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INTRODUCTION

Striped catfish (Pangasianodon hypophthalmus) is
one of the most economically important aquaculture
species in Southeast Asia due to its rapid growth,
adaptability to intensive systems, and strong global
market demand (FAO, 2022; Nguyen et al., 2023). How-
ever, feed costs remain a major constraint in striped
catfish farming, with dietary protein representing the
most expensive component of formulated feeds (Da
et al., 2013; Ngoc et al., 2018). Factors such as post-
pandemic global recovery, ongoing geopolitical con-
flicts, and climate change have led to higher prices
for these critical ingredients, thereby increasing feed
costs(Barange et al., 2018; Hudecová & Rajèániová,
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ABSTRACT

Efficient dietary protein utilization is essential to reduce feed costs and environmental impacts in sustainable
aquaculture. This study aimed to evaluate the effects of cinnamaldehyde (CA) supplementation in feed with
various energy-to-protein (E:P) ratios on the chemical composition of Pangasianodon hypophthalmus. The
five feed formulas that made up the treatment feed were as follows: 28:13-C0 (28 % Protein with an E:P ratio
of 13 and CIN 0 g kg-1); 25:14-C1 (25 % protein with an E:P ratio of 14 and CIN 1.2 g kg-1); 25:14-C2 (25 %
protein with an E:P ratio of 14 and CIN 1.7 g kg-1); 25:15-C1 (25 % protein with an E:P ratio of 15 and CIN 1.2
g kg-1); and 25:15-C2 (25 % Protein with an E:P ratio of 15 and CIN 1.7 g kg-1). Striped catfish weighing 28.06
± 0.19 g were placed in a hapa (2 × 1 × 1 m3) at a density of 25 fish per cage. Fish were fed to apparent
satiation three times daily for 60 d. The 25:14-C2, 25:15-C1, and 25:15-C2 diets increased albumin levels
and reduced cholesterol, while 25:15-C2 also yielded the highest total protein and lowest triglyceride
levels. Growth performance and feed efficiency were comparable among 28:13-C0, 25:14-C2, 25:15-C1,
and 25:15-C2 (final weight: 141.62–143.75 g; FCR: 1.16–1.19). Protein efficiency ratio was highest in
25:15-C1 and 25:15-C2, whereas protein retention peaked in 25:14-C2. The hepatosomatic index was
elevated in 25:14-C1, 25:14-C2, and 25:15-C1. Body lipid content was highest in 25:15-C1, while muscle
lipid content was lowest in 25:14-C2 and 25:15-C1. Reducing dietary protein from 28 % to 25 % did not
compromise growth performance at the E:P ratio level of 15 with a supplementation of 1.2 g kg-1 CIN.
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2023). Improving protein utilization efficiency with-
out compromising growth performance is therefore
a central objective in sustainable aquafeed develop-
ment.

One effective strategy to improve feed efficiency
is the protein-sparing effect (PSE), which optimizes
protein utilization to achieve cost-effective and nu-
tritionally balanced aquafeeds (Kamalam et al., 2017;
National Research Council, 2011). The energy-to-pro-
tein (E:P) ratio is a crucial aspect of aquafeed formu-
lations, as it governs the balance between dietary
energy from non-protein sources and protein utili-
zation for growth. Pangasiid fingerlings typically re-
quire 27–29% dietary protein depending on energy
supply (Webster & Lim, 2002), while recent studies
on striped catfish indicate a broader optimal range
of 25–37% (Teles et al., 2020), supporting the evalua-
tion of both 25% and 28% protein levels in this study.
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High E:P ratios have been shown to maintain growth
performance in protein-restricted diets across mul-
tiple species, including rainbow trout (Oncorhynchus
mykiss) and Asian seabass (Lates calcarifer), while
improving protein efficiency and reducing nitrog-
enous waste (Green & Hardy, 2008; Kim et al., 2017;
Wang et al., 2017), and similar responses have been
reported in striped catfish (Ali et al., 2018; Poernomo
et al., 2015). However, excessive non-protein energy,
particularly carbohydrates, may induce metabolic dis-
turbances such as hyperglycemia, lipid deposition, and
oxidative stress, ultimately impairing growth and feed
efficiency (Asemani et al., 2019; Luo et al., 2020; Xu
et al., 2019).

