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Abstract

This study aimed to investigate the effects of dietary protein and lipid levels on
growth performance, gonadosomatic index (GSI), digestive enzyme activities,
and serum biochemical parameters of Yadong salmon broodstock. A 5% x2two—
factorcompletelyrandomizeddesignwasemployed, with fiveproteinlevel s(36+$45.40)
g were reared in indoor flow-through aquaria for a 77-day feeding trial. The
results showed that at the same lipid level, weight gain rate increased with
increasing protein levels, while feed conversion ratio decreased gradually, but
increased again when protein level reached 48%. Dietary protein and lipid levels
had no significant effect on female broodstock gonadosomatic index (P>0.05),
while male broodstock gonadosomatic index decreased with increasing protein
levels, but rebounded when protein level reached 48%. At the same lipid level,
lipase activities in stomach, intestine, and pyloric ceca gradually increased with
increasing dietary protein levels, being significantly higher at 48% protein level
than at 36% protein level (P<0.05); whereas protease activities in stomach,
intestine, and pyloric ceca showed an increasing trend, but with no significant
differences among groups (P>0.05). At the same protein level, protease and
lipase activities in stomach, intestine, and pyloric ceca of the 18% lipid group
were slightly higher than those of the 9% lipid group. At the same lipid level,
serum ammonia content gradually increased with increasing dietary protein
levels. Dietary protein and lipid levels had no significant effects on serum
superoxide dismutase, lysozyme activities, or glucose, triglyceride, total protein,
albumin, and malondialdehyde contents (P>0.05). It was concluded that
Yadong salmon broodstock exhibited certain adaptive responses to dietary
protein (36%-48%) and lipid (9%-18%) levels; using weight gain rate as the
indicator for broken-line model analysis, the dietary protein requirements for
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Yadong salmon broodstock were determined to be 43.11% and 45.69% at lipid
levels of 9% and 18%, respectively.

Full Text
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Abstract

This study investigated the effects of dietary protein and lipid levels on
growth performance, gonadosomatic index (GSI), digestive enzyme activ-
ities, and serum indices of Salmo trutta fario broodstock. A 5$x2two —
factorrandomizeddesignwasemployed, with fiveproteinlevels(36+$45.40) g
were reared in indoor aquaria with flowing water for 77 days. The results
showed that at the same lipid level, weight gain rate increased with increasing
dietary protein level, while feed conversion ratio decreased gradually but
increased again at the 48% protein level. Dietary protein and lipid levels had
no significant effect on the GSI of female broodstock (P>0.05). The GSI of
male broodstock decreased with increasing protein level but increased again at
the 48% protein level. At the same lipid level, lipase activities in the stomach,
intestine, and pyloric caeca increased gradually with increasing dietary protein
level, with the 48% protein group being significantly higher than the 36%
protein group (P<0.05). Protease activities in these tissues also increased,
but no significant differences were observed among groups (P>0.05). At the
same protein level, protease and lipase activities in the stomach, intestine, and
pyloric caeca were slightly higher in the 18% lipid groups than in the 9% lipid
groups. Serum ammonia content increased gradually with increasing dietary
protein level at the same lipid level. Dietary protein and lipid levels had no
significant effects on serum superoxide dismutase and lysozyme activities or
on glucose, triglyceride, total protein, albumin, and malondialdehyde contents
(P>0.05). In conclusion, Salmo trutta fario broodstock exhibited adaptive
responses to dietary protein (36%-48%) and lipid (9%-18%) levels. Using
weight gain rate as the indicator and broken-line model analysis, the dietary
protein requirements were estimated to be 43.11% and 45.69% at lipid levels of
9% and 18%, respectively.

