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compounded, each incorporating binary combinations of the citrus peels at a
Corresponding Author 75:25 inclusion ratio (ORG-TGR, TGR-ORG, ORG-TGL, TGL-ORG, TGR-

TGL, TGL-TGR), alongside a control diet supplemented with 100% vitamin
premix. A total of 210 fingerlings (mean initial weight: 4.51 £ 0.05 g/fish) were
randomly allotted across 21 tanks (10 fish per tank) in triplicate and offered the
respective diets twice daily for 56 days. Among all dietary treatments, fish fed
Keywords the TGL-ORG blend demonstrated the most favourable growth response,
achieving the greatest mean weight gain (2.66 + 0.90 g), specific growth rate
(0.82 + 0.03% day '), and feed efficiency ratio, coupled with the lowest feed
conversion ratio (1.17 &= 0.06). Statistically significant differences (p < 0.05)
were observed among treatments for mean final weight, weight gain, and
specific growth rate. Fish fed TGR-TGL combination recorded the highest
survival rate, while the control group recorded the lowest. These findings
demonstrate that the inclusion of citrus peel blends particularly TGL-ORG in
catfish diets can substantially enhance both growth and nutrient utilization,
Handling Editor offering a cost-effective, plant-derived alternative to conventional vitamin
premix supplementation.
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consumption (Atanda, 2007). Beyond its protein
Introduction content, fish provides substantial quantities of

Among the most affordable and widely accessible omega-3 polyunsaturated fatty acids, which are

sources of dietary animal protein for Nigerian integral to cardiovascular health, neurological
households, fish occupies a prominent position, development, and the maintenance of epithelial
contributing approximately 40% of total protein tissues (Ayoola, 2011). Within the aquaculture
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industry, the quest for sustainable, low-cost, and
biologically effective feed components has
directed attention toward plant-derived materials,
including herbal preparations, botanical extracts,
and agricultural processing residues.

Feed additives constitute a heterogeneous
category of substances — ranging from organic
molecules and minerals to microbial preparations
— that collectively modulate feed acceptance,
digestion efficiency, immune competence, and
reproductive capacity in aquatic organisms.
Functionally, they encompass appetite stimulants,
immunomodulators, probiotic and prebiotic
agents, organic acid preservatives, phytogenic
extracts, and various antimicrobial substances,
though they are not considered essential dietary
nutrients in themselves. Vitamins and minerals,
while supporting normal immune reactions, are
differentiated from dedicated immunostimulants
in their primary mode of action (Robert, 2014).

Belonging to the family Rutaceae, citrus fruits
constitute one of the most commercially
significant horticultural crops produced globally.
Prominent cultivated species include sweet orange
(Citrus sinensis), mandarin (Citrus reticulata),
lemon (Citrus limon), lime (Citrus aurantiifolia),
and grapefruit (Citrus paradisi) (Rashid et al.,
2013). These fruits harbor an impressive array of
bioactive phytochemicals, including ascorbic acid
(vitamin C), folic acid, potassium, and pectin,
alongside a diverse polyphenolic profile
dominated by flavonoids, which confer notable
antioxidant, anti-inflammatory, and
chemoprotective properties. Flavanone
compounds such as naringin and hesperidin,
predominantly localised in the mesocarp and peel
tissues, are of particular biological interest
(Espinosa-Pardo et al., 2017).

Citrus processing by-products — especially the
peel fractions derived from orange, tangerine, and
tangelo — represent low-cost, widely available
waste streams that can be valorised as nutritional
supplements in animal feeds. Their utilization
aligns with circular economy principles by
converting  agro-industrial ~ residues  into
productive dietary inputs (Rafiqg et al., 2016). The
current investigation was therefore conceived to
examine the comparative efficacy of tangerine,
orange, and tangelo peel combinations as dietary
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additives in African catfish nutrition, with the
objective of identifying a cost-effective substitute
for synthetic vitamin premix that does not
compromising growth performance or survival.

Materials and Methods
Experimental Location

All experimental procedures were executed at the
Teaching and Research Farm attached to the
Department of Fisheries and Aquaculture
Technology, Federal University of Technology,
Akure, Ondo State, Nigeria.