Cinnamaldehyde (CIN), a bioactive compound from
Cinnamomum spp., has emerged as a functional feed
additive to enhance metabolic efficiency and fish
health. Previous studies have shown that CIN pro-
motes â-oxidation and nutrient absorption (Chen et
al., 2022; Gu et al., 2022), enhanced antioxidant ac-
tivity (Abd El-Hamid et al., 2021), improved carbohy-
drate utilization (Hendriana et al., 2023; Imlani et al.,
2024), improved muscle protein content (Zhou et al.,
2023), and improved growth and protein retention
(Setiawati et al., 2016). In striped catfish, supplemen-
tation of 1.2 g kg-1 CIN has been reported to improve
physiological carbohydrate metabolism (Wahyudi et
al., 2024). Despite these benefits, the combined ef-
fects of CIN supplementation and dietary energy-to-
protein (E:P) ratios remain unclear. Therefore, this
study aimed to evaluate the effects of CIN-supple-
mented diets with different E:P ratios on blood bio-
chemical profiles, growth performance, and body
composition, contributing to more sustainable and

cost-effective aquafeed formulations.

MATERIALS AND METHODS

Research Design and Test Feed Preparation

This study employed a completely randomized
design consisting of five dietary treatments with four
replicates each. Experimental diets were formulated
using two protein levels (25% and 28%), three energy-
to-protein (E:P) ratios (13, 14, and 15-1 kcal g-1 pro-
tein), and three cinnamaldehyde (CIN) doses (0, 1.2,
and 1.7 g kg-¹), resulting in five treatment combina-
tions (Table 1). The experimental diets were not
isoenergetic, as gross energy levels varied intention-
ally to achieve the targeted E:P ratios (13, 14, and 15
kcal g-1 protein), allowing evaluation of protein utili-
zation under different dietary energy supplies. The
dietary protein levels of 28% and 25% were selected
based on both conventional feeding practices and
protein-sparing objectives. A protein level of 27–29%
is commonly recommended for Pangasiid fingerlings
under commercial conditions (Webster & Lim, 2002),
while recent studies indicate that P. hypophthalmus
can maintain optimal growth at lower protein levels
( 25%) when diets are formulated with adequate en-
ergy supply (Teles et al., 2020; Poernomo et al., 2015).
Thus, 28% protein was used as a reference diet,
whereas 25% protein represented a protein-reduced
formulation relevant to cost-efficient commercial
aquafeeds. The CIN used was 99 % trans-
cinnamaldehyde (Himidea, India). The additional dose
of CIN used refers to the previous study, C0 is with-
out CIN, C1 is the optimal dose obtained in previous
research, namely 1.2 g kg-1, C2 is above the optimal
dose, namely 1.7 g kg-1 (Wahyudi et al., 2024).

≈

Table 1. Dietary treatments

Treatment code
Protein

(%)

E:P ratio

(kcal g⁻¹ protein)

CIN

(g kg⁻¹)

28:13-C0 (control diet) 28 13 0.0

25:14-C1 25 14 1.2

25:14-C2 25 14 1.7

25:15-C1 25 15 1.2

25:15-C2 25 15 1.7

Note: E:P ratio (energy-to-protein ratio), CIN (cinanaldehyde).

The treatment feed consisted of five different feed
formulas, as in Table 2. The raw feed materials were
floured and sifted using a grinder and sieve, respec-
tively. Next, the ingredients were weighed according
to the formulation, mixed using a 5 kg capacity mixer,
and 300 mL kg-1 of water was added. After the raw
material was homogenized, the mixture was printed

using an extruder with a feed diameter of 1 mm. The
feed was dried in an oven at 50 °C for approximately
1-2 hours until the water content reaches 8-10 %. The
test feed was placed in a dry container, and feed
samples were collected for the proximate analysis of
the test feed.
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Table 2. Ingredients diet formulations