Keywords: Salmo trutta fario broodstock; protein; lipid; growth; digestive
enzymes; serum biochemical indices
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Introduction

Research on broodstock nutrition is of great practical significance for brood-
stock feed formulation and high-quality seed cultivation. Currently, knowledge
of broodstock nutrition is limited, primarily due to the difficulty of research,
which requires substantial aquaculture facilities, and feeding trials demand con-
siderable time and financial investment [?]. Broodstock nutrition differs from
that of early developmental stages, and the nutritional status of broodstock di-
rectly affects the nutritional condition of their offspring. While certain nutrients
such as essential fatty acids have been identified as important for maintaining
broodstock growth and reproductive performance, excessive or imbalanced lev-
els can severely impact reproductive performance. However, information on the
effects of most nutrients, such as trace elements and vitamins, on broodstock
remains scarce.

Brown trout (Salmo trutta) is an important economic species among salmonid
fish, prized for its delicious meat and high nutritional value. In China, it is only
distributed in the Yadong region of Tibet, where it is known as Salmo trutta
fario—a species considered synonymous with brown trout [?]. Foreign research
on brown trout has been extensive, focusing primarily on biology and other
aspects [?]. Currently, domestic research on the aquaculture biology of Salmo
trutta fario is limited, concentrating mainly on molecular biology, reproductive
biology, and culture methods [?]. No studies on its nutrition have been reported,
and no specialized formulated feed exists. Feeding with feeds designed for other
fish species often results in poor growth performance. Therefore, it is essential to
develop efficient feeds for Salmo trutta fario to improve its growth performance
and quality. Appropriate dietary protein and lipid levels are prerequisites for
healthy fish growth and development and are two important parameters that
must be prioritized in formulated feed design. This study investigated the effects
of dietary protein and lipid levels on growth and reproductive performance, di-
gestive enzyme activities, serum biochemical indices, and non-specific immunity
of Salmo trutta fario broodstock to provide a theoretical basis for developing
specialized broodstock feeds.

Materials and Methods

1.1 Materials Salmo trutta fario with an initial body weight of
(462.53$+£$45.40) g were provided by the Bohai Cold-Water Fish Experi-
mental Station of Heilongjiang River Fisheries Research Institute, Chinese
Academy of Fishery Sciences.

1.2 Growth Trial A 5$x$2 two-factor completely randomized design was em-
ployed, with five protein levels (36%, 39%, 42%, 45%, and 48%) and two lipid lev-
els (9% and 18%), resulting in ten practical experimental diets (P36/L9, P39/L9,
P42/L9, P45/L9, P48/L9, P36/L18, P39/L18, P42/L18, P45/L18, P48/L18).
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Each experimental diet was fed to three replicates of 19 fish. The composition
and nutrient levels of the experimental diets are shown in Table 1 . Fish in each
replicate were reared in indoor fiberglass tanks (diameter 90 cm, water depth
45 cm) with flowing water. Prior to the experiment, fish were acclimated to
commercial feed for 14 days.

Before the experiment, fish were fasted for 24 h, anesthetized with phe-
noxyethanol (0.5 mL/L), and weighed and measured for body length.
Experimental water was spring water with a temperature of 11.5-17.5 °C,
pH 7.2-7.5, dissolved oxygen concentration of 7.8-10.0 mg/L, and ammonia
concentration <0.2 mg/L. The photoperiod was 15 h light:9 h dark. Fish were
fed twice daily at a feeding rate of 1.0% of body weight, with the principle of
satiation without leftover feed. Residual feed was collected 40 min after each
feeding. The feeding period lasted 77 days.

1.3 Sample Collection and Analysis

1.3.1 Growth Performance and Gonadosomatic Index At the end of the
feeding period, fish were fasted for 24 h. The number of dead fish during the
culture period and feed intake per tank were recorded, and the total weight of
fish in each tank was measured. Six fish were randomly selected from each tank,
dissected, and gonads were separated and weighed after sex identification. The
entire viscera were also weighed. The following formulas were used to calculate
growth and reproductive performance indices:

o Weight gain rate (WGR, %) = 100 x (Wt - W0) / WO
o Survival rate (SR, %) = 100 x Nf / Ni
o Gonadosomatic index (GSI, %) = 100 x Wg / Wq

where WO is initial body weight (g), Wt is final body weight (g), Nf is final
number of fish, Ni is initial number of fish, Wg is gonad weight (g), and Wq is
eviscerated body weight (g).

