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ABSTRACT

Saline Nile tilapia (Oreochromis niloticus) has considerable aquaculture potential in coastal and
brackish-water areas; however, efficient production requires affordable, nutritious, and sustainable feeds.
This study evaluated seaweed meal (Gracilaria verrucosa) and moringa leaf meal (Moringa oleifera),
supplied individually or in combination, for their effects on protein and total digestibility, intestinal
histomorphology, hematological indices, organ indices, and growth. A completely randomized design
included four treatments with three replicate tanks per treatment: A, 5% moringa leaf meal + 5% seaweed
meal; B, 10% seaweed meal; C, 10% moringa leaf meal; and D, commercial feed. Fish (initial body
weight, 4.26+0.87 g) were reared for 45 days at 13-15 ppt. Measured outcomes included protein
digestibility, total digestibility, absolute weight gain, villus height and width, intestine somatic index,
hepatosomatic index, total erythrocyte and leukocyte counts, and water quality. Diet significantly affected
protein digestibility, total digestibility, and absolute weight gain (P<0.05). Commercial feed produced the
highest values for these three outcomes. Among the experimental diets, treatment C produced the highest
total digestibility, absolute weight gain, villus width, and erythrocyte and leukocyte counts. Thus, at the
tested inclusion levels, 10% moringa leaf meal was more promising than 10% seaweed meal or their
5%+t5% combination. Pretreatment, including fermentation, warrants evaluation to reduce the effects of
fiber, ash, and antinutritional compounds.
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1. INTRODUCTION

Aquaculture has become a strategic food-production system because it provides animal protein, employment,
and income for coastal and inland communities. Global fisheries and aquaculture production continue to increase,
and aquatic foods are now recognized as important components of food security and nutrition. However,
aquaculture expansion also increases pressure on feed-ingredient supplies, particularly conventional marine-
derived protein and lipid sources. Feed quality, feeding management, and the cost of formulated diets remain
central constraints in farm productivity, intensifying research into feeds that are efficient, affordable, and
environmentally responsible (Tacon & Metian, 2015; Hua et al., 2019; Boyd et al., 2020; Naylor et al., 2021;
Ikeogu et al., 2022; FAO, 2024).

Current aquaculture nutrition research shows a clear shift from fishmeal-based feeds toward formulations
incorporating plant ingredients, local resources, agro-industrial by-products, insect meals, microalgae,
macroalgae, fermented materials, and functional additives. This shift is driven by feed cost and by the need to
improve nutrient efficiency, intestinal health, immune responses, and fish resilience to environmental stress.
Alternative protein sources and probiotic or symbiotic strategies may also influence intestinal microbiota,
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mucosal integrity, stress responses, immunity, and welfare, making ingredient evaluation broader than growth
alone (Gatlin et al., 2007; Glencross, 2020; Aragdo et al., 2022; Usman et al., 2024; Herawati et al., 2026).
Nevertheless, plant and algal ingredients often contain crude fiber, inorganic minerals, complex polysaccharides,
and antinutritional compounds that can limit digestibility and protein utilization (Francis et al., 2001; Mmanda et
al., 2020; Hussain et al., 2024).

Nile tilapia (O. niloticus) is a major global aquaculture commodity because of its rapid growth, broad
environmental tolerance, and capacity to utilize diverse feed ingredients. Developing saline-tolerant Nile tilapia is
particularly important because it can expand fish production in coastal areas, marginal ponds, and brackish-water
resources. Nile tilapia can survive and grow at suitable salinity levels after acclimation, but its physiological responses
remain strongly influenced by feed quality, osmoregulatory efficiency, and the availability of digestible energy and
protein. Studies in brackish water and floating net cages further show that diet formulation and functional
supplementation can influence tilapia growth, feed utilization, hematology, innate immunity, and gut health (Thomas
et al., 2021; Rahmi et al., 2024; Rahmi et al., 2025; Herawati et al., 2026; Masriah et al., 2026).

Red seaweeds of the genus Gracilariaceae have attracted attention as functional feed ingredients because they
contain minerals, fiber, sulfated polysaccharides, pigments, and bioactive compounds that may modulate intestinal
microbial communities and barrier function, and support immune responses (Wan et al., 2019; Siddik et al., 2023).
However, seaweed inclusion can reduce palatability, alter intestinal morphology, or suppress growth when fiber and
ash contents are excessive. Responses vary with the seaweed species, processing method, fish species, and dietary
inclusion level (Azaza et al., 2008; Silva et al., 2015; Ashour et al., 2020; Bakky et al., 2023; Weththasinghe et al.,
2026). Therefore, seaweed should be evaluated as both a nutrient source and a functional ingredient requiring an
appropriate inclusion level and processing method.