Procurement and Processing of Citrus Peels

Fresh fruits from three citrus varieties
tangerine, orange, and tangelo — were obtained
from a commercial vendor situated adjacent to the
School of Agriculture and Agricultural
Technology, Federal University of Technology,
Akure. The outer peel of each fruit was manually
removed, then subjected to ambient air-drying for
seven days to reduce moisture content. Following
desiccation, the peels from each variety were
independently milled using a hammer mill to
produce uniform fine powder. The resulting
powders were stored in hermetically sealed
containers pending proximate and mineral
characterisation in the laboratory.

Mineral Characterisation of Peel Samples

Mineral content analysis of the peel materials was
conducted at the Department of Chemistry,
Federal University of Technology, Akure, using
two standard protocols. In the primary procedure,
2 g of samples were placed in a muffle furnace at
550°C over four hours. After cooling in a
desiccator, the ash residue was dissolved in 10%
hydrochloric acid (10mL) and volumetrically
adjusted to 100 mL with deionized water. Mineral
concentrations were subsequently determined via
Atomic Absorption Spectrophotometry (AAS
Bulk 325 instrument).

Phosphorus quantification followed a colorimetric
approach: a parallel ash digest was prepared
identically, and 5 mL of the resulting solution was
reacted with 8 mL of Murphy-Riley reagent
before diluted to 50 mL. Absorbance of both
standards and samples was measured at 660 nm
using a UV-visible spectrophotometer (Model
725), with phosphorus concentrations interpolated
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from a calibration curve constructed from
phosphorus reference standards.

Dietary Formulation and Feed Preparation

Seven experimental diets, each formulated to a
target crude protein level of 40%, were developed
for the study. Six diets incorporated paired citrus
peel combinations at a 75:25 ratio (by weight),
while the seventh served as the control,
substituting citrus peels entirely with commercial
vitamin premix at 2.5 g/100 g feed. The treatment
pairings were structured as: Diet 1 (ORG:TGR),
Diet 2 (TGR:ORG), Diet 3 (ORG:TGL), Diet 4

(TGL:ORG), Diet 5 (TGR:TGL), and Diet 6
(TGL:TGR).  Ingredient  proportions  are
documented in Table 1.

Feed constituents comprising fishmeal, soybean
meal, groundnut cake, maize, lysine, methionine,
vegetable oil, and starch were weighed, blended to
homogeneity, and processed through a 2 mm-die
extruder (Henan Lima Machinery Manufacture
Co., Ltd.) to produce pellets suitable for fingerling
consumption.

Table 1. Ingredient and proximate composition of experimental diets (g/100 g) for Clarias gariepinus

Ingredients Control Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Fishmeal (65%) 21.78 21.78 21.78 21.78 21.78 21.78 21.78
Soybean meal (44%)  21.77 21.77 2177 2177 2177 21.77 21.77
Groundnut cake 24.67 24.67 24.67 24.67 24.67 24.67 24.67
(42%)

Yellow maize (10%) 21.78 21.78 21.78 21.78 21.78 21.78 21.78
Methionine 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Lysine 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Vegetable oil 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Starch 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix 2.50 - - - - - -
ORG-TGR (75:25) - 2.50 - - - - -
TGR-ORG (75:25) - - 2.50 - - - -
ORG-TGL (75:25) - - - 2.50 - - -
TGL-ORG (75:25) - - - - 2.50 - -
TGR-TGL (75:25) - - - - - 2.50 -
TGL-TGR (75:25) - - - - - - 2.50
Total 100 100 100 100 100 100 100
PROXIMATE

COMPOSITION

(%)

Moisture Content 7.03 8.23 8.50 7.85 6.40 7.67 7.05
Crude Protein 39.81 39.89 39.77 39.77 39.73 39.70 39.77
Crude Lipid 15.91 15.96 15.84 16.01 15.71 15.28 15.81
Crude Fibre 4.99 4.49 5.01 4.90 5.11 4.95 5.24
Ash 7.10 5.81 5.71 4.88 6.35 4.70 6.27
NFE (CHO) 0.82 0.88 0.79 0.69 0.70 0.70 0.70

