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INTRODUCTION  

 

 Egypt's aquaculture industry, which includes the cultivation of species such as the 

Nile tilapia, catfish, and shrimp, is a significant contributor to employment and food 

security (FAO, 2023). Despite the growth of the sector, challenges related to disease 

control, water quality, and the need for improved infrastructure and technology still persist 

(Rossignoli et al., 2023). In tropical and subtropical countries, one of the most extensively 

farmed fish species is the Nile tilapia (Oreochromis niloticus) (Ogello et al., 2014). It 
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Two strains of Lactobacillus were used for azolla fermentation in the monosex 

Nile tilapia (Oreochromis niloticus) to determine the optimal conditions for 

rearing systems in terms of feed replacement ratio. Researchers investigated the 

impact on growth performance, feed utilization, digestive enzyme activity, 

antioxidant response, and body composition. The fish had an average initial 

weight of 15.60 ± 0.12 g. A 90-day feeding trial was conducted to evaluate the 

benefits of solid-state fermentation using Saccharomyces cerevisiae (SFAM), 

Bacillus subtilis (BFAM), or a combination of both (SFAM + BFAM), 

incorporating fermented azolla as a feed ingredient. Seven isocaloric and 

isonitrogenous diets (each containing 30% crude protein) were formulated: T1 

(control, without azolla), T2 (BFAM-10%), T3 (BFAM-25%), T4 (SFAM-10%), 

T5 (SFAM-25%), T6 (Mix SFAM + BFAM-10%), and T7 (Mix SFAM + BFAM-

25%). Fish were fed twice daily. The results showed that the T3 diet (BFAM-

25%) led to the most significant improvements in growth performance, feed 

intake, and economic efficiency compared to all other treatments. These findings 

suggest that, under the given experimental conditions, fermented azolla—

specifically BFAM at 25% inclusion—can effectively replace up to 25% of 

soybean meal protein in the diets of the monosex Nile tilapia fingerlings, without 

compromising performance or profitability. 
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serves as a major source of animal protein and is one of the primary sources of income in 

many regions (Yakubu et al., 2012). 

 Proper nutrition is essential for fish growth, health, and economic viability in 

aquaculture (FAO, 2020). Feed formulation is typically influenced by nutritional value, 

cost-effectiveness, and availability (Robinson & Li, 2008). Due to the increasing cost of 

traditional ingredients and the need for sustainability, alternative fish diets are being 

explored (FAO, 2016). According to Gao et al. (2024), common alternatives include 

soybean meal, pea protein, corn, cricket and mealworm protein, microalgae, yeast, 

fermented ingredients, seaweed, and food production byproducts. 

 Azolla, a free-floating water fern commonly found in tropical and subtropical 

regions, is gaining popularity as an alternative aquafeed ingredient due to its high protein 

content, rapid growth, and nutritional benefits (Hemalatha et al., 2020). Research has 

shown that fish such as tilapia and carp exhibit improved growth performance, feed 

conversion ratios (FCR), feed intake, and immunity when azolla is partially substituted for 

conventional feed (Abdel-Tawwab, 2008; Ghodake & Kalita, 2015). Azolla is also cost-

effective and accessible for inclusion in fish diets. However, plant-based feeds often 

present challenges, such as low digestibility, reduced palatability, and the presence of anti-

nutritional factors (ANFs). Fermentation is a promising solution to these issues. 

 Fermenting plant-based fish feed, particularly with the addition of probiotics, can 

reduce ANFs and improve gut health. Fermented feeds containing beneficial 

microorganisms like Lactobacillus, Bacillus and various yeasts have been found to enhance 

fish growth, immune response, and overall health, while also improving nutrient 

availability and minimizing the environmental impact of aquaculture (Mohammady et al., 

2024). 

 The objective of this experiment was to investigate the effects of fermented 

azolla—treated with Saccharomyces cerevisiae, Bacillus subtilis, and a combination of 

both (BFAM+SFAM)—on the growth performance, feed efficiency, and total nutrient 

digestibility in fish. 

 

 

MATERIALS AND METHODS  

 

           This research was conducted at the Cairo Regional Center for Food and Feed, Fish 

Research Unit. The objective of this experiment was to assess how different fermentation 

treatments using Saccharomyces cerevisiae, Bacillus subtilis, and a combination of both 

(BFAM+SFAM) affected feed efficiency, growth performance, nutrient digestibility, 

antioxidant status, proximate whole-body composition, and the economic evaluation of the 

monosex Nile tilapia (Oreochromis niloticus) fingerlings. 
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Tank preparation 

 Twenty-one 120-liter tanks were utilized for the study. The fish culture medium 

was freshwater, which had been aerated for 24 hours to elevate dissolved oxygen levels. 

Water quality parameters were monitored daily using a dissolved oxygen meter (Jenway 

Ltd., Model 970-DO, Staffordshire, ST15 0SA, UK) and a pH meter (Jenway Ltd., Model 

350-pH, Staffordshire, ST15 0SA, UK). Ammonia (NH₃) levels were assessed daily using 

a Hanna meter, while total ammonia nitrogen (TAN) was measured every two days with a 

spectrophotometer. Each tank received biweekly partial water replacement using fresh 

groundwater, amounting to approximately one-third of the tank’s volume. According to 

Devi and Bhatnagar (2013), these water quality parameters fall within the acceptable 

range for rearing the Nile tilapia. 

Solid-state fermentation of Azolla meal 

 Lactic acid bacteria (LAB), yeast, and microorganisms were uniformly mixed with 

Azolla pinnata at a ratio of 1g per 100g of substrate for fermentation (Surianti et al., 2021). 

The process began with weighing 1kg of Azolla, and the fermentation was conducted at the 

Cairo Regional Center for Food and Feed, Fish Research Unit. The substrate was 

autoclaved at 121°C for 20 minutes and then divided into three parts for different 

fermentation treatments: 

1. Yeast fermentation (SFAM) 

 Following the method of Yabaya et al. (2009), 1.1L of distilled water (50% 

moisture) and 60.5mg of commercial dry yeast (S. cerevisiae, Fermipan®, GB Ingredients, 

China) were added to 2kg of autoclaved Azolla meal. The mixture was homogenized for 

15 minutes to reach a cell density of 3 × 10⁶ CFU/g. Fermentation was carried out for 72 

hours at 40°C (optimal for S. cerevisiae) in a 10-liter glass basin covered with aluminum 

foil. 

2. Bacterial fermentation (BFAM) 

 According to Joshi et al. (2011), 2kg of Azolla meal was inoculated with 600mL 

of B. subtilis inoculum sourced from the Microbiological Resources Center (MIRCEN), 

Faculty of Agriculture, Ain Shams University, Cairo, Egypt. The bacterial inoculum (E20 

strain) was incubated under controlled conditions (65% relative humidity, 37 °C) for 72 

hours in a biochemical oxygen demand (BOD) chamber. 

3. Mixed fermentation (SFAM + BFAM) 

 Equal portions (1:1) of the SFAM and BFAM products were blended. From each 

treatment—SFAM, BFAM, and the mixture—10g was taken to analyze the chemical 

composition and anti-nutritional factors (ANFs). 
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 Following fermentation, all Azolla meals were dried at 105°C for 3 hours to 

terminate microbial activity. Final drying was completed at 70°C until constant weight was 

achieved for each treatment. The analysis of ash, crude protein, fiber, and lipids was 

conducted both at the beginning and after 72 hours of fermentation using standard AOAC 

methods (AOAC, 2022). Table (1) presents the nutritional composition of the fermented 

azolla before and after fermentation. 

Table 1. Effect of fermentation on chemical composition of Azolla meal (% on DM basis) 

Chemical composition RAM BFAM SFAM MIX(B+S)  

Dry Matter 9.95 8.60 8.50 8.50 

Crude protein 29.2 35.8 33.50 34.01 

NDF 35.56 30.60 31.50 31.30 

Ether extract 3.9 3.8 3.6 3.8 

Ash 15.9 16.2 16.1 16.1 

RAM azolla meal, BFAM: azolla meal fermented by Bacillus subtilis, SFAM: azolla meal fermented by 

Saccharomyces cerevisiae, Mix (B+S): azolla meal fermented by Bacillus subtilis + Saccharomyces 

cerevisiae. 