Moringa leaves (M. oleifera) also have strong potential as feed ingredients and functional additives because they
contain protein, vitamins, minerals, flavonoids, phenolics, and natural antioxidants (Saini et al., 2016). Dietary studies
indicate that moringa-based ingredients at appropriate levels can improve growth, feed utilization, hematological
status, innate immunity, and resistance to infection in aquatic animals (Afuang et al., 2003; Richter et al., 2003;
Kamble et al., 2024; Nassar et al., 2024; Saleh et al., 2025). However, unprocessed leaf meal may contain fiber and
secondary metabolites that limit digestibility at high inclusion levels, so processing and ingredient combinations
require careful evaluation (Jiang et al., 2023).

This study's novelty lies in its integrated evaluation of G. verrucosa seaweed meal and M. oleifera leaf meal in
diets for saline Nile tilapia. The evaluation was not limited to growth but also included protein digestibility, total
digestibility, intestinal histology, blood profile, intestine somatic index, and hepatosomatic index. This approach is
relevant internationally because it addresses sustainable feed formulation using local resources while considering fish
physiological responses under brackish conditions. Recent evaluations of mealworm meal and aquatic plant biomass
similarly demonstrate that sustainable ingredients should be assessed by feed utilization and biological performance
rather than by ingredient availability alone (Silva et al., 2015; Naylor et al., 2021; Hussain et al., 2024; Herawati et
al., 2026; Rakhmonov et al., 2026).

2. MATERIALS AND METHODS
2.1. Bioethical Statement

The Ethical Committee for Research of the Institution of Research and Community Service, Halu Oleo
University, Kendari, Indonesia, approved the animal-use protocol (approval No. 1421/UN29.20.1.2/PG/2025;
approved on July 7, 2025). The approval was issued for the research protocol entitled "Combination of Seaweed Flour
(G. verrucosa) and Moringa Leaf Flour (M. oleifera) in Feed on Digestibility Level, Intestinal Histology, Blood
Picture, and Growth of Tilapia (O. niloticus)." Fish handling minimized stress during acclimation, feeding, sampling,
and blood collection.

2.2. Study Time and Location

The study was conducted from April to July 2025 at the Laboratory of Aquaculture, Hatchery, and Fisheries
Production, Faculty of Fisheries and Marine Sciences, Halu Oleo University, Kendari, Southeast Sulawesi,
Indonesia. Proximate analysis and chromium analysis of feed and feces were conducted at the Fish Nutrition
Laboratory, Department of Aquaculture, Faculty of Fisheries and Marine Sciences, IPB University, Bogor,
Indonesia. Intestinal histology was examined at the Center for Veterinary Assembly and Modernization, Bogor,
Indonesia. Blood profile analysis was performed at the Laboratory of Aquaculture, Hatchery, and Fisheries
Production, Halu Oleo University. Using several laboratories ensured that nutrient, digestibility, histological, and
hematological indicators were measured using procedures appropriate for fish nutrition studies (Mmanda et al.,
2020; Kamble et al., 2024).
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2.3. Experimental Design

The study used a completely randomized design with four dietary treatments and three replicates. The
treatments were A: 5% moringa leaf meal + 5% seaweed meal; B: 10% seaweed meal +0% moringa leaf meal; C:
0% seaweed meal +10% moringa leaf meal; and D: commercial feed as a practical control. This design compared
the effects of alternative ingredients, used individually and in combination, on the nutritional and physiological
responses of saline Nile tilapia.

2.4. Diet Formulation and Preparation

The experimental diets were prepared as pellets from scad fish meal, shrimp head meal, soybean meal, G.
verrucosa seaweed meal, M. oleifera leaf meal, corn meal, rice bran, sago flour, tapioca flour, fish oil, squid oil, corn
oil, and premix. Table 1 presents the ingredient proportions (g/100 g feed). We cleaned, dried, milled, and visually
checked the seaweed and moringa materials against their source descriptions before preparing the diets. We ground
ingredients, weighed them according to the formulation, and mixed them progressively from the lowest to the highest
inclusion level until homogeneous. Water was added to obtain a workable dough, which was pelleted to a size suitable
for juvenile tilapia, dried, and stored in sealed plastic containers until use. These procedures were applied consistently
across experimental diets to minimize variation in ingredient distribution and feed handling (Tacon & Metian, 2015;
Glencross, 2020; Ikeogu et al., 2022; Hussain et al., 2024; Herawati et al., 2026).

