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Abstract. Fermented feed for red tilapia (Oreochromis niloticus), enriched with probiotics and herbs, can 
affect fish growth and health. This study sought to evaluate the growth performance and feed efficiency 
of red tilapia administered Lactobacillus spp. probiotic fermented feed augmented with herbal components. 
The artificial feed underwent a 12-hour fermentation process utilizing Lactobacillus spp. bacteria enriched 
with herbs prior to being administered to the fish. Feeding occurred bi-daily at 5% of the fish biomass 
weight. The research employed a fully randomized design featuring various probiotic dosage interventions. 
Control feed A was unfermented, treatment B was fermented with a 10 mL kg-1 feed dosage, treatment C 
was fermented with a 20 mL kg-1 feed dosage, and treatment D was fermented with a 30 mL kg-1 feed 

dosage. A total of 1,200 juvenile red tilapia, each with an initial weight of approximately 25.16±0.490 g, 
were reared in 12 net cages at a stocking density of 100 juveniles per net cage. The study demonstrated 
that during the 60-day rearing period, feed fermented with Lactobacillus spp. bacteria and enhanced with 
herbs can enhance the survival rate and growth performance of red tilapia. The findings indicated an 
elevation in the mean final weight of the fish to 70.28 g in treatment A, 79.39 g in treatment B, 76.10 g 
in treatment C, and 76.66 g in treatment D. The survival rate rose from 90.00% to 93.00%. Specific 
growth rate varied between 1.44% and 1.62% day-1, with a feed conversion ratio between 1.83 and 2.22, 
and a feed conversion efficiency ranging from 74.10% to 86.24%. The analysis concluded that for optimal 
specific growth rate in red tilapia cultivation, the incorporation of probiotic bacteria into artificial feed 
should be no less than 25 mL per kg of feed, achieving a minimal feed conversion ratio of 1.85. 
Key Words: feed conversion efficiency, feed conversion ratio, Lactobacillus spp., probiotic fermented feed, 
specific growth rate, survival rate. 

 

 

Introduction. The enhancement of growth performance and feed efficiency in 

aquaculture, especially in species like red tilapia (Oreochromis niloticus), represents a 

crucial attention, particularly despite the increasing global demand for sustainable 

aquaculture approaches. The integration of probiotic bacteria and herbal additives into 
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artificial feed represents an innovative strategy for enhancing these parameters. Live 

microorganisms known as probiotics provide health benefits to the host and have 

demonstrated improvements in growth performance, feed efficiency, and immune 

responses across different fish species, such as tilapia (Samidjan et al 2022; Yones et al 

2019). Herbal additives like noni (Morinda citrifolia), turmeric (Curcuma longa), ginger 

(Zingiber officinale), aromatic ginger (Zingiber zerumbet), galangal (Alpinia galanga), 

Javanese galangal (Alpinia javanica), and pineapple (Ananas comosus) have demonstrated 

potential benefits in enhancing the health and growth of various fish species, including red 

tilapia (Oreochromis niloticus) (Ali et al 2020; Siregar 2023). The bioactive compounds 

found in these herbs are recognized for their ability to enhance immune responses, 

promote digestion, and display antimicrobial properties, positioning them as promising 

options for feed supplementation in aquaculture. 

Herbal additives are acknowledged for their ability to improve fish health and 

promote growth. Turmeric contains the active compound curcumin, recognized for its anti-

inflammatory and antioxidant properties, which may enhance the immune response in fish 

(Singh et al 2022). In a similar way, ginger has demonstrated the ability to boost digestive 

enzyme activity, resulting in improved nutrient absorption and growth performance in 

tilapia (Ahmed et al 2023). Recent investigations into the noni fruit have highlighted it’s 

potential as an immunostimulant, with findings suggesting it can improve the immune 

response and general health of fish (Ali et al 2020). The exploration of noni fruit in 

aquaculture has been conducted, especially regarding its immunostimulatory effects. Noni 

possesses a high concentration of antioxidants and has demonstrated the ability to improve 

the immune response in fish, which may result in enhanced growth rates and increased 

disease resistance (Ali et al 2020; Muahiddah 2023). Furthermore, the application of 

aromatic ginger and galangal has been documented to exhibit antimicrobial properties, 

which may assist in managing pathogenic bacteria within aquaculture systems (Rabelo-

Ruiz et al 2023). 