1.3.2 Digestive Enzyme Activities Four fish were randomly selected from
each tank. The stomach, intestine, and pyloric caeca were sampled on an ice
plate, washed with 0.86% pre-cooled physiological saline, blotted dry with filter
paper, and weighed. The stomach, intestine, and pyloric caeca were homoge-
nized (1:9 weight/volume) with 0.86% pre-cooled physiological saline using an
FJ-200CL high-speed tissue homogenizer (15,000 r/min, 3 min), diluted, and
centrifuged at 4,000 r/min for 10 min at 4 °C. The supernatant was collected
in 1.5 mL centrifuge tubes and stored at -80 °C for digestive enzyme activ-
ity analysis. Protease activity was determined using the Folin-phenol method,
amylase activity by the starch-iodine colorimetric method, lipase activity by the
polyvinyl alcohol olive oil emulsion hydrolysis method, and tissue protein con-
tent by the Coomassie brilliant blue method [?]. Protease activity was defined
as the amount of enzyme that hydrolyzed casein to produce 1 g of tyrosine per
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minute at 37 °C. Lipase activity was defined as the amount of enzyme that hy-
drolyzed fat to produce 1 g of fatty acid per minute at 37 °C. Amylase activity
was defined as the amount of enzyme in 100 mL of enzyme solution that com-
pletely hydrolyzed 10 mg of starch within 30 min at 37 °C. Enzyme activities
were expressed as units per gram of tissue protein (U/g prot).

1.3.3 Serum Indices Four fish were randomly selected from each tank and
bled from the caudal peduncle. Blood was allowed to clot at 4 °C for 30 min and
centrifuged at 3,000 r/min for 15 min. Serum was collected in 1.5 mL centrifuge
tubes and stored at -80 °C. Serum total protein (TP), albumin (ALB), triglyc-
eride (TG), and glucose (GLU) contents were measured using kits from Beckman
Coulter Inc. with an automatic biochemical analyzer (Beckman ProCX4, USA).
TP and ALB were determined by chemical methods, globulin (GLB) content
was calculated as the difference between TP and ALB, and TG and GLU were
determined by enzymatic methods. Serum ammonia (AMM), malondialdehyde
(MDA) content, superoxide dismutase (SOD), and lysozyme (LZM) activities
were measured using kits from Nanjing Jiancheng Bioengineering Institute. En-
zyme activity units were defined as: the amount of enzyme that inhibited au-
toxidation of o-aminophenol by 50% per minute per mL of reaction solution at
37 °C for SOD; and the amount of enzyme that caused a decrease in absorbance
of 0.001 per minute at 530 nm wavelength and pH 6.2 at 37 °C for LZM.

1.4 Statistical Analysis Results are expressed as mean + standard devia-
tion (mean+SD). Data were analyzed by two-way ANOVA using SPSS 19.0, fol-
lowed by Duncan’ s multiple comparison test with a significance level of P<0.05.
Broken-line model analysis was performed using weight gain rate as the indica-
tor.

Results

2.1 Effects of Dietary Protein and Lipid Levels on Growth Perfor-
mance and Gonadosomatic Index As shown in Table 2 | dietary protein
and lipid levels had no significant effect on survival rate of Salmo trutta fario
broodstock (P>0.05). At 9% dietary lipid level, weight gain rate increased with
increasing dietary protein level, while feed conversion ratio decreased initially
but increased again at 48% protein level. At 18% dietary lipid level, weight
gain rate increased initially with increasing protein level but decreased at 48%
protein level, while feed conversion ratio decreased gradually with increasing pro-
tein level. At protein levels of 36%-42%, the 18% lipid groups showed higher
weight gain rate and lower feed conversion ratio than the 9% lipid groups. At
protein levels of 45%-48%, the 9% lipid groups showed higher weight gain rate
and lower feed conversion ratio than the 18% lipid groups.