Table I: Experimental diet formulation (g/100 g feed) 2.5. Rearing Units and Test Fish
Feed ingredient A B c The rearing system comprised 12 containers

gﬁaq fish meal 20 20 20 (60x40%40 cm), each supplied with continuous
rimp head meal 20 20 20 k . A . . o A
Soybean meal 20 20 20 aeration. Saline Nile tilapia (O. niloticus; initial
Seaweed meal (G. verrucosa) 5 10 0 body weight, 4.26+0.87 g per fish) were obtained
Moringa leaf meal (M. oleifera) 5 0 10 from a community hatchery in Kendari City. Fish
Ei‘z;"b:;ial ;O éo éo were acclimated for 15 days, during which salinity
Sago flour 4 4 4 was increased by 1 ppt/day to 15 ppt. We
Tapioca flour 7 7 7 maintained the containers under the prevailing
Fish oil 0.5 0.5 0.5 laboratory light-dark cycle and monitored water
Squid oil 05 05 05 temperature twice daily; the observed temperature
$§;nm‘?)': 8:? g:g 8:? range is reported in Table 6. We used gradual
Total 100 100 100 acclimation because salinity changes affect
Note: A = 5% MLM +5% SM; B = 10% SM +0% MLM; C = 0% SM +10% osmoregulation, feed intake, and energy allocation
MLM. MLM = moringa leaf meal; SM = seaweed meal. in tilapia (Thomas et al., 2021).

2.6. Fish Rearing

After acclimatization, fish were stocked into the 12 containers at a density of 10 fish per container. Fish were
fasted for 24 hours before the feeding trial to reduce residual feed in the digestive tract. The rearing period lasted 45
days. Feed was provided twice daily at 08:00 and 16:00 Central Indonesia Time, ad libitum. A 45-day feeding period
enabled observation of growth, digestibility, blood profile, and intestinal tissue responses within a single cycle of
functional feed evaluation (Kamble et al., 2024; Nassar et al., 2024).

2.7. Digestibility Test

We evaluated digestibility by adding 0.5% chromium oxide (Cr20s) to the feed as an inert marker. We began
fecal collection after fish had consumed the experimental diets for three days. We collected feces by siphoning
approximately three to four hours after feeding, placed them in bottles, froze them, and dried them before proximate
and Cr20s analyses. We calculated protein digestibility and total digestibility using an indirect-marker method
commonly applied in fish-feed ingredient studies (Kopriicii & Ozdemir, 2005; Mmanda et al., 2020; Glencross, 2020).
Digestibility and feed-efficiency measurements are particularly important when unconventional or fermented
ingredients replace conventional feed materials (Surianti et al., 2026; Herawati et al., 2026).

2.8. Intestinal Histology

Intestinal histology was examined after 45 days of rearing. Fish were dissected to collect intestinal tissue, and
samples were placed in microtubes containing 10% formalin. Samples were packed in a cooled container and sent for
histological preparation and examination. We measured villus height and width because intestinal mucosal structure
is associated with absorptive surface area and nutrient utilization (Aanyu et al., 2014; Silva et al., 2015; Ramos et al.,
2017; Rahmi et al., 2025).
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2.9. Blood Profile, Organ Indices and Growth

We measured blood profiles at the beginning and end of the study by counting total erythrocytes and leukocytes
using a hemocytometer. Blood was collected from the caudal vein using a syringe containing an anticoagulant. We
calculated the intestine somatic index and hepatosomatic index as ratios of organ weight to body weight. We calculated
absolute growth as the difference between final and initial average body weight. Hematological parameters and organ
indices were used as indicators of physiological condition, metabolism, and fish health in response to functional diets
(Kamble et al., 2024; Nassar et al., 2024; Rahmi et al., 2024; Rahmi et al., 2025; Villasante et al., 2025).

2.10. Water Quality
We measured temperature and salinity daily in the morning and afternoon, while measuring pH and dissolved
oxygen at 15-day intervals. These variables were summarized descriptively as environmental support data.

