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Abstract
This experiment aimed to investigate the effects of dietary cholesterol content
on growth performance, tissue biochemical parameters, and lipid metabolism-
related enzyme activities in orange-spotted grouper (Epinephelus coicoides). Six
isonitrogenous and isoenergetic experimental diets were formulated by supple-
menting cholesterol at 0 (control), 5, 10, 15, 20, and 25 g/kg into a basal diet
containing casein as the primary protein source, designated as C0, C0.5, C1,
C1.5, C2, and C2.5, respectively, with measured dietary cholesterol contents of
2.6, 7.5, 12.7, 17.2, 22.2, and 27.2 g/kg. These diets were fed to 360 orange-
spotted grouper with an average initial body weight of (84.30±0.25) g for 10
weeks. Each experimental diet was assigned to three replicates, with 20 fish per
replicate. The results showed that with increasing dietary cholesterol content,
weight gain rate (WGR), protein efficiency ratio (PER), and feed efficiency (FE)
exhibited a trend of initially increasing and then decreasing. The C0.5 group
showed the highest WGR, PER, and FE, which were significantly higher than
those of the control group (P<0.05). Whole-body crude lipid content in all
supplemented groups was significantly higher than that of the control group
(P<0.05), while crude ash content was significantly lower (P<0.05). Liver to-
tal cholesterol (TC) and triglyceride (TG) contents increased with increasing
dietary cholesterol content, whereas muscle TC and TG contents were not sig-
nificantly affected by dietary cholesterol content (P>0.05). With increasing
dietary cholesterol content, serum TC, TG, high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-C) contents initially in-
creased and then plateaued, while the serum HDL-C/LDL-C ratio exhibited a
decreasing trend. Serum TG content in the C2.0 group was significantly higher
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than that in the control group (P<0.05). Serum HDL-C content in the C2.5
group was significantly higher than that in the control group and the C0.5 and
C1.5 groups (P<0.05). Serum LDL-C content in the C2.5 group was significantly
higher than that in all other groups (P<0.05). The serum HDL-C/LDL-C ra-
tio in the control group was significantly higher than that in all supplemented
groups (P<0.05). With increasing dietary cholesterol content, hepatic malic
enzyme (ME) activity in orange-spotted grouper exhibited an increasing trend,
with the C1.5, C2.0, and C2.5 groups being significantly higher than the other
groups (P<0.05). Hepatic carnitine palmitoyltransferase I (CPT I) activity ini-
tially decreased and then plateaued, with the control group being significantly
higher than all other groups (P<0.05). Hepatic CYP7A1 activity initially in-
creased and then plateaued, with the C2.5 group showing the highest activity,
representing a 35.48% increase compared with the control group (P<0.05). In
this experiment, broken-line model analysis using WGR and hepatic CYP7A1
activity as evaluation indices indicated that the dietary cholesterol requirement
of orange-spotted grouper was 7.43 and 8.70 g/kg, respectively.

Full Text
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Abstract: A feeding trial was conducted to evaluate the effects of dietary choles-
terol content on growth performance, tissue biochemical indices, and liver lipid
metabolism-related enzyme activities of orange-spotted grouper (Epinephelus
coioides). Six isoenergetic and isonitrogenous experimental diets were formu-
lated using casein as the primary protein source, with cholesterol supplemen-
tation levels of 0 (control group), 5, 10, 15, 20, and 25 g/kg, designated as
C0, C0.5, C1, C1.5, C2, and C2.5, respectively. The measured cholesterol con-
tents in these diets were 2.6, 7.5, 12.7, 17.2, 22.2, and 27.2 g/kg. A total of
360 orange-spotted grouper with an average initial body weight of (84.30±0.25)
g were fed the experimental diets for 10 weeks. Each diet was randomly as-
signed to three replicates, with 20 fish per replicate. The results showed that
weight gain rate (WGR), protein efficiency ratio (PER), and feed efficiency
(FE) initially increased and then decreased with rising dietary cholesterol levels.
The C0.5 group exhibited the highest WGR, PER, and FE, which were signifi-
cantly higher than those of the control group (P<0.05). Whole-body crude lipid
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content in all cholesterol-supplemented groups was significantly higher than in
the control group (P<0.05), while crude ash content was significantly lower
(P<0.05). Liver total cholesterol (TC) and triglyceride (TG) contents increased
with dietary cholesterol elevation, whereas muscle TC and TG contents were
not significantly affected (P>0.05). Serum TC, TG, high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) contents
initially increased and then plateaued with increasing dietary cholesterol, while
serum HDL-C/LDL-C ratio showed a decreasing trend. The C2.0 group had
significantly higher serum TG content than the control group (P<0.05). The
C2.5 group showed significantly higher serum HDL-C content compared to the
control group and the C0.5 and C1.5 groups (P<0.05), and significantly higher
serum LDL-C content than all other groups (P<0.05). The control group had
a significantly higher serum HDL-C/LDL-C ratio than all supplemented groups
(P<0.05). Liver malic enzyme (ME) activity increased with dietary cholesterol
content, with the C1.5, C2.0, and C2.5 groups showing significantly higher activ-
ity than other groups (P<0.05). Liver carnitine palmitoyltransferase I (CPT I)
activity decreased initially and then stabilized, with the control group being sig-
nificantly higher than other groups (P<0.05). Liver cholesterol 7�-hydroxylase
(CYP7A1) activity increased initially and then plateaued, peaking in the C2.5
group with a 35.48% increase compared to the control group (P<0.05). Based
on broken-line model analysis using WGR and liver CYP7A1 activity as eval-
uation indices, the dietary cholesterol requirement for orange-spotted grouper
was determined to be 7.43 and 8.70 g/kg, respectively.