Ingredients
Treatments

28:13-C0 25:14-C1 25:14-C2 25:15-C1 25:15-C2

Fish meal 5.00 5.00 5.00 5.00 5.00

Meat bone meal 6.00 5.00 5.00 5.00 5.00

Poultry by-product meal 5.00 5.00 5.00 5.00 5.00

Soy bean meal 21.00 5.67 5.67 8.50 8.50

Wheat flour 13.00 20.00 20.00 14.00 14.00

Wheat Pollard 29.60 30.00 30.00 30.00 30.00

DDGS 3.00 10.80 10.75 9.47 9.42

Casava flour 10.00 3.00 3.00 10.00 10.00

Rice bran 0.00 10.00 10.00 6.00 6.00

Fish Oil 1.00 1.00 1.00 1.00 1.00

Palm Oil 3.00 1.00 1.00 2.50 2.50

Methionine 0.50 0.50 0.50 0.50 0.50

Lysine 0.30 0.30 0.30 0.30 0.30

Premix 0.20 0.20 0.20 0.20 0.20

Phytase 0.05 0.05 0.05 0.05 0.05

Choline chloride 0.50 0.50 0.50 0.50 0.50

Dicalsium phosphate 0.50 0.50 0.50 0.50 0.50

Vitamin C 0.02 0.02 0.02 0.02 0.02

Vitamin E 0.03 0.03 0.03 0.03 0.03

NaCl 1.00 1.00 1.00 1.00 1.00

Polymethylolcarbamide 0.30 0.30 0.30 0.30 0.30

Cinnamaldehyde 0.00 0.13 0.18 0.13 0.18

Total 100 100 100 100 100

Proximate composition

Moisture, % 10.70 10.53 9.73 10.37 10.14

Protein, % 28.14 25.17 25.45 25.13 25.32

Lipid, % 7.00 4.00 4.17 6.00 6.17

Fiber, % 3.82 6.17 5.70 3.98 3.59

Ash, % 11.57 10.52 11.49 9.35 9.06

NFE, % 38.78 43.60 43.46 45.17 45.72

GE, kcal kg-1 3823.86 3573.28 3599.05 3823.35 3872.17

E:P, kcal g-1 protein 13.59 14.19 14.14 15.21 15.29

Fish Maintenance and Sampling

Striped catfish with a size of 28.06 ± 0.19 g were
obtained from farmers around Bogor, Indonesia, and
adapted for 1 month in the Experimental Pond, De-
partment of Aquaculture, FPIK, IPB University. Fish
were stocked in hapas (2 × 1 × 1 m) at a density of

25 fish per cage, which were installed in an HDPE-
lined pond with a surface area of 200 m² and a water
depth of 1.5 m. The pond operated under a continu-
ous flow-through system with an inflow rate of ap-
proximately 1 L s-¹, resulting in an estimated daily
water exchange of 35–40%, without additional me-
chanical aeration. Fish were maintained under a natural

Note: The premix contained vitamins and minerals. Vitamin mix contained 900 IU kg-1 retinole (A), 200 mg kg-1 ascorbic acid (C), 200
IU kg-1 cholecalciferol (D), 10 mg kg-1 menadione (K3), 100 mg kg-1 á-tocopherol (E), 1000 mg kg-1 choline, 100 mg kg-1 inositol, 15
mg kg-1 thiamine (B1), 20 mg kg-1 riboflavin (B2), 15 mg kg-1 pyridoxine (B6), 50 mg kg-1 d-pantothenic acid (B5), 75 mg kg-1 nicotinic
acid, 0.5 mg kg-1 biotin, 0.05 mg kg-1 cyanocobalamin (B12), 5 mg kg-1 folic acid; mineral mix contained 0.5 mg kg-1 Co (CoCl

2
.6H

2
O),

5 mg kg-1 Cu (CuSO
4
.5H

2
O), 50 mg kg-1 Fe (FeSO

4
.7H

2
O), 4 mg kg-1 I (KI), Cr (CrCl

3
.6H

2
O) 0.1 mg kg-1, 150 mg kg-1 Mg (MgSO

4
.7H

2
O),

25 mg/kg Mn (MnSO
4
.H

2
O), 0.1 mg kg-1 Se (NaSeO

3
), 100 mg kg-1 Zn (ZnSO

4
.7H

2
O). NFE (nitrogen-free extract). GE (Gross energy).
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photoperiod (approximately 12 h light : 12 h dark).
Experimental diets were hand-fed and evenly scattered
to apparent satiation three times daily (08:00, 13:00,
and 17:00 h) for 60 days. Water quality was moni-
tored during maintenance with a temperature range
of 28.3-30.1 °C, DO 4.60-6.74, pH 7-9, TAN 0.36-1.06
mg L-1, nitrite 0.09 -0.14 mg L-1, and nitrate 0.72-1.21
mg L-1.