Determination of anti-nutritional factors (ANF's) 

 Antinutritional compounds were identified in both fermented and unfermented 

plant material samples. Benzoyl-DL-arginine-p-nitroanilide (BAPA) was used as a 

substrate in the enzymatic colorimetric method to measure trypsin inhibitory activity 

(Smith et al., 1980). The Folin-Denis reagent was employed in a spectrophotometric 

method to determine both hydrolyzable and condensed tannins (Price & Butler, 1977; 

Earp et al., 1981). Phytates (measured as phytic acid activity) were detected at 492nm 

using an enzymatic-spectrophotometric method (Cat No. K-PHYT, Megazyme 

International Ireland Ltd., Wicklow, Ireland). Oxalates were identified using HPLC. The 

results of these analyses are presented in Table (2). 

Table 2. Effect of fermentation on anti-nutritional factors of Azolla meal 

Anti-nutritional substances RAM BFAM SFAM Mix(B+S) 

Trypsin inhibitor (mg. g-1) 1.84 1.47 1. 56 1.51 

Phytates (% phytic ac.) 0.16 0.14 0.15 0.15 

Soluble Tannins% 0.44 N d Nd Nd 

Oxalates% 1.67 0.19 0.20 0.20 

RAM azolla meal, BFAM: azolla meal fermented by Bacillus subtilis, SFAM: azolla meal fermented by 

Saccharomyces cerevisiae, Mix (B+S): azolla meal fermented by Bacillus subtilis + Saccharomyces 

cerevisiae. 

Determination of amino acid composition 



2149 
Impact of Fermented Azolla on the Monosex Nile Tilapia Fingerlings' Growth Performance and Feed 

Utilization  
 

 An automated amino acid analyzer was used to determine the amino acid 

compositions of Azolla meal (AM), yeast-fermented azolla meal (SFAM), bacteria-

fermented Azolla meal (BFAM), and the combined treatment (SFAM + BFAM). Analyses 

were conducted at the Central Laboratory of Suez Canal University, after samples were 

hydrolyzed with 6M HCl for 24 hours at 110°C (Bassler & Buchholz, 1993). Prior to acid 

hydrolysis, sulfur-containing amino acids were oxidized using performic acid. The results 

of the amino acid analysis are presented in Table (3). 

 

Table 3. Effect of fermentation on amino acid composition of Azolla meal (g/100g-1DM) 

Item RAM BFAM SFAM Mix(B+S) Amino acid 

requirement 

Arginine 1.14 1.52 1.45 1.48 1.18 

Histidine 0.45 0.53 0.52 0.52 0.48 

Lysine 0.99 1.10 1.05 1.07 1.43 

Methionine 0.44 0.57 0.55 0.56 0.75 

Leucine 1.55 1.66 1.60 1.62 0.95 

Isoleucine 0.93 1.12 1.10 1.11 0.87 

Threonine 0.88 0.95 0.92 0.93 1.05 

Phenylalanine 1.01 0.99 0.93 0.95 0.28 

Valine 1.19 1.50 1.42 1.45 0.78 

Tryptophan 0.50 0.65 0.59 0.60 0.28 

RAM azolla meal, BFAM: azolla meal fermented by Bacillus subtilis, SFAM: azolla meal fermented by 

Saccharomyces cerevisiae, Mix (B+S): azolla meal fermented by Bacillus subtilis + Saccharomyces 

cerevisiae. 

Experimental diets 

        Experimental diets were formulated to contain approximately 30% crude protein and 

a protein-to-energy ratio of around 65mg protein/kcal, with an estimated gross energy of 

465 kcal/100g. All diets were isonitrogenous (7 diets in total). The proximate chemical 

composition of the experimental diets is shown in Table (4). 

 The control diet (T1) contained 400g/ kg soybean meal without any azolla 

inclusion. Diets T2 and T3 included fermented azolla with Bacillus subtilis at inclusion 

levels of 10 and 25%, respectively. Diets T4 and T5 included fermented azolla with 

Saccharomyces cerevisiae at 10 and 25% levels, respectively. Diets T6 and T7 contained 

fermented azolla with a combination of B. subtilis and S. cerevisiae (Mix B+S), also at 10 

and 25% inclusion levels. 

 Each diet contained 5g/ kg of chromic oxide (Cr₂O₃) as an inert marker to assess 

nutrient digestibility. 
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 Dry ingredients including fish meal, soybean meal, fermented azolla meal, rice 

bran, yellow maize, and wheat bran were mixed thoroughly with soybean oil for five 

minutes. The mixture was then processed using a California Pellet Mill (San Francisco, 

CA, USA) to form 2-mm diameter pellets. The pellets were dried at 60°C for four hours 

and stored at −20°C until use. 

Experimental fish and culture technique 

 The monosex Nile tilapia (Oreochromis niloticus) fingerlings were obtained from 

a private hatchery in Damietta Governorate, Egypt. The fish had an average initial weight 

of 15.60 ± 0.12 g. They were acclimatized for two weeks at the Regional Center for Food 

and Feed in Cairo, Egypt, prior to the start of the experiment. 

 The feeding trial lasted for 90 days. Fish were fed the control diet (30% crude 

protein) twice daily at 9:00 a.m. and 3:00 p.m. to apparent satiation. A total of 315 

fingerlings were used in the experiment. The fish were randomly distributed into fiberglass 

tanks (70 × 60 × 50 cm), with each of the seven treatments assigned three replicates. Each 

tank was stocked with 15 fish. 

 Approximately one-third of the water volume in each tank was replaced daily. 

Uneaten feed was siphoned out 30 minutes after feeding, dried, and weighed to calculate 

feed consumption. Feed intake per fish over the 90-day period was recorded. 

 Both diet samples and whole fish samples were analyzed for moisture, crude 

protein, crude fat, and ash following standard procedures outlined by AOAC (2022). 

Table 4. Ingredients and chemical composition of dietary treatments (% DM basis) 

Item T1 T2 T3 T4 T5 T6 T7 

Fish meal 9 9 9 9 9 9 9 

Soybean meal 40 33 24 33 24 33 24 

BFAM - 10 25 0 0 0 0 

SFAM - 0 0 10 25 0 0 

Mix(B+S) _ 0 0 0 0 10 25 

Yellow corn 25 16 10 16 10 16 10 

Corn Gluten 5 5 5 5 5 5 5 

Wheat bran 7 10 10 10 10 10 10 

Wheat rice 7 10 10 10 10 10 10 

Soybean oil 2 2 2 2 2 2 2 

Vitamin premix  2 2 2 2 2 2 2 

Mineral premix  2 2 2 2 2 2 2 

Binder (CMC) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Chromic oxide 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Chemical composition (on DM% basis) 

 Dry Matter DM 
90.09 89.87 88.85 89.28 89.30 89.75 89.88 

 Crude protein(CP) 30.48 30.54 30.45 30.50 30.55 30.54 30.48 

 Ether Extract (EE) 7.43 7.05 7.10 7.00 7.04 7.03 7.07 
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 Crude Fiber (CF) 5.50 5.78 5.84 6.01 5.90 5.91 5.98 

Ash 10.81 11.75 11.97 12.66 12.50 12.01 12.02 

NFE 45.22 55.12 55.36 55.41 55.99 55.49 55.55 

 Gross Energy (GE) 

(kcal/100g) 465.26 465.71 466.65 466.20 469.23 467.04 467.33 

P/E ratio 65.51 65.57 65.25 65.42 65.10 65.39 65.22 

BFAM: azolla meal fermented by Bacillus subtilis, SFAM: azolla meal fermented by Saccharomyces 

cerevisiae, Mix (B+S): azolla meal fermented by Bacillus subtilis + Saccharomyces cerevisiae, CMC: 

Carboxymethyl cellulose, NFE: Nitrogen free extract = 100 - (%protein +% lipid +% fiber +%ash), GE: 

Gross Energy based on protein (5.65 Kcal/g), fat (9.45 Kcal/g) and carbohydrate (4.11Kcal/g), P/ E ratio: 

Protein to energy ratio in mg protein/kcal of gross energy, each Kg vitamin & mineral mixture premix 

contained Vitamin A, 4.8 million IU, D3, 0.8 million IU;  E, 4g; K, 0.8g; B1,0.4g; Riboflavin,1.6g; B6,0.6g, 

B12,4mg; Pantothenicacid,4 g; Nicotinic   acid,8g; Folic acid,0.4g Biotin,20mg, Mn, 22g; Zn, 22g; Fe,12g; 

Cu, 4g; I,0.4 selenium, 0.4gandCo, 4.8mg (NRC, 2011). 