Keywords: orange-spotted grouper; cholesterol; growth performance; biochem-
ical indices; lipid metabolism

Introduction
Fishmeal is a crucial ingredient in compound feeds, containing abundant choles-
terol. In recent years, as fishery resources have become increasingly scarce,
fishmeal has been largely replaced by other protein sources, resulting in progres-
sively lower cholesterol content in some compound feeds. Fish fed low-fishmeal
diets exhibit inferior growth performance compared to those fed high-fishmeal
diets [1-4]. Cholesterol is an essential chemical component in fish, regulating
cell membrane fluidity and serving as a critical precursor for adrenal hormones,
sex hormones, vitamin D, and bile acids [5-7]. While cholesterol has been exten-
sively studied in human health, research on cholesterol requirements in marine
fish remains limited [6,8].

Researchers generally believe that supplemental cholesterol is unnecessary in
fish diets [9]. Dietary cholesterol supplementation in animal protein-based di-
ets has shown no significant effects on growth of Atlantic salmon [6] (Salmo
salar L.), hybrid striped bass [7] (Morone chrysops×M. saxatilis), and cobia
[10] (Rachycentron canadum). However, domestic scholars have reported that
cholesterol supplementation in diets using defatted fish meal as the protein
source promoted growth in turbot [11]. Other researchers found that adding
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1% cholesterol to plant protein-based diets significantly enhanced fish growth
and feed intake [12-15]. Rat studies have confirmed that cholesterol increases
liver triglyceride accumulation and decreases fatty acid �-oxidation [16]. Inter-
national scholars also reported that dietary cholesterol elevated muscle crude
lipid content and reduced fatty acid �-oxidation in rainbow trout [17]. To date,
research on cholesterol’s effects on lipid metabolism in fish remains scarce.

Orange-spotted grouper (Epinephelus coioides) is a tropical and subtropical de-
mersal fish species that represents an important marine aquaculture variety in
southern coastal China. However, most orange-spotted grouper culture still
relies on trash fish feeding, with efficient and healthy compound feeds still un-
der development. The role of cholesterol in orange-spotted grouper growth has
not yet been reported. This study investigated the effects of dietary choles-
terol content on growth performance, tissue biochemical indices, and liver lipid
metabolism-related enzyme activities in orange-spotted grouper to provide ex-
perimental evidence for developing rational compound feeds.

1.1 Experimental Diets

Six isoenergetic and isonitrogenous experimental diets were formulated using
casein (product of Gansu Hualing Industrial Group Co., Ltd.), Russian white
fish meal, and gelatin (product of Rousselot Gelatin Co., Ltd.) as primary
protein sources, with cholesterol supplementation levels of 0 (control), 5, 10, 15,
20, and 25 g/kg . The diets were designated as C0, C0.5, C1, C1.5, C2, and
C2.5, with corresponding measured cholesterol contents of 2.6, 7.5, 12.7, 17.2,
22.2, and 27.2 g/kg. All ingredients were ground to pass through a 40-mesh
sieve, mixed thoroughly in a V-type vertical mixer, and then blended with fish
oil and corn oil in which cholesterol had been uniformly dissolved. The mixture
was processed into sinking pellets (6.0 mm diameter) using an F-26 twin-screw
extruder at room temperature, air-dried indoors to approximately 13% moisture
content, sealed in plastic bags, and stored at -20 °C.