Sampling was conducted at the beginning and end
of the feeding trial. At the start of the experiment,
five fish were randomly sampled from the initial popu-
lation (n = 5, pooled sample) for baseline whole-body
proximate composition analysis. After 60 days, three
fish per replicate cage (n = 3 per replicate) were ran-
domly collected for final whole-body proximate analy-
sis. Fish were anesthetized using clove oil at a con-
centration of 0.05 mL L-1prior to handling (Varner,
2000).

After 60 d of rearing, three fish were collected
for proximate body composition analysis. Blood
plasma was collected from two fish per day for bio-
chemical blood analysis, with anesthesia using 0.05
mg L-1 clove oil. Eight fish were euthanized with high
doses of clove oil and dissected, and the liver and
viscera were weighed to calculate the hepatosomatic
index (HSI) and visceral somatic index (VSI). Fish meat,
liver, and viscera were collected and immediately
stored at -20 °C for proximate analysis. In addition
to the liver, two pieces of meat were used for the
chemical analysis.

Biochemical analysis of blood

Biochemical blood analysis was conducted to de-
termine plasma albumin, total protein, triglyceride,
cholesterol, and high-density lipoprotein (HDL) lev-
els. Prior to blood sampling, fish were fasted for 24
h to minimize postprandial variation in metabolic
parameters. Blood was collected in the morning
(08:00–10:00 h) to reduce the influence of diurnal
metabolic fluctuations. Blood was collected from the
caudal vein using 1 mL syringes and collection tubes
pre-rinsed with ethylenediamine tetra-acetate (EDTA)
as an anticoagulant. The samples were transferred
into 1.5 mL microtubes and centrifuged at 5000 rpm
for 10 min to separate plasma. Plasma was carefully
collected using a micropipette and transferred into
clean microtubes for subsequent analyses. Total pro-
tein (TP) and albumin levels were analyzed using com-
mercial assay kits (Total Protein Kit and Albumin Kit,
Biomaxima, Poland), following the manufacturer’s
instructions. Triglyceride, cholesterol, and high-den-
sity lipoprotein (HDL) levels were measured using
Triglycerides Liquiform Ref 87, Cholesterol Liquid Ref
76, and HDL-LE Ref 98 kits (Labtest, Brazil), also in

accordance with the manufacturer’s protocols.

Growth Performance

The growth parameters observed were specific
growth rate, feed conversion ratio, protein efficiency
ratio, and protein and lipid retention, based on the
following formulas:

Survival Rate (%) = (number of final fish/number
of initial fish) × 100.

Specific growth rate (% day-1) = [(ln (final weight
(g)) – ln (initial weight (g))/maintenance period (days)]
× 100

Feed conversion ratio = total feed given (g)/[final
total fish biomass (g) – initial total fish biomass (g)]

Protein efficiency ratio = weight gain (g)/protein
intake (g)

Protein retention (%) = [final biomass protein (g)
– initial biomass protein (g)]/total feed protein con-
sumed (g) × 100.

Lipid retention (%) = [final biomass lipid (g) – ini-
tial biomass lipid (g)]/total feed lipid consumed (g) ×
100.

Hepato somatic index (%) = liver weight / whole
body weight x 100

Visceral somatic index (%) = visceral weight /
whole body weight x 100

Proximate and Chemical Analysis

Proximate analysis was conducted on feed
samples, as well as on the whole bodies of fish at the
beginning and end of the trial, including muscle, liver,
and viscera. The analyses followed the standard pro-
cedures outlined by (AOAC, 2012). Moisture content
was determined using the oven-drying method at 105–
110 °C until a constant weight was achieved. Crude
protein was analyzed using the Kjeldahl method with
an added digestion catalyst. Crude fiber was measured
using the acid-base digestion method, while ash con-
tent was determined by incinerating the samples in a
muffle furnace at 600 °C. Lipid content in feed was
determined using Soxhlet extraction. The nitrogen-
free extract (NFE) was calculated by difference using
the formula:

NFE (%) = 100 – (moisture + ash + protein +
lipid + crude fiber)

To calculate the energy-to-protein (E:P) ratio,
gross energy (GE, kcal/kg feed) was estimated from
the proximate composition using specific conversion
factors: 5.6 kcal/g for protein, 4.1 kcal/g for carbohy-
drates (NFE), and 9.4 kcal/g for lipid, as described by
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Watanabe (1998). The E:P ratio was then calculated
using the formula:

E:P ratio = GE (kcal/kg feed) / protein content (g/
kg feed)

Lipid content in fish body, muscle, liver, and vis-
cera was further analyzed using a 2:1 methanol–chlo-
roform extraction method according to Folch
(Watanabe, 1998).

Analysis Data

Data are presented as mean ± standard deviation.
Homogeneity and normality tests were performed
using Levene’s and Shapiro-Wilk tests. The experi-
mental design was analyzed using one-way ANOVA.
Significant differences between treatments were fur-
ther tested using Duncan’s post-hoc test with a 0.05
confidence interval. Statistical analyses were per-
formed using SPSS 24.0 and data tabulation was per-
formed using Microsoft Excel.

RESULTS AND DISCUSSION

Blood Biochemistry

The blood biochemical results of striped catfish
fed different feed treatments (Table 3) showed that
total protein (TP) and albumin levels were significantly
higher in the 25:15-C2 group (152.1 ± 8.1 g dL-1 and
5.8 ± 0.4 g dL-1, respectively) than in the control group
(140.9 ± 9.91 g dL-1 and 5.5 ± 0.1 g dL-1, respectively).
Triglyceride (TG) and cholesterol (CHO) levels were
significantly reduced in the 25:15-C2 group (355.8 ±
85.9 mg dL-1 and 264.2 ± 15.5 mg dL-1) compared to

the control (510.5 ± 98.9 mg dL-1 and 298.2 ± 20.5
mg dL-1), while HDL levels decreased slightly in the
CIN-supplemented diets (73.8–75.1 mg dL-1) compared
to the control (80.8 ± 3.0 mg dL-1).

CIN supplementation enhanced the metabolic re-
sponse to an optimized E:P ratio, as reflected by
changes in lipid-related blood parameters. The reduc-
tion in triglyceride (TG) and cholesterol (CHO) levels
in CIN-supplemented treatments suggests improved
lipid utilization and moderated lipid deposition un-
der adequate dietary energy supply, consistent with
findings reported in Nile tilapia (Oreochromis
niloticus) and juvenile fat greenling (Hexagrammos
otakii) (Gu et al., 2022; Luo et al., 2020). By poten-
tially reducing de novo lipogenesis (DNL) and enhanc-
ing glycogen synthesis, CIN may influence carbohy-
drate and lipid metabolism, thereby reducing the re-
liance on dietary protein for energy and allowing
greater protein allocation for growth and tissue main-
tenance (Gu et al., 2022; Salmerón, 2018; Wahyudi et
al., 2024). Furthermore, the observed increase in
plasma albumin and total protein (TP) levels in the
CIN-supplemented groups was indicative of enhanced
protein metabolism and systemic health. Albumin, a
marker of protein turnover and transport, is associ-
ated with improved nutrient mobilization and immune
responses in fish under metabolic stress (Lehninger
et al., 2008). These findings align with earlier studies
demonstrating that functional additives, such as CIN,
improve nutrient bioavailability and cellular energy
dynamics, particularly under reduced-protein diets
(Wahyudi et al., 2024).

