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ABSTRACT

Manganese (Mn) is an essential trace mineral involved in enzymatic activity, metabolism, and antioxidant defense
in fish. This study evaluated the effects of dietary Mn supplementation on growth performance, feed efficiency,
protein utilization, and survival of African catfish (Clarias gariepinus). Experimental diets were formulated with
graded levels of Mn (0, 15, 30, and 45 mg/kg feed) and fed to fish for 60 days. Dietary Mn supplementation
significantly improved growth performance compared to the control diet (P<0.05). Fish fed 45 mg/kg Mn exhibited
the highest final weight (87.14 + 2.05 g) compared to the control (64.90 + 3.41 g). Along with a higher specific
growth rate (3.58 + 0.05% per day vs 3.09 + 0.09% per day) average daily gain (1.28 £ 0.04 g/day vs 0.91 +
0.06 g/day)/ feed intake was also significantly higher at 45 mg/kg (1071.81 + 12.84 g) compared to the control
(931.62 £ 15.99 g). However, feed conversion ratio and protein efficiency ratio were not significantly affected
(P>0.05). Survival rate remained high and did not differ significantly among treatments. In conclusion, dietary
Mn supplementation positively influences growth performance, feed efficiency, and protein utilization in African
catfish, with 45 mg/kg feed identified as the most effective dose under the conditions of this study. These findings
highlight the importance of adequate trace mineral inclusion in catfish feed formulation.
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ABSTRAK

Mangan (Mn) merupakan mineral mikro esensial yang berperan penting dalam aktivitas enzimatik, metabolisme,
dan sistem pertahanan antioksidan pada ikan. Penelitian ini bertujuan untuk mengevaluasi pengaruh suplementasi
Mn dalam pakan terhadap performa pertumbuhan, efisiensi pakan, pemanfaatan protein, dan tingkat kelangsungan
hidup ikan lele Afrika (Clarias gariepinus). Pakan percobaan diformulasikan dengan beberapa tingkat suplementasi
Mn, yaitu 0, 15, 30, dan 45 mg/kg pakan, dan diberikan selama 60 hari pemeliharaan. Hasil penelitian menunjukkan
bahwa suplementasi Mn dalam pakan secara signifikan meningkatkan performa pertumbuhan dibandingkan dengan
perlakuan kontrol (P<0,05). Suplementasi Mn dalam pakan secara signifikan meningkatkan kinerja pertumbuhan
dibandingkan kontrol (P<0,05). Ikan yang diberi 45 mg/kg Mn menunjukkan bobot akhir tertinggi (87,14 + 2,05
2) dibandingkan kontrol (64,90 + 3,41 g), serta laju pertumbuhan spesifik yang lebih tinggi (3,58 + 0,05%/hari
vs 3,09 £ 0,09%/hari) dan pertambahan bobot harian (1,28 + 0,04 g/hari vs 0,91 £+ 0,06 g/hari). Konsumsi pakan
juga secara signifikan lebih tinggi pada dosis 45 mg/kg (1071,81 + 12,84 g) dibandingkan kontrol (931,62 +
15,99 g). Namun, rasio konversi pakan dan rasio efisiensi protein tidak menunjukkan perbedaan yang signifikan
(P>0,05). Tingkat kelangsungan hidup tetap tinggi dan tidak berbeda nyata antar perlakuan. Secara keseluruhan,
suplementasi Mn memberikan pengaruh positif terhadap performa pertumbuhan, efisiensi pakan, dan pemanfaatan
protein ikan lele Afrika, dengan dosis 45 mg/kg pakan diidentifikasi sebagai dosis paling efektif pada kondisi
penelitian ini. Temuan ini menegaskan pentingnya pemenuhan kebutuhan mineral mikro secara optimal dalam
formulasi pakan ikan lele.

Kata kunci: ikan lele, mangan, pertumbuhan, aditif pakan
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INTRODUCTION

Catfish (Clarias gariepinus) is a freshwater
commodity with high demand, offering a
substantial market. Production in Indonesia
reached 1,171,367 tons in 2024 and 1,137,807
tons in 2023. Catfish production continues to
increase annually, reaching 1.61% (KKP, 2024).
FAO (2022) reported that catfish production in
2020 reached 1.25 million tons, accounting for
2.5% of inland aquaculture production. Efforts to
significantly increase production include intensive
cultivation (Pamaharyani et al, 2024). One
essential factor in intensive cultivation is feed,
also protein is one of the costliest components
in feed formulations and plays a major role in
determining overall feed expenses (Octaviani et
al., 2024; Son et al., 2024). Feed significantly
impacts aquaculture production, accounting for
approximately 40-91.2% of total production costs
(Suprayudi et al., 2012; Suprayudi, 2018).

