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Abstract

In this study, Nile tilapia were fed a blend of oilseed meals (BOM) that includes cottonseed meal (CSM), linseed
meal (LSM), sesame meal (SSM), and sunflower meal (SFM) at a ratio of T CSM: 1 LSM: 1 SSM: 1 SFM. Six diets were
formulated where the first diet included FM and SBM as protein sources and considered the positive control diet
(FM). Another five FM-free diets were formulated, where SBM was substituted with BOM and included at 0, 100,
200, 300, and 400 g/kg diet. After 90 days, the FBW, WG, and PER were markedly increased while FCR decreased
by FM-based diet and BOM at 0, 100, or 200 g/kg compared to fish-fed BOM at 300, and 400 g/kg (P<0.05). The
groups treated with BOM at 100-200 g/kg demonstrated considerable impairments, followed by those treated
with BOM at 300 g/kg. Furthermore, fish given BOM at 400 g/kg had significantly less intestinal histological
characteristics than the other groups. The relative expression of the IGF-1, GHR1, FABP, and CCK genes were
downregulated in tilapia-fed BOM at 200, 300, and 400 g/kg compared to fish-fed FM-based diet (P<0.05). The
relative cost of feed per kg fish gain showed 4.42, 7.11, 8.14, 10.32, and 8.10% reduction rates in fish-fed SBM, or
BOM at 100, 200, 300, and 400 g/kg. In conclusion, dietary BOM can be incorporated in Nile tilapia diets at up to
200 g/kg without affecting growth performance or feed utilisation. High inclusion levels (300 and 400 g/kg) may
impair growth performance and feed utilisation by disrupting intestinal histological characteristics and reducing
expression of growth and metabolic genes (GHR1, IGF-1, FABP, and CCK) in the liver.
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Introduction
The aquaculture sector has expanded recently to meet the
dramatic needs of humanity for healthy and safe seafood
[1-3]. Alongside the aquafeed industry has developed to
produce optimum nutritional formulas for healthy and
productive aquatic animals [4]. The feed cost contrib-
utes 60—70% of the total production cost which limits the
profitability and sustainability of aquaculture [5]. Tradi-
tionally, fish meal (FM) and soybean meal (SBM) have
been used for formulating palatable and nutritious feeds
[3, 6]. However, low availability, high prices, and huge
demand reduced their usage in the aquafeed industry
[7]. After FM, SBM is the most nutritious protein source
ingredient associated with the rich amino acid profile,
digestibility, and availability [8, 9]. Nevertheless, the high
prices of SBM and the shortage of local cultivation chal-
lenged the aquafeed industry in some countries [10, 11].
Egypt is one of the active players in the aquaculture
industry, especially Nile tilapia (Oreochromis niloticus)
farming, and is ranked as the third largest producer of
tilapia globally [12, 13]. Nile tilapia can grow quickly
under captivity, meet the consumer’s demand, and resist
semi-intensive and intensive systems [14, 15]. This huge
production of tilapia requires sustainable protein sources
and ingredients [16, 17]. Tilapias have omnivorous feed-
ing habits that allow utilizing animal and plant protein
sources [18]. Locally, alternative plant protein sources
were suggested to replace FM and SBM in tilapia feeds
[19-21]. The generated by-products of oilseed extraction
are relatively low cost compared to FM and SBM with
high nutritional value and were successfully included in
aquatic animals’ diets [22—-24]. Cottonseed meal (CSM) is
a by-product of dehulled cottonseed after oil extraction
and contains suitable protein content and amino acids
[25, 26]. Dietary CSM was included in the diets of Nile
tilapia to replace FM [27-29] or SBM [30] without affect-
ing growth performance and productivity. Further, ses-
ame seed meal (SSM) primarily results after sesame oil
extraction, and the generated SSM cake can be utilized
in fish feeds [31-33]. Y-X Guo, X-H Dong, B-P Tan, S-Y
Chi, Q-H Yang, G Chen and L Zhang [34] and O Olude, F
George and W Alegbeleye [35] reported that dietary SSM
can be included in Nile tilapia diets without impairing
growth performance and feed utilization. Sunflower meal
(SFM) is another by-product resulting from oil extrac-
tion with a suitable protein and amino acid profile [36—
38]. Dietary SFM was included in the diets of Nile tilapia
without decreasing the growth performance as reported
by EO Ogello, EM Kembenya, CM Githukia, CN Aera,
JM Munguti and CS Nyamweya [39] and MS Hassaan,
MA Soltan, EY Mohammady, MA Elashry, ER El-Haroun
and S] Davies [40]. Linseed meal (LSM) is another by-
product that can be used as a protein source in feeds [41].
D Pianesso, FR Goulart, T] Adorian, PI Mombach, JS de
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Lima, TS dos Santos and LP da Silva [42] reported that
LSM can be included in the diets of silver catfish (Rham-
dia quelen) as FM replacer up to 40% without affecting
the growth performance and feed utilization. However,
no investigations tested the possibility of including LSM
in Nile tilapia diets. Most of the earlier efforts tested
the possibility of including by-products of oil extraction
meals in tilapia diets as FM replacers either individually
or in composites [43]. In this regard, DMSD El-Saidy and
MMA Gaber [44] reported that a plant protein mixture
composed of SBM, CSM, SEM, and LSM could replace
FM inclusion without affecting the performances of
Nile tilapia. However, no studies were conducted to test
the replacement of SBM with a blend of oilseed meals
(CSM+SSM+FSM+LSM) in Nile tilapia diets. Hence,
this study aimed at the evaluation of partial replacement
of SBM with a blend of CSM+SSM+SFM+LSM on the
growth performance, feed utilization, and intestinal
health of Nile tilapia.

