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ABSTRACT

Introduction: The primary operational cost in aquaculture is attributed to feed
expenses, which plays a critical role in growth enhancement, immune system
performance, and disease resistance. To address this, various strategies have
been proposed for feed management, including short-term or long-term fasting,
as well as cyclic periods of fasting and refeeding to achieve compensatory
growth. Another strategy involves restricting the protein content in the diet
within a specific timeframe. This method focuses solely on limiting the protein
content in the fish diet for a specific duration, after which the protein level is
restored to an optimal and balanced level without interrupting the feeding
process. Therefore, formulating diets that maximize growth while conserving
protein resources, considering economic viability, and minimizing adverse
environmental effects, is essential.

Material Methods: A total of 270 red tilapia, with an average initial weight of
5+ 0.13 g were randomly distributed among 18 aquaria, each with a capacity of
100 liters (15 fish per tank). The fish were subjected to various protein-level
dietary treatments over 8 weeks and were fed three times daily at 9:00, 13:00,
and 16:00 until satiation. The experimental treatments were as follows; control
group: feeding with a diet containing 38% optimal protein, treatment 1: feeding
with a diet containing 32% protein restriction, treatment 2: feeding alternately
every other day with a diet containing 32% protein restriction and a diet
containing 38% protein, treatment 3: feeding alternately every week with a diet
containing 32% protein restriction and a diet containing 38% protein, treatment
4: feeding a 32% protein diet for the first 3 weeks, followed by a 38% protein
diet for the remaining 5 weeks, and treatment 5: feeding a 32% protein diet for
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the first 4 weeks, followed by a 38% protein diet for the following 4 weeks. At
the end of the experiment, growth, nutritional indices, and body composition
were assayed. Enzyme activity was assessed using specific substrates and
diagnostic kits. Subsequently, a One-way analysis of variance (ANOVA) was
employed to compare the differences among the treatments, and the significance
of the results was determined using Duncan's multiple-range test.

Results and discussion: The findings of this study revealed that the control
group, which was fed a diet containing 38% optimal protein throughout the
experimental period, achieved the highest growth performance and the best feed
conversion ratio (FCR). Interestingly, treatment 4, which involved feeding the
fish with a 32% protein-restricted diet for the first 3 weeks and a 38% optimal
protein diet for the remaining 5 weeks, showed no significant difference in
growth performance and FCR compared to the control group (P>0.05). This
suggests that when refeeding with an optimal protein diet, moderate protein
restriction can induce compensatory growth without negatively impacting
growth performance or feed efficiency. Regarding body composition, the control
group exhibited the highest protein and lowest lipid content in the carcass.
However, treatment 4 showed no significant difference in these indices
compared to the control group (P>0.05), indicating that the fish could maintain
their body composition despite the initial protein restriction. Similarly, the lack
of significant differences in moisture and ash content among the experimental
groups further supports the idea that moderate protein restriction does not
adversely affect the overall nutritional quality of the fish. The activity of
digestive enzymes, including total protease, trypsin, chymotrypsin, and lipase,
was the highest in the control group. However, treatment 4 showed no significant
difference in digestive enzyme activity compared to the control group (P>0.05),
suggesting that the fish were able to maintain their digestive efficiency during
the refeeding period. This is a critical finding, as digestive enzyme activity is a
key indicator of nutrient absorption and utilization in fish.

Conclusion: In conclusion, the results of this study demonstrate that moderate
protein (3 weeks) restriction, when followed by adequate refeeding (5 weeks),
can induce compensatory growth in red tilapia without negatively impacting
growth performance, body composition, or digestive enzyme activity.