The nutrient composition of the feed
directly affects fish growth. Fish feed contains
macronutrients (protein, fat, carbohydrates, water)
and micronutrients (vitamins, minerals). Minerals
include macrominerals phosphorus (P), calcium
(Ca), magnesium (Mg), sodium (Na), potassium
(K), chlorine (Cl), sulfur (S), and microminerals
selenium (Se), manganese (Mn), nickel (Ni), zinc
(Zn), silicon (Si), iodine (I), copper (Cu), cobalt
(Co), molybdenum (Mo), fluorine (F), aluminum
(Al), vanadium (V), chromium (Cr) (Prabhu et
al., 2019). Manganese (Mn), a micromineral,
can influence fish growth, metabolism, and
reproductive performance (Musharraf & Khan,
2021).

Manganese (Mn) is a transition element in
group 7, period 4 of the periodic table, with an
atomic number of 25 and an isotopic number of 55
(RSC, 2024). Sources of Mn come from organic
and inorganic compounds. Mn supplementation
in the form of inorganic compounds uses
organic salts, one of which is Manganese (II)
Sulfate (MnSOQ.), and organic Mn forms include
Glycine Manganese (Mn-Gly), Mn-Proteinate,
Mn-Methionine (Prabhu et al., 2019). The role
of Mn in fish feed is as a cofactor for enzymes
and an integral part of metalloenzymes (Hayat
et al., 2026). Manganese (Mn) is an essential
trace mineral that function both as an enzymatic
cofactor and as integral component of several
metalloenzymes involved in cellular metabolism.
As an enzyme activator, Mn binds reversibly
to enzymes, facilitating substrate binding and

stabilizing reaction intermediates. This catalytic
role is particularly important for transferases
and glycosyltransferases, which participate
in the synthesis of cartilage extracellular
matrix components such as proteoglycans
and glycosaminoglycans (Musharraf & Khan,
2021; Jiang et al.m 2017; Baj et al., 2023). In
addition, Mn serves as a structural component
of several metalloenzymes, including arginase,
pyruvate carboxylase, superoxide dismutase, and
decarboxylase (Leach, 2022; Nguyen et al., 2024;
Hayat et al., 2025).

Among this enzymes, manganese superoxide
dismutase (MnSOD) plays a particularly
important role as the primary antioxidant enzyme
in mitochondria. MnSOD catalyzes the conversion
of superoxide radicals generated during oxidative
phosphorylation into less reactive molecules,
thereby protecting lipids, proteins, and other
cellular components from oxidative damage while
maintaining efficient energy production (Nyarko-
Danquah et al., 2020). Maintaining an appropriate
dietary Mn level is therefore essential for normal
physiological function and growth in fish. Both
Mn deficiency and excessive Mn supplementation
can impair fish performance, leading to reduced
growth, skeletal abnormalities, cataract formation,
oxidative stress, and inflammatory responses
(Mmanda, 2025; Wang etal., 2022; Kumar et al.,
2024).

Manganese (Mn) is an essential trace mineral
in aquaculture nutrition that plays a fundamental
role in regulating growth, metabolism, skeletal
development, and antioxidant defense in fish.
Its biological functions are primarily attributed
to its role as an enzymatic cofactor and as
structural component of several metalloenzymes
involved in key physiological processes. As a
cofactor, Mn activates enzymes that regulate
metabolic pathways and tissue formation,
thereby supporting efficient nutrient utilization
and normal growth. One of its most important
functions is the activation of glucosyltransferases,
which catalyze the synthesis of proteoglycans
and glycosaminoglycans, the major constituents
of the extracellular matrix in cartilage and bone
(Tseng et al, 2025; Lall & Kaushik, 2021).
Adequate Mn availability is therefore essential
for skeletal development, particularly during
the larval and juvenile stages when rapid bone
formation occurs. Insufficient Mn intake has been
associated with skeletal deformities, including
scoliosis and lordosis, which subsequently impair
growth performance (Tseng et al., 2025). Excess
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Mn can disrupt the physiological function of
fish, affecting their metabolism and health, thus
impacting their growth and survival (Watanabe et
al., 1997; Ali et al., 2021; Lv et al., 2025).