1.2 Experimental Fish and Feeding Management

Juvenile orange-spotted grouper were purchased from a fish farm in Dongjian
Town, Donghai Island, Zhanjiang, Guangdong. The feeding trial was conducted
in a recirculating aquaculture system. After acclimation in square cement tanks
for two weeks while being fed the control diet, healthy fish with an average body
weight of (84.30±0.25) g were selected and randomly distributed into six groups
with three replicates each (20 fish per replicate). Each replicate was stocked in
an indoor cylindrical fiberglass tank (1 m³ volume, approximately 900 L water).
During the trial, water temperature was maintained at 26-30 °C, salinity at
25-28, pH at 7.8-8.2, and dissolved oxygen concentration at �5 mg/L.

Fish were hand-fed to apparent satiation twice daily (08:00 and 17:00) with
sand-filtered, settled seawater. Water exchange of 60-80% of total volume was
performed each morning. The trial lasted for 10 weeks.
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1.3 Sample Collection and Analysis

1.3.1 Sample Collection At the end of the feeding trial, fish were fasted
for 24 h before sampling. Fish in each tank were anesthetized with eugenol,
weighed, and counted. Three fish per replicate were randomly selected and
stored at -20 °C for whole-body proximate composition analysis. Another three
fish per replicate were individually measured for body weight and length to
calculate condition factor, then dissected to obtain viscera weight for visceroso-
matic index. Abdominal fat and liver were separated and weighed to calculate
intraperitoneal fat ratio and hepatosomatic index. Five fish per replicate were
randomly selected for blood collection from the caudal vein. Blood samples
were placed in centrifuge tubes, left at 4 °C for 6 h, then centrifuged at 4,000×g
for 15 min at 4 °C. Serum was collected and stored at -80 °C for biochemical
analysis. Finally, five fish per replicate were randomly selected for liver and
muscle collection, stored at -80 °C for triglyceride (TG) and total cholesterol
(TC) determination.

1.3.2 Analytical Methods Proximate composition of experimental diets and
whole fish was determined according to AOAC (2006) [18]: moisture by oven-
drying at 105 °C, crude protein by Kjeldahl method, crude lipid by Soxhlet
extraction with petroleum ether, and ash by combustion at 550 °C in a muffle
furnace. Dietary cholesterol content was determined according to Yun et al. [12]:
500 mg feed sample was extracted with chloroform:methanol (2:1, v/v) at 1:9
mass/volume ratio for 24 h, centrifuged at 3,500 r/min for 5 min, and 500 �L of
the supernatant was evaporated under nitrogen. The lipid residue was dissolved
in 1 mL isopropanol containing 100 g/L Triton X-100, and TC was measured
using a commercial kit from Nanjing Jiancheng Bioengineering Institute.

Serum TG, TC, HDL-C, LDL-C, alkaline phosphatase (AKP), and glutamic
oxaloacetic transaminase (GOT) activities were measured using a Hitachi 7020
automatic biochemical analyzer. Liver and muscle TC and TG contents were
processed according to Folch et al. [19] and Fletcher [20], respectively, and
measured following Yun et al. [12].

Liver lipid metabolism-related enzyme activities were determined by homoge-
nizing 1 g liver in 2 mL ice-cold phosphate buffer (pH 7.4) on ice, centrifuging
at 3,000 r/min for 20 min at 4 °C, and storing the supernatant at -80 °C. Liver
malic enzyme (ME) and carnitine palmitoyltransferase I (CPT I) activities were
measured using kits from Nanjing Jiancheng Bioengineering Institute, while
cholesterol 7�-hydroxylase (CYP7A1) activity was measured using an ELISA
kit from Beijing Dongge Biology Co., Ltd., following manufacturer instructions.