2.11. Statistical Analysis

Each tank was treated as the experimental unit (n = 3 tanks per dietary treatment). Data were summarized as
mean + standard deviation. Protein digestibility, total digestibility, absolute weight gain, intestinal morphometry,
organ indices, and hematological variables were evaluated by one-way analysis of variance at a=0.05. When the
overall treatment effect was significant, Duncan's multiple range test was used for pairwise comparison. Water-quality
data were summarized descriptively. We defined statistical significance as P<0.05.

We measured temperature and salinity daily in the morning and afternoon, while measuring pH and dissolved
oxygen every 15 days. We analyzed data on digestibility, growth, histology, organ indices, and blood profile using
analysis of variance at a 95% confidence level. When significant differences were detected, we applied Duncan’s
multiple range test. Water quality data were analyzed descriptively because they were used as supporting
environmental data.

3. RESULTS
3.1. Protein Digestibility, Total Digestibility and Growth

Treatment D (commercial feed) had the highest protein digestibility (69.87+1.42%), while treatment A had the
lowest (46.37+3.09%). Dietary treatment significantly affected protein digestibility, total digestibility, and absolute
weight gain (P<0.05; Table 2). Commercial feed (treatment D) produced the highest protein digestibility (69.87 +
1.42%), total digestibility (60.47+0.22%), and absolute weight gain (15.35+0.84 g). Among the alternative diets,
treatments B and C had similar protein digestibility values (56.26+3.73% and 55.72+1.13%, respectively), whereas
treatment C produced the highest total digestibility (42.19+0.47%) and absolute weight gain (12.36+1.13 g).
Treatment A produced the lowest values for all three outcomes.

Table 2: Protein digestibility, total digestibility, and absolute growth of 3.2, Intestinal Histology

?Ezftnl:lielsttig’ipi:egétzf :ftdbal)l: of_tl‘_eatl;ilnj estibility ~Absolute growth Treatment B had the highest villus height

otel I 1o]}1} (o) [ IDII olu oW1

(%) g Y (%) € Y ) g (356.91£135.96 pum), followed by treatment A

A 46.373.09° 29.45£4.22° 9.6020.60° (352.37£129.79 um), treatment D (264.44+70.74 um),

B 56.26+3.73° 39.125.74% 11.16+0.95% and treatment C (161.12+24.39 um). Intestinal villus

c 55.72+1.13° 42.19£047° 12.361.13° measurements are summarized in Table 3, and

D 69.87+1.42¢ 60.47+0.22¢ 15.35+0.84¢ . . . . .
— - - — p— representative histological sections are shown in

Note: Different superscript letters in the same column indicate significant . .. . .

differences based on Duncan’s multiple range test (P<0.05). Fig. 1-4. Initial villus height was 139.02+16.96 um. At

day 45, the numerically greatest villus height occurred
in treatment B (356.91+135.96 um), followed by treatments A, D, and C. Initial villus width was 126.91+£63.02 um;
the numerically greatest final villus width occurred in treatment C (186.47+55.84 um), followed by treatments D, B,
and A. These comparisons are descriptive because the table does not contain inferential statistical groupings.

Table 3: Intestinal villus morphometry of saline Nile tilapia

Parameter Initial A B C D
Villus height (um) 139.02+16.96 352.37+129.79 356.91+135.96 161.12+24.39 264.44+70.74
Villus width (um) 126.91+63.02 87.58+36.24 146.59+53.31 186.47+55.84 151.53+54.56

3.3. Intestine Somatic Index and Hepatosomatic Index

The intestine somatic index (IST) and hepatosomatic index (HSI) are presented in Table 4. ISI increased from an
initial value of 4.41+1.03 to 6.83+0.70, 7.92+0.36, 8.26+0.68, and 9.24+1.27% in treatments A, B, C, and D,
respectively. HSI increased from 0.19+0.11% initially to 0.42+0.04, 0.51+0.14, 0.57+0.15, and 0.70+£0.16% in
treatments A, B, C and D, respectively. These numerical patterns indicate diet-associated differences in digestive and
hepatic indices.
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Fig. 1: Initial sample (OZ). Height and width of

Fig. 1a: Sample AZ. Height and width of
intestinal mucosal villi. H&E, x200.

Fig. 1b: Sample AZ. Height and width of
intestinal mucosal villi. H&E, x200.

intestinal mucosal villi. H&E, x200.

Fig. 2a: Sample BZ. Height and width of

Fig. 2b: Sample BZ. Height and width of
intestinal mucosal villi. H&E, x200.