Materials and methods

Test diets

Six test diets were formulated to be isolipidic (5.32%
total lipids) and isonitrogenous (30.21% crude protein)
(Table 1). The first diet was formulated using fish meal
(FM) and soybean meal (SBM) as protein sources and
considered the positive control diet (FM). Another five
FM-free diets were formulated where SBM was substi-
tuted with a blend of cottonseed meal (CSM), linseed
meal (LSM), sesame meal (SSM), and sunflower meal
(SFM) at 0, 100, 200, 300, and 400 g/kg diets. The mixture
of oilseed meals was mixed at the rate of 1 CSM: 1 LSM:
1 SSM: 1 SEM. In the presence of yellow corn, gluten
meal, wheat middling, wheat bran, monocalcium phos-
phate, vitamins and minerals, vitamin C, plant oil, fish oil,
lysine, and methionine, all ingredients were well mixed.
Betaine was added to the five FM-free diets to enhance
the palatability of diets vs. FM-based diet [45]. Water was
added to the contents of the six diets at 35—-40% then the
ingredients were homogeneously mixed again. Diets were
pelleted with the laboratory pelletizing machine to pro-
duce 2-3 mL pellets. The obtained pellets were air-dried
at room temperature and kept at 4 °C until used. The
chemical composition including the total protein, lipids,
ash, fibers, and amino acids were determined according
to AOAC [46].

Experimental procedures and final sampling

The trial was conducted at the Department of Fish Nutri-
tion and Feed Technology, Central Laboratory for Aqua-
culture Research, Agricultural Research Center, Sakha
Branch, Kafrelsheikh, Egypt. First, the receiving tank
(1000 L), 18 glass aquaria (70 L), and husbandry tools
were sterilized and washed with fresh water to keep a
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Table 1 Formulation and composition of the test diets
Ingredients FM Inclusion level (g/kg)

0 100 200 300 400
Fish meal (61% CP) 80 0 0 0 0 0
Soybean meal (44% CP) 340 420 370 290 230 150
Cottonseed meal 0 0 25 50 75 100
Linseed meal 0 0 25 50 75 100
Sesame meal 0 0 25 50 75 100
Sunflower meal 0 0 25 50 75 100
Yellow corn 160 170 180 180 188 190
Corn gluten 60 80 60 60 60 60
Wheat middling 149.5 1375 97.5 76.5 29.5 19.5
Wheat bran 144 116 116 116 116 104
Monocalcium phosphate 20 20 20 20 20 20
Vitamins and minerals' 20 20 20 20 20 20
Vitamin C 05 05 05 05 05 0.5
Soyabean oil 18 20 20 18 20 20
Fish oil 8 12 12 15 12 12
Lysine 0 1 1 1 1 1
Methionine 0 1 1 1 1 1
Betaine 0 2 2 2 2 2
Total 1000 1000 1000 1000 1000 1000
Chemical composition
Crude protein (%) 30.16 30.25 30.18 30.06 3045 30.17
Crude lipids (%) 515 529 525 5.16 521 5.31
Ash (%) 0.84 0.65 6.41 0.63 6.73 6.81
Fibers (%) 541 522 5.36 542 532 518
NFE (%)? 5244 52.60 52.80 52.73 52.29 52.53
Gross energy (MJ/kg)? 18.17 1827 18.28 18.20 18.24 1825
Protein/energy (P/E) ratio (g protein/MJ)* 16.60 16.55 16.51 16.51 16.70 16.53
Amino acid (g/kg)
Arginine 1.71 1.62 1.60 1.66 1.67 1.70
Histidine 0.64 061 0.64 0.65 067 0.68
Isoleucine 0.93 0.93 0.96 0.98 0.96 0.92
Leucine 2.09 1.99 2.1 1.98 203 2.09
Lysine 1.48 143 1.45 1.44 1.42 137
Methionine 0.84 0.82 0.84 0.86 0.84 0.82
Phenylalanine 1.19 117 1.28 1.29 1.23 1.22
Threonine 1.22 1.19 1.21 1.16 1.18 1.15
Valine 1.16 1.15 113 1.14 1.12 1.11

FM: fish meal-based diet. All ingredients were obtained from Feed Control Co., Ltd. (Damro, Sidi Salem, Kafrelsheikh, Egypt) in dry powdered form.

Witamin mixture (vitamin C free) and mineral mixture (mg/kg premix) according to FF El-Desouky, MA lbrahim, IM Abd El-Razek, E-SM El-Nabawy, AA Amer, Al
Zaineldin, MS Gewaily and MAO Dawood [47].

2Nitrogen free extract (NFE)=100 - (crude protein+crude lipids+fibers+ash).
3Gross energy was calculated based on protein, lipid, and carbohydrate values as 23.6, 39.5, and 17.2 KJ/g, respectively.

“Protein/energy (P/E) ratio = (crude protein / gross energy) x 10 [48].

high level of biosecurity during the trial. Afterward, all
male Nile tilapia juveniles were obtained from a com-
mercial hatchery at the International Road to Baltim
City, Kafrelsheikh, and then gently transported to the
wet laboratory. Fish were acclimatized for two weeks
where water was exchanged daily with free dechlori-
nated water and offered the FM-based diets twice daily
at 3%. Then fish was stocked in 18 glass aquaria at 15 fish
per aquarium at an initial weight of 10.97+0.04 g/fish.

The glass aquaria were supplied with continuous aera-
tion and water was exchanged daily with dechlorinated
fresh water. Fish offered the experimental test diets up to
the satiation level twice daily (8 am and 3 pm) and con-
sumed feed was recorded to calculate the feed utilization.
The water quality indices were kept at 27.22+0.21 °C
for temperature; 7.42+0.14 for pH; 5.43+0.21 mg/L
for dissolved oxygen; and 0.02+0.001 mg/L for total
ammonia nitrogen. The trial was continued under these
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conditions for 90 days then all fish were starved for 24 h
before the final sampling. On sampling day, all fish were
sedated (100 mg MS-222/L), then weighed individually
and counted. Three fish per aquarium were randomly
collected and bled from the caudal vein using 2.5 mL
syringes. The collected blood was kept at 4 °C for two
hours then centrifuged at 3000 rpm for 15 min at 4 °C
(SCILOGEX, Model: DM0412, USA) for serum collec-
tion which was separated and stored at -20 °C until used.
After blood collection, the intestines were separated and
kept in formalin (10%) for the histological study. The liver
was also dissected and kept in liquid nitrogen until fro-
zen at -80 °C for gene expression. Another three fish per
aquarium were collected and weighed then kept in the
freezer at 20 °C for the analysis of the body composition.
Three fish per aquarium were collected and weighed, and
their body length was recorded to calculate the condition
factor (CF). Further, the liver and viscera were dissected
and weighed to calculate the hepatosomatic index (HSI)
and viscera somatic index (VSI).

