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Abstract. The macroalga Ulva sp. serves as an alternative nutrient source for aquafeeds and has 
become a focus of research globally due to its significant economic value. Similarly, Moringa oleifera 
leaves are widely utilized as an alternative food source for human nutrition and animal feeds across 
various countries. In this study, we investigated the effect of Ulva sp. (US) and M. oleifera (MO) by 
working synergically in a commercial diet for the growth, survival, and feed efficiency of juvenile 
Mozambique tilapia (Oreochromis mossambicus (Peters, 1852)). Twelve (12) experimental diets were 
prepared: Diet 1 (as control diet); Diet 2 (0% US; 10% MO); Diet 3 (10% US; 0% MO); Diet 4 (10% US; 
10% MO); Diet 5 (20% US; 10% MO); Diet 6 (30% US; 10% MO); Diet 7 (10% US; 20% MO); Diet 8 
(20% US; 20% MO); Diet 9 (30% US; 20% MO); Diet 10 (10% US; 30% MO); Diet 11 (20% US; 30% 
MO); Diet 12 (30% US; 30% MO). The culture was done for a 90-day culture period in the fishpond. The 
results indicated that diets with varying inclusion levels of SU and MO in commercial feed diet 
significantly influenced (p < 0.05) the specific growth rate (SGR) of juvenile O. mossambicus. Diets 4, 7, 
and 9 showed significant differences (p < 0.05) compared to the control diet. Weight gain was notably 
higher (p < 0.05) in Diets 4 and 2. Regarding survival, Diets 9, 11, and 12 exhibited significantly higher 
rates (p < 0.05) than the control group. Meanwhile, no significant differences (p > 0.05) were observed 
among the experimental diets in terms of feed intake (FI). However, the feed conversion ratio (FCR) for 
Diet 3 was significantly different (p < 0.05) from the other experimental diets. Hence, this study 
indicated that the synergic application of different inclusion levels of US and MO in a commercial feed diet 
enhanced the growth, survival, and feed utilization of juvenile O. mossambicus. 
Keywords: alternative protein sources, aquafeed formulation, functional feed additives, nutrient 
digestibility, sustainable aquaculture. 

 

 

Introduction. Aquaculture has undergone remarkable expansion over the past decades, 

becoming one of the fastest-growing food production sectors globally. According to the 

Food and Agriculture Organization (FAO), global fisheries and aquaculture production 

reached a record 223.2 million metric tons in 2022, with aquaculture alone contributing 

130.9 million metric tons, surpassing capture fisheries for the first time in history and 

highlighting its increasing role in global food security (FAO 2024). This growth reflects a 
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continuous upward trend in aquatic food production driven by rising global demand, 

population growth, and the shift toward sustainable protein sources. Among the widely 

cultured species, Mozambique tilapia (Oreochromis mossambicus (Peters, 1852)) plays 

an important role due to its adaptability, fast growth, and economic value. Often referred 

to as the “aquatic chicken” because of its ease of culture and high productivity, this 

species is widely farmed for commercial purposes, supplying importers, retail markets, 

and restaurants (Lertwanakarn et al 2023). Tilapia ranks as the third most widely 

cultured fish species globally, with major production coming from countries such as 

China, Indonesia, Egypt, Brazil, and Thailand (Prabu et al 2019). Originally native to 

Africa and the Middle East, tilapia species have been successfully introduced to many 

parts of the world, including the Philippines, due to their tolerance to a wide range of 

environmental conditions (El‐Sayed & Fitzsimmons 2023). 

In the Philippines, Nile tilapia (Oreochromis niloticus) production is primarily 

derived from freshwater ponds, cages, brackishwater ponds, and fish pens. Freshwater 

pond culture remains the dominant production system, with production increasing 

significantly from approximately 14,000 metric tons in 1985 to about 270,000 metric 

tons in 2023 (FAO 2024). Despite this growth, the industry continues to face challenges, 

particularly in feed costs, disease management, and sustainability issues associated with 

intensive aquaculture practices. The reliance on commercial feeds, which account for 

more than 50% of production costs, and the widespread use of antibiotics raise concerns 

regarding economic sustainability, environmental impacts, and the development of 

antimicrobial resistance in aquaculture systems (Cabello et al 2013; Okocha et al 2018; 

Milijasevic et al 2024). 