Research on Mn requirements for various
fish species varies. Liang et al. (2015) stated
that yellow catfish require 5.5-6.4 mg/kg of
feed, carp and rainbow trout require 12—13 mg/
kg of feed, Atlantic salmon require 7.5-10.5 mg/
kg of feed, and tilapia require 7 mg/kg of feed
(Watanabe et al., 1997). According to Prabhu
et al. (2016), the highest dose of Mn added to
Atlantic salmon feed was 106 mg/kg, while the
highest dose for American catfish was 63 mg/
kg. Research by Thabet et al. (2021) showed that
adding manganese oxide nanoparticles to African
catfish at 1.2-2.4 mg/kg of feed can affect their
growth performance. Beyond skeletal health, Mn
critically supports growth through its function in
the mitochondrial antioxidant system.

Manganese (Mn) also plays a critical role in
antioxidant defense as the essential cofactor of
manganese superoxide dismutase (MnSOD),
the primary mitochondrial enzyme responsible
for detoxifying superoxide radicals produced
during aerobic metabolism. Adequate dietary
Mn enhances MnSOD activity, thereby reducing
oxidative damage to lipids, proteins, and
other cellular components while maintaining
mitochondrial function and energy production. In
coho salmon, dietary Mn levels of approximately
16.8 —25.8 mg/kg have been reported to maximize
hepatic MnSOD activity and improve antioxidant
capacity (Yu et al., 2024; Liu et al. 2023). This
protective effect becomes particularly important
under environmental or nutritional stress, when
excessive reactive oxygen species (ROS) are
generated. In contrast, inadequate Mn intake
results in elevated oxidative stress, as indicated
by increased malondialdehyde concentrations,
causing cellular damage in metabolically active
tissue such as the liver and muscle. Consequently,
more energy is diverted toward cellular repair
and maintenance rather than growth, ultimately
reducing growth performance and feed utilization
efficiency (Xu et al., 2023).

This study aimed to evaluate the effects of
dietary manganese (Mn) supplementation on
the production performance of African catfish
(Clarias gariepinus). Specifically, it examined the
effects of different dietary Mn inclusion levels on
growth performance, as indicated by weight gain
and specific growth rate, as well as feed utilization
efficiency through parameters such as feed

conversion ratio (FCR). The findings are expected
to provide insights into the optimal dietary Mn
level for improving the growth performance and
feed efficiency of African catfish.

MATERIALS AND METHODS

Experimental diets and design
The research was conducted at the Fish
Nutrition and Feed Technology Wet Laboratory,
Faculty of Fisheries and Marine Sciences, IPB
University, in Dramaga District, Bogor Regency,
West Java. Proximate analysis was conducted at
the Fish Nutrition Proximate Laboratory using
method outlined by Association of Official
Analytical Chemistry (AOAC, 2012), while water
quality analysis was conducted to meet the quality
standards (SNI 7550:2009) at the Aquaculture
Environment Laboratory, Aquaculture, Faculty of
Fisheries and Marine Sciences, IPB University.
This study used a completely randomized
design (CRD) with four treatments and three
replications for each treatment.
MnO = Feed without Mn
supplementation (0 mg/kg)
Mn 15 = Feed supplemented with Mn mineral
supplementation (15 mg/kg)
Mn 30 = Feed supplemented with Mn mineral
supplementation (30 mg/kg)
Mn 45 = Feed supplemented with Mn mineral
supplementation (45 mg/kg).

mineral

The raw materials were sieved using a fine
mesh sieve (approximately 250 um to ensure
uniform particle size, then weighed according to
the formulated diet and mixed using a laboratory-
scale horizontal feed mixer. The ingredients
were blended until a homogeneous mixture was
obtained, after which the feed was pelletized
using a laboratory-scale floating feed extruder
commonly used for aquafeed production. The
pellets were subsequently dried in an oven at 60°C
for four hours. The feed was stored in airtight
containers at room temperature. The results of the
proximate analysis of each dietary treatment are
presented in Table 2.