CF=body weight (g) / (fish length)? (cm)®x 100.

HSI (%) =liver weight (g) / body weight (g) x 100.

VSI (%) =viscera weight (g) / body weight (g) x 100.

Diet and fish body composition

The composition of the test diets and fish body was
determined by following AOAC [46]. For the ash, sam-
ples were burnt in the Muffle furnace (Thermolyne Cor-
poration, Dubuque, Iowa, USA) at 550 °C for 6 h (method
930.30 [46]) while the moisture content was determined
using oven-drying (GCA, model 18EM, Precision Sci-
entific Group, Chicago, IL, USA) at 110 °C to reach the
constant weight (method 952.08 [46]). Crude protein
(N factor=6.25) was analyzed via the Kjeldahl appara-
tus (Labconco, Labconco, Kansas, MO, USA) (method
992.23 [46]). Crude fat was extracted using the Soxhlet
extraction method (Lab-Line Instruments, Melrose Park,
IL, USA) (method 948.15 [46]). The system used for
detecting the amine acids profile was high performance
Amino Acid analyzer (Biochrom 30).

Blood biochemistry

Serum total protein was measured using diagnostic
reagent kits (Spectrum, Egyptian Company for Biotech-
nology, Egypt) at the wavelength of 546 nm according
to D Cannon, O I and I JA [49]. Albumin was measured
colorimetrically using diagnostic reagent kits (Biodi-
agnostic Co. Egypt) at the wavelength 630 nm, accord-
ing to BT Doumas, DD Bayse, R] Carter, T Peters and
R Schaffer [50]. Globulin content was calculated mathe-
matically. Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) (Biodiagnostic Co. Egypt.) were
determined colorimetrically at the wavelength 505 nm
according to S Reitman and S Frankel [51]. Creatinine
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and urea contents were detected by the following H
Bartles, M Bohmer and C Heirli [52] and ] Fawcett and
J Scott [53] using commercial kits (Biodiagnostic Co.

Egypt.).

Intestinal histology

After 24 h, the collected intestinal (anterior, middle, and
posterior) samples were transferred from 10% neutral
buffered formalin to 70% alcohol. The intestine samples
were then dehydrated in ascending graded series of etha-
nol, cleared in xylene, and impregnated and embedded in
paraffin wax [54]. Sections of 5 um were cut using Leica
rotatory microtome (RM 20352035; Leica Microsys-
tems, Wetzlar, Germany) and mounted on glass slides.
The prepared tissue sections were subjected to conven-
tional staining of hematoxylin and eosin (H&E) according
to MS Gewaily and MM Abumandour [55]. The stained
sections were examined under a light microscope (Olym-
pus, Tokyo, Japan). The stained sections were examined
under a light microscope (Leica DM500; Leica Microsys-
tems, Heerbrugg, Switzerland). The morphometric analy-
sis utilized an automated image analysis system (Image]J;
Bethesda, MD, USA) to assess villus height and width,
crypt depth, and muscularis thickness as outlined by
CA Schneider, WS Rasband and KW Eliceiri [56]. Mea-
surements were conducted in micrometers (um). The
obtained data were subjected to statistical analysis.

Real-time PCR (qPCR)

The total RNA was extracted from liver samples (3 sam-
ples/ treatment) using easy-red (iNtRON Biotechnology,
Inc.) according to the instructions included. The RNA
quality was checked using ethidium bromide-stained aga-
rose gel electrophoresis. RT reaction was done to synthe-
size the complementary cDNA from the extracted mRNA
using Thermo Scientific first strand cDNA synthesis
kit (TOPscript™ RT Dry MIX) following the kit proce-
dures. The gene amplification was done in PikoRealTM
24, Thermo-scientific, Waltham, MA, USA, TCR0024).
Specific primer pairs were used for the assessment of
some feed intake-related gene (CCK), growth-related
genes (GHRI1 and IGF-1), and fat metabolism-related
gene (FABP) in the liver tissue. The gene amplification
was done in a Real-Time PCR System (PikoReal, Ther-
moscientific, TCR0024) and using the 2x -Lo-Rox- SYBR
green kits (Applied Biotechnology, Egypt). The amplifica-
tion condition and the reaction mix were done according
to S El-Kassas, N Aljahdali, SE Abdo, FS Alaryani, EM
Moustafa, R Mohamed, W Abosheashaa, E Abdulraouf,
MA Helal, ME Shafj, et al. [57], and genes specific anneal-
ing temperature listed in Table 2. The real-time thermo-
cycler conditions were 30 s of pre-denaturation at 95 °C,
followed by 40 cycles of denaturation at 95 °C for 10 s and
annealing at 60 °C for 30 s. The samples were prepared in
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Table 2 The primer sequence used in real-time PCR
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Gene Primers Accession no. Amplification efficiency (%) AnnealingTem/°C  Ref.