Sustainable aquaculture emphasizes the use of eco-friendly, cost-effective, and 

socially acceptable production systems. One promising strategy is the incorporation of 

natural, plant- and algae-based feed additives to enhance fish growth, improve feed 

efficiency, and reduce dependence on synthetic inputs. In this context, the use of locally 

available resources such as Moringa oleifera (malunggay) and Ulva sp. (sea lettuce) has 

gained increasing attention. M. oleifera is widely recognized as a “miracle tree” due to its 

high nutritional value and diverse bioactive compounds. Its leaves are rich in proteins, 

vitamins, minerals, and natural antioxidants such as flavonoids, phenolics, and 

carotenoids, which contribute to improved growth performance, immune response, and 

overall health in aquatic organisms (Siddhuraju & Becker 2003; Fahey 2005; Anwar et al 

2007). In addition, its antimicrobial properties make it a potential natural alternative to 

antibiotics in aquaculture systems (Bondad‐Reantaso et al 2023).  

Ulva sp., commonly known as sea lettuce, is an abundant green macroalga found 

in coastal environments worldwide. Although often associated with green-tide events due 

to eutrophication, Ulva sp. is increasingly recognized for its nutritional and functional 

properties, as it contains essential nutrients, bioactive compounds, and polysaccharides 

that can enhance feed utilization, growth performance, and immune response in aquatic 

organisms. Recent studies have highlighted its potential as alternative ingredient in 

aquafeeds, partially replacing conventional protein sources such as soybean meal 

(Pereira et al 2012; Wan et al 2019; Ang et al 2021). Given the growing need for 

sustainable and cost-efficient aquaculture practices, the integration of natural feed 

additives such as Ulva sp. and M. oleifera presents a promising approach. However, 

limited studies have evaluated their combined effects on tilapia, particularly under pond 

culture conditions. Therefore, this study aims to determine the effects of dietary inclusion 

of Ulva sp. and M. oleifera on the growth performance, survival rate, and feed efficiency 

of juvenile O. mossambicus cultured in ponds. 

 

Material and Method 

 

Study site. This study was conducted at Fish Pond Demo Farm of the Mindanao State 

University Tawi-Tawi College of Technology and Oceanography located at Pasiagan, 

Bongao, Tawi-Tawi (Figure 1) with a duration of three (3) months from April 17, 2024 to 

July 17, 2024.   
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Extraction of Moringa and preparation of Ulva. Fresh M. oleifera leaves were 

collected from mature trees within the vicinity of Mindanao State University–Tawi-Tawi 

College of Technology and Oceanography (MSU-TCTO), Bongao, Tawi-Tawi, Philippines, 

while Ulva sp. samples were harvested from the coastal waters of Bongao, Tawi-Tawi, 

Philippines. The collected materials were thoroughly washed and oven-dried at a 

controlled temperature until constant weight was achieved. The dried samples were then 

pulverized into fine powder using a laboratory blender. For extraction, 20 g of each 

powdered sample was mixed with 600 mL of hot water (80-90°C) and maintained in a 

water bath for 2 hours. The mixture was subsequently filtered using Whatman No. 2 filter 

paper to obtain the filtrate. The extracted solution was transferred into clean flasks and 

stored under refrigeration until further use. Different concentrations of the extracts were 

prepared by diluting the stock solution with distilled water. A fixed volume of 10 mL per 

treatment was prepared at concentrations of 1000 ppm, 2000 ppm, 3000 ppm, and 6000 

ppm for experimental application. 
 

 
Figure 1. Map showing the location of study site in Tawi-Tawi, Philippines. 

 

Preparation of diets. The extracted sap of M. oleifera leaves was mixed with the 

commercial feeds (grower) using a mixer to thoroughly incorporate it, and some amount 

of distilled water was added. The amount of water added was estimated to ensure that 

the incorporated M. oleifera sap and commercial feeds would easily form dough. The 

pulverized Ulva sp. was mixed into the commercial feeds (grower) by putting it in the 

mixer, and then adding some water so that it could easily form a dough. The prepared 

dough has been pelleted using a manual pelletizer. The pelleted feeds were put in a 

stainless tray with foil, and dried using an oven at 60°C overnight or until ≤ 10% 

moisture content was attained. Dried feeds were placed in a labeled plastic bag and 

stored in a refrigerator. Feeds have been weighed in accordance with 10% of the 

respective average body weight of the organisms. 