Table 3. Blood biochemical of striped catfish fed difference diets

Parameters
Treatments

28:13-C0 25:14-C1 25:14-C2 25:15-C1 25:15-C2

TP, g dL-1 140.9 ± 9.91b 125.9 ± 2.5a 130.9 ± 5.1ab 140.0 ± 3.7b 152.1 ± 8.1c

Albumin, g dL-1 5.5 ± 0.1ab 5.3 ± 0.1a 6.0 ± 0.2b 5.8 ± 0.4b 5.8 ± 0.4b

TG, mg dL-1 510.5 ± 98.9b 516.7 ± 26.9b 456.5 ± 76.3ab 429.3 ± 31.9ab 355.8 ± 85.9a

CHO, mg dL-1 298.2 ± 20.5b 292.6 ± 10.9b 250.6 ± 13.5a 251.2 ± 16.4a 264.2 ± 15.5a

HDL, mg dL-1 80.8 ± 3.0b 74.9 ± 1.6a 76.6 ± 2.1a 73.8 ± 1.7a 75.1 ± 0.8a

Note: Values are expressed as mean ± SD (n = 5). Different letters in the same row indicate significant differences (One-way
ANOVA and Duncan’s post hoc test, P<0.05). Total protein (TP), triglyceride (TG), cholesterol (CHO), and high-density lipoprotein
(HDL) levels were measured.

In addition to energy metabolism, the
antioxidative properties of CIN may have contributed
to the improved metabolic efficiency observed in this
study. CIN enhances the activity of antioxidant en-
zymes, reduces oxidative stress, and improves nutri-
ent utilization in high-carbohydrate diets (Hendriana
et al., 2023; Xu et al., 2019). The observed increases
in plasma albumin and total protein (TP) in the CIN-

supplemented treatments further indicated improved
metabolic health and nutrient availability, which are
critical for sustaining growth under reduced protein
regimes (Amer et al., 2018; Wahyudi et al., 2023a;
Wahyudi et al., 2024). These findings highlight the
practical implications of adopting protein-sparing
strategies using optimal E:P ratios and CIN supple-
mentation in aquafeed. This approach offers a viable
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solution for cost-effective and sustainable feed for-
mulation for striped catfish, a species that is central
to global aquaculture production (FAO, 2022). The
integration of CIN as a metabolic modulator has been
validated in previous studies (Imlani et al., 2024;
Wahyudi et al., 2024), positioning it as a key tool for
improving feed efficiency and fish health in reduced-
protein diets.

Growth Performance

The growth performance and feed efficiency re-
sults are shown in Table 4. The results indicated that
the final body weights in the 25:15-C1 (142.96 ± 1.23
g) and 25:15-C2 (143.75 ± 1.87 g) groups were sig-
nificantly higher than that in the 25:14-C1 group
(138.80 ± 1.02 g). The specific growth rate (SGR)
was significantly highest in the 25:15-C1 group (2.72
± 0.02% day-1), whereas the lowest feed conversion
ratio (FCR) was observed in the 25:14-C2 group (1.17
± 0.01). The protein efficiency ratio (PER) and pro-
tein retention (PR) were significantly higher in the
25:15-C1 and 25:15-C2 treatments, indicating enhanced
protein utilization.

The present findings demonstrate that reducing
dietary protein levels from 28 % to 25 %, when com-
bined with appropriate E:P ratios and CIN supplemen-
tation, did not impair the growth performance of
striped catfish. (Pangasianodon hypophthalmus). No-
tably, the 25:15-C1 treatment (25 % protein, E:P ratio
of 15 kcal g-1, and 1.2 g kg-1 CIN) produced growth
and feed efficiency comparable to the control diet,
confirming the effectiveness of protein-sparing strat-

egies when dietary energy is sufficient. These re-
sults reaffirm the pivotal role of dietary protein as
the primary driver of fish growth while highlighting
the critical importance of efficiency in protein utili-
zation to achieve sustainable aquaculture practices
(Hardy & Kaushik, 2022; National Research Council,
2011).

The protein-sparing effect (PSE), in which energy
derived from non-protein sources reduces the reli-
ance on dietary protein for metabolic functions, is
fundamental to aquafeed optimization. By meeting
the energy requirements of carbohydrates and lipids,
dietary proteins can be allocated to anabolic pro-
cesses, such as muscle accretion, rather than to cata-
bolic energy production (Kamalam et al., 2017; Wen
et al., 2022). The E:P ratio of 15 kcal g-1 in this study
aligns with previous findings in Asian seabass (Lates
calcarifer) and rainbow trout (Oncorhynchus mykiss),
where similar ratios improved the protein efficiency
ratio (PER), protein retention (PR), and nitrogen uti-
lization (Alam et al., 2020; Kim et al., 2017). The
underperformance of the 25:14-C1 treatment high-
lights the metabolic inefficiencies arising from insuf-
ficient dietary energy intake. When energy intake is
inadequate, fish are forced to catabolize proteins to
fulfill their energy needs, leading to reduced growth
efficiency and increased nitrogen excretion (Hardy &
Kaushik, 2022). These findings underscore the im-
portance of achieving an energy balance that mini-
mizes protein catabolism while avoiding excessive
energy supply, which could lead to lipid
overaccumulation.