Note: Vitamin premix specification (per tonne): Vitamin A 10,000,000 1U; Vitamin D3 2,000,000 1U; Vitamin E 23,000 mg;
Vitamin K3 2,000 mg; Thiamine (B1) 3,000 mg; Riboflavin (B2) 6,000 mg; Niacin 50,000 mg; Ca-Pantothenate 10,000 mg;
Pyridoxine (B6) 5,000 mg; Cyanocobalamin (B12) 25 mg; Folic acid 1,000 mg; Biotin 50 mg; Choline chloride 400,000 mg;
Mn 120,000 mg; Fe 100,000 mg; Zn 80,000 mg; | 1,500 mg; Co 300 mg; Se 120 mg; Antioxidant 120,000 mg (Source:
Chemiconsult International Ltd., Ikeji, Lagos). Recommended inclusion: 2.5 kg per tonne of complete feed. NFE = Nitrogen-

free extract.
Experimental Design and Fish Management

The study was conducted as a Completely
Randomized Design (CRD). Two hundred and ten
catfish fingerlings procured from the Teaching
and Research Farm of the Department of Fisheries
and Aquaculture Technology, Federal University
of Technology, Akure were distributed into 21
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plastic tanks (10 fish per tank), with each dietary
treatment replicated three times. Prior to the
commencement of the trial, fish were acclimatized
and nourished with a commercial ration once daily
for seven days. A 24-hour pre-experimental fast
was imposed to standardize gut content. During
the 56-day feeding period, diets were offered to
satiation in two daily meals: morning (08:00—
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09:00 GMT) and afternoon (16:00-17:00 GMT).
Water quality assessments were carried out at
fortnightly intervals throughout the trial.

Biometric Measurements and Growth

Calculations

Fish were weighed using a calibrated electric
balance (Model XY15KMB) at the start of the
experiment and at two-week intervals to enable
adjustments to feeding rations. At trial conclusion,

all surviving fish were starved for 24 hours prior
to final weighing to eliminate the influence of gut
fill on body weight measurements.

The following indices were computed to
characterise growth performance and feed
utilization efficiency according to Iheanacho et al.
(2017):

Weight gain (WG) = Final body weight — Initial body weight

Percentage weight gain =

In final body weight — In initial body weight

Specific Growth Rate (SGR) =

Weight gain

X 100

Final body weight

X 100

Duration of feeding

Feed Intake (FI) = Total amount of feed given (g) X number of days

Feed Conversion Ratio (FCR) =

Feed Ef ficiency Ratio =

Protein Ef ficiency Ratio (PER) =

Feed intake

Weight gain

Weight gain

Feed Intake

Weight of fish
Protein fed

Protein Intake = Feed intake X %crude protein in diet

Number of fish at the end of the experiment

Survival % =

X 100

Number of fish at the start of the experiment

Proximate Analysis and Statistical Treatment

Proximate composition of both experimental diets
and fish carcasses was determined in accordance
with standard methods prescribed by the
Association of Official Analytical Chemists
(AOAC, 2010). Prior to statistical analysis, all
datasets were screened for normality. One-way
analysis of variance (ANOVA) using the General
Linear Model (GLM) framework in SPSS version
16.0 (SPSS, 1997) was employed to test treatment
effects. Pairwise comparison of treatment means
was conducted using Duncan's Multiple Range
Test (Duncan, 1955). The linear model applied
was:

Yij=p + Tj + Ejj
where p represents the overall experimental mean,
Tj denotes the fixed treatment effect, Eij is the

residual experimental error, and Yij is the
individual observation.
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Results
Proximate Composition of Experimental Diets

The proximate profiles of the seven formulated
diets are summarised in Table 1. Moisture content
across diets ranged from 6.40% (TGL-ORG) to
8.50% (TGR-ORG). Ash fractions varied between
4.70% in TGR-TGL and 7.10% in the control.
Crude lipid content spanned 15.28% (TGR-TGL)
to 16.01% (ORG-TGL), while crude protein was
tightly clustered between 39.70% (TGR-TGL)
and 39.89% (ORG-TGR), affirming the
consistency of dietary formulation. Crude fibre
levels ranged from 4.49% (ORG-TGR) to 5.24%
(TGL-TGR). Nitrogen-free extract values fell
between 0.69% and 0.88%, with ORG-TGR
yielding the highest and ORG-TGL the lowest
values, respectively.
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Mineral Composition of Citrus Peels

The results of elemental analysis are presented in
Table 2. Orange peel exhibited the highest
concentrations of manganese, zinc, and calcium
among the three peel types, whereas chromium,

sodium, and potassium were most concentrated in
tangelo peel. Tangerine peel recorded the greatest
values for iron, magnesium, and phosphorus.
Cadmium, lead, and copper were undetectable in
all peel samples.