 

Preparation of experimental set-up, source of organisms, and experimental 

design. The experimental set-up consisted of fish cages installed at the water intake 

area of a pond to ensure continuous water flow throughout the culture period. A total of 

twelve (12) cages were constructed using bamboo frames and netting materials. The 

cages were arranged systematically with a spacing of approximately 1.0-1.5 meters 

between units to promote proper water circulation and ease of management (Figure 2). A 

total of 400 individuals were collected from the wild in Kalang, near Sanga-Sanga 

Barangay Hall, using scoop nets and hand nets, and a total of 360 individuals were used 
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as the experimental organisms (O. mossambicus), with a weight range from 3.28 to 4.06 

g and a total length range from 4.7 to 7.2 cm. After collection, the fish were placed in 

large containers and transported to the Multi-Species Hatchery of the College of Fisheries 

for a one-week acclimatization period to reduce stress and ensure uniformity prior to 

stocking. After conditioning, the fish were transported to the culture site at the Fish Pond 

Demo Farm in Pasiagan, Bongao, Tawi-Tawi. During transport, the fish were placed in 

oxygenated plastic bags inside Styrofoam boxes with ice placed at the corners to 

minimize stress and maintain water temperature. The experiment followed a Completely 

Randomized Design (CRD) consisting of twelve (12) dietary treatments with varying 

inclusion levels of Ulva sp. and M. oleifera, as presented in Table 1. Each treatment was 

randomly assigned to cages to avoid bias, with thirty (30) fish stocked per treatment, 

where each cage served as one experimental unit. The experimental layout was designed 

to maintain uniform environmental conditions across all treatments, ensuring adequate 

separation between cages to prevent interaction effects. This arrangement facilitated 

accurate monitoring of fish growth performance, survival rate, and feed utilization 

throughout the study period. 

Figure 2. Experimental layout of the study set-up. 

 

Table 1  
Ratio of the feed inclusions per formulation of 1000 grams 

 

Treatments Ulva (g) Moringa (mL) Grower commercial feeds (g) 

Diet 1 0 0 1000 
Diet 2 0 10 990 
Diet 3 10 0 990 
Diet 4 10 10 980 
Diet 5 20 10 970 

Diet 6 30 10 960 

Diet 7 10 20 970 
Diet 8 20 20 960 
Diet 9 30 20 950 
Diet 10 10 30 960 

Diet 11 20 30 950 

Diet 12 30 30 940 



 
AACL Bioflux, 2026, Volume 19, Issue 3. 

bioflux.com.ro/aacl 1457 

Stocking of experimental organisms. The initial length and weight of the 

experimental fish were measured prior to stocking. Individual fish length was measured 

in a transparent plastic container placed over a ruler for standardization. For weight 

measurement, a plastic container filled with water was placed on an analytical balance 

and tared to zero. Fish were then gently placed into the container, and their initial 

weights were recorded. After measurement, the fish were carefully released into the 

experimental cages. Feeding was initiated 24 hours after stocking to allow 

acclimatization. Initial water quality parameters were also recorded prior to the start of 

the feeding trial. 

 

Feeding and maintenance. Juvenile O. mossambicus were fed at a rate of 10% of their 

average body weight (ABW) using the broadcast feeding method, wherein the feed was 

evenly scattered across the water surface to ensure uniform feed distribution and equal 

access to feed among the fish. Feeding was carried out twice daily, at 7:00 AM and 5:00 

PM. Routine maintenance of the culture system was conducted throughout the 

experimental period. This included cleaning of cages and removal of waste materials 

during each sampling period to maintain water quality, reduce organic accumulation, and 

minimize turbidity within the culture system. 

 

Sampling. Sampling was conducted at 15-day intervals throughout the study period. 

Fish were carefully collected from each cage for biometric measurements. Body weight 

was determined using an analytical balance, following the same procedure as the initial 

measurement (container with water tared to zero before weighing). All measurements 

were consistently recorded throughout the experimental period to monitor growth 

performance and survival. 
 

Survival rate. The survival rate (%) was calculated every 15 days following the equation 

below (Robles et al 2023): 

 

 

 
 

Specific growth rate. The specific growth rate (SGR, % day-1) was defined below (Hairol 

et al 2022): 

  

where: Wi = initial weight (g); 

 Wf = final weight (g);  

 DOC = days of culture. 