Studies show that probiotics can significantly enhance the gut microbiota of fish, 

leading to improved nutrient absorption and growth performance (Samidjan et al 2022). 

The use of Saccharomyces cerevisiae in tilapia diets has been linked to enhanced growth 

rates and better blood profiles (Sutthi & Thaimuangphol 2020). Furthermore, research 

indicates that probiotic strains, including Lactobacillus and Bacillus, can improve the 

immune response of tilapia, thereby increasing their resistance to diseases (Yones et al 

2019). However, although the advantages of probiotics in aquaculture are extensively 

recorded, there is still a lack of comprehension regarding the combined effects of 

integrating probiotics with herbal additives on the growth performance and feed efficiency 

of red tilapia. This research presents an opportunity to investigate the combined effects of 

probiotic bacteria enriched with herbs on the predigestion of artificial feed and its 

subsequent impact on tilapia growth performance and feed utilization. 

Combining probiotic bacteria with herbal enhancements to develop a predigested 

artificial feed designed specifically for tilapia. This novel method seeks to improve the 

digestibility and nutritional quality of the feed, which could result in better growth rates 

and enhanced feed efficiency. This study aimed to evaluate the effects of predigesting 

artificial feed using probiotic bacteria enriched with herbs, focusing on the synergistic 

effects of these components on the growth performance and feed efficiency of red tilapia 

(Oreochromis niloticus). The goal is to contribute to the development of more effective and 

sustainable feeding strategies in aquaculture. The ongoing challenges of antibiotic 

resistance and environmental sustainability in the industry highlight the importance of 

exploring innovative feeding strategies for the future of aquaculture. 

 

Material and Method 

 

Preparation of experimental fish. All animal experiments were performed in accordance 

with the ethical standards for the care and use of experimental animals, and the protocol 

was reviewed and supervised by the Freshwater Aquaculture Development Center (FADC), 

Sungai Gelam, Jambi, Indonesia. The study complied with the national guidelines for animal 

experimentation issued by the Ministry of Marine Affairs and Fisheries of the Republic of 
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Indonesia (Regulation No. 6/PERMEN-KP/2020). The test fish used in this study were 

juvenile red tilapia (Oreochromis niloticus), measuring 8–12 cm in length. A total of 1,200 

fish were obtained from the Freshwater Aquaculture Development Center, Sungai Gelam, 

Muaro Jambi Regency, Jambi Province, after being selected for uniform size, good health, 

activeness, and absence of disease. To adapt them to the feed and rearing environment, 

the fish were acclimated for one week. After acclimation, they were fasted for one day to 

eliminate the effect of previous feed metabolism. They were randomly divided into four 

dietary treatments and stocked into 12 net cages, with 100 juveniles per cage. The initial 

weight was then recorded, averaging 25.16 ± 0.490 g per individual.  

Probiotic enrichment preparation. The probiotic enrichment was prepared using a 

mixture of herbal and non-herbal ingredients (Table 1). The herbal components (turmeric, 

ginger, aromatic ginger, galangal, Javanese galangal, noni, and pineapple) were included 

for their bioactive properties, such as improving digestion, immune response, and 

antimicrobial activity in fish. Non-herbal ingredients, including fish meal, yeast, and 

molasses, were used mainly to provide nutrients that support the growth and metabolic 

activity of Lactobacillus spp. during fermentation. All ingredients were cleaned, ground, 

and mixed thoroughly with 10 liters of water, followed by inoculation with Lactobacillus 

spp. culture (1 × 10¹⁰ CFU). The mixture was placed in a sealed container for 10–12 days 

of fermentation, with stirring every three days. Although both herbal and non-herbal 

components were used, the enrichment is referred to as “herb enrichment” throughout the 

manuscript to emphasize the role of the herbal ingredients as the primary functional 

additives influencing fish health and growth. 

 

Table 1 

Composition for probiotics enrichment 

 

Ingredient Volume Measurement unit 

Turmeric  300 g 

Ginger  300 g 

Aromatic ginger 300 g 

Galangal  300 g 

Javanese galangal 300 g 

Noni 500 g 

Pineapple 500 g 

Yeast 100 g 

Fish meal 2,000 g 

Molasses 1,000 mL 

Lactobacillus spp.* 325 mL 
Note: Stocking density bacteria 1 x 1010 CFU. 