Elongation factor-1a (ef-1a) ~ F: TCAACGCTCAGGTCATCATC XM_003458541 95.25261038 60 [59]
R: ACGGTCGATCTTCTCAACCA

B-actin F: CAGCAAGCAGGAGTACGATGAG  XM_003455949.2  86.9558817 60 [60]
R: TGTGTGGTGTGTGGTTGTTTTG

GHR1 F: CAGACTTCTACGCTCAGGTC AY973232.1 93.90122652 61 [61]
R: CTGGATTCTGAGTTGCTGTC

IGF-1 F: GTTTGTCTGTGGAGAGCGAGG Y10830.1 94.44544162 61 [61]
R: GAAGCAGCACTCGTCCACG

FABP3 F: CAAGCCCACCACCATCATCT XM_0034440475  96.13504153 60 [62]
R: TTCCCGTCCTCTATCGTGACA

Cholecystokinin F: CAGAAACTCCACGGCAAACA NM_001279730.1  95.96104163 60 [63]

R: TCATACTCCTCTGCACTGCG

GHR1: growth hormone receptors 1. /GF-1: insulin-like growth factor 1. FABP3: fatty acid binding protein 3.

a total reaction volume of 20 pl including 10 pl of Sensi-
Fast™ SYBR master mix (Bioline, United Kingdom), 2 pl
of cDNA, 0.5 uM of each primer, and water up to 20 pl.
Samples were run in duplicates. The mRNA relative
expression was calculated as a fold change according to
KJ Livak and TD Schmittgen [58], where the data were
normalized against two housekeeping genes, beta-actin
(S-actin) and elongation factor-la (ef-Ia), and the con-
trol group.

Economic feasibility analysis

The economic analysis was performed according to M
Abdel-Tawwab, RH Khalil, AA Metwally, MS Shakweer,
MA Khallaf and HMR Abdel-Latif [64]. The prices of the
local market for used ingredients were applied. The rate
of USD to Egyptian pound (EGP) at the time of terminat-
ing the trial was 1 USD=48 EGP. The following equations
were used:

Cost reduction per ton gain (USD)=feed cost per kg
gain of the positive control diet (FM) — feed cost per kg
gain of SBM or BOM-based diets (USD).

Cost reduction per kg gain (%)=100 (cost reduction per
kg gain [USD] in SBM or BOM-based diets/feed cost per
kg gain of the FM-based diet [USD].

Equations for growth performance and statistical
analysis
According to [65]: Weight gain (WG, %) = [(FBW — IBW)
%x100] / IBW,

Specific growth rate (SGR; % g / day)=100 x [(LnFBW -
LnIBW) / 90 days],

Feed conversion ratio (FCR)=FI / WG,

Protein efficiency ratio (PER) = [WG (g)/ PI (g)] x 100,

Survival (%) = [final number / initial number] x 100.

Where FBW: final weight (g); IBW: initial weight (g);
WG: weight gain (g); Ln: natural log.; FI: feed intake (g/
fish); PI: protein intake (g).

Shapiro-Wilk and Levene’s tests confirmed the normal
distribution and homogeneity of variance. The obtained

data was subjected to a one-way ANOVA to evaluate the
effect of the proposed six diets on the designated param-
eters. Differences between the means were tested at the
5% probability level using a Duncan test as a post-hoc
test. All the statistical analyses were conducted with SPSS
version 22 (SPSS° Inc., IL, USA). Excluding the FM diet,
polynomial contrasts were used to detect the quadratic
effects of various replacement levels of the blend of oil-
seed meals on WG (%) using a polynomial regression
analysis [66].

Results

Growth performance

The effects of the dietary blend of oilseed meals (BOM)
on the growth performance and feed efficiency of Nile
tilapia are shown in Table 3. Out of the final weight
(FBW), weight gain (WG), feed conversion ratio (FCR),
and protein efficiency ratio (PER), the results showed no
marked effects on the final weight, specific growth rate,
and feed intake (P>0.05). However, the FBW, WG, and
PER were markedly increased by fish meal-based diet
(FM) and BOM at 0, 100, or 200 g/kg compared to fish-
fed BOM at 300, and 400 g/kg (P<0.05). Further, the FCR
showed a marked reduction by FM and BOM at 0, 100,
or 200 g/kg compared to fish-fed BOM at 300, and 400 g/
kg (P<0.05). No effects of the test diets were seen on the
survival rate which showed a high rate (97.78-100%)
(P>0.05).

The regression analysis indicated positive quadratic
effects on the WG (R* = 0.8866) (Fig. 1). Accordingly,
dietary BOM can be included up to 129.75 g/kg based on
the results of WG.

Body composition and somatic index

The effects of dietary BOM on the body composition
and somatic index of Nile tilapia are shown in Table 4.
No marked effects on the moisture and ash contents
(P>0.05). However, the crude protein content was mark-
edly increased by FM and BOM at 0-100 g/kg compared
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Table 3 Effects of dietary blend of oilseed meals on the growth performance and feed efficiency of Nile tilapia
Items FM Inclusion level (g/kg)

0 100 200 300 400
IBW (g) 10.80+0.20 11.05+£0.02 10.98+0.02 11.00£0.04 11.02+£0.02 10.98+0.02
FBW () 4333+2.84° 43.72+2.71° 43.83+1.52° 4354+1.12° 4265+2.23° 42.29+0.60°
WG (%) 301.00+22.85° 295.87+25.18° 299.26+13.19° 295.76+9.47° 287.01+20.69° 285.22+597°
SGR (%/day) 1.54+0.06 1.53+0.08 1.54+0.03 1.53+0.03 1.50+0.06 1.50+£0.02
FI (g/fish/90 days) 44.67+0.67 43.33+0.67 4400+£1.15 4467 +0.88 44.67+1.20 45.00+0.58
FCR 139+0.10° 133+0.11° 135+005° 137+007° 143+0.12° 1444002
PER 242+017° 249+0.16° 247+0.11° 243+0.13° 234+022° 230+0.03°
Survival (%) 100.00+0.00 100.004+0.00 100.00+0.00 97.78+2.22 100.00+0.00 97.78+222

Values are described as means = SE. Different letters indicate significant differences (P<0.05). FM: fish meal-based diet; IBW: initial body weight (g); FBW: final body
weight (g); WG: weight gain (%); SGR: specific growth rate (%/day); FlI: feed intake (g/fish); FCR: feed conversion ratio; PER: protein efficiency ratio.
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Fig. 1 Polynomial regression analysis (P<0.05) between weight gain of
Nile tilapia after feeding with dietary blend of oilseed meals for 90 days.
Values are described as means + SE

to fish-fed BOM at 200, 300, and 400 g/kg (P<0.05). The
highest crude protein content was observed in fish-fed
FM-based diet while the lowest was in fish-fed BOM
at 200, 300, and 400 g/kg (P<0.05). The ether extract
showed a marked reduction by FM and BOM at 0-100 g/
kg compared to fish-fed BOM at 200, 300, and 400 g/kg
(P<0.05). No marked effects on the somatic index (CF,
HSI, and VSI) (P>0.05).