Fish maintenance

The experimental species used in this study
was African catfish (Clarias gariepinus) with a
total length of 10—11 cm. The fish originated from
broodstock of BBPBAT Sukabumi, Indonesia and
were cultured in Dramaga, Bogor Regency, West
Java, Indonesia. Prior to stocking, the fish were
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acclimatized to the experimental conditions for
seven days prior to the start of the feeding trial.
During the acclimatization period, fish were fed
a commercial diet (PF100). A gradual transition
to the experimental diets was conducted on days
6-7 by overlapping the commercial feed with
the formulated control diet used in this study to
ensure adaptation. The experiment was conducted
using 12 aquaria measuring 50x40x35 cm?, with
each aquarium stocked with 10 fish weighing
10.15 £ 0.02 g. Stocking was carried out after
acclimatization upon arrival and an initial feeding

Table 1. Experimental diet formulation.

period during which the fish were confirmed to
be in healthy condition. The fish were then fasted
prior to sampling and grading. After sampling
and grading, the rearing trial was conducted for
60 days. Fish were fed three times daily at 08:00,
14:00, and 20:00 to apparent satiation. Fish
were anesthetized using clove oil (eugenol) at a
concentration of 50 mg/L prior to handling and
sampling procedures to minimize stress and ensure
animal welfare during the experiment. Also, the
biomass weighing of all fish was performed on
days 15, 30, 45, and 60 of the rearing period.

Ingredient (%) Treatment
Mn0 Mn15 Mn30 Mn45
Poultry meat meal 5.00 5.00 5.00 5.00
Meat bone meal 8.99 8.99 8.99 8.99
Soy bean meal 28.81 28.81 28.81 28.81
Corn gluten meal 5.09 5.09 5.09 5.09
Cassava chips 5.00 5.00 5.00 5.00
Pollard 19.11 19.11 19.11 19.11
Wheat flour 20.00 19.97 19.95 19.93
Mineral mix Mn free 1.70 1.70 1.70 1.70
Vitamin mix 1.70 1.70 1.70 1.70
Polymethylolcarbamide 0.20 0.20 0.20 0.20
Fish oil 1.70 1.70 1.70 1.70
Crude palm oil 1.70 1.70 1.70 1.70
Monocalcium phosphate 1.00 1.00 1.00 1.00
Organic Mn (5%) 0 0.03 0.06 0.09
Table 2. Proximate analysis of experimental diets.
Composition Treatment
Mn0 Mn15 Mn30 Mn45
Moisture (%) 8.95 9.16 9.23 8.84
Ash (%) 8.20 8.23 8.25 8.35
Crude fiber (%) 3.00 3.32 3.22 3.06
Fat (%) 5.88 5.12 5.25 5.12
Protein (%) 31.45 31.48 31.31 31.24
NFE (%)" 42.51 42.69 42.74 43.39
GE (kcal/kg)™ 439.34 433.19 433.75 435.21
C/P (kcal/kg)™ 13.97 13.76 13.85 13.93
Total (%) 100 100 100 100

“Wet Nitrogen Free Extract (NFE) = ). “Gross Energy Composition (GE) was calculated based on protein = 5.64
kcal/g protein, fat = 9.44 kcal/g fat, and carbohydrate/NFE = 4.11 kcal/g carbohydrate (Watanabe, 1997)."C/P =
calorie/protein.
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Water quality

Water quality management was carried out by
partial water exchange of 20% every three days
during the first 15 days of rearing, 50% every three
days during the subsequent 15 days, and 80%
every three days until the end of the experimental
period. Water temperature and pH were measured
daily, dissolved oxygen (DO) was measured every
seven days, and total ammonia nitrogen (TAN)
and nitrite were measured every 15 days. During
the rearing period, water quality parameters
ranged as follows: temperature 28.2-30.5°C
(optimum 28-3°C) , pH 6.2-7.3 (7.5-8.5), DO
3.4-4.6 mg/L (optimum 4-8 mg/L), TAN 0.1-0.2
mg/L (optimum 0.1-0.4 mg/L), nitrite 0.01-0.06
mg/L (<0.25 mg/L), and nitrate 0.1-0.2 mg/L
(<0.5 mg/L) (Syahrul et al., 2023).