 

Growth performance parameters 

• Body Weight Gain (BWG): Weight gain (g/fish) = Final weight (g) – Initial 

weight (g) (Carlos, 1988). 

• Average Daily Gain (ADG): ADG = (W2 – W1) / T, where W2 = final weight, 

W1 = initial weight, and T = duration in days (De Silva & Anderson, 1995). 

• Relative Growth Rate (RGR): RGR (%) = [(W2 – W1) / W1] × 100, where W1 = 

initial weight and W2 = final weight (De Silva & Anderson, 1995). 

• Specific Growth Rate (SGR): SGR (%) = [ln(final weight) – ln(initial weight)] × 

100 / time in days (El-Sayed & Kawanna, 2004). 

Feed utilization parameters 

• Feed Conversion Ratio (FCR): FCR = Dry feed intake (g) / Wet weight gain (g). 

• Feed Efficiency Ratio (FER): FER (%) = Body weight gain (g) / Dry matter feed 

intake (g) × 100. 

• Protein Efficiency Ratio (PER): PER (%) = Body weight gain (g) / Protein intake 

(g on DM basis) × 100. 

• Protein Productive Value (PPV): PPV = (P2 – P1) / Pf, where P1 = protein 

content in fish carcass at the start of the experiment (g), P2 = protein content at 

the end (g), and Pf = total protein intake during the experiment (g, DM basis) (El-

Sayed & Mansour, 2003). 

Survival rate (SR) 

SR (%) = (Nt / No) × 100, where Nt = total number of fish that survived by the end of the 

experiment, and No = total number of fish at the start (Biswas et al., 2005). 

Digestibility study 
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       Two months after the experiment began, feces were collected daily from each pond in 

the morning before feeding, and this was continued for one month. As described by El-

Saidy and Gaber (2002), the feces were collected on filter paper and dried. Fecal samples 

collected over a ten-day period were pooled, and then freeze-dried prior to analysis. 

Chemical analysis was conducted according to the AOAC (2022) standards. 

 Chromic oxide was used as an inert marker for digestibility studies, as it is a 

validated method widely used in fish nutrition research. Chromic oxide content was 

determined using the procedure described by Furukawa (1966). The apparent nutrient 

digestibility coefficients (ADC) were calculated using the formula proposed by Schneider 

et al. (2004): 

ADC dietary nutrient=

Total digestible nutrients (TDN) 

 Total digestible nutrients were calculated using the following formula: 

% digestible crude protein + % digestible crude fiber + % digestible N-free extract + (2.25 

x % digestible ether extract). % TDN = % DCP + % DCF + % DNFE + (2.25 x % DEE) 

Where: 

• DCP = Digestible Crude Protein 

• DCF = Digestible Crude Fiber 

• DNFE = Digestible Nitrogen-Free Extract 

• DEE = Digestible Ether Extract 

The factor 2.25 accounts for the higher energy yield from fat oxidation, as fats provide 

approximately 2.25 times more energy than carbohydrates. 

 

Proximate chemical analysis 

Proximate analysis of the fish body composition and diet was conducted following the 

AOAC (2022) methodology. Whole fish samples collected before and during the 

experiment were ground and homogenized for analysis. 

• Moisture content was determined by drying the samples at 105°C for 24 hours. 

• Ash content was measured using a muffle furnace (Nabertherm B150, Bremen, 

Germany) at 550°C for 5 hours. 

• Crude protein was calculated by the Kjeldahl method (N × 6.25) using a VELP 

Scientifica UDK 149 system (Usmate Velate, Italy). 

• Crude lipid content was determined using a Soxhlet extraction system (VELP 

Scientifica SER 148, Usmate Velate, Italy) with petroleum ether (boiling point 40–

60°C). 

Economical evaluation  

        Scientists are continuously exploring low-cost, readily available, and unconventional 

feedstuffs capable of supporting healthy and high-yield fish production, due to the high 
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cost and limited availability of traditional aquafeed ingredients. In developing countries, 

fish farmers must utilize affordable, locally sourced ingredients in aquafeed formulations 

to counter rising protein costs and increasing demand for conventional feed sources 

(Panigrahi et al., 2014). 

 A simple economic analysis was employed to calculate the feed cost required to 

increase fish biomass. The calculation was based on the local retail market prices of dietary 

ingredients at the time of the study (Eid & Mohamed, 2008). 

The local ingredient prices (in LE/kg) were as follows: 

• Herring fish meal: 60.0 

• Fermented Azolla by Saccharomyces cerevisiae: 12.0 

• Fermented Azolla by Bacillus subtilis: 11.0 

• Fermented Azolla by Mix (S. cerevisiae + B. subtilis): 11.50 

• Wheat bran: 12.0 

• Wheat rice: 12.0 

• Corn gluten: 60.0 

• Soybean meal: 30.0 

• Corn meal: 12.0 

• Soybean oil: 50.0 

• Vitamin premix: 50.0 

• Mineral premix: 50.0 

Economic Evaluation Formulae: 

1. Cost/kg diet (LE) 

= Cost per kg of the diet (based on ingredient prices) 

2. Consumed feed to produce 1 kg fish (kg) 

= Feed intake per fish over the study period ÷ Final weight per fish (kg/kg) 

3. Feed cost per kg fresh fish (LE) 

= Step 1 × Step 2 

4. Relative % of feed cost/kg fish 

= (Step 3 result ÷ Highest value in Step 3) × 100 

5. Feed cost per 1 kg gain (LE) 

= Feed intake per kg gain × Step 1 

6. Relative % of feed cost per kg gain 

= (Step 5 result ÷ Highest value in Step 5) × 100 

Statistical analysis 

 The mean ± SE of three replicates is accustomed to present the results. SAS was 

used to examine the average values for every parameter under observation using a one-way 

ANOVA. According to Duncan (1955), differences were deemed significant for all 

analyses at P< 0.05. 

RESULTS  
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Water quality 

            Table (5) indicates that a significant difference in pH was observed between the 

fermented diet groups and the control. Water temperature remained consistent across all 

tanks. The levels of pH, NH₃, and TAN decreased slightly but significantly (P< 0.05) in 

the fermentation treatment groups compared to the control. All water quality parameters 

remained within the optimal range for tilapia culture, as established by Boyd (1990). 

Table 5. Water quality of tilapia experiment under the influence of different fermentation 

levels of Azolla (% on DM basis) 

Parameters 

 

T1 T2 T3 T4 T5 T6 T7 

c
o

Temp  

 

28.30± 0.11 28.27± 0.01 28.29± 0.04 28.28± 0.13 28.26± 0.10 28.25± 0.16 28.28± 0.09 

PH 7.90± 0.05 7.60± 0.04 7.50± 0.05 7.80± 0.00 7.60± 0.01 7.66± 0.03 7.55± 0.02 

Dissolved 

oxygen  

 

6.90± 0.05 7.20± 0.05 7.20± 0.05 6.95± 0.05 7.15± 0.05 7.15± 0.05 7.20± 0.05 

TAN (ppm) 1.02 ± 0.00 0.87 ± 0.001 0.68 ± 0.002 0.76 ± 0.0031 0.89 ± 0.00 0.77 ± 0.002 0.90 ± 0.003 

NH3 (ppm) 

 

0.105± 0.00 0.066± 0.00 0.063± 0.00 0.075± 0.0001 0.065± 0.0002 0.067± 0.000 0.063 

Nutritional value of Azolla after solid state fermentation 

         After both solid-state fermentation (SSF) procedures using S. cerevisiae, B. subtilis, 

and their combination (Mix B+S), the chemical composition of Azolla meal (AM) 

improved significantly at 72 hours, according to the study’s findings. Additionally, all 

nutritional parameters were considerably higher in BFAM compared to the Mix (B+S) and 

SFAM treatments. 

 As shown in Table (2), after 72 hours of SSF with B. subtilis E20, S. cerevisiae, 

and their combination (SFAM + BFAM), crude protein levels were higher than in raw 

Azolla meal, while crude fiber levels were lower. After 72 hours, consistent changes were 

observed in crude protein, crude lipid, fiber, and ash content across all fermentation 

treatments—BFAM, SFAM, and the mix (SFAM + BFAM). 