 

Feed preparation. The experimental setup utilized a commercially available floating feed 

specifically formulated for the growth of red tilapia. The protein content of this feed is 30-

31%, and it underwent fermentation with Lactobacillus spp. Additionally, it was enriched 

with herbs for a duration of 12 hours. The treatments involved the addition of different 

doses of Lactobacillus spp. probiotic, enriched with herbs per kilogram of feed, as outlined 

in the following treatments: A - 0 mL, B - 25 mL, C - 50 mL, and D - 75 mL. The 

incorporation of herb-enriched probiotics into the feed was achieved through top dressing. 

The feed was gradually introduced and kept in a cool, dry environment within sealed 

containers before being administered to the experimental fish. 

 

Cultivation preparation. Red tilapia (Oreochromis niloticus) were reared in fine-mesh 

black nylon net cages (2 x 2 x 1.2 m) installed in a 500 m² concrete pond (1.5 m depth). 

Each cage, serving as an experimental unit, was supported by bamboo/wooden poles, 

secured with ropes, and fitted with a wooden plank across the units for feeding and 

monitoring. The open design allowed free water exchange with the pond, ensuring uniform 
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water quality while minimizing cross-contamination among treatments. This setup 

facilitated standardized feeding, sampling, and reliable comparisons of growth and survival. 

Pond water was sourced from a reservoir, stored for several days, and settled before use. 

 

Implementation of research. The research was conducted at the Sungai Gelam 

Freshwater Aquaculture Development Center, located in Muaro Jambi Regency, Jambi 

Province, Indonesia. The research commenced with the weighing of the red tilapia to 

determine the initial weight; subsequently, the red tilapia juveniles were introduced into 

the net cage at a density of 100 juveniles per net cage. The feed acclimation process was 

meticulously organized, beginning with a two-week combination of commercial feed and 

the experimental diet, progressively elevating the ratio of the test feed until it constituted 

the entirety of the diet. The gradual transition is crucial as it alleviates stress and fosters 

acceptance of the new feed, particularly in juvenile fish (Chang et al 2006). The feed was 

administered at a rate of up to 5% of biomass weight per day using the fixed feeding rate 

method. The feeding frequency occurred twice daily, at 08:00 PM and 04:00 PM. The 

investigation spanned 60 days from the middle of July to the end of September 2023. 

Biomass sampling was conducted only at the beginning and at the end of the trial by 

weighing the total biomass in each net cage. The mean body weight per fish was calculated 

from the total biomass divided by the number of surviving fish, while survival was 

determined by counting the total number of fish in each net cage. 

 

Proximate analysis. Proximate analysis (AOAC 2012) was conducted to assess the 

protein, lipid, ash, and fiber content of the samples. 

 

Water quality. Water quality parameters, such as temperature, pH, and dissolved oxygen, 

were assessed twice daily, while feasibility and ammonia (NH3) evaluations were performed 

bi-weekly. The evaluation of water quality was carried out following the APHA (2012) 

methodology. 

 

Parameters observed. This study focused on several key parameters, including feed 

usage efficiency (EFU), feed conversion ratio (FCR), protein efficiency ratio (PER), specific 

growth rate (SGR) and survival rate (SR). The following formulas are used to measure the 

parameters for growth performance and feed utilization (National Research Council 2011):  

 

Feed usage efficiency (EFU)  =  100 ×  
Initial weight (g) − Final weight (g)

Diet weight consumed (g)
 

 

Specific growth rate (SGR)  =  100 ×  
Ln(initial weight in g) −  Ln(final weight in g)

Time (days)
 

 

Feed conversion ratio (FCR)  =  
Diet consumed (g)

 Weight increase (g)
 

 

Protein efficiency ratio (PER)  =  100 ×  
Weight gain (g) 

Protein consumed (g)
 

 

Survival rate (SR)  =  100 × 
Final number of fish 

Initial number of fish
 

 
Statistical analysis. The data evaluation employed one-way analysis of variance. In cases 

where the results demonstrated a highly significant effect (p < 0.01) or a significant effect 

(p < 0.05), the Duncan Multiple Area Test was performed. Statistical analyses were 

conducted utilizing SPSS Version 27. Descriptive analyses were employed to compare the 

measurement results of water condition and proximate analysis in the study to the required 

conditions outlined in the literature. 
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Results. The findings from the observation of parameters are detailed in Table 2. 

