shell Shell
Weight width width height height

Starvatiofurvivalafter before after before after
time rate starva- starvation starvation starvation starvation
(d) (%)  tion (g) (mm) (mm) (mm) (mm)
0 100 28.074+1.10386.67+1.46 36.65+1.76 67.97+1.53 67.89+1.71
5 100 27.69+£1.1287.52+1.50 37.914+1.45 67.98+1.49 68.40+1.44
10 100 26.38+£1.1786.54+2.02 36.50+1.73 66.214+2.01 66.22+1.69
20 100 24.4141.348B6.60£1.28 36.60+£2.46 68.3241.27 68.324+2.35
30 100 23.604+1.3586.54+2.42 35.54+1.93 65.24+2.39 65.254+1.91
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Shell Shell Shell Shell
Weight width width height height
Starvatiofurvivalafter before after before after
time rate starva- starvation starvation starvation  starvation
(d) (%)  tion(g) (mm) (mm) (mm) (mm)
40 100 22.6841.4487.13+£1.62 37.18+2.17 68.17+1.64 68.194+2.17

Note: In the same column, values with different letter superscripts indicate
significant differences (P<0.05), while values with the same or no letter super-
scripts indicate no significant difference (P>0.05). The same applies to Table
2.

2.2 Effects of Starvation Time on Proximate Composition of Pedal
Muscle in H. tuba Gmelin

As shown in Table 2, moisture and crude protein contents in pedal muscle did
not differ significantly among 0-30 day starvation groups (P>0.05). However,
after 40 days of starvation, moisture content was significantly higher than in 0-
5 day groups (P<0.05), and crude protein content was significantly lower than
in 0-30 day groups (P<0.05). Crude lipid content gradually decreased with
prolonged starvation, with significant differences among the 0-, 5-, and 10-day
groups (P<0.05), though no significant differences were observed between the 10-
and 20-day groups, 20- and 30-day groups, or 30- and 40-day groups (P>0.05).
Ash content gradually increased with starvation duration, though no significant
differences were detected during 5-20 days (P>0.05).

Table 2 Changes in proximate nutritional components in pedal muscle of Hemi-
fusus tuba Gmelin during starvation (%)

Starvation Crude protein Ether extract Ash (DM
time (d) Moisture (DM basis) (DM basis) basis)

0 73.53+1.06h40+£0.18a 3.08+0.06a 9.15£0.51d
5 73.95£2.1dh374+0.12a 2.56+0.09b 11.3240.62c¢
10 74.43+1.0d843+0.33a 2.03£0.08c 11.23£0.39¢
20 75.51£0.688H5+0.20a 1.864+0.11cd 12.4740.21c
30 76.424+1.4435H6+0.18a 1.71+0.08de 14.04+£0.76b
40 77.414+1.086.56£0.49b 1.32£0.06e 17.11+0.71a

2.3 Effects of Starvation Time on Glycogen Content in Pedal Muscle
of H. tuba Gmelin

Pedal muscle glycogen content decreased significantly with prolonged starvation
(P<0.05). After 40 days of starvation, glycogen content was only (1.83%0.28)
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mg/g, representing 26.52% of the control group value of (6.90+0.15) mg/g (Fig-
ure 1 [Figure 1: see original paper]).

Note: Data columns with different letter superscripts indicate significant differ-
ences (P<0.05), while columns with the same or no letter superscripts indicate
no significant difference (P>0.05). The same applies to Figure 2 [Figure 2: see
original paper].

Figure 1 Effects of starvation time on glycogen content in pedal muscle of
Hemifusus tuba Gmelin

2.4 Effects of Starvation Time on Glycogen Content in Hepatopan-
creas of H. tuba Gmelin

Hepatopancreas glycogen content showed a declining trend with prolonged
starvation, with significant differences among most groups (P<0.05) except
between the 10- and 20-day groups and between the 20- and 30-day groups
(P>0.05). After 40 days of starvation, hepatopancreas glycogen content
decreased to (7.26+0.77) mg/g, equivalent to 38.82% of the control group value
of (18.704+0.90) mg/g (Figure 2 [Figure 2: see original paper]).

Figure 2 Effects of starvation time on glycogen content in hepatopancreas of
Hemifusus tuba Gmelin

2.5 Effects of Starvation Time on Fatty Acid Composition in Pedal
Muscle of H. tuba Gmelin

As shown in Table 3 , saturated fatty acid (SFA) and monounsaturated fatty
acid (MUFA) contents gradually decreased with prolonged starvation, while
polyunsaturated fatty acid (PUFA) content relatively increased. Within SFAs,
fatty acids with even carbon numbers decreased, whereas those with odd carbon
numbers relatively increased. After 40 days of starvation, C15:0 and C17:0
contents increased from 0.89% and 1.87% to 3.92% and 4.52%, respectively.