 In this study, crude protein increased from 29.20% in raw Azolla to 35.80% in 

BFAM, 34.01% in the Mix (SFAM + BFAM), and 33.50% in SFAM. Similarly, NDF% 

decreased from 35.56% in raw Azolla to 30.60% in BFAM, 31.30% in the Mix, and 31.50% 

in SFAM. As shown in Table (3), BFAM, Mix (B+S), and SFAM all had higher levels of 

essential, hydrolyzed, and total amino acids than raw Azolla meal. 

Growth performance 

 Growth variations were observed among the Nile tilapia fed the experimental diets. 

The control group (Diet 1) exhibited the lowest weight gain. As shown in Table (6), fish 

fed the T3 diet (BFAM-25%) achieved significantly higher (P< 0.05) final body weight 



2155 
Impact of Fermented Azolla on the Monosex Nile Tilapia Fingerlings' Growth Performance and Feed 

Utilization  
 

(FBW), weight gain (WG), relative growth rate (RGR), and average daily gain (ADG) 

compared to the control and other treatment groups. 

 Fish fed T3 (BFAM-25%) had the highest FBW, WG, and ADG, followed in 

descending order by T7 (Mix B+S 25%), T5 (SFAM-25%), T2 (BFAM-10%), T6 (Mix 

B+S 10%), and T4 (SFAM-10%). All experimental groups showed significant 

improvements (P< 0.05) over the control group. 

Table 6. Growth performance of the Nile tilapia under the influence of different 

fermentation levels of Azolla 

Item T1 T2 T3 T4 T5 T6 T7 

IW (g/ 

fish)  
15.14±0.31 15.14±0.03 15.53±0.09 15.05±0.1 15.40±0.01 15.04±0.04 15.48±0.5 

FW (g/ 

fish) 
86.10±0.39f 89.72±0.07d 95.76±0.0a 86.56±0.7f 91.37±0.0c 88.60±0.3e 92.58±0.6b 

WG (g/ 

fish) 
70.97±0.29g 74.58±0.10d 80.23±0.0a 71.51±0.6f 75.97±0.0c 73.56±0.3e 77.10±0.9b 

RGR 469.27±9.8c 492.69±1.6b 516.71±3.a 475.30±03c 493.39±0.b 
489.08±2.8

b 
498.05±20b 

ADG (g/ 

fish/day) 
0.79±0.00f 0.83±0.00d 0.89±0.00a 0.79±0.00f 0.84±0.00c 0.82±0.00e 0.86±0.00b 

SGR 1.37±0.09 1.48±0.00 1.51±0.01 1.45±0.00 1.48±0.00 1.47±0.00 1.48±0.00 

SR 93.33±0.00 97.78±2.22 97.78±2.22 95.56±2.22 97.78±2.22 95.56±2.22 97.78±2.22 

Means in the same row having different upper script letters are significantly different (P<0.05). 

IW: Initial weight, FW: Final weight, WG: Weight gain, RGR: Relative growth rate, ADG: Average daily 

gain, SGR: specific growth rate, SR: Survival (%).  

Feed efficiency parameters 

      As shown in Table (7), the indicators of feed consumption in the Nile tilapia fed the 

experimental diets varied significantly (P< 0.05). Fish fed the T3 diet (BFAM-25%) 

achieved the highest protein productive value (PPV), feed efficiency ratio (FER), protein 

efficiency ratio (PER), and the best feed conversion ratio (FCR). These were followed, in 

order, by fish fed diets T7, T5, T2, T6, and T4. Overall, fish receiving the T3 diet 

outperformed those fed T7 and T5 in terms of feed efficiency and growth performance 

across all replacement levels. Compared to all other treatments, the T3 group showed 

significantly (P< 0.05) greater values in PPV, FER, PER, and FCR. 

 

Table 7. Feed utilization of the Nile tilapia under the influence of different fermentation 

levels of Azolla 

Item T1 T2 T3 T4 T5 T6 T7 
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(FI) (g/ 

fish) 
105.51±0.5e 109.01±0.1c 113.30±0.06a 105.66±0.1e 110.27±0.62b 

107.97±0.28
d 

110.50±0.17
b 

(PI) (g/ 

fish) 
32.16±0.17d 33.29±0.04c 34.50±0.02a 32.23±0.03d 33.69±0.19b 32.97±0.09c 33.68±0.05b 

(FCR) 1.49±0.01a 1.46±0.00bc 1.41±0.00e 1.48±0.00a 1.45±0.01c 1.47±0.00b 1.43±0.00d 

(PER) 2.21±0.01f 2.24±0.00cd 2.33±0.00a 2.22±0.00ef 2.26±0.01c 2.23±0.01de 2.29±0.00b 

(FER) 67.27±0.33f 68.42±0.08cd 70.81±0.03a 67.68±0.01ef 68.90±0.32c 
68.13±0.17d

e 
69.77±0.08b 

(PPV) 52.02±0.04e 53.34±0.29cd 56.97±0.19a 52.11±0.34e 53.78±0.68c 
52.43±0.10d

e 
55.31±0.28b 

Means in the same row having different upper script letters are significantly different (P<0.05). 

FI: Feed intake, PI: Protein intake, FCR: Feed Conversion Ratio, PER: Protein Efficiency Ratio, FER: Feed 

Efficiency Ratio 

PPV: Protein Productive Value 

Anti-nutritional factors before and after fermentation  

Anti-nutritional factors, as shown in Table (2), were significantly reduced by 

fermentation. The level of trypsin inhibitor decreased from 1.84 to 1.47mg/ g in BFAM, 

1.56mg/ g in SFAM, and 1.51mg/ g in the mix (SFAM + BFAM). Phytates (phytic acid %) 

were also reduced from 0.16% in raw azolla to 0.14% in BFAM, and 0.15% in both the 

mix (SFAM + BFAM) and SFAM. Tannins were reduced from 0.44% to non-detectable 

levels. Oxalate content dropped significantly from 1.67 to 0.19% in BFAM, 0.20% in 

SFAM, and 0.20% in the mix. 

Apparent digestibility coefficient and total digestible nutrient (TDN) 

As shown in Table (8), there were significant differences (P< 0.05) among 

treatments for the apparent digestibility coefficients of dry matter, organic matter, crude 

protein, crude fiber, ether extract, nitrogen-free extract, and ash. The T3 group exhibited 

the highest improvement, with a 25% increase in both digestibility coefficient and overall 

nutrient digestibility. This was followed in order by T7 (Mix B+S 25%), T5 (SFAM 25%), 

T2 (BFAM 10%), T6 (Mix B+S 10%), and T4 (SFAM 10%). 

Table 8. The apparent digestibility co-efficient and total digestible nutrient (TDN) of the 

Nile tilapia under the influence of different fermentation levels of Azolla 

Item T1 T2 T3 T4 T5 T6 T7 

DM 66.68±0.43c 69.10±0.35ab 70.25±0.42a 68.60±0.59b 69.36±0.36ab 68.88±0.41ab 69.61±0.43ab 

OM 68.10±0.4d 70.54±0.25bc 71.92±0.34a 70.15±0.33c 71.03±0.29abc 70.15±0.26c 71.54±0.36ab 

CP 68.07±0.56c 69.71±0.58bc 72.10±0.61a 69.23±0.66bc 70.88±0.51ab 69.59±0.63bc 71.58±0.41a 

CF 60.58±0.56d 62.58±0.64c 65.30±0.53a 61.58±0.59cd 63.28±0.46bc 61.93±0.41cd 64.82±0.50ab 

EE 65.92±0.20d 67.75±0.17c 69.82±0.12a 67.68±0.16c 69.09±0.12b 67.72±0.13c 69.20±0.19b 

NFE 73.620.31d 76.99±0.24bc 78.09±0.27a 76.24±0.33c 77.18±0.31abc 76.51±0.27c 77.54±0.29ab 

Ash 64.05±0.24d 66.60±0.22b 67.72±0.19a 65.65±0.17c 67.36±0.16a 66.07±0.19bc 67.40±0.19a 

TDN 68.80±0.37c 70.21±0.18b 71.70±0.12a 68.89±0.34c 70.30±0.31b 69.53±0.11bc 71.17±0.28a 
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Means in the same row having different upper script letters are significantly different (P<0.05). DM: 

Dry matter, OM: organic matter, CP: crude protein, CF: crude fiber, Either extract, NFE: N-free 

extract, TDN: Total Digestible Nutrient 

Body chemical composition 

The protein content increased significantly (P< 0.05) by the end of the experiment; 

however, as shown in Table (9), there were no significant changes in the fish's proximate 

composition in terms of dry matter or ash. The total body crude lipid content did not differ 

significantly from the control, although treatment T3 showed the most effective reduction. 