According to Table 2, the supplementation of feed with probiotics enriched with herbs had 

a significant impact on feed usage efficiency (EFU), specific growth rate (SGR), feed 

conversion ratio (FCR) and survival rate (SR), while it did not have a considerable effect 

on protein efficiency ratio (PER). 

 

Table 2  

Data on parameter observations during the study 

 

Parameters 
Treatments 

A B C D 

Initial weight (g) 25.21 ± 0.20a 25.17 ± 0.44a 25.17 ± 0.47a 25.13 ± 0.93a 

Final weight (g) 70.28 ± 0.71a 79.40 ± 2.85b 76.10 ± 0.76ab 76.66 ± 5.78ab 

EFU (%) 74.10 ± 1.33a 83.84 ± 1.02b 84.07 ± 2.28b 84.56 ± 2.66b 

SGR (% day-1) 1.44 ± 0.01a 1.62 ± 0.05b 1.56 ± 0.02b 1.57 ± 0.06b 

FCR 2.22 ± 0.05a 1.85 ± 0.09b 1.87 ± 0.06b 1.83 ± 0.09b 

PER (%) 2.26 ± 0.26a 2.40 ± 0.64a 2.47 ± 0.43a 2.41 ± 0.42a 

SR (%) 91.33 ± 0.67a 90.00 ± 0.00ab 91.33 ± 2.31ab 93.00 ±1.00b 
Note: Mean values with different superscript letters indicate a significant effect (p < 0.05). 

The proximate analysis presented in Table 3 indicated that the highest protein content was 

observed in treatment D (30 mL kg-1 diet). Consequently, the supplementation of feed with 

probiotics enriched with herbs can enhance fish growth.  

 

Table 3  

Proximate analysis of feeds 

 

Parameters 
Treatments 

A B C D 

Protein (%) 28.85 29.25 29.25 29.92 

Lipid (%) 6.68 6.19 6.19 7.41 

Fiber (%) 12.88 12.20 12.20 12.49 

Ash (%) 13.77 13.84 13.84 14.42 

NFE (%) 37.82 38.52 38.52 35.76 

Energy (kcal)* 378.76 379.33 379.33 383.14 

Ratio of E/P** 13.13 12.97 12.97 12.81 
Note: *calculated based on digestible energy according to Watanabe (1988); 1 g of protein contains 5.6 kcal g-1, 
1 g of nitrogen-free extract contains 4.1 kcal g-1, and 1 g of lipid contains 9.4 kcal g-1; **according to Steffens 

(1989), the E/P value for optimal growth of fish ranges from 8-12 kcal g-1. 

 

The findings from the polynomial orthogonal test and the regression analysis of herb-

enriched probiotics in feed concerning EFU, SGR, FCR, PER, and SR are illustrated in Figures 

1-5. Figures 1-5 indicate that the relationship between different doses of the herb-enriched 

probiotic in feed and EFU, SGR, FCR, PER, ECR, and SR exhibits a quadratic nature, with 

determination coefficients ranging from 72% to 96%. 

 

 
Figure 1. The relationship between probiotic-enriched herbs in feed and EFU in red tilapia. 
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Figure 2. The relationship between probiotic-enriched herbs in feed and SGR in red tilapia. 

 

 
Figure 3. The relationship between probiotic-enriched herbs in feed and FCR in red tilapia. 

 

 
Figure 4. The relationship between probiotic-enriched with herbs in feed and PER in red tilapia. 

 

 
Figure 5. The relationship between probiotic-enriched with herbs in feed and SR in red tilapia.
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The water parameters observed during the study (Table 4) met the established criteria 

outlined in the literature. The findings suggested that the water quality parameters were 

deemed suitable for the cultivation of juvenile red tilapia. 

 

Table 4  

Water condition parameters 

 

Pond 
Parameters 

Temperature (oC) pH DO (mg L-1) NH3 (mg L-1) 

Inlet 26.3 - 29.0 6.18 - 7.21 2.29 - 2.49 0.012 - 0.045 

Middle 27.3 - 30.1 6.79 - 7.17 2.98 - 3.09 0.017 - 0.020 

Outlet 27.4 - 29.1 6.79 - 7.54 2.02 - 3.01 0.016 - 0.022 

Feasibility 14 - 38* 6.50 - 8.50 >2* <0.1* 
Note: *Boyd (2003). 