Table 3 Effects of starvation time on fatty acid composition in pedal muscle of
Hemifusus tuba Gmelin (%)

Fatty acids Starvation time (d)
0

C14:0

C15:0

C16:0

C17:0

C18:0

C20:0

SFA 36.26a,
C16:n-3
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Fatty acids Starvation time (d)

C18:n-6

C20:n-3

MUFA 17.90a
C18:2n-3

C20:2n-6

C20:4n-3

C20:5n-3 (EPA)

C22:2n-3

(C22:6n-3 (DHA)

PUFA 45.84f

Note: In the same row, values with different letter superscripts indicate signifi-
cant differences (P<0.05), while values with the same or no letter superscripts
indicate no significant difference (P>0.05). The same applies below.

2.6 Effects of Starvation Time on Digestive Enzyme Activities in Hep-
atopancreas of H. tuba Gmelin

As shown in Table 4 , hepatopancreas lipase and protease activities were signif-
icantly higher than the control group after 5 days of starvation (P<0.05), then
gradually decreased, becoming significantly lower than the control group at 40
days [at (31.9+0.9) U/g prot and (408.8+64.1) U/g prot, respectively] (P<0.05),
dropping to (18.2+0.1) U/g prot and (1,143.5+86.4) U/g prot. Hepatopancreas
amylase activity was significantly higher than both the control and 5-day groups
at 10 days (P<0.05), but significantly lower than the control group at 40 days
[(148.5£6.9) U/g prot] (P<0.05), decreasing to (117.5£7.9) U/g prot.

Table 4 Effects of starvation time on digestive enzyme activities in hepatopan-
creas of Hemifusus tuba Gmelin (U/g prot)

Starvation time (d) Lipase Protease Amylase

0 31.9+£0.9b 408.8+64.1b 148.5+6.9b
) 39.1+1.2a 686.3+94.8a 150.3+7.9b
10 26.3£0.7c  1,343.3£19.2b  215.0+12.6a
20 27.841.0c  1,329.9+28.6b 198.3£1.2a
30 27.7+2.2¢c 1,376.5+41.3b  154.943.3b
40 18.24+0.1d  1,143.5+86.4c  117.5£7.9c

2.7 Effects of Starvation Time on Antioxidant Indices in Hepatopan-
creas of H. tuba Gmelin

As shown in Table 5 , hepatopancreas SOD, CAT, and GPx activities in-
creased during 5-30 days of starvation, significantly exceeding control values
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(P<0.05), but declined sharply at 40 days, falling significantly below control
levels (P<0.05). Hepatopancreas MDA content remained stable until 30 days
(P>0.05) but increased significantly thereafter (P<0.05), reaching (28.99+1.12)
nmol/mg at 40 days.

Table 5 Effects of starvation time on antioxidant indices in hepatopancreas of
Hemifusus tuba Gmelin

Items Starvation time (d)
0

SOD (U/mg prot) 21.1341.02d

CAT (U/mg prot) 1.51+0.08d

GPx (U/mg prot) 34.64+0.19d

MDA (nmol/mg prot) 25.094+0.82c

3.1 Effects of Starvation Time on Growth of H. tuba Gmelin

During starvation, most animals mobilize stored substances, leading to body
weight reduction. Zhang et al. [14] reported that red sea bream (Pagrosomus
magor) lost 7.05% of body weight after 15 days of starvation without mortality.
Du et al. [15] found that Penaeus vannamei lost 10.55% of wet weight after 6
days of starvation. In this study, H. tuba Gmelin lost 21.14% of body weight
after 40 days of starvation without mortality, indicating strong starvation tol-
erance. Mollusk shells are primarily composed of calcium carbonate and small
amounts of shell matrix secreted by mantle epithelial cells [16]; the formation
mechanism remains unclear. Few studies have examined starvation effects on
mollusk shell dimensions, though Guo et al. [17] reported partial compensatory
growth in shell height of Pomacea canaliculata under short-term alternating wet-
dry conditions, achieved primarily through increased post-starvation feeding. In
contrast, this study found no significant differences in shell height or width be-
fore and after starvation, suggesting that starvation does not significantly affect
these morphological parameters in H. tuba Gmelin.