Table 9. Body chemical composition of the Nile tilapia under the influence of different 

fermentation levels of Azolla (% on DM basis) 

Treatments Dry matter crud protein crude fat Ash 

Initial 22.40±0.10 50.30±0.09 18.71±0.07 22.18±0.07 

T1 28.28±0.08 53.58±0.09c 22.26±0.14 14.98±0.14 

T2 29.05±0.15 54.95±0.14c 21.13±0.14 15.59±0.14 

T3 29.21±0.14 58.56±0.14a 21.91±0.15 15.63±0.12 

T4 28.80±0.12 53.93±0.18c 22.19±0.14 15.44±0.14 

T5 29.06±0.14 55.78±0.14c 22.08±0.12 15.59±0.11 

T6 28.83±0.10 54.11±0.10c 22.15±0.15 15.47±0.16 

T7 29.10±0.08 56.92±0.14b 21.98±0.14 15.63±0.13 

p-values 0.589 0.0021 0.958 0.579 

Means in the same row having different upper script letters are significantly different (P<0.05). 

Economical evaluation 

       Table (10) presents the financial efficiency calculations of the experimental diets, 

based on feed cost, cost per kilogram of weight gain, and the relative percentage compared 

to the control group. The lowest feed cost per kilogram of weight gain (35.53 LE) and the 

lowest relative percentage (84.92%) were recorded in the group fed T3 (BFAM-25%). This 

was followed, in order, by T7 (Mix 25%), T5 (SFAM-25%), T2 (BFAM-10%), T6 (Mix 

10%), and T4 (SFAM-10%). 

Table 10. Economical evaluation of the Nile tilapia under the influence of different 

fermentation levels of Azolla 

Parameter CON T1 T2 T3 T4 T5 T6 T7 

Cost/ Kg Diet (L.E) 28.08 26.72 24.95 26.82 25.20 26.77 25.08 

Feed intake (Kg) 0.105 0.109 0.113 0.105 0.110 0.107 0.110 

Feed intake cost per Kg fresh (LE) 2.95 2.91 2.81 2.81 2.77 2.82 2.76 

Relative to feed cost % 100 98.64 95.25 95.25 93.89 96.94 93.55 

FCR 1.49 1.46 1.41 1.48 1.45 1.47 1.43 

Feed cost/ 1kg gain (EGP) 41.83 39.16 35.53 39.69 36.54 39.42 36.03 

Relative % of feed cost/ kg fish 100 93.59 84.92 94.86 87.33 94.22 86.11 
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DISCUSSION 

 

           The study's findings showed that at 72 hours, the chemical composition of Azolla 

meal (AM) improved following both SSF treatments by S. cerevisiae, B. subtilis, and the 

mix (B+S) (Table 2). In BFAM, every nutritional metric was noticeably greater than the 

mix (B+S) and SFAM treatments. The results in the study are shown in Table (2) and 

showed that after solid-state fermentation (SSF) for 72 hours by B. subtilis E20, S. 

cerevisiae, and mix (SFAM + BFAM), the crude protein was higher than in raw Azolla 

meal. After 72 hours, there were consistent changes in the amounts of crude protein, crude 

lipid, fiber, and ash in BFAM, SFAM, and the blend (SFAM + BFAM). Crude fiber was 

also lower than in raw Azolla meal. 

 In the current study, protein increased from 29.20 in raw Azolla to 35.80 in BFAM, 

34.01 in mix (SFAM + BFAM), and 33.50 in SFAM. While NDF% diminished from 35.56 

to 30.60 in BFAM, 31.30 in mix (SFAM + BFAM), and 31.50 in SFAM. The addition of 

microbial protein during the biological process of fermentation, as well as increases in the 

total amount of accessible amino acids in BFAM, SFAM, and mix (SFAM + BFAM), may 

be responsible for the study's notable rise in crude protein content of AM following 

hydrolysis (Hassaan et al., 2015). These findings concur with those of Ismail et al. (2021), 

who discovered that fermentation had an impact on A. pinnata's CP and fiber content. 

While NDF% decreased from 35.55 to 31.43, CP% effectively increased from 21.5 to 

22.3%. Additionally, following hydrolysis with rumen digestive fluid, Azolla pinnata meal 

showed a satisfactory increase in protein content from 33.83 to 34.03 while reducing crude 

fiber by up to 7.80%. Similarly, the gross energy of BSFA enhanced by 1.54%. According 

to Table (3), the total hydrolyzed essential and amino acid content of BFAM, Mix (B+S), 

and SFAM was more than that of raw Azolla meal. Additionally, BFAM had higher levels 

of methionine and lysine than Mix (B+S) and SFAM. 

 Ismail et al. (2021) stated that protease enzymes produced following fermentation 

contributed to the improvement of the amino acid profile. In addition, fermentation raised 

the quantities of the amino acids valine, arginine, methionine, and threonine in comparison 

to crude A. pinnata. Our investigation found that the fermentative activity of SSF by S. 

cerevisiae or B. subtilis caused the fiber content to decrease from 35.56 to 30.60, 31.50, 

and 31.30. The fibrinolytic enzymes (cellulase, xylanase, amylases, hemicellulose, β-

glycosidase, pectinases, and α-galactosidase) generated during fermentation may be 

responsible for the reduction in crude fiber content, as stated by (Hassaan et al., 2017). 

 The anti-nutritional components in Table (4) were significantly reduced by 

fermentation. In the current study, SSF generated by B. subtilis or S. cerevisiae had the 

greatest effect on reducing the quantity of ANFs in Azolla meal. These results could most 
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likely also be the result of various enzymes being secreted throughout the fermentation 

process. These findings corroborate those of Cruz et al. (2011). In fermented aquatic 

macrophytes, they reported that the levels of phytates (less than 1.5 g/kg phytic acid), 

tannins (not detectable), oxalate (almost nonexistent), and trypsin inhibitor decreased from 

1.86 to 1.37mg/ g. Additionally, following SSF treatments, Hassaan et al. (2017) 

discovered that ANFs in soybean meal and Jatropha seed meal dramatically decreased. 

Furthermore, SSF employing several fungal species significantly reduced the amounts of 

phytate, lectin, trypsin inhibitors, and saponin (Belewu & Sam, 2010). 

 Based on these results, we may conclude that Azolla meal fermentation enhances 

the product's nutritional value as a feed ingredient in addition to its physiochemical quality. 

Additionally, growth parameters—when compared to the Nile tilapia fed the control diet 

and other experimental diets—were significantly (P< 0.05) greater in T3 (BFAM-25). Our 

increasing results may be explained by Liu et al. (2012), who found that the exoenzymes 

(lipases and proteases) secreted by B. subtilis improve growth by promoting nutrient 

digestibility in grouper fish (Epinephelus coioides) fed a diet containing B. subtilis. 

Additionally, several B. subtilis species produced vitamins and amino acids, which are 

necessary nutrients. This consequently enhances feed intake and growth. 

 Our results agree with those of Laila et al. (2021), who used raw Azolla (RA) and 

fermented Azolla (FA) to feed the monosex Nile tilapia fingerlings (Oreochromis niloticus) 

at RA levels of 10% (10RA), 20% (20RA), 30% (30RA), and 40%. Fish fed diets with 

20RA, 20FA, and 30FA outperformed the control group regarding growth performance. 

Fish fed with FA had a higher survival percentage following the feeding trial (74%). 