Intestinal histology
Examination of the Nile tilapia intestine at a histologi-
cal level revealed consistent structural patterns in both

the intestinal mucosa and wall across all segments (ante-
rior, middle, and posterior) in the experimental groups
(Fig. 2). In the FM group (A1-C1), there was an optimal
arrangement of intestinal mucosa characterized by an
abundance of goblet cells in the middle segment. Con-
versely, fish-fed BOM at 0 g/kg (A2-C2) exhibited moder-
ate intestinal morphology, featuring shortened intestinal
villi with epithelial separation and infiltration of inflam-
matory cells in the submucosa of the middle segment.
The groups treated with BOM at 100-200 g/kg (A-C:3,4)
demonstrated considerable improvements, followed by
those treated with BOM at 300 g/kg (A5-C5), while fish
fed BOM at 400 g/kg (A6-C6) exhibited comparatively
lesser intestinal histological features compared to the
other groups.

The effects of dietary BOM on the intestinal morpho-
metrical indices of Nile tilapia are shown in Table 5. In
the anterior segment, no marked effects on the villus
width (VW) and muscular thickness (MT) (P>0.05).
However, the villus height (VH) was markedly increased
by FM and decreased by BOM at 400 g/kg (P<0.05).
Further, fish-fed BOM at 100, 200, and 300 g/kg showed
higher VH than fish-fed BOM at 400 g/kg (P<0.05). In
the middle segment, fish-fed BOM at 100, 200, and 300 g/
kg showed higher VH than fish-fed FM or BOM at 400 g/
kg (P<0.05). While the VW was markedly higher in fish-
fed FM than fish fish-fed BOM (P<0.05) regardless of the
inclusion level. In the posterior segment, fish-fed FM or

Table 4 Effects of dietary blend of oilseed meals on the body composition and somatic index of Nile tilapia

Item FM Inclusion level (g/kg) B
0 100 200 300 400

Moisture (%) 72.17+2.00 74111057 7448+0.88 73.05+0.32 72.70+0.54 7290+0.36

Crude protein (%) 17.59+1.10a 16.00+0.20b 16.54+0.78b 15.06+0.20c 14.99+0.10c 15.03+0.28¢

Ether extract (%) 498+0.53b 543+031b 4.40+0.66b 595+045a 6.47+095a 6.17+0.26a

Ash (%) 5204061 4.79+0.22 4.82+0.11 6.08+0.15 5.62+0.46 462+0.28

CF (%) 1.73+0.04 1.73+£0.02 1.78+0.06 1.64+0.03 1.90+0.15 1.72+0.08

HSI (%) 1.98+0.18 247+048 262+0.16 2.90+040 243+0.11 3.15+040

VSI (%) 228+0.27 235+0.04 1.98+0.37 2.28+0.15 243+038 2224013

Values are described as means*SE. Different letters indicate significant differences (P<0.05). FM: fish meal-based diet; CF: condition factor; HSI: hepatosomatic

index; VSI: viscera somatic index.
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Anterior Segment | Middle Segment | Posterior Segment
‘ ¥ i ;I’.

Fig. 2 Photomicrograph of anterior, middle, and posterior segments of Nile tilapia intestine in fish fed fish meal based diet (A1- C1), a blend of oilseed
meals (BOM) at 0, 100, 200, 300, and 400 g/kg levels (A-C: 2-6 respectively). The green arrowhead refers to the intestinal villi and the blue arrowhead refers
to the intestinal wall. Stain H&E. Bar =100 um

BOM at 0 g/kg showed higher VH than fish-fed BOM at  Blood biochemistry

0, 100, 200, 300, and 400 g/kg (P<0.05). Further fish fed  The effects of dietary BOM on the blood biochemical

BOM at 100, 200, or 300 g/kg had higher VH than fish  traits of Nile tilapia are shown in Table 6. No marked

fed BOM at 400 g/kg (P<0.05). effects on the ALT, AST, total protein, albumin, globulin,
urea, and creatinine (P>0.05).
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Table 5 Effects of dietary blend of oilseed meals on the intestinal morphometrical indices of Nile tilapia
Item FM Inclusion level (g/kg)
0 100 200 300 400

Anterior
Villus height (um) 606.30+17.45°% 443.63+29.48° 475.13+55.70° 400.17 +£19.50° 463.96+10.85° 282.35+20.82°
Villus width (um) 106.96 +9.54 91.24+10.68 113.50+6.03 95.03+1.70 101.66+4.09 86.69+£3.05
Muscularis thickness (um) 97.70+£5.69 101.04+9.31 85.52+222 90.28+2.65 71.09+4.20 6547+1.81
Middle
Villus height (um) 32346+11.28° 471.27+533° 398.65+17.18° 397.17+24.82° 405.40+4.77° 37049 +48.74°
Villus width (um) 107.24+151° 77.23+6.40° 79.49+3.86° 77.01+3.72° 68.89+6.68° 63.73+5.89°
Muscularis thickness (um) 98.68 +4.70 91.08+9.87 84.69+3.05 67.97+292 80.96+534 7480+4.82
Posterior
Villus height (um) 308.99+26.82° 326.15+43.81° 264.36+20.63° 194.20+15.66° 284.85+27.73° 167.61+5.00
Villus width (um) 87.62+550 87.00+2.84 90.73+£1.41 80.73+1.18 76.33+£5.81 94.23+£6.48
Muscularis thickness (um) 53.16+1.14 71.68+4.98 55.11+6.01 51.08+2.84 68.70+£6.27 6842+1.31
Values are described as means+SE. Different letters indicate significant differences (P<0.05). FM: fish meal-based diet.
Table 6 Effects of dietary blend of oilseed meals on the blood biochemistry indices of Nile tilapia
Item FM Inclusion level (g/kg)