Research parameter

According to Stickney and Gatlin (2022),
growth performance in aquatic organisms is
commonly assessed using parameters that
describe developmental changes throughout
their life cycle, particularly during the early
growth stages when feed efficiency and overall
development are most critical. In this study, the
evaluated experimental parameters consisted of
feed conversion ratio (FCR), survival rate (SR),
specific growth rate (SGR), feed intake (FI),
average daily gain (ADG), and protein efficiency
ratio (PER).

Feed conversion ratio (FCR)

Feed conversion ratio (FCR) is defined as the
amount of feed required to produce 1 kg of fish
biomass. FCR was calculated using the following
formula (Goddard, 1996):

FCR=__ FL
Wt - W0

Note:
FCR = Feed conversion ratio
FI = Total feed intake (g)
Wt = Final weight (g)
Wo = Initial weight (g)
Survival rate (SR)

Survival rate (SR) was calculated using the
following formula (Effendie, 2002):

N
SR (%) = N—t x 100

0

Note:

SR = Survival rate (%)

Nt = Number of fish at the end of the
experiment (fish)

No = Number of fish at the beginning of the

experiment (fish)

Specific growth rate (SGR)

Specific growth rate (SGR) represents the
average increase in fish weight based on the
weighing of samples from each treatment. SGR
was calculated using the following formula
(Huissman, 1987):

SGR = ( (LnWt;LnWO) ) X 100
Note:
SGR = Specific growth rate (%)
t = Rearing period (day)
Wt = Average final weight (g)
Wo = Average initial weight (g)
Feed intake (FI)

Total feed intake (TFI) refers to the total
amount of feed provided throughout the rearing
period.

Average daily gain (ADG)
Average daily gain (ADG) can be calculated
using the following formula:

ADG = M
Note:
ADG = Average daily gain (g/day)
Wt = Final body weight (g)
Wo = Initial body weight (g)
t = Time (day)

Protein efficiency ratio (PER)
Protein efficiency ratio (PER) was calculated
using the following formula (Hepher, 1988):

PER = WimWo 100
f X %feed protein
Note:
PER = Protein efficiency ratio
Wt = Final biomass (g)
Wo = Initial biomass (g)
f = Total amount of feed provided to the

fish during the study (g)
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Data analysis

The obtained data were processed using
Microsoft Excel 2019 and analyzed using analysis
of variance (ANOVA). Differences among
treatments were determined based on ANOVA
results at a 95% confidence level. When the
F-test indicated significant differences, further
comparison was conducted using Duncan’s
multiple range test.

RESULT AND DISCUSSION

Growth Performance

The growth performance of African catfish
(Clarias gariepinus) fed diets supplemented with
different doses of manganese (Mn) was evaluated
over a 60-day rearing period. The results showed
significant differences (P<0.05) among treatments
for several growth parameters, indicating that Mn
supplementation in the diet affected the growth of
African catfish. The growth performance data of
fish fed diets containing different Mn doses are
presented in Table 3.

Growth performance of African catfish was
assessed based on the difference between initial
individual body weight (W) and final individual
body weight (W;). Based on one-way ANOVA
results, all treatments supplemented with
manganese (Mn) exhibited significantly higher
growth performance (P<0.05) compared to the
control. Final biomass (By), final individual weight
(W), average daily gain (ADG), and specific

Table 3. Catfish Growth Performance.

growth rate (SGR) in all Mn-supplemented
treatments were significantly higher (P<0.05)
than those of the control group. In contrast, feed
conversion ratio (FCR) and protein efficiency
ratio (PER) did not differ significantly (P>0.05)
among Mn-supplemented treatments. Significant
differences (P<0.05) were observed for total feed
intake (FI) in the treatments supplemented with
30 and 45 mg/kg Mn. Other parameters, including
initial biomass (By), initial individual weight
(W), and survival rate (SR), showed no significant
differences (P>0.05) among treatments. Based
on these results, dietary supplementation with
manganese at a dose of 45 mg/kg feed resulted in
the best growth performance.