Table 2. Elemental composition of citrus peel samples (mg/kg dry matter)

Sample Cd Cr Pb Cu Mn Fe Zn Na K Ca Mg P
(mglkg) (mglkg) (mg/kg) (mglkg) (mg/kg) (mglkg) (mg/kg) (mglkg) (mgrkg) (mglkg) (mgrkg)  (mglkg)

Orange ND 1.87 ND ND 0.10 5.07 0.71 168.50 82.40 803.00 7.69 91.65
Peel (A)
Tangeri ND 1.94 ND ND 0.10 6.14 0.69 171.00 169.00 634.80 7.73 97.63
ne Peel
(B)
Tangelo ND 2.11 ND ND 0.05 4.88 0.48 188.20 177.00 684.00 7.59 83.41
Peel (C)

ND = Not Detected. A = Orange peel; B = Tangerine peel; C = Tangelo peel

Table 3. Water quality parameters recorded during the experimental period
Parameter  Control ORG-TGR TGR-ORG ORG-TGL TGL-ORG TGR-TGL TGL-TGR
Temperature  26.213+0.38"°  26.56+£0.37¢  26.45+0.38%  26.40+0.37%  26.22+0.39%  26.52+0.38°  26.48+0.38%
(°C)
Conductivity 323.50+20.95®® 310.8+22.65° 335.8+36.43% 320.6+£22.67% 331.6£42.35% 322.6+34.98% 283.3+45.87"
(uS/cm)
pH 7.20+0.16%® 7.4340.19% 7.30+0.15% 7.24+0.13% 7.19+0.212 7.27+0.11¢ 7.260.15"
DO. (mg/L)  4.05+0.66° 4.00+0.59% 3.83+0.63p 3.65+0.54% 4.08+0.56% 3.90+0.65°¢ 4.33+0.92°

Values are mean + SD. Means sharing identical superscript letters within the same row are not significantly different (p >

0.05).
Water Quality Parameters

Physical and chemical characteristics of the
rearing water are presented in Table 3.
Temperature measurements across all treatment
tanks ranged from 26.21°C to 26.56°C, while
dissolved oxygen levels fluctuated between 3.65
and 4.33 mg/L. Conductivity readings spanned
283.33 to 335.83 uS/cm, and pH values remained
within the narrow interval of 7.19 to 7.43. None of
the four water quality variables exhibited
statistically ~ significant  differences among
treatments (p > 0.05).

Growth Performance and Nutrient Utilization

Growth and feed utilization indices for all dietary
treatments are presented in Table 4. Significant
inter-treatment differences (p < 0.05) were
recorded for mean final weight (MFW), mean
weight gain (MWG), and specific growth rate
(SGR). Among the citrus peel blends evaluated,
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TGL-ORG supported the highest MFW (7.29 g)
and MWG (2.66 = 0.90 g), with the control diet
recording the lowest values (MFW: 6.06 g; MWG:
1.79 g). Percentage weight gain was similarly
greatest in TGL-ORG-fed fish (57.45%) and
lowest in the control (41.92%). SGR ranged from
0.63% day (TGR-ORG) to 0.82% day! (TGL-
ORG).