 

Feed utilization. Feed conversion ratio (FCR) was determined using the formula: 

 

 

  

where: FCR = feed conversion ratio; 

   FI = feed intake (g); 

 WG = weight gain (g). 

 

Feed intake (FI, g) = feed given – uneaten feed 
 

Weight gain (WG, g) = final weight – initial weight 

Data analysis. All collected data were analyzed using one-way analysis of variance 

(ANOVA) with SPSS version 25. When significant differences were detected among 

treatments, Duncan’s Multiple Range Test (DMRT) was applied as a post hoc test to 

compare means. Growth performance and survival data were also organized and initially 

processed using Microsoft Excel prior to statistical analysis. 
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Results 

 

Growth and survival. The specific growth rate (SGR) in the diet of juvenile O. 

mossambicus cultivated in a fishpond fed with different inclusion levels of Ulva sp. and M. 

oleifera is shown in Figure 3. The SGRs of Diet 1 to Diet 12 were 0.014±0.001 day-1, 

0.016±0.001 day-1, 0.014±0.001 day-1, 0.018±0.001 day-1, 0.015±0.001 day-1, 

0.013±0.001 day-1, 0.017±0.001 day-1, 0.016±0.001 day-1, 0.018±0.001 day-1, 

0.015±0.001 day-1, 0.016±0.001 day-1, 0.015±0.001 day-1 respectively after 90 days of 

culture period. Analysis revealed that Diet 4, Diet 7, and Diet 9 were significantly 

different (p < 0.05) than the control diet.  

 Figure 3. Specific growth rate (SGR, % day-1) of juvenile tilapia O. mossambicus cultivated in 

fishpond fed with different inclusion levels of Ulva sp. and M. oleifera. Error bars are in standard 
error mean (SEM). 

 

The weight gain of juvenile tilapia O. mossambicus in Diet 4 (13.990±1.402 g) and Diet 2 

(13.163±1.152 g)  significantly increased (p < 0.05) compared to the control diet 

(10.54±0.817 g) at the end of the culture period (Figure 4).   

Figure 4. Weight gain (g) of juvenile tilapia O. mossambicus cultivated in fishpond fed with different 
inclusion levels of Ulva sp. and M. oleifera. Error bars are in standard error mean (SEM). 
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Figure 5 shows the survival performance of juvenile tilapia O. mossambicus. It has 

been revealed that Diet 9 (92.22±1.111 %), Diet 12 (88.89±1.111 %), and Diet 11 

(82.22±1.111 %) were significantly higher than the survival performance of the control 

diet (75.56±1.111 %) in juvenile tilapia O. mossambicus cultivated in a fishpond fed with 

different inclusion levels of Ulva sp. and Moringa oleifera after 90 days of culture. 

 

 
Figure 5. Survival rate (%) of juvenile tilapia O. mossambicus cultivated in fishpond fed with 

different inclusion levels of Ulva sp. and M. oleifera. Error bars are in standard error mean (SEM). 

 

Feed utilization. The feed utilization, particularly the feed intake (FI) of juvenile tilapia 

O. mossambicus cultivated in a fishpond fed with different inclusion levels of Ulva sp. and 

Moringa oleifera, is shown in Figure 6. The FI of Diet 1 to Diet 12 were 1.45±0.812 g, 

1.69±0.115 g, 1.54±0.141 g, 1.73±0.140 g, 1.49±0.097 g, 1.43±0.090 g, 1.60±0.094 

g, 1.51±0.137 g, 1.48±0.110 g, 1.19±0.129 g, 1.49±0.105 g, and 1.59±0.094 g, 

respectively. Results revealed that no significant difference (p > 0.05) in the 

experimental diets was observed among experimental groups. 

Figure 6. Feed intake (FI) (g) of juvenile tilapia O. mossambicus cultivated in fishpond fed with 
different inclusion levels of Ulva sp. and M. oleifera. Error bars are in standard error mean (SEM). 
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In terms of the feed conversion ratio (FCR), Diet 4 was significantly different (p < 

0.05) among experimental diets for juvenile tilapia O. mossambicus cultivated in fishpond 

fed with different inclusion levels of Ulva sp. and Moringa oleifera (Figure 7). 

Figure 7. Feed conversion ratio (FCR) of juvenile tilapia O. mossambicus cultivated in fishpond fed 
with different inclusion levels of Ulva sp. and M. oleifera. Error bars are in standard error mean 

(SEM). 