Discussion

The growth performance of African catfish
over a 60-day rearing period showed significant
differences (P<0.05) between treatments receiving
dietary manganese (Mn) supplementation and
the control treatment without Mn addition. Fish
fed diets supplemented with Mn at doses of 15,
30, and 45 mg/kg feed exhibited better growth
performance than those fed the Mn-free diet.
The best growth performance was observed in
the treatment supplemented with 45 mg/kg Mn,
which resulted in a 34.26% increase in final body
weight compared to the control. According to
Lall (2022), manganese is an essential mineral
required by fish to support optimal growth and
feed efficiency.

Treatment Mn (g/kg)
Parameter
Mn 0 Mn 15 Mn 30 Mn 45
BO (g) 101.59 £ 0.21» 101.56 £ 0.14» 101.62 £ 0.16* 101.543 + 0.25*
Bt (g) 606.42 + 60.79¢ 704.99 +32.91¢ 783.48 +30.81° 871.37 £ 20.54»
WO (g) 10.16 £ 0.022 10.16 £ 0.022 10.16 £ 0.02¢ 10.14 £ 0.03¢
Wt (g) 64.90 £3.41¢ 75.58 £ 1.25¢ 81.13 £2.08" 87.14 £2.05°
SR (%) 93.33 £5.77¢ 93.33 £5.77¢ 96.67 £5.77° 100.00 + 0.00*
FI (g) 931.62 + 15.99¢ 940.12 + 12.71¢ 964.71 + 7.89° 1071.81 + 12.84¢
ADG (g/day) 0.91 £ 0.06¢ 1.09 £ 0.02¢ 1.18 £ 0.04® 1.28 £ 0.04»
SGR (%) 3.09 £ 0.09¢ 3.35£0.03¢ 3.46 = 0.04° 3.58 £0.05*
FCR 1.69 £ 0.12° 1.47 £0.02* 1.37 £0.03* 1.39 +£0.03*
PER 1.73 £0.23° 2.04 +£0.14¢ 224 +0.11¢ 2.30 £ 0.05*

“Initial biomass (B0), final biomass (Bt), initial weight (WO0), final weight (Wt), survival rate (SR), feed intake (FI),
average daily gain (ADG), specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER).
**Different letters in the same row indicate significant differences in each treatment (P<0.05).
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Final individual body weight (W) and final
biomass (By) increased significantly in Mn-
supplemented treatments, with the highest values
observed at the Mn dose of 45 mg/kg feed. This
result was supported by the average daily gain
(ADG) and specific growth rate (SGR), which
reached the highest values of 1.28 + 0.04 g/day
and 3.58 + 0.05%, respectively. The observed
growth enhancement may be attributed to the
role of Mn as a cofactor for several enzymes
involved in metabolic and physiological process.
Mn-dependent glycosyltransferase plays a critical
role in the synthesis of proteoglycans, which are
essential for cartilage and bone formation, thereby
supporting structural growth.

Manganese (Mn) supports fish growth through
its involvement in several enzymes systems
that regulate nutrient metabolism, skeletal
development, and antioxidant defense. As a
structural component of metalloenzymes, Mn
is required for the activity of arginase, which
participate in amino acid metabolism and the
urea cycle, thereby promoting efficient protein
utilization and nitrogen metabolism (Viegas
et al., 2020; Taskozhina et al., 2024). Mn also
serves as a cofactor for glycosyltransferases
involved in the synthesis of proteoglycans
and glycosaminoglycans, which are essential
components of the bone and cartilage extracellular
matrix and are therefore critical for normal skeletal
development (Tseng et al., 2025). In addition, Mn
activates pyruvate carboxylase, a key enzyme in
gluconeogenesis that supports energy production
from non-carbohydrate substrate and contributes
to overall metabolic efficiency (Liu et al., 2023).

Another important function of Mn is its role as
a structural component of manganese superoxide
dismutase (MnSOD), the primary mitochondrial
antioxidant enzyme that scavenges reactive
oxygen species (ROS). By limiting oxidative
damage and preserving cellular function, Mn
reduces the energy required for stress responses,
allowing more nutrients and energy to be directed
toward tissue growth and development (Ren et
al., 2023). Together, these physiological functions
explain the positive relationship between adequate
dietary Mn supplementation and improved growth
performance in aquaculture species. Collectively,
this mechanism contributes to improve metabolic
efficiency, which may explain the enhanced growth
performance observed in Mn-supplemented fish.
Improved enzymatic activity can ultimately
enhance fish growth performance (Watanabe et
al., 1997; Hayat et al., 2025; Lall, 2022).