Feed conversion and efficiency metrics also
differed significantly among treatments (p <
0.05). The control diet produced the highest FCR
(1.51), while TGL-ORG vyielded the most
favourable FCR (1.17), indicating superior
conversion of ingested feed to body mass. FER
values ranged from 0.66 (control) to 0.85 (TGL-
ORG). Survival was markedly higher in fish fed
the citrus-supplemented diets, peaking at 93.33%
in TGR-TGL, compared with 53.33% in the
control group.
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Table 4. Growth performance and feed utilization indices of experimental C. gariepinus fingerlings

Parameter Control ORG-TGR TGR-ORG ORG-TGL TGL-ORG TGR-TGL TGL-TGR

MIW (g)  4.27+0.01*  4.72+0.052 437+0.26°  4.55+0.5° 4.63+0.16°  4.45£0.35%  4.31+0.032

FMW (g)  6.06£0.02%  7.14+0.572 6.21£0.14*  6.89+0.452 7.2940.132 6.72+0.64*  6.39+0.50?

MWG (g)  1.79+0.012  2.42+0.582 1.84+0.042  2.34+0.72° 2.66+0.90? 2.27+0.458  2.08+0.512

WG% 41.92+0.34%  51.27+021%®  42.11+0.118  51.43+0.312 57.45+027%  51.01£0.24%® 48.26+0.34%
SGR (% 0.64+0.01*  0.80+0.15% 0.63+0.02%  0.73+0.242 0.82+0.03% 0.75+0.08%  0.71+0.142

day )

FCR 1.51+0.032 1.29+0.432 1.48+0.042 1.3240.352 1.17+0.062 1.41£0.278  1.45+0.552

MFI (g) 2.7040.122 3.14+0.01° 2.7340.02° 3.09+0.04° 3.1240.07%  3.2140.04%  3.02+0.01%
Survival 53.33+15.28% 70.00+15.28° 56.67+11.63% 60.00£11.67%° 76.67£15.28° 93.33+5.78°  73.3x15.20%
(%)

Means sharing identical superscripts within a row are not significantly different (p < 0.05).

Key: MIW = Mean Initial Weight; FMW = Final Mean Weight; MWG = Mean Weight Gain; WG% = Percentage Weight Gain;
SGR = Specific Growth Rate; FCR = Feed Conversion Ratio; MFI = Mean Feed Intake.

Discussion

Growth in fish is the net product of an interplay
between biological constitution and
environmental variables operating within the
aquatic medium. Several investigations have
affirmed that key physicochemical attributes of
rearing water such as dissolved oxygen,
temperature, and pH exert primary regulatory
control over catfish growth and survival (Ivoke et
al., 2007). In the present study, dissolved oxygen
concentrations  (3.65-4.33  mg/L),  water
temperature  (26.21-26.56°C),  conductivity
(283.33-335.83 uS/cm), and pH (7.19-7.43) were
all maintained within the tolerance thresholds
established for tropical catfish species (Boyd,
1981), suggesting that observed differences in
growth parameters were attributable to dietary
treatment effects rather than environmental
perturbations.

The mineral profiling of citrus peels revealed
substantial contributions of macroelements and
trace  minerals, consistent with  earlier
characterisation studies (Barros et al., 2012).
Potassium concentrations in the peels (82.40—
177.0 mg/kg) were notably higher in tangelo peel
but absent in the vitamin premix formulation.
Sodium, which underpins osmoregulatory and
electrolyte balance in aquatic organisms, was
present across all peel types (168.50-188.20
mg/kg) but was excluded from the vitamin
premix. Iron content in the citrus peels (4.88-6.14
mg/kg) was considerably lower than in the
vitamin premix (1,250 mg/kg), while copper was
detected exclusively in the premix (380 mg/kg).
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Manganese levels in the peels were similarly low
relative to the premix. Calcium, however, was
substantially more abundant in the peel materials
(634-803 mg/kg) compared with the vitamin
premix (163 mg/kg), which aligns with findings
reported by Barros et al. (2012) for sweet orange
peel fractions. The high concentrations of
calcium, phosphorus, potassium, and sodium in
the citrus peel blends are likely to have
contributed to the enhanced growth responses
observed in fish offered the TGL-ORG, ORG-
TGR, and ORG-TGL diets relative to the vitamin
premix control.