Table 4. Growth performance of striped catfish fed diets supplemented with cinnamaldehyde

Parameters
Treatments

28:13-C0 25:14-C1 25:14-C2 25:15-C1 25:15-C2

Initial weight, g 28.03 ± 0.15a 28.04 ± 0.17a 28.23 ± 0.42a 28.01 ± 0.12a 27.98 ± 0.17a

Final weight, g 143.06 ± 1.08b 138.80 ± 1.02a 141.62 ± 0.78b 142.96 ± 1.23b 143.75 ± 1.87b

Feed intake, kg 3.34 ± 0.03b 3.31 ± 0.05b 3.16 ± 0.09a 3.36 ± 0.10b 3.36 ± 0.07ab

SR, % 100 ± 0.00 96.00 ± 0.00 94.67 ± 4.62 98.67 ± 2.31 96.00 ± 4.00

SGR, % day-1 2.72 ± 0.01b 2.67 ± 0.00a 2.69 ± 0.02a 2.72 ± 0.02b 2.73 ± 0.02b

FCR 1.16 ± 0.02a 1.25 ± 0.01b 1.18 ± 0.05a 1.19 ± 0.01a 1.17 ± 0.01a

PER 3.03 ± 0.05a 3.12 ± 0.05ab 3.25 ± 0.03bc 3.31 ± 0.03c 3.31 ± 0.07c

PR, % 38.33 ± 0.58a 39.03 ± 0.33ab 43.15 ± 2.21d 40.91 ± 0.29bc 41.79 ± 0.82cd

LR, % 102.18 ± 1.54a 164.51 ± 1.38d 159.92 ± 8.25d 132.16 ± 0.77c 115.47 ± 2.21b

HSI, % 2.12 ± 0.39a 2.49 ± 0.29b 2.49 ± 0.22b 2.39 ± 0.31b 2.23 ± 0.33ab

VSI, % 15.06 ± 2.56a 16.40 ± 2.22a 16.61 ± 2.07a 15.43 ± 2.09a 14.64 ± 1.53a

Note: Values are expressed as mean ± SD (n = 4). Different letters in the same row indicate significant differences (One-way
ANOVA and Duncan’s post hoc test, P<0.05). SR (survival rate), SGR (specific growth rate), FCR (feed conversion ratio), PER
(protein efficiency ratio), PR (protein retention), LR (lipid retention), HSI (hepato somatic index), VSI (visceral somatic index).
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The observed improvements in the specific
growth rate (SGR) and feed conversion ratio (FCR)
validated the synergy between the optimized E:P ra-
tios and CIN supplementation. Treatments such as
25:15-C1 consistently outperformed their lower-en-
ergy counterparts, emphasizing the importance of
sufficient energy availability for maximizing growth
efficiency. These findings are consistent with those
of studies on gilthead sea bream (Sparus aurata) and
Chinese perch (Siniperca chuatsi), in which balanced
energy levels enhanced nutrient utilization and re-
duced feed costs (Alam et al., 2020; García-Meilán et
al., 2013). From an industry perspective, these re-
sults highlight that optimizing the E:P ratio is a more
effective strategy than increasing dietary protein lev-
els alone. The inclusion of CIN may support this op-
timization by maintaining growth efficiency under
reduced-protein diets, which is particularly relevant
for improving feed cost efficiency in commercial
striped catfish production.