Increasing dietary Mn supplementation
enhanced the total feed intake (TFI) of
African catfish, suggesting that Mn may play
a physiological role in regulating appetite and
feeding behavior. Manganese is an essential trace
mineral involved in the activation of various
enzymes related to metabolism. Improved
metabolic efficiency may contribute to enhanced
growth performance, which is consistent with the
findings of Suprayudi er al. (2023), where the
trace minerals such as selenium support metabolic
processes and promote fish growth. The observed
increase in feed intake is consistent with findings
by Assan et al. (2021), who reported that optimal
levels of dietary n can promote feeding activity
and improve nutrient utilization in fish, indicating
that Mn plays a role in stimulating fish appetite.

The increased total feed intake (TFI)
observed in this study likely reflects improved
metabolic activity, physiological status, and
appetite regulation associated with dietary Mn
supplementation. Greater feed consumption may
have contributed to the increases in biomass
and individual body weight by providing a
higher nutrient supply, while Mn-dependent
metabolic processes likely enhanced nutrient
utilization. These improvements in nutrient intake
and utilization were further reflected in feed
efficiency, as indicated by the feed conversion
ratio (FCR) and protein efficiency ratio (PER).
The lowest FCR value was observed in the
treatment supplemented with 45 mg/kg Mn (1.39
+ (0.03), indicating that less feed was required to
produce one kilogram of biomass compared to the
control treatment. Meanwhile, PER reached the
highest value (2.30 + 0.05), indicating efficient
conversion of dietary protein into body tissue
(Hepher, 1988). This result is further supported
by the role of Mn in facilitating protein synthesis
and muscle tissue repair through its involvement
in enzymes such as arginase (Baj et al., 2023).

In contrast, survival rate (SR) was
not significantly affected by dietary Mn
supplementation (P>0.005), although the highest
survival was recorded in fish fed the diet containing
45 mg/kg Mn. The lack of significant differences
suggest that all experimental diets supplied
sufficient Mn to meet the minimum physiological
requirement for survival, whereas additional Mn
primarily improved metabolic efficiency, leading
to enhanced growth performance and nutrient
utilization. This response may be associated with
the activity of manganese-dependent superoxide
dismutase (MnSOD), which protects mitochondria
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from oxidative damaged by scavenging reactive
oxygen species (Musharraf & Khan, 2021; Lall,
2022). However, survival in cultured fish is also
strongly influenced by environment conditions,
particularly water quality. Factors such as
dissolved oxygen concentration and temperature
fluctuations can affect habitat suitability and fish
survival, potentially masking the effect of dietary
treatments on SR (Skoglund et al., 2022; Park et
al., 2024).

Increasing dietary Mn doses significantly
enhanced growth rate, feed efficiency, and
protein utilization, highlighting the importance of
fulfilling trace mineral requirements in fish diets.
The growth trend depicted in the growth graph
continue to rise, indicating that the optimal Mn
dose for African catfish growth had not yet been
fully achieved. Based on orthogonal polynomial
analysis of ADG in relation to dietary Mn
supplementation, the optimal dose was estimated
at 66.11 mg/kg feed, corresponding to an ADG
of 1.31 g/day. Thabet et al. (2021) reported that
effective Mn doses for African catfish ranged from
1.2 to 2.45 mg/kg feed. However, their study used
manganese oxidative nanoparticles, an inorganic
form of Mn. Although inorganic Mn generally
has lower bioavailability than organic Mn, the
nanoparticle form used in that study has smaller
particle size, which enhances bioavailability
and accelerates absorption in the digestive tract
compared to conventional organic Mn (Lall &
Kaushik, 2021). Therefore, the higher Mn doses
required in this study using organic Mn can be
explained by differences in chemical form and
bioavailability between organic Mn and inorganic
Mn nanoparticles.

CONCLUSION

Dietary supplementation of manganese (Mn)
in the feed formulation significantly affected
growth rate, feed efficiency, and protein utilization
in African catfish (Clarias gariepinus). Feeding
Mn at a dose of 45 mg/kg resulted in a 34.26%
increase in final body weight (Wt) compared to
the control treatment, indicating a substantial
improvement in growth performance.
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