The significant differences (p < 0.05) in growth
performance observed across dietary treatments
indicate that citrus peel additives differentially
modulated the productive capacity of the
fingerlings. Final weights in this study ranged
from 6.06 g (control) to 7.29 g (TGL-ORG) over
the 8-week trial. The superior weight gain in TGL-
ORG-fed fish is consistent with earlier
observations by Bello et al. (2012), who
documented enhanced weight accretion in fish
nourished with diets incorporating walnut leaf and
onion bulb residues. Similarly, Tiamiyu el al.
(2017)  reported  statistically  meaningful
differences in weight gain among Clarias
gariepinus fry fed varying concentrations of
Allium sativum extract. The enriched nutritional
matrix provided by the citrus peel blends,
particularly in terms of mineral density and
bioactive phytochemicals, is proposed to underlie
the accelerated weight accumulation in fingerlings
receiving citrus-based diets.
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The quote attributed to Madu and Ufodike (2003),
that feeds with greater nutritive value consistently
support improved growth and productivity in fish,
Is substantiated by the data from this study, where
citrus-supplemented groups outperformed the
vitamin premix control on nearly every measured
growth index.

Significant treatment-related variation was also
observed in feed conversion and efficiency
parameters. The control diet's FCR of 1.51 was
markedly inferior to that of TGL-ORG (1.17),
underscoring the better conversion efficiency of
the citrus-supplemented feeds. The modest
acceleration in growth recorded in the initial
weeks of the trial may partly reflect compensatory
responses to the pre-trial fasting period, a
phenomenon documented by Obasa and Faturoti
(2001) in catfish subjected to delayed feeding
schedules. The absence of significant FCR
differences among the citrus peel treatment groups
(p > 0.05) — contrasted with the significant
difference between these groups and the control
— parallels the findings of Tiamiyu et al. (2017)
for garlic powder inclusion, and those of Dada and
Sonibare (2015), who reported non-significant
FCR variation among African catfish fingerlings
offered differing concentrations of Chromolaena
odorata aqueous extract.

The enhanced growth and specific growth rates
observed in citrus-supplemented groups are
attributable to the biological activity of
phytogenic constituents inherent to citrus peel
matrices, which likely functioned as natural
growth promoters and metabolic stimulants. This
interpretation concurs with Adegbesan et al.
(2018), who documented superior growth
outcomes in catfish receiving 3% Aloe vera
supplementation, and with Dada and Ajilore
(2009), who similarly demonstrated that Garcinia
kola seed extract-based diets enhanced growth in
C. gariepinus broodstock. Comparable findings
were reported by Abou-Zeid (2002) for Allium
sativum  supplementation in  Oreochromis
niloticus.

Mean feed intake was greatest in fish offered
TGR-TGL and ORG-TGR diets, with no
significant differences between these two groups,
though both differed from the control and
remaining treatments. Enhanced voluntary feed
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consumption may be explained by alterations in
feed palatability attributed to aromatic compounds
in the citrus peels as supported by findings of
Windisch et al. (2008). This is also supported by
Darabighane et al. (2012) by identifiying positive
feed intake responses in fish supplemented with
Aloe vera gel preparations.

Survival outcomes across treatment groups
differed significantly, with TGR-TGL-fed fish
achieving the highest survival rate (93.33%) and
control fish recording the lowest (53.33%). This
finding is in concordance with Tiamiyu et al.
(2017), who observed analogous survival patterns
in C. gariepinus fry exposed to graded levels of
Allium sativum. Additionally, Acar et al. (2015)
demonstrated that dietary supplementation with
Citrus sinensis essential oil extract yielded
improved growth and survival in Oreochromis
mossambicus, further corroborating the efficacy
of citrus-derived bioactives in aquaculture
settings.

Conclusion

The findings of this study confirm that binary
blends of tangerine, orange, and tangelo peel
powders, incorporated at a 75:25 ratio, can
function as effective alternatives to commercial
vitamin premix in African catfish diets without
detriment to survival or environmental water
quality. The inferior growth response associated
with the TGR-ORG combination and the control
diet may be attributable to diminished diet
palatability. Specifically, TGL-ORG at the 75:25
inclusion ratio produced the most favourable
growth outcomes — highest MWG, SGR, and
FER, and lowest FCR — whereas TGR-TGL at
the same ratio maximised fingerling survival.
These results support the broader integration of
citrus processing by-products into catfish nutrition
as a sustainable, economical, and biologically
effective feed additive strategy.
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