1.4 Calculation Formulas

Weight gain rate (WGR, %) = 100 × (Wf - Wi) / Wi
Protein efficiency ratio (PER, %) = 100 × (Wf - Wi) / FP
Feed efficiency (FE) = (Wf - Wi) / FC
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Survival rate (SR, %) = 100 × Nf / Ni
Feeding intake rate (FI, %) = 100 × FC / [(Wf + Wi) / 2] / D
Condition factor (CF, %) = 100 × W / L³
Viscerosomatic index (VSI, %) = 100 × Wm / W
Intraperitoneal fat ratio (IPF, %) = 100 × Wz / W
Hepatosomatic index (HSI, %) = 100 × Wg / W

Where: Wi = average initial body weight (g); Wf = average final body weight
(g); FP = average protein intake (g); FC = average feed intake (g); Ni = initial
fish number; Nf = final fish number; D = feeding days; W = body weight (g);
L = body length (cm); Wm = viscera weight (g); Wz = abdominal fat weight
(g); Wg = liver weight (g).

1.5 Statistical Analysis

All data are expressed as mean ± standard deviation (SD) and analyzed by
one-way ANOVA using SPSS 17.0 software. Duncan’s multiple range test was
performed when significant differences were detected among groups. P < 0.05
was considered statistically significant.

Results
2.1 Effects of Dietary Cholesterol Content on Morphological Indices

As shown in Table 2 , viscerosomatic index and hepatosomatic index of orange-
spotted grouper showed an upward trend with increasing dietary cholesterol
content, but no significant differences were observed among groups (P > 0.05).
Dietary cholesterol content had no significant effect on condition factor or in-
traperitoneal fat ratio (P > 0.05).

2.2 Effects of Dietary Cholesterol Content on Growth Performance

As presented in Table 3 , dietary cholesterol content had no significant effect on
survival rate (P > 0.05), which ranged from 91.11% to 100.00% across all groups.
Weight gain rate, protein efficiency ratio, and feed efficiency initially increased
and then decreased with rising dietary cholesterol levels. The C0.5 group showed
significantly higher weight gain rate than all other groups (P < 0.05). The C1.0
and C1.5 groups had significantly higher weight gain rate than the control group
but lower than the C0.5 group (P < 0.05), with no significant differences from
the remaining groups (P > 0.05). Protein efficiency ratio followed a similar
pattern to weight gain rate, while the C2.5 group exhibited the lowest protein
and feed efficiency. Feed intake showed a gradual upward trend with increasing
dietary cholesterol content, though differences among groups were not significant
(P > 0.05).

The relationship between dietary cholesterol content (x) and weight gain rate
(y) is illustrated in Figure 1 [Figure 1: see original paper]. Broken-line model
fitting yielded the equations: y = 4.559x + 123.7 (R² = 1.000) and y = -0.822x
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+ 163.7 (R² = 0.920). Based on weight gain rate as the evaluation criterion,
maximum weight gain rate was achieved at a dietary cholesterol content of 7.43
g/kg.

2.3 Effects of Dietary Cholesterol Content on Body Composition

As shown in Table 4 , no significant differences were observed in whole-body
moisture or crude protein content among groups (P > 0.05). The control group
had significantly lower whole-body crude lipid content than all supplemented
groups (P < 0.05), while no significant differences existed among supplemented
groups (P > 0.05). Whole-body ash content in the control group was signifi-
cantly higher than in all supplemented groups (P < 0.05), with no significant
differences among supplemented groups (P > 0.05).

2.4 Effects of Dietary Cholesterol Content on Serum, Liver, and Mus-
cle Biochemical Indices

As presented in Table 5 , serum TG, TC, HDL-C, and LDL-C contents initially
increased and then plateaued with rising dietary cholesterol levels. The C2.0
group had significantly higher serum TG content than the control group (P <
0.05), though not significantly different from other groups (P > 0.05). The
C2.5 group showed significantly higher serum HDL-C content than the control,
C0.5, and C1.5 groups (P < 0.05), but not significantly different from the C1.0
and C2.0 groups (P > 0.05). Serum LDL-C content in the C2.5 group was
significantly higher than all other groups (P < 0.05), while the C1.0, C1.5, and
C2.0 groups had significantly lower LDL-C than C2.5 but higher than the control
group (P < 0.05). The control group exhibited significantly higher serum HDL-
C/LDL-C ratio than all supplemented groups (P < 0.05), with the C0.5 group
showing intermediate values significantly higher than C2.5 but lower than the
control (P < 0.05). No significant differences were observed in serum AKP or
GOT activities among groups (P > 0.05).

Liver TC content increased with dietary cholesterol elevation, with the C1.0,
C1.5, C2.0, and C2.5 groups being significantly higher than the control group
(P < 0.05). Liver TG content also increased with dietary cholesterol, with the
C1.5 and C2.5 groups significantly higher than the control and C0.5 groups (P
< 0.05). No significant differences were detected in muscle TG or TC contents
among groups (P > 0.05).