 

Discussion. The results showed that the SGR of juvenile O. mossambicus cultivated in 

fishponds was significantly influenced (p < 0.05) by different levels of Ulva sp. and M. 

oleifera added to their diet. The highest growth rate was observed in fish fed with a diet 

containing 10% Ulva sp. and 10% M. oleifera, which was significantly greater (p < 0.05) 

than that of the control diet after 90 days of culture. Furthermore, diets with 10% Ulva 

sp. combined with 20% M. oleifera, as well as 30% Ulva sp. with 20% M. oleifera, also 

led to a marked improvement in the growth performance of O. mossambicus. The weight 

gain of O. mossambicus improved significantly (p < 0.05) when their diet was 

supplemented with different levels of Ulva sp. and M. oleifera. Notably, fish fed with 10% 

Ulva sp. and 10% M. oleifera, as well as those given 10% Moringa alone, showed better 

weight gain compared to those on the control diet. These findings suggest that 

supplementing commercial tilapia feed with the right combination of Ulva sp. and M. 

oleifera can significantly improve growth performance, making it a promising approach 

for more efficient and sustainable aquaculture. These results align with findings from 

other studies. For instance, El-Tawil (2010) reported that supplementing the diet of 

Oreochromis sp. with 10% Ulva sp. significantly enhanced the SGR, achieving 3.53 % 

day-1. Similarly, Richter et al (2003) found that the inclusion of 12% and 24% M. oleifera 

leaves resulted in an SGR of 1.0 % day-1 and 1.2 % day-1 in fish respectively. Compared 

to these studies, the present research demonstrated a superior growth response, as the 

combined inclusion of Ulva sp. and M. oleifera significantly improved the SGR of juvenile 

O. mossambicus beyond the levels previously reported. Furthermore, Mansour et al 

(2018) reported that dietary inclusion of 5%, 10%, and 15% M. oleifera significantly 

enhanced the weight gain of gilthead seabream (Sparus aurata). Similarly, Richter et al 

(2003) observed that a 24% inclusion of M. oleifera leaves led to an increased weight 

gain of 27.37 g compared to the control. In the present study, juvenile tilapia fed with 

diets containing 10% Ulva sp. combined with 10% M. oleifera, as well as those fed with 

10% Moringa alone, exhibited superior weight gain compared to fish on the control diet. 

This study revealed that dietary combinations of 30% Ulva sp. with 20% M. 

oleifera, 20% Ulva sp. with 30% M. oleifera, and 30% Ulva sp. with 30% M. oleifera 

significantly enhanced the survival rate of juvenile tilapia compared to the control group. 

Various studies have reported that different inclusion levels of Ulva sp. and M. oleifera 

significantly enhance the survival performance of fish species such as Nile tilapia 
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(Oreochromis niloticus) and African catfish (Clarias gariepinus) (Dongmeza et al 2006; 

Azaza et al 2008; Saleh et al 2014; Gbadamosi & Osungbemiro 2016). Different inclusion 

levels of Ulva fasciata meal, specifically 25% and 50%, did not result in significant 

differences in the feed intake of red hybrid tilapia (Saleh et al 2014). Additionally, 

Mansour et al (2018) reported that the inclusion of 5% and 10% M. oleifera leaves did 

not significantly affect the culture performance of seabream (S. aurata). Similarly, 10% 

and 15% M. oleifera did not significantly influence the feed intake of juvenile red hybrid 

tilapia (Oreochromis sp.) as observed by Farahiyah & Nor Maisarah (2020). Their findings 

are consistent with the present study, where varying inclusion levels of Ulva sp. and M. 

oleifera also showed no significant differences in feed intake among the experimental 

diets. This suggests that the inclusion of these plant-based ingredients does not 

negatively affect the palatability or acceptance of the feed. Maintaining consistent feed 

intake is crucial, as it ensures that fish receive the required nutrients for optimal growth 

and health, thereby supporting the potential of Ulva sp. and M. oleifera as sustainable 

feed additives in aquaculture. The present study revealed that the FCR of juvenile O. 

mossambicus was significantly lower in experimental diets containing 10% Ulva sp. and 

10% M. oleifera compared to the control experiment. However, in the study by Farahiyah 

& Nor Maisarah (2020), the inclusion of 10% and 15% M. oleifera in the diet of juvenile 

red hybrid tilapia (Oreochromis sp.) significantly increased the FCR compared to the 

control group. This finding highlights the advantage of combining Ulva sp. and M. oleifera 

at appropriate levels, as a lower FCR indicates more efficient feed utilization, meaning 

less feed is required to produce the same amount of fish biomass. This is crucial for 

improving cost-effectiveness and sustainability in aquaculture production, making the 

present study a valuable contribution to the development of efficient alternative feed 

strategies. 