Dietary protein and lipid levels had no significant effect on the gonadosomatic
index of female broodstock (P>0.05). At 9% lipid level, the gonadosomatic in-
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dex of male broodstock generally decreased with increasing protein level, with a
slight increase only at 42% protein level. At 18% lipid level, the gonadosomatic
index of male broodstock decreased initially with increasing protein level but
increased again at 48% protein level. At protein levels of 36%-42%, the 18%
lipid groups showed higher male gonadosomatic index than the 9% lipid groups.
At protein levels of 45%-48%, the 9% lipid groups showed higher male gona-
dosomatic index than the 18% lipid groups. Dietary protein and lipid levels
had no significant interaction effects on weight gain rate, feed conversion ratio,
or survival rate (P>0.05), but showed a significant interaction effect on male
gonadosomatic index (P<0.05).

Broken-line model regression analysis based on weight gain rate indicated that at
9% dietary lipid level, the protein requirement was 43.11% (Y=2.97003X-75.683,
X$43.11;Y = —0.5123X — 66.8357, X 43.11; R2 = 0.6862).A¢18 45.69;Y =
—0.5269X + 71.8303, X $45.69; R2=0.7787).

2.2 Effects of Dietary Protein and Lipid Levels on Digestive Enzyme
Activities As shown in Table 3 , at both 9% and 18% dietary lipid levels,
lipase activities in the stomach, intestine, and pyloric caeca increased with in-
creasing dietary protein level, with the P48/1.18 group being significantly higher
than the P36/1L9 and P36/L18 groups (P<0.05). Protease activities in these tis-
sues also increased, but no significant differences were observed among groups
(P>0.05). At the same protein level, protease and lipase activities in the stom-
ach, intestine, and pyloric caeca were slightly higher in the 18% lipid groups
than in the 9% lipid groups. Dietary protein and lipid levels had no significant
effect on amylase activity in the stomach, intestine, or pyloric caeca of Salmo
trutta fario broodstock (P>0.05). No significant interaction effects were ob-
served between dietary protein and lipid levels on digestive enzyme activities in
different parts of the digestive tract (P>0.05).

2.3 Effects of Dietary Protein and Lipid Levels on Serum Biochemi-
cal Indices As shown in Table 4 , at 9% dietary lipid level, serum ammonia
content increased gradually with increasing dietary protein level, reaching max-
imum values at 48% protein level, which was significantly higher than at 36%
protein level (P<0.05). At 18% dietary lipid level, serum ammonia content
also increased gradually with increasing protein level, with maximum values
at 48% protein level, significantly higher than at 36% and 39% protein levels
(P<0.05). At 9% lipid level, serum globulin content reached minimum values
at 48% protein level, which was significantly lower than at 45% protein level
(P<0.05), with no significant differences among other groups (P>0.05). At 18%
lipid level, serum globulin content reached minimum values at 39% protein level,
which was significantly lower than at 42% protein level (P<0.05), with no sig-
nificant differences among other groups (P>0.05). Dietary protein and lipid
levels had no significant effects on serum glucose, triglyceride, total protein, or
albumin contents of Salmo trutta fario broodstock (P>0.05). No significant
interaction effects were observed between dietary protein and lipid levels on
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serum ammonia, glucose, triglyceride, total protein, albumin, or globulin con-
tents (P>0.05).

2.4 Effects of Dietary Protein and Lipid Levels on Serum Non-Specific
Immune and Antioxidant Indices As shown in Table 5 , dietary protein
and lipid levels had no significant effects on serum superoxide dismutase and
lysozyme activities or malondialdehyde content (P>0.05). However, the low
protein (36%) and low lipid (9%) group (P36/L9) showed the lowest serum su-
peroxide dismutase and lysozyme activities and the highest malondialdehyde
content. No significant interaction effects were observed between dietary pro-
tein and lipid levels on serum superoxide dismutase, lysozyme activities, or
malondialdehyde content (P>0.05).