2.5 Effects of Dietary Cholesterol Content on Liver Lipid Metabolism-
Related Enzyme Activities

As shown in Table 6 , liver ME activity increased with dietary cholesterol con-
tent, with the C1.5, C2.0, and C2.5 groups being significantly higher than other
groups (P < 0.05), representing an 18.81% increase in the C2.5 group compared
to the control. Liver CPT I activity decreased initially and then stabilized, with
the control group being significantly higher than all other groups (P < 0.05).
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Liver CYP7A1 activity increased initially and then plateaued, with no signifi-
cant differences among the C1.5, C2.0, and C2.5 groups (P > 0.05), peaking in
the C2.5 group at 35.48% higher than the control group (P < 0.05).

The relationship between dietary cholesterol content (x) and liver CYP7A1 ac-
tivity (y) is presented in Figure 2 [Figure 2: see original paper]. Broken-line
model fitting produced the equations: y = 21.571x + 352.71 (R² = 1.000) and y
= 4.3741x + 502.24 (R² = 0.834). Based on liver CYP7A1 activity as the eval-
uation criterion, the dietary cholesterol requirement for orange-spotted grouper
was 8.70 g/kg.

Discussion
3.1 Effects of Dietary Cholesterol Content on Growth Performance

Research indicates that fish can synthesize cholesterol endogenously or utilize
dietary cholesterol to meet physiological metabolic demands [21-22]. As fish-
ery resources decline, fishmeal is increasingly replaced by plant protein sources
to reduce costs. Plant protein sources in aquatic animal feeds affect feed di-
gestibility [23], and extensive fishmeal replacement leads to reduced growth
performance and feed utilization [24-26]. Some researchers found that choles-
terol supplementation in animal protein-based diets had no significant effects on
weight gain rate or feed utilization in Atlantic salmon [6], hybrid striped bass
[7], and rainbow trout [17]. However, this study demonstrated significant ef-
fects of dietary cholesterol on weight gain rate, protein efficiency ratio, and feed
efficiency in orange-spotted grouper fed casein-based diets, with these parame-
ters initially increasing and then decreasing as dietary cholesterol content rose,
reaching maximum weight gain rate at 7.43 g/kg cholesterol. This suggests that
appropriate cholesterol supplementation in casein-based diets promotes growth
in orange-spotted grouper, though the underlying mechanisms require further
investigation. Similar results have been reported in turbot [12], channel catfish
[13], Japanese flounder [14], and rainbow trout [27] fed high plant protein diets.
However, when dietary cholesterol exceeded requirements, growth performance
declined in orange-spotted grouper, with the lowest protein and feed efficiency
observed at 27.2 g/kg cholesterol, possibly due to excessive metabolic burden. In-
terestingly, turbot fed defatted fish meal diets showed no growth inhibition from
cholesterol oversupply [11], suggesting that differences among species, feeding
habits, fish size, basal diet composition, and culture environment may influence
these outcomes.

Cholesterol supplementation in plant protein-based diets has been shown to
promote feed intake in turbot [12], Japanese flounder [14], and rainbow trout
[15], with researchers speculating that cholesterol may act as a feeding stimu-
lant when plant proteins predominate, though the specific mechanism remains
unclear. In this study, feed intake tended to increase with dietary choles-
terol content, and visual observations indicated faster feeding in cholesterol-
supplemented groups compared to the control, though differences were not sta-
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tistically significant, consistent with findings by Zhu et al. [11].

3.2 Effects of Dietary Cholesterol Content on Body Composition and
Tissue Biochemical Indices

Dietary cholesterol supplementation has been shown to promote bile acid secre-
tion and lipid deposition in turbot [12] and enhance intestinal lipase activity
and apparent lipid digestibility in Japanese flounder [28]. In this study, di-
etary cholesterol significantly affected whole-body crude lipid content in orange-
spotted grouper, consistent with results in turbot [11-12] and Japanese flounder
[28]. The control group had significantly lower whole-body crude lipid than
supplemented groups, indicating that appropriate dietary cholesterol enhanced
lipid absorption and storage. However, dietary cholesterol had no significant
effect on whole-body moisture or crude protein content, similar to findings in
Atlantic salmon [6], turbot [11-12], and Japanese flounder [28]. The control
group showed significantly higher whole-body ash content than supplemented
groups, differing from results in turbot [11-12] and Japanese flounder [28], war-
ranting further investigation.