Fig. 2c: Sample BZ. Height and width of
intestinal mucosal villi. H&E, x200.

intestinal mucosal villi. H&E, x200.
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Fig. 3a: Sample CZ. Height and width of

Fig. 3b: Sample CZ. Height and width of
intestinal mucosal villi. H&E, x200.

Fig. 4a: Sample DZ. Height and width of
intestinal mucosal villi. H&E, x200.

intestinal mucosal villi. H&E, x200.
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Fig. 4b: Sample DZ. Height and width of Fig. 4c: Sample DZ. Height and width of
intestinal mucosal villi. H&E, x200. intestinal mucosal villi. H&E, x200.

Table 4: Intestine somatic index (ISI) and hepatosomatic index (HSI) of 3.4, Blood Profile
saline Nile tilapia

Total erythrocyte and leukocyte counts are shown

;I;ri;::ment LSL(I/;)I 03 g' ?L(i/z))l I in Table 5. Relative to the initial values (0.40+0.00x10°

A 6.83+0.70 0.42+0.04 erythrocytes/mm? and 0.03£0.00x10*

B 7.92+0.36 0.51+0.14 leukocytes/mm?), both counts were numerically higher

g g%ii?g? 8%?):5 at day 45 in every treatment. Treatment D had the

= 70£0.16 highest final erythrocyte and leukocyte counts,

Table 5: Total erythrocytes and leukocytes of saline Nile tilapia followed by treatment C. Treatments A and B had

Treatment Total erythrocytes Total leukocytes lower final counts than treatments C and D. These
(x_10° cells/mm?) (% 10* cells/mm?) comparisons are descriptive because inferential

Initial 0.40+0.00 0.03+0.00 statistical groupings are not provided in Table 5.

A 3.36+0.64 67.411£6.39

B 2.72+0.40 71.06+12.44

C 5.58+0.30 109.67+35.55 3.5. Water Quality

D 5.87+0.43 127.99+8.76 Table 6 presents water-quality ranges.

Temperature was 26-28°C, pH was 7.3-8.1, dissolved

Table 6: Water quality during the rearing period oxygen was 5.4-6.7 mg/L, and salinity was 13-15 ppt.

P. t Val ... . . . .
Taer;r::r:;re Ke) 22_;; These conditions remalped within the intended rearing
pH 73-8.1 range throughout the trial; consequently, the observed
Dissolved oxygen (mg/L) 5.4-6.7 biological responses were interpreted primarily in
Salinity (ppt) 13-15 relation to dietary treatment.

4. DISCUSSION

This study showed that commercial feed produced the highest protein digestibility, total digestibility, and growth
values. This result is reasonable because commercial feeds are generally formulated with stable balances of protein,
energy, lipids, minerals, vitamins, and amino acids. In Nile tilapia, protein and energy digestibility are key
determinants of feed-use efficiency and tissue deposition. Ingredients with highly digestible protein and balanced
amino-acid profiles are generally used more efficiently than alternative ingredients containing high levels of fiber or
indigestible fractions (Kopriicii & Ozdemir, 2005; Glencross, 2020; Mmanda et al., 2020; Ikeogu et al., 2022;
Herawati et al., 2026).

Among the alternative diets, treatment C, containing 10% moringa leaf meal, produced the best responses in total
digestibility, absolute growth, villus width, and erythrocyte and leukocyte profiles. This response supports the
functional value of moringa, which provides protein, minerals, vitamins, flavonoids, and phenolics. Studies in aquatic
animals show that appropriately processed or dosed moringa ingredients can improve growth, feed utilization,
hematological profiles, innate immunity, and disease resistance (Afuang et al., 2003; Richter et al., 2003; Kamble et
al., 2024; Nassar et al., 2024; Saleh et al., 2025).

However, protein digestibility in treatment C remained lower than that in the commercial-feed treatment.
Although moringa leaves have potential as an alternative feed ingredient, unprocessed leaf meal may still contain
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fiber and antinutritional compounds that limit protein breakdown and absorption. Plant ingredients often require
pretreatments such as fermentation, heating, enzyme supplementation, or functional additives to improve
digestibility and nutrient utilization (Francis et al., 2001; Jiang et al., 2023; Hussain et al., 2024; Zaenab et al.,
2026; Surianti et al., 2026).

Treatment B, containing 10% seaweed meal, produced the highest villus height but not the highest total
digestibility or growth among the alternative diets. Thus, changes in intestinal morphology do not necessarily translate
directly into growth when the diet contains fractions that are difficult to digest. Studies of seaweed-based diets show
that growth and intestinal responses depend on seaweed species, processing method, fish species, and inclusion level;
excessive inclusion can reduce palatability, feed intake, or nutrient availability (Azaza et al., 2008; Silva et al., 2015;
Wan et al., 2019; Ashour et al., 2020; Siddik et al., 2023; Bakky et al., 2023; Weththasinghe et al., 2026).