*Corresponding author: azarmhamid@kmsu.ac.ir
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Table 1 Composition of experimental diet (as a percentage)

Ingredients 32% Diet 38% Diet
Soybean meal 40 45
Gelatin 15 20
Corn gluten 5.30 8.55
Corn flour 10 8.87
Wheat flour 16.43 5
Barley flour 10 10
Sunflower oil 1.27 0.58
Vitamin premix 1 1
Mineral premix 1 1
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Proximate analysis of the diet (%)

Crude protein 32.12 38.05
Crude fat 9.46 9.50
Dry matter 90.11 90.22
Fiber 3.47 3.51
Energy (kcal/g) 3.09 3.04
Cost (USD/kg) 0.566 0.631

Vitamin premix composition per kilogram: A: 160,000 IU, Ds: 400,000 IU, E: 40,000 mg, Ks: 2,000
mg, Bi: 6,000 mg, B: 8,000 mg, B3: 12,000 mg, Bs: 4,000 mg, Bs: 4,000 mg, Bo: 2,000 mg, Bi,: 8 mg,
H,: 240 mg, C: 6,000 mg, Inositol: 20,000 mg, BHT: 200 mg.

Mineral premix composition per kilogram: Iron: 6,000 mg, Zinc: 10,000 mg, Selenium: 20 mg, Cobalt:
100 mg, Copper: 6,000 mg, Manganese: 5,000 mg, [odine: 600 mg, Choline chloride: 6,000 mg.
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Table 2 The growth and nutritional parameters of juvenile red tilapia in different treatments at
the end of the experiment.

Control T1 T2 T3 T4 T5
Final weight (g) 23.27+0.15  17.37+£0.16° 19.37+£0.23® 1846+0.39" 21.46+0.39* 20.38+0.21°
WG (g) 18.33£0.11°  12.50£0.20° 14.50£0.17®  13.53+£0.35* 16.56+£0.30* 1543 +£0.15°
SGR (%/day) 2.77 £0.01¢ 2.26 +0.02° 2.45 £ 0.04% 2.35+£0.012 2.63 £ 0.08b° 2.52+0.06°
FCR 1.05+0.07° 1.38 £0.024 1.28 £ 0.08< 1.30 £ 0.02¢ 1.10 £0.07% 1.22 +0.06
PER 2.50+0.17¢ 2.26 £0.05° 2.23+£0.14* 2.20+£0.06* 2.52 £0.16°¢ 2.34+0.12°
SR (%) 100 100 100 100 100 100

Values are mean £+ SE of three replicate groups. Mean values in each row with different superscripts
are significantly different (P<0.05).
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Table 3 Proximate composition of the whole body of juvenile red tilapia fed the experimental diets

for 56 days (wet weight; %).

Control T

Ts T4 Ts

Moisture 74.67£5.92%  7526+6.28 73.65+£4.66 74.26+6.74 T4.63+522 75.11+7.33

Protein 14.18 + 0.95¢
Lipid 5.37+0.29°

Ash 4.62+0.12 4.69+0.19

1023 £0.79* 1237+£0.66° 12.46+£0.89° 1322+0.45° 13.18+0.81°
6.42+£0.78° 612046 6.23+0.19° 569+033* 578+0.56
436 +0.16

4.47+0.19 4.16=+0.12 4.33+0.11

Values are mean + SE of three replicate groups. Mean values in each row with different superscripts

are significantly different (P< 0.05).
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Table 4 The activity of digestive enzymes (U/mg protein/min) in different treatment groups of red

tilapia at the end of the experimental period

Control Tl

T3 T4 T5

Total Protease 4.52+0.25¢ 2.74+0.19° 345+026°> 348+0.89® 4.08+0.43° 3.79+0.51%

Trypsin

1.12+0.08° 0.54£0.03*° 0.74+0.06* 0.72+0.05* 1.00+0.02° 0.95+0.07*

Chymotrypsin  0.39+0.08° 0.29+0.09* 0.32+0.08° 0.33+£0.04> 037+0.01° 0.36+0.07*
Lipase 0.26 £0.01°  0.15+0.09* 0.17+0.09® 0.16+0.03® 0.25+0.06° 0.22 +0.02"

Values are mean + SE of three replicate groups. Mean values in each row with different superscripts

are significantly different (P<0.05).
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