0 100 200 300 400
ALT (U/) 16.67+1.67 16.00+4.93 15.00+£0.00 16.00+1.00 16.67+1.76 16.67+1.67
AST (U/1) 6.01+0.65 6.00+£0.53 543+1.15 500+1.53 6.33+0.67 6.00+£0.58
Total protein (g/dl) 4.20+0.25 4.13+£0.09 4234015 463+0.12 447+0.15 440+0.15
Albumin (g/dl) 1.02+0.10 0.98+0.04 1.03+£0.05 1.12+0.10 1.23+£0.15 1.11+£0.04
Globulin (g/dl) 3.18+0.22 3.16+0.12 3.20+0.11 351+0.18 323+0.25 329+0.14
Urea (mg/dl) 733+0.67 7.67+0.33 6.33+0.67 733+0.88 7.67+0.33 733+£0.67
Creatinine (mg/dl) 0.50£0.05 0.55+0.08 040+0.01 0.40+0.02 046+0.02 043+0.01

Values are described as means+SE. Different letters indicate significant differences (P<0.05). FM: fish meal-based diet; ALT: alanine aminotransferase, AST: aspartate

aminotransferase.

Gene expression

The effects of dietary BOM on the relative expression
of growth and metabolic genes (GHRI, IGF-1, FABP,
and CCK) in Nile tilapia are shown in Fig. 3. The rela-
tive expression of the GHR1 gene was downregulated in
tilapia-fed BOM at 100, 200, 300, and 400 g/kg compared
to fish-fed FM-based diet (P<0.05) and without differ-
ences with fish-fed SBM-based diet (P>0.05) (Fig. 3A).
The3044 relative expression of the /GF-1 gene was down-
regulated in tilapia-fed BOM at 0, 100, 200, 300, and
400 g/kg compared to fish-fed FM-based diet (P<0.05)
(Fig. 3B). The relative expression of the FABP gene was
downregulated in tilapia-fed BOM at 100, 200, 300, and
400 g/kg compared to fish-fed FM-based diet (P<0.05)
(Fig. 3C). Further, tilapia fed 300 and 400 g/kg showed
the lowest relative expression of FABP compared to
the other groups (P<0.05). Tilapia-fed SBM-based diet
showed no significant differences with fish FM-based diet
(P>0.05), 100, and 200 g BOM/kg. The relative expres-
sion of the CCK gene was downregulated in tilapia-fed
BOM at 200, 300, and 400 g/kg compared to fish-fed FM-
based diet (P<0.05) and without differences with fish fed
0 and 100 g/kg (P>0.05) (Fig. 3D).

Economic evaluation

The economic evaluation of dietary BOM in the diets of
Nile tilapia is shown in Table 7. The cost of feed needed
for 1 kg fish fed FM, SBM, or BOM at 100, 200, 300, and
400 g/kg is 0.74, 0.67, 0.65, 0.65, 0.66, and 0.64 USD/kg
weight gain, respectively. The relative cost of feed per kg
fish gain showed 4.42, 7.11, 8.14, 10.32, and 8.10% reduc-
tion rates in fish-fed SBM, or BOM at 100, 200, 300, and
400 g/kg compared to fish-fed FM-based diet.

Discussion

Tilapia farming is growing globally due to its high food
quality and tolerance to biotic and abiotic stressors [67].
Nevertheless, the high cost of feed ingredients is limiting
the feasibility and challenging the sustainability of tilapia
farming [68]. Fish meal (FM) and soybean meal (SBM)
are the main components of protein content required for
nutritionally balanced aquafeed production [69]. Due to
the decreasing availability and high cost of FM and SBM,
huge efforts have investigated multiple protein alterna-
tives in tilapia feeds [70]. More specifically, substitut-
ing FM with alternative animal or plant protein sources
[22, 23]. Tilapia is an omnivorous fish species that can
utilize animal and plant protein sources [18]. Dietary
SBM is another high-value protein content but causes
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Fig. 3 Effects of dietary blend of oilseed meals on the relative expression of growth and metabolic genes (A) GHR1, (B) IGF-1, (C) FABP, and (D) CCKin Nile
tilapia. Values are described as means + SE. Different letters indicate significant differences (P <0.05). FM: fish meal-based diet

Table 7 Economic evaluation of dietary blend of oilseed meals in the diets of Nile tilapia

Items FM Inclusion level (g/kg)

0 100 200 300 400
Feed cost (USD/kg) 0.53 0.50 048 048 0.46 045
FCR 1.39 1.33 1.35 137 143 1.44
Cost of feed for 1 kg fish (USD/kg weight gain) 0.74 0.67 0.65 0.65 0.66 0.64
Cost reduction of feed per 1 kg fish (USD/kg weight gain) 0.00 0.03 0.05 0.05 0.07 0.05
Relative cost reduction of feed per kg fish gain (%) 0.00 442 7.1 8.14 10.32 8.10

FCR: feed conversion ratio

another challenge for tilapia production [67, 71]. In this
context, many efforts have been conducted on the pos-
sibility of replacing SBM with alternative plant protein
sources. Plant byproducts and oilseed meals are the most
utilized ingredients to replace SBM such as cottonseed
meal (CSM) [30], linseed meal (LSM) [42], sesame meal
(SSM) [35], and sunflower meal (SFM) [39]. In most
cases, SBM was replaced totally or partially with one of
the above-mentioned ingredients. Synergistic mixtures
of plant ingredients are nutritionally balanced sources of
protein that can replace FM or SBM in aquafeed [72, 73].
The individual replacement of CSM, LSM, SSM, and SEM
could lead to a high presence of anti-nutritional factors
(ANFs) and an imbalance of essential amino acid con-
tent [74, 75]. Thus the blend of these ingredients could

result in compensation of limited amino acids compared
to the individual inclusion of these ingredients. In the
present study, a blend of oilseed meals (BOM) containing
CSM+LSM+SSM+SFM at the rate of 1:1:1:1 was used
to partially substitute SBM in Nile tilapia diets.