 

Conclusions. The findings of this study demonstrate that incorporating Ulva sp. and 

Moringa oleifera into commercial diets can effectively enhance the performance of 

juvenile Oreochromis mossambicus. The synergistic use of these alternative nutrient 

sources significantly improved key growth indicators, particularly specific growth rate and 

weight gain, while also increasing survival rates at higher inclusion levels. Although feed 

intake remained unaffected, improvements in feed efficiency were evident in selected diet 

combinations. Overall, the results confirm that the combined inclusion of Ulva sp. and M. 

oleifera is a promising, sustainable strategy for improving growth performance, survival, 

and feed utilization in tilapia culture, with specific diet formulations (notably moderate 

inclusion levels) showing the most beneficial effects. 

 

Acknowledgements. The authors would like to thank Mindanao State University Tawi-

Tawi College of Technology and Oceanography (MCU-TCTO). The abstract of this study 

was presented at the 13th International Phycological Congress 2025 (IPC2025) at 

Henann Resort Panglao, Bohol, Philippines on June 8-13, 2025. 

 

Authors contributions. JHS: Conceptualization, Data Curation, Analysis, Interpretation 

of the Data, Writing - Original Draft, Review & Editing; ANHK and RKH: Data Curation, 

Analysis and Interpretation of the Data, Writing - Original Draft; FNTE, MDH, EMT, WMJ, 

RJFR, and IPM: Writing - Review & Editing. All authors approved the final manuscript. 

 

Conflicts of interest. The authors declare that there is no conflict of interest. 

 

Data availability. The data supporting the findings of this study are available from the 

corresponding author upon reasonable request. 

 

Funding. This research was financially supported by Department of Science and 

Technology- Science Education Institute (DOST-SEI). 

 

 

 



 
AACL Bioflux, 2026, Volume 19, Issue 3. 

bioflux.com.ro/aacl 1462 

References 

 

Ang C. Y., Yong A. S. K., Azad S. A., Lim L. S., Zuldin W. H., Lal M. T. M., 2021 

Valorization of macroalgae through fermentation for aquafeed production: a 

review. Fermentation 7(4):304. 

Anwar F., Latif S., Ashraf M., Gilani A. H., 2007 Moringa oleifera: a food plant with 

multiple medicinal uses. Phytotherapy Research 21(1):17-25. 

Azaza M. S., Mensi F., Ksouri J., Dhraief M. N., Brini B., Abdelmouleh A., Kraïem M. M., 

2008 Growth of Nile tilapia (Oreochromis niloticus L.) fed with diets containing 

graded levels of green algae ulva meal (Ulva rigida) reared in geothermal waters of 

southern Tunisia. Journal of Applied Ichthyology 24(2):202-207. 

Bondad‐Reantaso M. G., MacKinnon B., Karunasagar I., Fridman S., Alday‐Sanz V., Brun 

E., Le Groumellec M., Li A., Surachetpong W., Karunasagar I., Hao B., Dall'Occo A., 

Urbani A., Caputo A., 2023 Review of alternatives to antibiotic use in 

aquaculture. Reviews in Aquaculture 15(4):1421-1451. 

Cabello F. C., Godfrey H. P., Tomova A., Ivanova L., Dölz H., Millanao A., Buschmann A. 

H., 2013 Antimicrobial use in aquaculture re‐examined: its relevance to 

antimicrobial resistance and to animal and human health. Environmental 

Microbiology 15(7):1917-1942. 

Dongmeza E., Siddhuraju P., Francis G., Becker K., 2006 Effects of dehydrated methanol 

extracts of moringa (Moringa oleifera Lam.) leaves and three of its fractions on 

growth performance and feed nutrient assimilation in Nile tilapia (Oreochromis 

niloticus (L.)). Aquaculture 261(1):407-422. 

El-Tawil N. E., 2010 Effects of green seaweeds (Ulva sp.) as feed supplements in red 

tilapia (Oreochromis sp.) diet on growth performance, feed utilization, and body 

composition. Journal of the Arabian Aquaculture Society 5(2):179-194. 