Discussion

3.1 Effects of Dietary Protein and Lipid Levels on Growth Perfor-
mance and Gonadosomatic Index This study demonstrated that dietary
protein level could be reduced from 48% to 42% without affecting growth perfor-
mance or gonadosomatic index of Salmo trutta fario broodstock. Dietary protein
is digested and decomposed into amino acids after ingestion, which then serve
as substrates for protein synthesis or are partially used for energy consumption.
The weight gain rate results indicated that the 36% protein group showed signif-
icantly lower growth performance than the 45%-48% protein groups, similar to
results reported for grouper [?], primarily due to insufficient amino acid supply
at low dietary protein levels. Weight gain rate increased significantly when di-
etary lipid level increased from 9% to 18%, indicating that 9% lipid level could
not meet the growth requirements of Salmo trutta fario broodstock. Addition-
ally, higher feed conversion ratios were observed at low protein levels, possibly
because low-protein diets lack amino acids, particularly essential amino acids,
leading to reduced feed utilization efficiency. Gonads must be closely linked
to their corresponding ecological conditions for proper development, and inap-
propriate dietary protein and lipid levels can cause metabolic disorders in fish
[?]. Under the conditions of this experiment, dietary protein and lipid levels
had no significant effect on female gonadosomatic index, while male gonadoso-
matic index decreased with increasing protein level, similar to results reported
for bighead carp [?] and green sea urchin [?]. Therefore, based solely on gonado-
somatic index, 32% protein and 9% lipid levels might already meet the gonadal
development requirements of Salmo trutta fario broodstock.

3.2 Effects of Dietary Protein and Lipid Levels on Digestive Enzyme
Activities The effects of dietary composition on fish digestive enzyme activ-
ities are complex and diverse [?]. Studies have shown that within a certain
range, dietary protein level is positively correlated with protease activity in fish
such as yellow catfish [?], channel catfish [?], and spotted halibut [?]. In this
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study, protease activities in the stomach, intestine, and pyloric caeca of Salmo
trutta fario broodstock increased with increasing dietary protein level at both
9% and 18% lipid levels. High dietary protein levels can induce the secretion
of proteases in the fish digestive tract and enhance their activity, improving
protein digestion capacity and promoting protein synthesis [?]. However, no
significant differences were observed in protease activities among different parts
of the digestive tract, similar to results for catfish [?], possibly because the
relatively large size of Salmo trutta fario broodstock allowed endogenous pro-
tease secretion to meet the requirements of different protein levels (36%-48%).
Within a certain range, digestive lipase activities in spotted halibut [?], yellow
catfish [?], and Wuchang bream [?] decreased with increasing dietary protein
level, while lipase activities in Indian major carp [?] and yellow catfish [?] were
unaffected by dietary protein level, primarily related to consistent dietary lipid
levels among experimental diets. In this study, lipase activities in the stomach,
intestine, and pyloric caeca of Salmo trutta fario broodstock increased with in-
creasing dietary protein level, indicating good utilization of both protein and
lipid [?]. The effects of dietary protein level on amylase activity vary among fish
species. Some fish show increased amylase activity with increasing dietary pro-
tein level, such as rainbow trout [?]. In this study, no significant changes were
observed in amylase activities in different parts of the digestive tract of Salmo
trutta fario broodstock, similar to results for gilthead sea bream [?], suggesting
that amylase activity may not be directly related to dietary protein level but is
primarily determined by genetic patterns and developmental processes.