3.2 Effects of Starvation Time on Nutritional Composition of H. tuba
Gmelin

During starvation, animals consume stored substances to maintain physiological
metabolism, primarily utilizing glycogen and lipid reserves, with some species
consuming protein. As stored substances are depleted, moisture content in-
creases [18-21]. This study found that pedal muscle moisture content in H. tuba
Gmelin increased from 73.53% to 77.41% after 10 days of starvation. Crude pro-
tein content remained stable during the first 30 days but decreased significantly
in the 40-day group. Crude lipid content began declining after 5 days, from
3.08% to 1.32% at 40 days. Ash content progressively increased from 9.15% to
17.11% at 40 days. These results indicate that H. tuba Gmelin first utilizes lipid
and glycogen reserves, consuming small amounts of lipid but primarily glycogen
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during 10-30 days of starvation, while relatively preserving protein as a struc-
tural component—consistent with findings by Xue et al. [1]. Regarding fatty
acid utilization, this study revealed decreased SFA and MUFA contents but
relatively increased PUFA content in pedal muscle, suggesting preferential uti-
lization of SFAs and MUFAs during starvation stress while PUFAs are relatively
preserved. This may be because abundant PUFAs are essential components of
phospholipid bilayers necessary for maintaining cell membrane structure and
function [22]. Furthermore, accumulating evidence indicates that fatty acids,
particularly PUFAs, regulate gene expression to maintain lipid metabolism bal-
ance [23], consistent with Liu et al.” s [24] findings in Miichthys miiuy. Within
SFAs, even-carbon fatty acids decreased while odd-carbon fatty acids relatively
increased, indicating preferential utilization of even-carbon fatty acids during
starvation stress. From an energy utilization perspective, -oxidation of even-
carbon fatty acids is more economical, whereas odd-carbon fatty acids yield
propionyl-CoA that requires additional energy for conversion to succinyl-CoA
for further oxidation [25]. Additionally, odd-carbon fatty acids may be less
involved in energy storage and more important for biomembrane structure [24].

3.3 Effects of Starvation Time on Digestive Enzyme Activities and
Antioxidant Indices of H. tuba Gmelin

Most aquatic animals regulate digestive enzyme activities to mobilize stored
substances during starvation stress [1,26-27]. This study found that all three
digestive enzymes (protease, lipase, and amylase) in H. tuba Gmelin hepatopan-
creas generally decreased during starvation, consistent with Xue et al.” s [1]
findings in Babylonia areolata. However, protease and lipase activities increased
significantly at 5 days of starvation, possibly reflecting enhanced enzyme secre-
tion in early starvation to improve conversion of residual food, which may be
related to the complex digestive system structure of H. tuba Gmelin [28]. After
10 days, both lipase and protease activities decreased, likely because residual
food was exhausted and lack of external food stimuli reduced enzyme secretion.
As a carnivore with low carbohydrate utilization capacity, H. tuba Gmelin has
low amylase activity, yet this study found higher amylase than lipase activity,
possibly due to residual herbivorous digestive system characteristics from early
benthic diatom feeding [29]. The increase in amylase activity after 10 days
may reflect enhanced utilization of hepatic and muscle glycogen for metabolism,
while the decrease below control levels after 40 days likely results from glycogen
depletion.

Oxygen free radicals are produced during metabolism and stress responses. Un-
der normal conditions, a dynamic equilibrium is maintained as radicals are
continuously generated and scavenged by antioxidant systems comprising en-
zymes like SOD and low-molecular-weight antioxidants such as vitamins C and
E [30-31]. Environmental stress disrupts this balance, and excessive free radicals
cause disease. This study demonstrated that hepatopancreas SOD, CAT, and
GPx activities in H. tuba Gmelin showed good consistency and upward trends
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before 30 days of starvation, significantly exceeding control values (P<0.05).
This consistency has been observed in other studies; Morales et al. [32] reported
that common dentex (Dentezx dentex) showed significantly increased liver SOD,
CAT, and GPx activities after 5 weeks of starvation, which returned to control
levels after 3 weeks of refeeding. The decline in these enzyme activities below
control levels after 40 days of starvation indicates that prolonged starvation
caused oxygen radical accumulation to exceed the capacity of the antioxidant
system, disrupting metabolism, damaging biomembranes and enzyme systems,
and inhibiting related gene expression. MDA, a lipid peroxidation product of
free radical action, is cytotoxic, and its level indirectly reflects the severity of
cellular damage [33]. In this study, hepatopancreas MDA content remained
stable at approximately 25 nmol/mg prot until 20 days, reflecting adaptation
of the antioxidant system and other defense mechanisms. However, significant
increases after 30 days, particularly at 40 days, indicated that the antioxidant
system could no longer handle excess free radicals, resulting in oxidative stress.

Conclusions

1. H. tuba Gmelin exhibits strong starvation tolerance, showing no mortality
during 40 days of starvation at 29-31 °C.

2. Body weight began to decrease significantly after 20 days of starvation,
with a 21.14% reduction after 40 days. For economic viability, temporary
culture starvation should not exceed 20 days to avoid economic losses.

3. During 10-30 days of starvation, H. tuba Gmelin consumes small amounts
of lipid but primarily glycogen, while relatively preserving protein. Fatty
acid utilization preferentially targets saturated and monounsaturated fatty
acids, while polyunsaturated fatty acids are relatively preserved, with even-
carbon fatty acids utilized before odd-carbon fatty acids. Nutritional com-
ponents begin to decline after 10 days of starvation, indicating that feeding
should commence after this period during temporary culture.

4. During starvation, hepatopancreas digestive enzyme activities generally
decrease, though protease and lipase activities increase significantly at 5
days. After 40 days of starvation, SOD, CAT, and GPx activities de-
crease significantly while MDA content increases significantly, indicating
oxidative stress development in H. tuba Gmelin.
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