Similarly, fermented Azolla was employed at different levels in the diet of tilapia fry 

(Hundare et al., 2018), including 0, 10, 20, and 30% fermented Azolla. Length gain, 

weight gain, specific growth rate, average daily growth, and survival were all significantly 

(P< 0.05) greater in the 20% fermented Azolla treatment. The effects of a 25% Azolla 

pinnata diet on the Thai silver barb development were examined by Das et al. (2018). They 

found that average growth rate, net output rate, and specific growth rate did not 

significantly differ between the experimental and control groups. All groups showed 

survival rates above 97% with no appreciable differences, indicating that fermented Azolla 

(FA) had no effect on fish mortality. 

 Additionally, the feed utilization indices of the monosex Nile tilapia fingerlings 

given the experimental diets varied considerably (P< 0.05); fish fed at T3 had the greatest 

PPV, FER, PER, and best FCR, followed by T7, T5, T2, T6, and T4. Fish fed a diet 

containing T3 generally outperformed those fed diets containing T7 and T5 regarding 

growth performance and feed utilization across all replacement levels. Compared to other 

treatments, the T3 (BFAM-25) diet group showed considerably (P< 0.05) greater PPV, 

FER, PER, and the best FCR. These favorable outcomes may be explained by the more 
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easily digested protein in Azolla that has been fermented by Bacillus subtilis. It promotes 

somatic growth and enhances the fish's capacity to take up and process nutrients. 

 Our findings concur with those of Hundare et al. (2018), who found that after 60 

days of rearing, O. niloticus fed 20–30% FA improved WG, SGR, and FCR. Dry Azolla 

was suggested at a 25% level in the diet of Tilapia zillii by Abdel-Tawwab (2008), with 

no effect on growth or feed consumption. Furthermore, Tilapia zillii's feed intake, protein 

productive value (PPV), FCR, and protein efficiency ratio (PER) were enhanced when 25% 

of A. pinnata was added. Thus, Azolla can be regarded as a nutrient-dense feed source for 

herbivorous or omnivorous fish (Hossiny et al., 2008). 

 By enhancing digestion, synthesizing nutrients, generating growth-promoting 

chemicals, modifying gut microbiota, and lowering pathogen competition, fermenting 

plant components with Lactobacillus spp. enhances fish development and feed utilization 

(Liu et al., 2023). Other fish species, such as Barbonymus gonionotus (Das et al., 2018), 

O. niloticus (Yousif et al., 2019), Oncorhynchus mykiss (Davies et al., 2021), Clarias 

gariepinus (Irabor et al., 2022), and Labeo rohita (Ferdous et al., 2023) have also shown 

encouraging outcomes when supplemented with fermented plant protein. 

 In the current study, the ability to digest total nutrients and digestibility coefficient 

increased in T3 (B25%), followed sequentially by T7 (Mix B+S 25%), T5 (S25%), T2 

(B10%), T6 (Mix B+S 10%), and T4 (S10%). These findings match those of Ismail et al. 

(2021). One of the most crucial elements affecting how well fish use their feed is the 

characterization of digestive enzymes, which gives insight into the fish's ability to 

hydrolyze lipid, protein, and carbohydrate components of feed. For the best amylase and 

protease activity, the ideal BSFA levels were 25.66 and 22.85%, respectively. Similarly, 

Magouz et al. (2020) found that the activity of digestive enzymes (lipase, amylase, and 

protease) enabled fish to easily digest Azolla at 20% inclusion without reducing feed 

intake. 

 The body chemical composition of the Nile tilapia changed significantly as the 

amount of BFAM, Mix (B+S), and SFAM in their diet increased, according to the tilapia's 

chemical body composition profile. The higher protein content in tilapia fed with fermented 

Azolla by Bacillus subtilis in T3 could be connected to the higher dietary essential amino 

acids in the diets, which stimulated protein synthesis—followed by T7, T5, T2, T6, and 

T4. Fermentation could improve protein digestibility and bioavailability, aiding in protein 

production and absorption. The current study found no significant variations in whole-body 

lipid content (P > 0.05), which indicates a decrease in lipid accumulation in whole-body 

fish. 

 The latest study's ash content increased when dietary levels of BFAM, Mix (B+S), 

and SFAM increased. This suggests that diets include adequate amounts of dietary minerals 
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and that they are absorbed. A similar pattern of ash concentration in whole-body fish was 

also demonstrated by Zhang et al. (2012). Our findings concur with those of Nancy and 

Amalarani (2016), who found that the Nile tilapia given Azolla meal had higher body 

weights, higher protein content, and lower lipid content. Increased protein content, 

improved amino acid profiles, and decreased amounts of cellulose, crude fiber, non-starch 

polysaccharides, and ANFs are probably responsible for the growth performance gains. 

 Fermented Azolla paste, at around 20%, can be used to partially replace fish meal, 

according to Olukomaiya et al. (2019). For the Nile tilapia, Utomo and Ekasari (2011) 

discovered that the best outcomes are obtained when Azolla meal is fermented for two 

days. Integration levels for other species, including Tilapia zillii, can reach 25%, as 

reported by Abdel-Tawwab (2008). Fish species such as Tor grypus (10%) and Labeo 

fimbriatus (40%) can also use Azolla as a protein substitute (Gangadhar et al., 2015). 

 

CONCLUSION 

 

 Under these experimental conditions, fermented Azolla was found to effectively 

replace up to 25% of soybean meal protein in terms of economic evaluation, feed 

utilization, and growth performance of the monosex Nile tilapia fingerlings. 

 

REFERENCES 

  

 

Abdel-Tawwab, M. (2008) The preference of the omnivorous macrophagous, Tilapia 

zillii (Gervais), to consume a natural free-floating fern, Azolla pinnata. Journal of 

the World Aquaculture Society, 39, 104–112. 

AOAC (2022) Association of Official Analytical Chemists. Official Methods of Analysis, 

15th Edition. Washington, DC. 

APHA (1992) Standard Methods for the Examination of Water and Wastewater. 

Washington, DC. 

Bassler, R. and Buchholz, H. (1993) Amino acid analysis. Methodenbuch, Die Chemische 

Untersuchung von Futtermitteln, 3, 1–5. 

Belewu, M. and Sam, R. (2010) Solid state fermentation of Jatropha curcas kernel cake: 

proximate composition and antinutritional components. Journal of Yeast and 

Fungal Research, 1, 44–46. 

Bhatnagar, P. D. (2013) Water quality guidelines for the management of pond fish 

culture. International Journal of Environment Sciences, 3(6), 1980–2009. 

Bingqian, N.; Shah, A. A.; Ullah, S.; Khan, R. U.; Khan, M.; Zaman, A. and 

Muhammad, K. (2024) Exploring the role of insects as sustainable feed in 



Noaman et al., 2025 2162 

aquaculture nutrition and enhancing antioxidant capacity, growth and immune 

response. TRJFAS24581. 

Biswas, A. K.; Seoka, M.; Inoue, Y.; Takii, K. and Kumai, H. (2005) Photoperiod 

influences the growth, food intake, feed efficiency and digestibility of red sea 

bream Pagrus major. Aquaculture, 258, 350-356. 

Boyd, C. E. (1990) Water quality in ponds for aquaculture. Agriculture Experiment 

Station, Auburn University, Alabama, 482 pages. 

Carlos, M. H. (1988) Growth and survival of bighead carp (Aristicthys nobilis) fry at 

different intake levels and feeding frequencies. Aquaculture, 68, 267-276. 

Cruz, Y.; Kijora, C.; Wedler, E.; Danier, J. and Schulz, C. (2011) Fermentation 

properties and nutritional quality of selected aquatic macrophytes as alternative fish 

feed in rural areas of the Neotropics. Livestock Research for Rural 

Development, 23, Article #239. 

Das, M.; Rahim, F. and Hossain, M. (2018) Evaluation of fresh Azolla pinnata as a low-

cost supplemental feed for Thai Silver Barb Barbonymus gonionotus. Fishes, 3(1), 

15. 

Davies, S. J.; El-Haroun, E. R.; Hassaan, M. S. and Bowyer, P. H. (2021) A Solid-State 

Fermentation (SSF) supplement improved performance, digestive function and gut 

ultrastructure of rainbow trout (Oncorhynchus mykiss) fed plant protein diets 

containing yellow lupin meal. Aquaculture, 545, 737177. 

De-Silva, S. S. and Anderson, T. V. (1995) Fish Nutrition in Aquaculture. Book. Printed 

in Great Britain by St. Edmundsbury Press, Bury St. Edmunds, Suffolk. 391pp. 