Treatment A, which combined 5% seaweed meal and 5% moringa leaf meal, produced the lowest digestibility
and growth. Combining two functional ingredients therefore did not produce a synergistic effect at the tested levels.
The combination may have increased the cumulative fiber, ash, complex polysaccharides, and antinutritional
compounds, thereby reducing palatability and nutrient availability. Sustainable aquafeed development requires
nutritional compatibility and rigorous ingredient evaluation rather than relying only on the bioactive potential of
individual ingredients; comparable substitution studies show that inclusion level and ingredient processing determine
whether alternative materials support or suppress performance (Gatlin et al., 2007; Tacon & Metian, 2015; Hua et al.,
2019; Boyd et al., 2020; Aragdo et al., 2022; Herawati et al., 2026).

The blood profile supports the interpretation that treatment C was more promising than the other alternative diets.
Total erythrocyte and leukocyte counts in treatment C approached those in the commercial-feed treatment and were
higher than those in treatments A and B. Erythrocytes support oxygen transport, whereas leukocytes contribute to
defense responses. Moringa-derived ingredients have been associated with improved hematological profiles, innate
immune responses, and resistance to infection in aquatic animals (Kamble et al., 2024; Nassar et al., 2024; Saleh et
al., 2025). Probiotic and symbiotic feeding studies in tilapia also confirm that dietary interventions can modify
leukocyte performance, hematological indicators, immune function, and gut health (Usman et al., 2024; Rahmi et al.,
2024; Rahmi et al., 2025). The response in treatment C may therefore reflect the contribution of moringa bioactive
compounds to fish physiological status.

The increases in intestine somatic index and hepatosomatic index in treatments D and C indicate organ
responses to nutrient status and feed metabolism. A higher hepatosomatic index in diets associated with better
growth may reflect increased hepatic metabolic activity and energy storage. However, interpret a high index
cautiously, as it may also reflect lipid accumulation or metabolic burden. Further research should combine organ
indices with liver histology and body-composition data to distinguish healthy energy storage from metabolic stress
(Villasante et al., 2025).

Water quality remained within a suitable range for saline Nile tilapia, indicating that the observed results can be
interpreted mainly as dietary-treatment responses. Salinity of 13—15 ppt was within the range tolerated by Nile tilapia
after gradual acclimation. Under saline conditions, high-quality feed becomes more important because fish require
energy for osmoregulation in addition to growth. Alternative feed ingredients for saline tilapia should therefore be
evaluated for nutrient content, digestibility, physiological effects, and their ability to support energy efficiency in a
brackish environment (Thomas et al., 2021).

Opverall, the results indicate that 10% moringa leaf meal is more suitable as an alternative feed ingredient for
saline Nile tilapia than 10% seaweed meal or the direct combination of 5% seaweed meal and 5% moringa leaf meal.
This finding shows that tropical local ingredients can support sustainable aquaculture, but formulation should be
guided by an integrated evaluation of digestibility, intestinal health, blood profile, and growth. Further studies should
evaluate fermentation, lower and graded inclusion levels, microbiota responses, and isoenergetic and isoproteic
formulations to improve the competitiveness of local feeds in saline tilapia systems (Silva et al., 2015; Naylor et al.,
2021; Jiang et al., 2023; Nassar et al., 2024; Rakhmonov et al., 2025; Zaenab et al., 2026; Rakhmonov et al., 2026).

5. CONCLUSION

Dietary inclusion of G. verrucosa seaweed meal and M. oleifera leaf meal significantly affected protein
digestibility, total digestibility, and absolute weight gain of saline Nile tilapia. Commercial feed produced the highest
values for these outcomes. Among the alternative diets, 10% moringa leaf meal produced the most favorable overall
numerical profile, particularly for total digestibility, weight gain, villus width, and erythrocyte and leukocyte counts.
The 5% seaweed meal + 5% moringa leaf meal combination showed no evidence of a synergistic response at the
tested inclusion levels. Future studies should test graded inclusion levels and pretreatments such as fermentation in
isoproteic and isoenergetic diets and should include microbiota assessment, liver histology, and complete inferential
statistics for tissue and hematological outcomes.
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