El‐Sayed A. F. M., Fitzsimmons K., 2023 From Africa to the world - the journey of Nile 

tilapia. Reviews in Aquaculture 15(1):6-21. 

Fahey J. W., 2005 Moringa oleifera: a review of the medical evidence for its nutritional, 

therapeutic, and prophylactic properties. Part 1. Trees for Life Journal 1:5. 

FAO, 2024 The state of world fisheries and aquaculture 2024. Blue transformation in 

action. FAO, Rome, 264 pp.  

Farahiyah I. J., Nor Maisarah R., 2020 Effects of moringa (Moringa oleifera) leaf meal on 

juvenile red hybrid tilapia (Oreochromis sp.). Malaysian Journal of Animal 

Science 23(2):20-28. 

Gbadamosi O. K., Osungbemiro N. R., 2016 Growth and nutritional performance of 

African catfish, Clarias gariepinus (Burchell, 1822) fed varying inclusion levels of 

dietary Moringa oleifera leaf meal. Livestock Research for Rural Development 

28(11):204. 

Hairol M. D., Nian C. T., Imlanı A. H., Tikmasan J. A., Sarri J. H., 2022 Effects of crab 

shellmeal inclusions to fishmeal replacement on the survival, growth, and feed 

utilization of mangrove crab Scylla serrata (Forsskal 1775). Yuzuncu Yıl University 

Journal of Agricultural Sciences 32(4):714-726. 

Lertwanakarn T., Purimayata T., Luengyosluechakul T., Grimalt P. B., Pedrazzani A. S., 

Quintiliano M. H., Surachetpong W., 2023 Assessment of tilapia (Oreochromis spp.) 

welfare in the semi-intensive and intensive culture systems in Thailand. Animals 

13(15):2498. 

Mansour A. T., Miao L., Espinosa C., García-Beltrán J. M., Ceballos Francisco D. C., 

Esteban M. Á., 2018 Effects of dietary inclusion of Moringa oleifera leaves on growth 

and some systemic and mucosal immune parameters of seabream. Fish Physiology 

and Biochemistry 44(4):1223-1240. 

Milijasevic M., Veskovic-Moracanin S., Babic Milijasevic J., Petrovic J., Nastasijevic I., 

2024 Antimicrobial resistance in aquaculture: risk mitigation within the one health 

context. Foods 13(15):2448. 

Okocha R. C., Olatoye I. O., Adedeji O. B., 2018 Food safety impacts of antimicrobial use 

and their residues in aquaculture. Public Health Reviews 39(1):21. 



 
AACL Bioflux, 2026, Volume 19, Issue 3. 

bioflux.com.ro/aacl 1463 

Pereira R., Valente L. M. P., Sousa-Pinto I., Rema P., 2012 Apparent nutrient digestibility 

of seaweeds by rainbow trout (Oncorhynchus mykiss) and Nile tilapia (Oreochromis 

niloticus). Algal Research 1(1):77-82. 

Prabu E., Rajagopalsamy C. B. T., Ahilan B., Jeevagan I. J. M. A., Renuhadevi M., 2019 

Tilapia – an excellent candidate species for world aquaculture: a review. Annual 

Research and Review in Biology 31(3):1-14. 

Richter N., Siddhuraju P., Becker K., 2003 Evaluation of nutritional quality of moringa 

(Moringa oleifera Lam.) leaves as an alternative protein source for Nile tilapia 

(Oreochromis niloticus L.). Aquaculture 217(1-4):599-611. 

Robles R. J. F., Pejana D. T., Jani S. J., Nian C. T., Imlani A. H., Eldani A. A., Sarri J. H., 

2023 Preliminary investigation on rotifer (Brachionus plicatilis) as natural food for 

polychaete worm (Marphysa iloiloensis): growth, setiger, and survival 

performance. Marine Reports 2(1):26-36. 

Saleh N. E., Shalaby S. M., Sakr E. M., Elmonem A. I. A., Michael F. R., 2014 Effect of 

dietary inclusion of Ulva fasciata on red hybrid tilapia growth and carcass 

composition. Journal of Applied Aquaculture 26(3):197-207. 

Siddhuraju P., Becker K., 2003 Antioxidant properties of various solvent extracts of total 

phenolic constituents from three different agroclimatic origins of drumstick tree 

(Moringa oleifera Lam.) leaves. Journal of Agricultural and Food Chemistry 51(8): 

2144-2155. 