 

Discussion. The red tilapia (Oreochromis niloticus) that received a probiotic diet enriched 

with herbs (25-75 mL kg-1 feed) in treatments B, C, and D exhibited higher feed usage 

efficiency (EFU) values (83.84-84.56%) in comparison to the treatment without the 

supplemented probiotic enriched with herbs, as seen in treatment A (74.10%). The highest 

EFU value recorded was 84.56% in red tilapia that received dietary supplementation of 

probiotic-enriched with herbs at a rate of 75 mL kg-1 feed (treatment D). This was closely 

followed by treatment C at 84.07%, treatment B at 83.84%, and treatment A at 74.10%. 

The elevated EFU value of red tilapia receiving a probiotic diet enriched with herbs at a 

dosage of 75 mL kg-1 feed suggests that this amount may effectively promote the growth 

rate of red tilapia, potentially through enhancements in gut health and nutrient absorption 

(Azevedo et al 2015). 

Table 2 shows that red tilapia fed a probiotic-enriched with herbs diet (25-75 mL 

kg-1 feed) had a higher specific growth rate (SGR) (1.56-1.62% day-1) than those fed a 

control diet (0 ml kg-1). Figure 2 shows the optimal probiotic-herb supplement dose. The 

dose is 25 ml kg-1 feed with 1.62% SGR day-1. The R² value in Figure 2 was 72.5%. Dietary 

supplementation with probiotic-enriched herbs affected 72.50% of SGR and 27.50%. Red 

tilapia fed B (25 ml kg-1 feed) had the highest SGR value, which was thought to increase 

protein digestibility due to digestive tract enzyme activity, maximizing feed usage efficiency 

and fish growth. The treatment with 25 mL kg-1 feed had the highest SGR value, indicating 

that it may enhance protein digestibility by increasing digestive tract enzyme activity and 

feed usage efficiency (Azevedo et al 2015; Garcia et al 2016). According to Azevedo et al 

(2015), probiotics increase digestive enzyme production, improving fish nutrient 

absorption and growth. 

The addition of probiotics to water significantly boosts feed conversion ratio (FCR) 

values and enhances feed efficiency in tilapia aquaculture. Probiotics improve water quality 

by reducing harmful substances such as ammonia and nitrite, which directly affects the 

health and growth of tilapia fish, as shown by enhanced feed efficiency and lower FCR 

values (Idris et al 2023). The incorporation of probiotics has shown to improve survival 

rates and facilitate increased growth rates, as evidenced in Table 2. Increased doses of 

probiotics lead to a decrease in feed conversion ratio and an improvement in feed 

efficiency. Prakasita and Wahyuni (2020) suggest that combining herbs and probiotics can 

be a viable substitute for antibiotic growth promoters (AGP) in animal feed. The synergy 

between herbs and probiotics, as illustrated by Prakasita and Wahyuni (2020), shows that 

herbs such as ginger and turmeric markedly promote the growth of probiotics in a notably 

effective and efficient way. Amenyogbe (2023) underscored the significance of probiotics 

in fostering sustainable and environmentally friendly aquaculture, pointing out their 

contribution to reducing antibiotic usage and improving fish health. The incorporation of 

probiotics and herbal mixtures improves feed efficiency and strengthens the immune 

systems of fish, leading to healthier growth and greater longevity in optimal aquaculture 

settings. 

The FCR values varied between 1.83 and 1.87, with the minimum FCR recorded at 

75 mL kg-1 of probiotic-enriched herb supplementation, in contrast to the FCR of 2.22 
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observed in the absence of supplementation (0 ml kg-1 diet). A lower FCR signifies improved 

feed efficiency, indicating that fish are more effectively converting feed into body mass. 

The enhancement in feed conversion ratio with the supplementation of herb-enriched 

probiotics indicates that such probiotics may improve feed utilization, likely through better 

digestion and nutrient absorption. The results concerning the improvement of FCR via 

herbal-enriched probiotic supplementation indicate that this method may enhance feed 

utilization by optimizing the digestion and absorption of nutrients. According to Samara et 

al (2023) the use of probiotics may enhance the growth of betta fish (Betta splendens) by 

optimizing digestive enzymes, leading to improved digestion and nutrient absorption. 