The results of this study indicate that dietary BOM can
be included in Nile tilapia diets up to 129.75 g/kg accord-
ing to the results of the regression analysis. The inclusion
level of BOM was based on reducing the level of SBM in
FM-free diets without interrupting the final body weight.
Compared to FM based diet, no marked effects were
observed on the FBW, SGR, and feed intake. While Nile
tilapia fed dietary BOM at 0, 100, and 200 g/kg showed
higher weight gain (WG) and protein efficiency ration
(PER) than those fed FM or BOM at 300 and 400 g/kg.



Badran et al. BMC Veterinary Research (2024) 20:529

These results are in line with earlier reports that indicate
the ability of Nile tilapia to feed on CSM [30], LSM [42],
SSM [35], and SEM [39] as replacers for FM or SBM with-
out affecting the growth performance. The high inclusion
levels of BOM led to a reduction in the WG which can
be possibly due to the presence of ANFs [74]. The results
also indicated that feed conversion ratio (FCR) showed
a marked reduction by FM and BOM at 100-200 g/kg
compared to fish-fed BOM at 300 and 400 g/kg. Accord-
ing to the results of one-way ANOVA, the results indi-
cated that Nile tilapia can utilize BOM up to 200 g/kg
without affecting the the growth performance and feed
utilization. These results match with earlier efforts that
validated the possible substitution of FM or SBM with
CSM, LSM, SSM, and SFM ingredients up to certain lev-
els. In this regard, dietary CSM, SSM, and SEM ingredi-
ents can be included in Nile tilapia diets up to 90 g/kg
[30], 84.7 g/kg [34], and 64.75 g/kg [39], respectively. The
mixture of CSM, LSM, SSM, and SFM could enrich feed
formulations with supplementary nutrients required for
suitable feed utilization and metabolic function com-
pared to individual usage [72, 73, 76]. Nonetheless, high
inclusion levels of BOM negatively impacted growth
performance (WG) and feed utilization (FCR and PER).
Dietary CSM, LSM, SSM, and SFM ingredients contain
abundant ANFs such as (gossypol, glucosinolate, and
tannin) involved in the reduction of palatability of feeds
thereby reducing feed utilization (FCR and PER) [77, 78].
In addition, the high crude fiber content in CSM, LSM,
SSM, and SFM ingredients could reduce feed utilization
and absorption [74]. Although feed intake did not mark-
edly differ among the groups of fish fed FM, SBM, or
BOM-based diets the reduction of PER and aise of FCR
by 300 and 400 g/kg BOM could be related to low feed
utilization in fish intestines. Similarly, W-J Li, H-X Wu,
L Zhang, M Li, T Wang, C-J Shan, F Qiao, L-Q Chen,
W-B Zhang, Z-Y Du, et al. [30], O Olude, F George and
W Alegbeleye [35], and EO Ogello, EM Kembenya, CM
Githukia, CN Aera, JM Munguti and CS Nyamweya
[39] reported reduced feed utilization in Nile tilapia-fed
CSM, SSM, and SEM, respectively. It has been reported
that high fiber content could decrease the digestibility
and increase the dilution of nutrients thereby lowering
absorption and feed utilization [79].

The study tested the effects of BOM inclusion on the
carcass composition and somatic index. No marked
effects on the carcass composition contents of moisture
and ash contents while crude protein content was mark-
edly increased by FM and BOM at 0-100 g/kg. These
results are in line with MS Hassaan, AIM El-Sayed, MA
Soltan, MM Iraqi, AM Goda, SJ Davies, ER El-Haroun
and HA Ramadan [29] and Y-X Guo, X-H Dong, B-P Tan,
S-Y Chi, Q-H Yang, G Chen and L Zhang [34] who stated
that dietary CSM and SSM did not affect the moisture
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and ash contents in the body composition of Nile tila-
pia. While MS Hassaan, AIM El-Sayed, MA Soltan, MM
Iraqi, AM Goda, SJ Davies, ER El-Haroun and HA Rama-
dan [29] and Y-X Guo, X-H Dong, B-P Tan, S-Y Chi, Q-H
Yang, G Chen and L Zhang [34] reported that dietary
CSM and SSM increased the protein content in the car-
cass of Nile tilapia. These results illustrate that dietary
BOM up to 100 g/kg is well utilized by fish during pro-
tein synthesis resulting in protein nutrient availability for
efficient muscle growth and metabolic function. Further-
more, the ether extract content showed marked improve-
ment in fish BOM at 200, 300, and 400 g/kg. Increased
ether extract content can be related to the presence of
lipids in BOM when included at a high ratio since BOM
is rich in oil derivatives resulting during extraction [25,
26]. The results also indicated no marked effects on the
somatic indices including condition factor, hepatoso-
matic index, and viscerasomatic index of Nile tilapia-
fed BOM. The results of the somatic index confirm that
dietary BOM has no negative effects on reserved energy
relative to the nutritional status.