Studies have demonstrated that cholesterol significantly increases TG and TC
contents in rat liver [16]. Similarly, liver TG content in orange-spotted grouper
increased with dietary cholesterol, indicating enhanced hepatic TG synthesis,
consistent with reports in hybrid striped bass [7]. Liver TG content is an impor-
tant indicator of lipid deposition, and elevated levels may induce fatty liver and
disrupt hepatic lipid metabolism. As the primary site for cholesterol synthesis
and the main source of cholesterol for extrahepatic tissues, liver TC content in
orange-spotted grouper increased gradually with dietary cholesterol, matching
results in turbot [11-12] and indicating promoted hepatic cholesterol deposition.
Elevated liver TG and TC contents may cause hepatic lipid metabolism disor-
ders, potentially contributing to the reduced growth performance observed in
high-cholesterol groups.

Blood biochemical indices objectively reflect fish health status, and excessively
high serum TG and TC contents may be detrimental [29-30]. In this study,
serum TG, HDL-C, and LDL-C contents increased with dietary cholesterol, con-
sistent with reports by Zhu et al. [11], Yun et al. [12], and Chen et al. [28], indicat-
ing positive correlations between serum lipid parameters and dietary cholesterol.
As an energy source in fish, TG participates in energy release and storage, and
increased serum TG suggests reduced hepatic lipid catabolism [31]. The HDL-
C/LDL-C ratio reflects cholesterol transport status and atherosclerosis degree
[12]. The decreasing serum HDL-C/LDL-C ratio with increasing dietary choles-
terol in orange-spotted grouper aligns with findings in turbot [11-12], suggesting
cholesterol accumulation in fish bodies [11].

chinarxiv.org/items/chinaxiv-201711.00746 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00746


3.3 Effects of Dietary Cholesterol Content on Liver Lipid Metabolism-
Related Enzyme Activities

CYP7A1 is the key enzyme in hepatic cholesterol conversion to bile acids [32].
Bile acids, with their amphiphilic properties, effectively emulsify lipids, enhance
digestive lipase activity, promote lipid absorption, and increase lipid deposition
[33]. In this study, liver CYP7A1 activity initially increased and then stabilized
with rising dietary cholesterol, consistent with results in turbot [11-12], indi-
cating enhanced bile acid synthesis capacity. Using liver CYP7A1 activity as
the evaluation criterion, the dietary cholesterol requirement for orange-spotted
grouper was 8.70 g/kg, higher than the requirement based on weight gain rate
(7.43 g/kg), suggesting that maintaining normal physiological function requires
more cholesterol than supporting optimal growth.

Mammalian studies have confirmed that cholesterol affects fatty acid
metabolism [34-35]. ME provides NADPH for hepatic fatty acid synthesis and
is a key enzyme in this pathway. The increasing trend in liver ME activity
with dietary cholesterol in orange-spotted grouper suggests enhanced hepatic
fatty acid synthesis, which may contribute to elevated liver TG content. In
contrast, rat studies showed that dietary cholesterol decreased liver ME activity
[16], with the discrepancy likely attributable to different fatty acid metabolism
mechanisms between mammals and fish [36-37].

The liver is the primary site for fatty acid �-oxidation and plays a crucial role in
regulating lipid storage [38]. CPT I is the key enzyme for fatty acid �-oxidation
in mitochondria, catalyzing the conversion of acyl-CoA to acylcarnitine for trans-
port into the mitochondrial matrix [33]. Decreased CPT I activity may reduce
fatty acid catabolism. Studies have shown that cholesterol reduces CPT activity
and expression in rat liver [16] and decreases fatty acid �-oxidation in rainbow
trout [17]. In this study, all cholesterol-supplemented groups showed signifi-
cantly lower liver CPT I activity than the control, indicating reduced hepatic
fatty acid catabolism. Reduced fatty acid �-oxidation is an important reason
for conversion of fatty acids to TG and cholesterol esters [39], which may also
contribute to increased liver TG content.

Conclusions
1. Based on broken-line regression analysis using weight gain rate and liver

CYP7A1 activity as evaluation indices, the dietary cholesterol requirement
for orange-spotted grouper was determined to be 7.43 and 8.70 g/kg, re-
spectively.

2. Dietary cholesterol supplementation enhanced lipid deposition, increased
liver TC and TG contents, and elevated ME activity, but decreased liver
CPT I activity in orange-spotted grouper.
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