Furthermore, Samara et al (2023) highlighted that probiotic comprising diverse bacterial 

strains, including Lactobacillus acidophilus, Bacillus subtilis, Rhodopseudomonas spp., 

Aspergillus oryzae, and Saccharomyces cerevisiae, have the potential to improve feed 

quality by elevating the levels of proteases within the digestive system. This has the 

potential to enhance growth and diminish the presence of potentially harmful bacteria 

within the fish's digestive system. Figure 3 illustrates the optimal dosage of the herb-

enriched probiotics diet. The dosage is 75 mL per kg of feed, resulting in a feed conversion 

ratio of 1.83. The R² value presented in Figure 3 was 90.22%. It indicates that dietary 

supplementation with probiotics enriched with herbs had an influence on 90.22% of FCR.  

Red tilapia that received probiotics-enriched herb supplementation (25-76 mL kg-1 

feed) exhibited higher protein efficiency ratio (PER) values (2.40-2.47) compared to those 

that did not receive any supplementation (0 g kg-1 feed), which had a PER of 2.26. Red 

tilapia that received probiotics-enriched with herbs supplementation at a rate of 50 mL kg-

1 feed (treatment C) exhibited the highest PER value of 2.47, while the lowest PER value 

of 2.26 was observed in treatment A (0 mL kg-1 feed). The highest PER value observed in 

treatment C (50 mL kg-1 of feed) was considered effective in enhancing digestibility and 

optimizing feed utilization efficiency, leading to an increase in the protein efficiency ratio. 

The increased rates of probiotic inclusion led to improved protein efficiency ratios, 

suggesting that the pre-digestion of feed by probiotics facilitated better protein absorption 

and utilization (Haque et al 2021). Ndobe et al (2021) detail how probiotics facilitate the 

breakdown of complex compounds, enhancing the digestibility of feed via fermentation. 

While the differences between treatments did not reach statistical significance, the 

observed pattern indicated a possible enhancement in growth and feed conversion ratio 

(FCR) following two days of feed fermentation with probiotics. The observed increase in 

PER in this study, particularly in treatment C (50 mL kg-1 feed), likely results from a 

comparable mechanism. 

The addition of probiotics to the feed facilitated the breakdown of complex proteins 

into simpler forms, enhancing the digestibility and efficiency of protein utilization in red 

tilapia. Ndobe et al (2021) detailed how probiotics can promote fish growth through the 

enhancement of digestive enzyme activity, resulting in improved digestion and nutrient 

uptake and found that fermenting over three days did not yield positive results. Increased 

probiotic dosages do not necessarily guarantee improved outcomes. An optimal point for 

probiotic supplementation may exist, where the benefits reach their peak before beginning 

to decline. Figure 4 illustrates the optimal dose of the probiotics-enriched with herbs diet. 

The dosage is 50 ml per kg of feed, exhibiting a PER value of 2.47. The treatment with 50 

mL kg-1 feed exhibited the highest PER value, indicating that this dosage significantly 

improves protein digestibility and optimizes feed utilization efficiency (Azevedo et al 2015). 

The observed trend of elevated PER with greater probiotic inclusion rates corresponds with 

the observations made by (Ran et al 2012), who indicated that probiotics could improve 

protein absorption and utilization by decomposing complex compounds into simpler forms. 

The R² value presented in Figure 4 is 96.24%. It indicates that up to 96.24% of PER was 

affected by the dietary supplementation of probiotics enriched with herbs.  

The dietary supplementation of probiotics enriched with herbs had a significant 

effect (p < 0.05) on the survival rate (SR) of red tilapia fingerlings (Table 2). The SR 

consistently stayed elevated across all treatments, varying between 93.33% and 96.67%. 

This suggests that the diets enriched with probiotics did not negatively impact fish health 

and may have even enhanced disease resistance, as indicated by earlier research (Hossain 

et al 2022; Ringø et al 2022). Previous studies indicate that probiotics can enhance the 
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immune response in fish, which contributes to improved survival rates under optimal 

aquaculture conditions (Pérez‐Sánchez et al 2013; Selim & Reda 2015). Figure 6 illustrates 

the optimal dose of the probiotics enriched with herbs diet. The dosage is 75 ml per kg of 

feed, with an SR value of 93%. The R² value presented in Figure 6 is 94.06%. It indicates 

that up to 94.06% of SR was affected by the dietary supplementation of probiotics 

enhanced with herbs. 