The effects of dietary lipid level on lipase activity vary with species, season, and
growth stage. Under the conditions of this experiment, lipase activities in the
stomach, intestine, and pyloric caeca of Salmo trutta fario broodstock increased
gradually with increasing dietary lipid level, consistent with results reported for
brown rockfish [?], pejerrey [?], spotted rabbitfish [?], topmouth culter [?], and
European sea bass [?], indicating that fish can enhance digestion and absorption
of high-lipid diets by increasing lipase activity. Lipase is an inducible enzyme [?]
affected by dietary lipid level [?], which may be the main reason for the positive
correlation between lipase activities in different parts of the digestive tract and
dietary lipid level in Salmo trutta fario broodstock. However, lipase activities in
GIFT tilapia [?], flash catfish [?], and cobia [?] were unaffected by dietary lipid
level, while lipase activity in red sea bream [?] decreased with increasing dietary
lipid level. Additionally, this study showed that even at high dietary protein
level (48%), lipase activities in different parts of the digestive tract were higher
in the high-lipid (18%) groups than in the low-lipid (9%) groups, indicating
that high dietary lipid level did not inhibit protein utilization in Salmo trutta
fario broodstock (some studies suggest that excessive lipid can inhibit amino
acid absorption and metabolism, reducing protein efficiency [?]). Dietary lipid
level also affects protease and amylase activities. Low lipid levels can promote
intestinal protease and amylase secretion in gibel carp [?], Chinese sucker [?],
and discus fish [?], possibly because insufficient lipid supply prompts fish to
enhance protein and carbohydrate digestion to maintain normal life activities.
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For some fish species, protease and amylase activities in the digestive tract are
highest within an appropriate lipid range and decrease when lipid levels are
above or below the optimal range [?, ?]. Appropriate lipid levels maintain the
strongest protease and amylase activities to enhance protein and carbohydrate
digestion and absorption, while excessive lipid addition inhibits these enzyme
activities. In this study, no significant differences were observed in protease and
amylase activities in different parts of the digestive tract of Salmo trutta fario
broodstock, possibly because protease and amylase activities were not affected
by lipid level or were only minimally affected within the 9.0%-18.0% lipid range.

3.3 Effects of Dietary Protein and Lipid Levels on Serum Biochemi-
cal Indices In this study, dietary protein and lipid levels had no significant
effect on serum glucose content, similar to results reported for GIFT tilapia [?]
and meagre [?], indicating that carbohydrate metabolism in Salmo trutta fario
broodstock was not affected by dietary protein and lipid levels. This may be
because broodstock had sufficient glycogen reserves, preventing the reduction in
blood glucose levels due to energy deficiency [?]. Additionally, dietary protein
and lipid levels had no significant effect on serum total protein content, sug-
gesting that broodstock may adapt to reproductive performance requirements
by regulating protein homeostasis. Triglycerides are important components of
blood lipids, and their content reflects hepatic lipid metabolism to some extent
[?]. Serum triglyceride content tended to increase with increasing dietary lipid
level in this study, similar to results for eel [?], Wuchang bream [?], and grass
carp [?], indicating that dietary lipid not used for growth or reproduction is
converted to lipid stores. When feed supply is insufficient, these lipid stores
are mobilized to energy, promoting lipid synthesis in the reproductive system.
When hepatic lipid accumulation reaches a certain level, blood triglyceride con-
tent decreases, as reported for Onychostoma sima [?] and GIFT tilapia [?], pos-
sibly because excessive dietary lipid causes nutritional fatty liver accumulation,
damaging hepatocytes and reducing triglyceride synthesis capacity.

Serum ammonia content reflects protein catabolism in fish. Dietary protein is
decomposed into amino acids, which enter the amino acid metabolic pool after
absorption. Some amino acids are oxidatively decomposed to produce ammonia
and urea, with ammonia being the main product of amino acid catabolism in
fish. Accumulated ammonia is ultimately excreted through the gills [?]. Serum
ammonia content in Salmo trutta fario broodstock increased with increasing
dietary protein level, similar to results reported for large yellow croaker [?],
Rhamdia quelen [?], and silver perch [?]. Under low protein conditions, serum
ammonia content was significantly lower, indicating weaker protein catabolism
primarily directed toward protein deposition and growth. When protein was
excessive (48% protein level), protein synthesis decreased while catabolism in-
creased, inhibiting protein deposition in Salmo trutta fario broodstock.