The assessment of the intestinal histological structure
is a vital tool involved in the evaluation of the effects of
novel feed formulations on intestinal health [80]. The
health of fish intestines is the first key factor that guar-
antees efficient digestion, metabolic, and physiological
function thereby healthy and productive fish [81]. On
the other hand, the correlation between growth perfor-
mance data and improvements in histology measures is
an important component of understanding fish devel-
opment; nevertheless, it is crucial to note that a per-
fect relationship between these two parameters is not
always required [82, 83]. A variety of variables influence
fish growth and development, including environmen-
tal circumstances, diet, handling, and stress levels, all of
which have varied effects on growth rates and histology
results [82, 84]. For example, whereas improved feeding
techniques may result in increased growth performance,
the related histological alterations may not necessarily
represent this growth owing of differences in metabolic
responses or adaptations to varied feeding regimens [85].
The results indicated uniform structural patterns in both
the intestinal mucosa and wall across all segments (ante-
rior, middle, and posterior) in the experimental groups.
In the FM group, there was an optimal arrangement of
intestinal mucosa characterized by an abundance of gob-
let cells in the middle segment. Conversely, fish-fed BOM
exhibited moderate intestinal morphology, featuring
shortened intestinal villi with epithelial separation and
infiltration of inflammatory cells in the submucosa of the
middle segment in a dose-dependent manner. The groups
treated with BOM at 100—200 g/kg demonstrated consid-
erable impairments, followed by those treated with BOM
at 300 g/kg, while fish fed BOM at 400 g/kg exhibited
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comparatively lesser intestinal histological features com-
pared to the other groups. The results are in line with,
W-J Li, H-X Wu, L Zhang, M Li, T Wang, C-J Shan, F
Qiao, L-Q Chen, W-B Zhang, Z-Y Du, et al. [30] who
reported that the high inclusion levels of dietary CSM
could impair the intestinal histological features in Nile
tilapia. Concurrently, the reduction of growth perfor-
mance and feed utilization in the Nile tilapia-fed BOM at
high inclusion levels (300 and 400 g/kg) can be explained
by the negative impacts of BOM on the intestines. Indeed
the reduction of intestinal villi height and width could
lead to low surface area required for feed digestion and
absorption thereby low feed utilization [86].

Blood biochemical traits are suitable tools to evaluate
the metabolic and physiological conditions of fish [87].
Specifically when incorporating alternative protein ingre-
dients in fish feeds. In this study, dietary BOM showed
no marked effects on the ALT, AST, total protein, albu-
min, globulin, urea, and creatinine traits of Nile tilapia.
Similarly, CP Duodu, D Adjei-Boateng, AK Amponsah,
P Andrews and KA Obirikorang [76] stated that dietary
plant protein-based diets did not compromise the blood
biochemical traits in Nile tilapia. The ALT and AST activ-
ities refer to the liver function and are involved in the
amino acid transfer and their high release in the blood-
stream indicates liver function failure [88, 89]. Therefore,
the absence of differences among the groups of fish-fed
FM, SBM, or BOM-based diets indicates healthy liver
function and safe use for BOM in tilapia feeding. It can-
not be ignored also that the kidney function-related bio-
indicators (urea and creatinine) in Nile tilapia-fed FM,
SBM, or BOM-based diets showed no marked differences
among the groups. Alongside, the total protein globu-
lin, and albumin were not markedly affected by dietary
BOM inclusion in tilapia diets. These results confirm that
dietary BOM has no negative impact on kidney function
under the current trial condition.

Fish growth is closely correlated with the expression of
growth and metabolic genes [90]. To explain the mode of
action for dietary BOM on the growth performance and
feed utilization we tested the relative expression of GHRI,
IGF-1, FABP, and CCK genes. GHRI and IGF-1 genes
are growth-related mediators involved in the release of
growth hormone and their expression can be affected by
the feed composition and nutritional status of fish [91].
Further FABP gene is involved in regulating lipid metabo-
lism and energy initiation required for proper growth
performance and well-being of fish [92, 93]. While the
CCK gene regulates the digestive enzyme activity lead-
ing to efficient feed digestion and absorption [94, 95]. The
results of this study indicated that the relative expression
of GHRI, IGF-1, FABP, and CCK genes were downregu-
lated in tilapia-fed BOM compared to fish-fed FM-based
diet with the lowest transcription value in fish fed 400 g
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BOM/kg. The results are in line with MS Hassaan, AIM
El-Sayed, MA Soltan, MM Iraqi, AM Goda, S] Davies,
ER El-Haroun and HA Ramadan [29] who reported that
dietary CSM could downregulate the expression of GHRI
and I/GF-1 genes in Nile tilapia. These results indicate that
the reduction of feed utilization and growth performance
of Nile tilapia fed with high inclusion levels of BOM can
be attributed to the downregulation of GHRI, IGF-1,
FABP, and CCK genes. Downregulation of both FABP
and CCK by high levels of BOM indicates that lowered
growth performance can be related to the reduction of
lipid metabolism and digestive enzyme activity [95]. The
reduction of GHRI, IGF-1, FABP, and CCK genes in Nile
tilapia under the current study conditions can be related
to the presence of ANFs and crude fibers which are well
known for their negative impacts on the feed metabolism
[96]. In this regard, M Samtiya, RE Aluko and T Dhewa
[97] reported that ANF-rich nutrients could reduce feed
metabolism via binding with vitamins, minerals, and pro-
teins thereby decreasing the absorption in the intestines.
Further, ANFs contain several components such as phy-
tate, tannins, lectin, trypsin inhibitor, amylase, saponins,
and oxalate which impact feed metabolism by harm-
ing protein digestibility by protein inhibitors, hamper-
ing amino acid bioavailability by tannins, impairment of
hydrolytic and transport functions at the enterocyte site
by lectins [74]. Therefore elimination of ANFs through
some processing techniques has been applied to enhance
the quality of plant protein-sourced ingredients [77, 78].

The economic evaluation of dietary BOM showed a
reduction in the production cost of Nile tilapia compared
to the positive control group (FM). These results indicate
that using BOM could enhance the feasibility of Nile tila-
pia production but further future studies are suggested to
utilize processed BOM in Nile tilapia nutrition. Besides,
relevant feed additives such as attractants, probiotics,
exogenous digestive enzymes, and growth promoters are
suggested to enhance the utilization of BOM in Nile tila-
pia diets [98, 99].

Conclusion

The blend of oilseed meals (cottonseed meal, linseed
meal, sesame meal, and sunflower meal) can be included
in the soybean based-diets of Nile tilapia up to 200 g/kg
without hampering the growth performance and feed
utilization. High inclusion levels (300 and 400 g/kg) could
negatively affect the growth performance and feed utili-
zation by interrupting the intestinal histological features
and suppressing of expression of growth and metabolic
genes (GHRI, IGF-1, FABP, and CCK) in the liver. There-
fore, further future studies are suggested to investigate
possible strategies for increasing the inclusion level of
dietary blends of oilseed meals to have sustainable and
feasible Nile tilapia production.
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