Earp, C. F.; Akingbala, J. O.; Ring, S. H. and Rooney, L. W. (1981) Evaluation of 

several methods to determine tannins in sorghums with varying kernel 

characteristics. Cereal Chemistry, 58, 234-238. 

El-Saidy, D. M. and Gaber, M. (2002) Complete replacement of fish meal by soybean 

meal with dietary L-lysine supplementation for Nile Tilapia Oreochromis 

niloticus (L.) fingerlings. World Aquaculture Society, 33, 297–306. 

El-Sayed, A. M. and Kawanna, M. (2004) Effect of photoperiod on the performance of 

farmed Nile tilapia Oreochromis niloticus: I. growth, feed utilization efficiency and 

survival of fry and fingerlings. Aquaculture, 231, 393-402. 

El-Sayed, A. M.; Mansour, C. R. and Ezzat, A. A. (2003) Effects of dietary protein levels 

on spawning performance of Nile tilapia (Oreochromis niloticus) broodstock reared 

at different water salinities. Aquaculture, 220, 619-632. 

FAO (2016) The State of World Fisheries and Aquaculture. Food and Agriculture 

Organization of the United Nations, Rome, Italy. 

FAO (2020) The State of World Fisheries and Aquaculture (SOFIA). Food and Agriculture 

Organization of the United Nations, Rome, Italy. 

FAO (2023) The State of Food and Agriculture 2023 – Revealing the true cost of food to 

transform agrifood systems. Rome. https://doi.org/10.4060/cc7724en . 

https://doi.org/10.4060/cc7724en


2163 
Impact of Fermented Azolla on the Monosex Nile Tilapia Fingerlings' Growth Performance and Feed 

Utilization  
 

Ferdous, Z.; Hossain, M. K.; Hadiuzzaman, M.; Rafiquzzaman, S. M.; Halim, K. M. 

A.; Rahman, T.; Faruk, M. A. R.; Kari, Z. A. and Shahjahan, M. (2023) Multi-

species probiotics enhance survival, growth, intestinal microbiota and disease 

resistance of rohu (Labeo rohita) larvae. Water Biology and Security, 100234. 

Furukawa, A. (1966) On the acid digestion method for the determination of chromic oxide 

as an index substance in the study of digestibility of fish feed. Nippon Suisan 

Gakkaishi, 32, 502–506. 

Gangadhar, B.; Sridhar, N.; Saurabh, S.; Raghavendra, C. H.; Hemaprasanth, K. P.; 

Raghunath, M. R. and Jayasankar, P. (2015) Effect of Azolla-incorporated diets 

on the growth and survival of Labeo fimbriatus during fry-to fingerling 

rearing. Cogent Food and Agriculture, 1, 1-8. 

Gao, S.; Chen, W.; Cao, S.; Sun, P. and Gao, X. (2024) Microalgae as fishmeal 

alternatives in aquaculture: current status, existing problems, and possible 

solutions. Environmental Science and Pollution Research International, 11, 

16113-16130. 

Ghodake, G. S. and Kalita, P. (2015) Azolla: a low-cost protein supplement for livestock 

and poultry. International Journal of Scientific and Research Publications, 5(1), 

2250-3153. 

Gilness, F. S. (2017) The use of hydrolyzed Azolla pinnata to substitute soybean meal in 

juvenile Nile tilapia (Oreochromis niloticus) diet. Bogor Agricultural University, 

December 2017 Registration No.: C151168541. 

Hassaan, M. S.; Goda, A. M. and Kumar, V. (2017) Evaluation of nutritive value of 

fermented de-oiled physic nut, Jatropha curcas, seed meal for Nile 

tilapia Oreochromis niloticus fingerlings. Aquaculture Nutrition, 23, 571–584. 

Hassaan, M. S.; Soltan, M. A. and Abdel-Moez, A. M. (2015) Nutritive value of soybean 

meal after solid state fermentation with Saccharomyces cerevisiae for Nile 

tilapia, Oreochromis niloticus. Animal Feed Science and Technology, 201, 89–98. 

Hemalatha, M.; Sravan, J. S.; Min, B. and Mohan, S. V. (2020) Concomitant use of 

Azolla derived bioelectrode as anode and hydrolysate as substrate for microbial fuel 

cell and electro-fermentation applications. Science of the Total Environment, 707, 

135851. 

Hossiny, H.; Setoudeh, M.; Rokni, H.; Dehghanzadeh, H. and Cheraghcheshm, M. 

(2008) Using of silage Azolla in Guilan male calves' nutrition. Proceedings of 

Third National Congress of Recycling and Reuse of Renewable Organic Resources 

in Agriculture. Islamic Azad University. 

Hundare, S. K.; Ranadive, A. B. and Lende, S. R. (2018) Use of Fermented Azolla in 

Diet of Tilapia Fry (Oreochromis niloticus). International Journal of Bio-resource 

and Stress Management, 9(6), 702-706. 

Irabor, A. E.; Obakanurhie, O.; Nwachi, F. O.; Ekokotu, P. A.; Ekelemu, J. K.; 

Awhefeada, O. K.; Adeleke, L. M.; Pierre Jrn, H. and Adagha, O. 



Noaman et al., 2025 2164 

(2022) Duckweed (Lemna minor) meal as partial replacement for fish meal in 

catfish (Clarias gariepinus) juvenile diets. Livestock Research for Rural 

Development, 34(1), 1–6. 

Ismail, T.; Hegazi, E.; Nassef, E.; Shehab El-Din, M. T.; Dawood, M. A. O.; Abdo, S. 

E. and Gewaily, M. S. (2021) Gut immune-related gene expression, 

histomorphometry and hematoimmunological assays in Nile tilapia (Oreochromis 

niloticus) fed Aspergillus oryzae fermented olive cake. Fish and Shellfish 

Immunology, 1050-4648. https://doi.org/10 . 

Joshi, C.; Mathur, P. and Khare, S. (2011) Degradation of phorbol esters 

by Pseudomonas aeruginosa PseA during solid-state fermentation of 

deoiled Jatropha curcas seed cake. Bioresource Technology, 102, 4815–4819. 

Junqueira, L. C. U. and Carneiro, J. (2005) Basic histology: text & atlas. McGraw-Hill 

Professional. 

Labib, E. H.; Mabrouk, H. A. and Zaki, M. A. (2010) A trial to improve the utilization 

of water lettuce (Ulva lactuca) and water fern (Azolla pinnata) in Nile tilapia 

(Oreochromis niloticus) diets. Proceedings of the 3rd Global Fisheries & 

Aquaculture Research Conference, Cairo, Egypt, 336-354. 

Laila, M.; Gallego, Y.; Yew-hu, C.; Isagani, P. and Angeles, J. (2021) Growth 

performance, antioxidant enzyme activities and metabolic response of Nile tilapia 

(Oreochromis niloticus) fed diet with different levels of raw and fermented azolla 

(Azolla filiculoides) following thermal stress. *ISSN- 2394-5125*, 8(1). 

Lauriano, E. R.; Pergolizzi, S.; Capillo, G.; Kuciel, M.; Alesci, A. and Faggio, C. 

(2016) Immunohistochemical characterization of Toll-like receptor 2 in gut 

epithelial cells and macrophages of goldfish Carassius auratus fed with a high-

cholesterol diet. Fish and Shellfish Immunology, 59, 250–255. 

Liu, C. H.; Chiu, C. H.; Wang, S. W. and Cheng, W. (2012) Dietary administration of 

the probiotic, Bacillus subtilis E20, enhances the growth, innate immune responses, 

and disease resistance of the grouper, Epinephelus coioides. Fish and Shellfish 

Immunology, 33(4), 699–706. 

Liu, C.; Ma, N.; Feng, Y.; Zhou, M.; Li, H.; Zhang, X. and Ma, X. (2023) From 

probiotics to postbiotics: concepts and applications. Animal Research One 

Health, 1(1), 92–114. https://doi.org/10.1002/aro2.7 . 

Magouz, F. I.; Dawood, M. A.; Salem, M. and Mohamed, A. A. (2020) The effects of 

fish feed supplemented with Azolla meal on the growth performance, digestive 

enzyme activity, and health condition of genetically improved farmed tilapia 

(Oreochromis niloticus). Annals of Animal Science, 20(3), 1029–1045. 