Proximate body, meat, liver, and viscera

The body, meat, liver, and visceral lipid levels are
shown in Table 5. Proximate analysis revealed that
whole-body lipid content was highest in the 25:15-
C1 group (9.00 ± 0.33 %), whereas muscle lipid con-
tent was lowest in the 25:14-C2 and 25:15-C1 groups
(1.34 ± 0.31 % and 1.34 ± 0.65 %, respectively). Liver
lipid content ranged from 3.03 ± 0.18% to 3.98 ±
0.40 %, with no significant differences. Visceral lipid
content was slightly lower in CIN-supplemented di-
ets (26.21–27.63 %) compared to the control (28.29
± 1.05%), although differences were not statistically
significant.

Although differences in whole-body lipid content
among treatments were relatively small, they reflect
changes in nutrient partitioning associated with di-
etary energy balance. Even modest variations in body
lipid content may be relevant in commercial aquacul-
ture, as prolonged feeding periods can amplify their
effects on feed efficiency and carcass composition
(Orban et al., 2008; Wang et al., 2017). The slightly
higher whole-body lipid content observed in the
25:15-C1 group is consistent with improved energy
availability, while the lower muscle lipid levels in the
25:14-C2 and 25:15-C1 treatments may be beneficial
for fillet quality.

Muscle lipid content is closely associated with fil-
let texture and consumer acceptance, and reduced
intramuscular lipid accumulation has been reported
to improve product quality in catfish and other fresh-
water species (Wahyudi et al., 2023a; Wahyudi et al.,
2023b). The absence of significant differences in liver
lipid content among treatments indicates that dietary
energy levels and CIN supplementation did not in-
duce excessive hepatic lipid accumulation, suggest-
ing that lipid metabolism remained within a normal
physiological range.

Overall, the relatively stable moisture, protein, and
lipid composition of muscle and liver tissues sug-
gests that the tested diets supported balanced me-
tabolism without compromising fillet quality. These
results indicate that optimizing the E:P ratio with
CIN supplementation can improve growth efficiency
while maintaining acceptable body composition,
which is important for both production performance
and market quality.

Table 5. Proximate whole-body, muscle, and liver of striped catfish fed diets supplemented with cinnamaldehyde

Parameter
Treataments

28:13-C0 25:14-C1 25:14-C2 25:15-C1 25:15-C2

Whole-body

Moisture, % 73.00 ± 1.08 72.73 ± 1.14 73.09 ± 0.21 72.69 ± 0.82 73.62 ± 0.91

Protein, % 12.35 ± 0.40 12.20 ± 0.58 12.62 ± 0.32 12.10 ± 0.46 12.29 ± 0.86

Lipid, % 8.10 ± 0.10a 8.06 ± 0.46a 7.8 ± 0.20a 9.00 ± 0.33b 8.16 ± 0.19a

Muscle

Moisture, % 80.76 ± 0.86 80.26 ± 1.82 80.64 ± 0.86 80.47 ± 0.68 79.74 ± 1.25

Lipid, % 2.20 ± 0.20bc 1.50 ± 0.65ab 1.34 ± 0.31a 1.34 ± 0.65a 2.36 ± 0.84c

Liver

Moisture, % 74.18 ± 0.86 73.43 ± 1.11 73.63 ± 0.44 74.13 ± 0.60 73.31 ± .59

Lipid, % 3.03 ± 0.18 3.87 ± 0.14 3.98 ± 0.40 3.66 ± 0.78 3.29 ± 0.84

Visceral

Moisture, % 73.72 ± 1.22 72.97 ± 0.41 73.63 ± 0.86 74.72 ± 0.92 73.31 ± 0.59

Lipid, % 28.29 ± 1.05 26.52 ± 3.05 27.63 ± 1.58 26.45 ± 2.16 26.21 ± 2.22

Note: Values are expressed as mean ± SD (n = 4). Different letters in the same row indicate significant differences (One-way
ANOVA and Duncan’s post hoc test, P<0.05).
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CONCLUSION

In conclusion, reducing dietary protein to 25 % in
striped catfish feed is achievable without compro-
mising growth performance, provided that the E:P
ratio is optimized to 15 kcal/g and supplemented with
1.2 g/kg CIN. This approach not only enhances
sustainability but also addresses the economic chal-
lenges of high-protein diets, paving the way for in-
novative feeding strategies in aquaculture. Future
studies should explore the long-term effects of these
formulations on fish health and adaptability to differ-
ent aquaculture species and environments.
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