Wan A. H. L., Davies S. J., Soler‐Vila A., Fitzgerald R., Johnson M. P., 2019 Macroalgae as 

a sustainable aquafeed ingredient. Reviews in Aquaculture 11(3):458-492. 
 
 

 
 
 
 
 
 
Received: 28 April 2026. Accepted: 12 May 2026. Published online: 29 June 2026. 
Authors: 
Jurmin Hamad Sarri (JHS), Department of Aquatic Resources and Management, College of Oceanography, 
Fisheries, Environmental Science and Technology, Mindanao State University-Tawi-Tawi College of Technology 
and Oceanography, Sanga-Sanga Street, Bongao, Tawi-Tawi, 7500, Philippines, e-mail:  
jurminsarri@msutawi-tawi.edu.ph  
Al-Nasrif Halikul Kissae (ANHK), Department of Fisheries, College of Fisheries, Mindanao State University-Sulu, 
Sulu, 7400, Philippines, email: al-nasrif.kissae@msusulu.edu.ph 
Raida Kalim Hassan (RKH), Department of Aquaculture, College of Oceanography, Fisheries, Environmental 
Science and Technology, Mindanao State University-Tawi-Tawi College of Technology and Oceanography, 
Sanga-Sanga Street, Bongao, Tawi-Tawi, 7500, Philippines, e-mail: raidahassan@msutawi-tawi.edu.ph  
Fatima Nhidzlah Tan Ensano (FNTE), Department of Aquaculture, College of Oceanography, Fisheries, 
Environmental Science and Technology, Mindanao State University-Tawi-Tawi College of Technology and 
Oceanography, Sanga-Sanga Street, Bongao, Tawi-Tawi, 7500, Philippines, e-mail: nhidzlah13@gmail.com  
Melodina Dindin Hairol (MDH), Department of Aquaculture, College of Oceanography, Fisheries, Environmental 
Science and Technology, Mindanao State University-Tawi-Tawi College of Technology and Oceanography, 
Sanga-Sanga Street, Bongao, Tawi-Tawi, 7500, Philippines, e-mail: melodinahairol@msutawi-tawi.edu.ph 
Emely Morales Talaid (EMT), Department of Aquatic Resources and Management, College of Oceanography, 
Fisheries, Environmental Science and Technology, Mindanao State University-Tawi-Tawi College of Technology 
and Oceanography, Sanga-Sanga Street, Bongao, Tawi-Tawi, 7500, Philippines, e-mail: 
emelytalaid@msutawi-tawi.edu.ph  
Wahaymin Maing Jamil (WMJ), Department of Aquaculture, College of Oceanography, Fisheries, Environmental 
Science and Technology, Mindanao State University-Tawi-Tawi College of Technology and Oceanography, 
Sanga-Sanga Street, Bongao, Tawi-Tawi, 7500, Philippines, e-mail: wahayminjamil@msutawi-tawi.edu.ph 
Rizal Jhunn Falcatan Robles (RJFR), Department of Aquaculture, College of Oceanography, Fisheries, 
Environmental Science and Technology, Mindanao State University-Tawi-Tawi College of Technology and 
Oceanography, Sanga-Sanga Street, Bongao, Tawi-Tawi, 7500, Philippines, e-mail:  
rizaljhunnrobles@msutawi-tawi.edu.ph 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Sarri J. H., Kissae A. N. H., Hassan R. K., Ensano F. N. T., Hairol M. D., Talaid E. M., Jamil W. M., Robles R. J. 
F., 2026 Macroalga Ulva sp. and malunggay Moringa oleifera as dietary additives in the growth, survival, and 
feed efficiency of Mozambique tilapia (Oreochromis mossambicus) juvenile in pond culture. AACL Bioflux 
19(3):1453-1463. 

mailto:jurminsarri@msutawi-tawi.edu.ph
mailto:al-nasrif.kissae@msusulu.edu.ph
mailto:raidahassan@msutawi-tawi.edu.ph
mailto:nhidzlah13@gmail.com
mailto:melodinahairol@msutawi-tawi.edu.ph
mailto:emelytalaid@msutawi-tawi.edu.ph
mailto:wahayminjamil@msutawi-tawi.edu.ph
mailto:rizaljhunnrobles@msutawi-tawi.edu.ph