Mohammady, E. Y.; Aboseif, A. M.; Al-Afify, A. D.; Abdelhameed, M. S.; Shawer, E. 

E.; Abdo, S. M.; Ramadan, E. A.; Hegab, M.; Negm El-Dein, A. and Hassaan, 

M. S. (2024) Growth and physiological responses of Nile tilapia, Oreochromis 

https://doi.org/10
https://doi.org/10.1002/aro2.7


2165 
Impact of Fermented Azolla on the Monosex Nile Tilapia Fingerlings' Growth Performance and Feed 

Utilization  
 

niloticus fed dietary fermented sugar beet bagasse and reared in biofloc 

system. Animal Feed Science and Technology, 318, 116124. 

Nagarajan, M.; Rajasekaran, B. and Venkatachalam, K. (2022) Microbial metabolites 

in fermented food products and their potential benefits. International Food 

Research Journal, 29(3), 466–486. 

Nancy, C. S. and Amalarani, S. (2016) Effect of Azolla microphylla as principal protein 

source in fish feed in comparison with soybean and spirulina on growth, body 

protein and lipid content of Oreochromis niloticus. Paripex Indian Journal of 

Research, 5(5), 268-269. 

Neves, N.; Lindner, J.; Stockhausen, L.; Delziovo, F. R.; Bender, M.; Serzedello, L.; 

Cipriani, L. A.; Ha, N.; Skoronski, E.; Gisbert, E.; Sanahuja, I. and Perez 

Fabregat, T. E. (2024) Fermentation of plant-based feeds with Lactobacillus 

acidophilus improves the survival and intestinal health of juvenile Nile Tilapia 

(Oreochromis niloticus) reared in a biofloc system. Animals, 14(2), 332. 

NRC (National Research Council) (2011) Nutrient requirements of fish. Committee on 

Animal Nutrition. Board on Agriculture. National Research Council. National 

Academy Press. Washington DC, USA. 

Ogello, E. O.; Munguti, J. M.; Sakakura, Y. and Hagiwara, A. (2014) Complete 

replacement of fish meal in the diet of Nile tilapia (Oreochromis niloticus) grow-

out with alternative protein sources: a review. International Journal of Advanced 

Research, 2, 962–978. 

Olukomaiya, O.; Fernando, C.; Mereddy, R.; Li, X. and Sultanbawa, Y. (2019) Solid-

state fermented plant protein sources in the diets of broiler chickens: a 

review. Animal Nutrition, 5(4), 319-330. 

Pirarat, N.; Boonananthanasarn, S.; Krongpong, L.; Katagiri, T. and Maita, M. 

(2015) Effect of activated charcoal-supplemented diet on growth performance and 

intestinal morphology of Nile tilapia (Oreochromis niloticus). Thai Journal of 

Veterinary Medicine, 45, 113-119. 

Price, M. L. and Butler, L. G. (1977) Rapid visual estimation and spectrophotometric 

determination of tannin content of sorghum grain. Journal of Agricultural and 

Food Chemistry, 25(6), 1268–1273. 

Rahmah, S.; Nasrah, U.; Lim, L. S.; Ishak, S. D.; Rozaini, M. Z. H. and Liew, H. J. 

(2022) Aquaculture wastewater raised Azolla as partial alternative dietary protein 

for Pangasius catfish. Environmental Research, 208, 112718. 

Robinson, E. H. and Li, M. H. (2008) Effects of feeding diets with and without fish meal 

on production of channel catfish, Ictalurus punctatus, stocked at varying 

densities. Journal of Applied Aquaculture, 20(4), 233-242. 

Rossignoli, C. M.; Manyise, T.; Shikuku, K. M.; Nasr Allah, A. M.; Dompreh, E. B.; 

Henriksson, P. J. G.; Lam, R. D.; Lazo, D. L.; Tran, N.; Roem, A.; Badr, A.; 

Sbaay, A. S.; Moruzzo, R.; Tilley, A.; Charo-Karisa, H. and Gasparatos, A. 



Noaman et al., 2025 2166 

(2023) Tilapia aquaculture systems in Egypt: characteristics, sustainability 

outcomes and entry points for sustainable aquatic food systems. Aquaculture, 577. 

Schwarz, K.; Furuya, W.; Natali, M.; Michelato, M. and Gualdezi, M. (2010) Mannan 

oligosaccharides in diets for Nile tilapia, juveniles. Acta Scientiarum Animal 

Sciences, 32, 197-203. 

Shimul, T.; Parashuram, K.; Shishir, K.; Sadia, A.; Afrina, Y.; Zulhisyam, A.; Suniza 

Anis Mohamad, S.; MartinIrwan, K.; Nurdiyana, A.; Ajay Guru, g.; 

Krishnakumar, V.; El-Sayed, H. and Muhammad, A. (2024) Fermented aquatic 

weed meal (FAWM) as a protein source in Asian Catfish Clarias batrachus diets: 

Impacts on growth, blood chemistry profile, liver and gut morphology and 

economic efficiency. Aquaculture Reports, 38, 102305. 

Shukry, M.; Albogami, S.; Gewaily, M.; Amer, A. A.; Soliman, A. A.; Alsaiad, S. M.; 

El-Shehawi, A. M. and Dawood, M. A. (2022) Growth performance, antioxidative 

capacity, and intestinal histomorphology of grey mullet (Liza ramada)– fed dietary 

zinc nanoparticles. Biological Trace Element Research, 200(5), 2406–2415. 

Smith, C.; Megen, W. V.; Twaalfhoven, L. and Hitchcock, C. (1980) The determination 

of trypsin inhibitor levels in foodstuffs. Journal of the Science of Food and 

Agriculture, 31(4), 341–350. 

Suma, A. Y.; Nandi, S. K.; Kari, Z. A.; Goh, K. W.; Wei, L. S.; Tahiluddin, A. B.; 

Seguin, P.; Herault, M.; Al Mamun, A.; Téllez-Isaías, G. and Anamul Kabir, 

M. (2023) Beneficial effects of graded levels of fish protein hydrolysate (FPH) on 

the growth performance, blood biochemistry, liver and intestinal health, economics 

efficiency, and disease resistance to Aeromonas hydrophila of pabda (Ompok 

pabda) Fingerlings. Fishes, 8(3), 147. 

Utomo, N. B. P. and Ekasari, N. J. (2011) Fermentation of Azolla sp. leaves and the 

utilization as a feed ingredient of tilapia Oreochromis sp. Journal of Aquaculture 

Indonesia, 10(2), 137-143. 

Wang, J.; Jiang, Y.; Li, X.; Han, T.; Yang, Y.; Hu, S. and Yang, M. (2016) Dietary 

protein requirement of juvenile red spotted grouper (Epinephelus 

akaara). Aquaculture, 450, 289–294. 

Yabaya, A.; Akinyanju, J. and Jatau, E. (2009) Yeast enrichment of soybean 

cake. World Journal of Dairy and Food Sciences, 4, 141–144. 

Yakubu, A. F.; Obi, A.; Okonji, V. A.; Ajiboye, O. O.; Adams, T. E.; Olaji, E. D. and 

Nwogu, N. A. (2012) Growth performance of Nile tilapia (Oreochromis niloticus) 

as affected by stocking density and feed types in water flow through system. World 

Journal of Fish and Marine Sciences, 4(3), 320-324. 

Yousif, R. A.; Abdullah, O. J.; Ahmed, A. M.; Adam, M. I.; Ahmed, F. A. M. and 

Idam, O. A. (2019) Effect of replacing fishmeal with water spinach (Ipomoea 

aquatica) on growth, feed conversion and carcass composition for Nile tilapia fry 



2167 
Impact of Fermented Azolla on the Monosex Nile Tilapia Fingerlings' Growth Performance and Feed 

Utilization  
 

(Oreochromis niloticus). Journal of Aquatic Sciences and Marine Biology, 2, 13–

20. 

Zhang, Y.; Øverland, M.; Xie, S.; Dong, Z.; Lv, Z.; Xu, J. and Storebakken, T. 

(2012) Mixtures of lupin and pea protein concentrates can efficiently replace high-

quality fish meal in extruded diets for juvenile black sea bream (Acanthopagrus 

schlegeli). Aquaculture, 354, 68–74. 

 