The significance of probiotics in improving water quality is evident, as they have 

demonstrated the ability to decrease harmful substances like ammonia and nitrite in 

aquaculture systems (Yu et al 2019). The enhancement in water quality is directly linked 

to improved growth and feed efficiency in tilapia, demonstrated by the noted reduction in 

FCR values with increased probiotic doses. The combined effects of herbs and probiotics, 

as highlighted by (Ferguson et al 2010), reinforce the idea that these mixtures can act as 

viable substitutes for antibiotic growth promoters (AGPs) in aquaculture. The herbs, 

especially those recognized for their immunostimulant properties, can boost the efficacy of 

probiotics, resulting in better growth and health outcomes in fish. Abdel‐Tawwab and 

Abbass (2016) conducted a study on the effects of turmeric powder on common carp 

(Cyprinus carpio), revealing noteworthy enhancements in growth performance and innate 

immunity. The results demonstrated that turmeric supplementation enhanced the 

nonspecific immune system, offering sustained protection against pathogenic infections 

like Aeromonas hydrophila. The findings align with the results of the present study, 

indicating that diets enriched with probiotics and supplemented with herbs have positively 

influenced the growth performance and feed utilization efficiency of red tilapia, presumably 

by enhancing immune responses and gut health. 

Similarly, Harikrishnan et al (2011) showed that a diet enhanced with herbal and 

probiotic elements positively influenced the hematological and immune status of 

Oplegnathus fasciatus in the face of Edwardsiella tarda infections. The protective effects 

noted in their study align with the findings of the current investigation, where the 

application of probiotics and herbs not only improved growth metrics but also led to 

increased survival rates, indicating enhanced disease resistance in red tilapia. The study 

conducted by Dowidar et al (2018) corroborates the findings of the current study, indicating 

that probiotics enhanced growth performance and disease resistance in Nile tilapia when 

faced with Aeromonas hydrophila challenges. The repeated observation of improved growth 

and survival rates in multiple studies highlights the effectiveness of incorporating probiotics 

and herbal supplements into aquaculture diets. 

In a separate investigation, Abdel‐Tawwab and Abbass (2016) investigated the 

incorporation of green tea (Camellia sinensis) into the diets of Nile tilapia, revealing a 

notable improvement in phagocytic activity and a decrease in mortality rates after exposure 

to Aeromonas hydrophila infection. The findings of this study correspond with previous 

results, suggesting that diets enriched with probiotics and supplemented with herbs could 

strengthen the immune system and increase resistance to pathogens, ultimately promoting 

better fish health and growth performance. The results presented by Zare et al (2021) 

provide additional support for the conclusions of the current study, indicating that 

incorporating nettle (Urtica dioica) and tarragon (Artemisia dracunculus) into the diets of 

rainbow trout (Oncorhynchus mykiss) led to improved growth and enhanced blood 

parameters, such as red and white blood cell counts. This indicates that herbal supplements 

may have a beneficial impact on the physiological health of fish, aligning with the noted 

enhancements in growth performance and feed efficiency in red tilapia that were provided 

by probiotic-enriched herbal diets. 

 

Conclusions. The findings indicated that the ideal dosage for maximizing growth 

performance was determined to be 25 mL kg-1 feed, yielding a feed usage efficiency (EFU) 

value of 83.84%, a feed conversion ratio (FCR) of 1.85, a specific growth rate (SGR) of 

1.62% day-1, and a survival rate (SR) of 93%. The investigation underscores the notable 

advantages of integrating probiotic-enriched diets, enhanced with herbs, into the feeding 

strategy for red tilapia. The identified optimal dosages for improving growth performance, 

feed efficiency, and survival rates highlight the promise of probiotics as a sustainable 

alternative to conventional antibiotic growth promoters in aquaculture. The results indicate 
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that incorporating probiotics and herbs may enhance gut health, nutrient absorption, and 

overall fish welfare, thus supporting more sustainable aquaculture practices. 
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