3.4 Effects of Dietary Protein and Lipid Levels on Serum Non-Specific
Immune and Antioxidant Indices Dietary protein and lipid levels affect
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fish immune function. Studies have shown that serum lysozyme activity in rain-
bow trout increased significantly with increasing dietary protein level [?], while
increasing dietary lipid level reduced respiratory burst activity of phagocytes in
European sea bass [?] but enhanced serum lysozyme activity and leukocyte respi-
ratory burst activity in grouper [?]. After challenge with Aeromonas hydrophila
for 48 h, survival rates were higher in low and medium protein groups (23% and
28% protein) than in high protein groups (33% and 38% protein), and higher
in low lipid groups (5% lipid) than in high lipid groups (8% and 11% lipid) in
pale chub [?]. Therefore, appropriate dietary protein and lipid levels are impor-
tant for maintaining fish immune function. However, different fish species show
varying sensitivity to dietary protein and lipid levels. Hepatic damage occurred
in grass carp when dietary lipid level exceeded 10% [?]. Salmo trutta fario is a
carnivorous fish, and this study showed that serum lysozyme activity was not
significantly higher at 18% lipid level than at 9% lipid level, suggesting that 18%
lipid level may not have damaged non-specific immunity. Studies on common
carp [?], gibel carp [?], and tilapia [?] showed that dietary protein level had
no significant effect on serum lysozyme activity. Similar results were observed
in this study, where serum lysozyme activity in Salmo trutta fario broodstock
did not change significantly across protein levels of 33%-48%, possibly related
to the growth stage. Previous studies focused primarily on larval and juvenile
stages, while this experiment used broodstock that may have been less sensitive
to the tested protein and lipid levels. Additionally, due to processing constraints,
higher lipid levels were not tested in this study, and further research is needed
to confirm the effects of high lipid levels on the immunity of Salmo trutta fario
broodstock.

Superoxide dismutase and catalase primarily scavenge superoxide radicals, cat-
alyzing the dismutation of hydrogen peroxide and reactive oxygen species. Re-
active oxygen species can affect endogenous enzyme activities or membrane
polyunsaturated fatty acids, leading to lipid peroxidation and malondialdehyde
accumulation [?]. Dietary protein and lipid levels significantly affect fish antioxi-
dant capacity. Within a certain range, decreasing dietary protein level increased
serum and hepatopancreas superoxide dismutase and catalase activities in com-
mon carp, while malondialdehyde content increased significantly when protein
level was below 26% [?]. Serum superoxide dismutase activity in gibel carp
increased initially and then decreased with increasing dietary protein level [?],
while it increased in koi carp [?] but decreased in gilthead sea bream [?]. Serum
and liver superoxide dismutase activities in Atlantic salmon increased with in-
creasing dietary lipid level, while serum malondialdehyde content decreased [?].
This study showed that dietary protein and lipid levels did not affect serum
superoxide dismutase activity or malondialdehyde content in Salmo trutta fario
broodstock, indicating no significant effect on antioxidant capacity. However,
whether high lipid levels (>18%) would inhibit metabolism and accelerate per-
oxidation in Salmo trutta fario broodstock requires further investigation.
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Conclusion

1. Within a certain range, appropriately increasing dietary protein and lipid
levels can enhance lipase activity in the digestive tract of Salmo trutta
fario broodstock, but protease and amylase activities do not change sig-
nificantly.

2. When dietary protein and lipid levels range from 36%-48% and 9%-18%,
respectively, Salmo trutta fario broodstock show significant changes only
in serum ammonia and globulin contents, while other serum biochemical
indices, non-specific immune indices, and antioxidant indices remain un-
changed.

3. Using weight gain rate as the indicator, broken-line model analysis deter-
mined that the dietary protein requirements for Salmo trutta fario brood-
stock are 43.11% and 45.69% at lipid levels of 9% and 18%, respectively.
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