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Introduction: Probiotics, one of functional feed additives (FFAs), have emerged as a potential supplement to strengthen fish health and mitigate oxidative stress. The main focus of our research was to explore the benefits of probiotics (protexin) on growth, digestibility, antioxidant enzyme activity, and blood indices of Cirrhinus mrigala fingerlings.

Methods: A total of 105 fish (7.42 ± 0.02 g/fish) were used in a 90-day feeding trial. Fish were fed two times a day, and diets were tested in triplicate tanks (15 fingerlings per tank). Moringa oleifera seed meal was chosen as a basal feed ingredient. Seven test diets were formulated: One was control (without supplement), and six diets had different concentrations of probiotics, such as 0.5, 1, 1.5, 2, 2.5, and 3 g kg−1.

Results: The results of growth and nutrient absorption were maximum at a probiotic concentration of 2 g kg−1. The optimal serum antioxidant enzyme activity and blood parameters were likewise obtained at a probiotic dose of 2 g kg−1.

Conclusions: Supplementing C. mrigala with 2 g kg−1 probiotics substantially improved their growth, nutrient digestibility, antioxidant enzyme activity, and hematological indices (p < 0.05).

Keywords
 functional diet; probiotics; functional feed additive; oxidative stress; antioxidant enzyme
[image: Figure]

GRAPHICAL ABSTRACT
 



1 Introduction

Aquaculture has now become a rapidly expanding food industry, which accounted for approximately 87.5 million tons of aquatic output in 2020 [Food and Agriculture Organization (FAO), 2022]. Cirrhinus mrigala, a valuable species of Indian major carp, is found in southeast Asia and is valued for its taste, low-cost, and commercial significance in polyculture [Food and Agriculture Organization (FAO), 2014]. It is an omnivorous species with a tendency toward herbivory. It feeds mostly on decaying matter and phytoplankton, followed by zooplankton and insects (Soni and Ujjania, 2018).

While fishmeal (FM) has been the gold standard for balanced diets in industrial fish farming due to its high-quality protein, digestibility, and essential nutrients (Guedes et al., 2015), its scarcity and increasing cost pose challenges for large-scale aquaculture (Ahmad et al., 2021; Oliva-Teles et al., 2022). To address this, researchers are intensifying their efforts to develop innovative and functional feeds as alternatives to FM, with plant by-products being a promising area of exploration (Caruso, 2015).

Moringa oleifera seed meal (MOSM) emerges as a potential fish feed alternative due to its high crude protein content, reaching up to 40.34% (Liang et al., 2019). Also named the “Miracle Tree” for its diverse uses in medicine, nutrition, and the economic value it holds (Gopalakrishnan et al., 2016). However, anti-nutritional factors such as tannins, alkaloids, and phytates (Abdel-Latif et al., 2022) in MOSM can hinder nutrient absorption, digestion, and metabolism in fish. Current research explores the use of functional feed additives (FFAs) such as probiotics to counteract these negative effects. FFAs can improve digestive enzyme activity, nutrient uptake, and energy utilization, ultimately promoting optimal growth, digestion, and overall fish performance (Hosain and Liangyi, 2020).

Probiotics, live and non-pathogenic microbes, are gaining significant recognition for their diverse health benefits in hosts, including improved gut health and a balanced gut microbiome (Hu et al., 2017). Multi-strain probiotics, like the commercially available protexin, offer advantages over single-strain options due to their combination of lactic acid bacteria, yeast, and fungi (Firouzbakhsh et al., 2011; Hossain et al., 2022). These microbes are essential for digestion, nutrient uptake, immunity, and disease resistance (Diwan et al., 2022). Probiotics enhance digestive enzyme efficacy, resulting in improved nutrient absorption and digestion in fish. They can also increase intestinal villi height, maximizing the surface area for nutrient uptake (Tong et al., 2023). Furthermore, probiotics upregulate antioxidant enzymes, strengthening the body’s defense system against stress (Gobi et al., 2018). Since Cirrhinus mrigala, an agastric fish, experiences extended food retention in its small intestine, probiotics can be particularly beneficial. By detoxifying harmful microbes and boosting digestive enzymes, probiotics can significantly improve nutrient absorption (Ntakirutimana et al., 2023). Therefore, this study aims to develop a new aquaculture feed formula containing varying levels of probiotics and assess its impact on growth, digestibility, antioxidant enzyme activity, and blood parameters in C. mrigala.



2 Materials and methods

The investigation was conducted at the Fish Nutrition Laboratory in the Department of Zoology at Government College University, Faisalabad.


2.1 Ethical statement

All experimental protocols were approved by the guidelines provided by the “Ethics Review Committee of the Government College University Faisalabad.” This research was performed in an ethical and moral way. In this study, no toxins were administered to fish that could harm them, and a minimum number of fish were employed with proper care in accordance with the standards of the Ethical Committee.



2.2 Preparation of fish feeding trial

In order to culture C. mrigala, they were procured from Fish Hatchery, which is located on Satiana Road, Faisalabad, Punjab, Pakistan. For a period of two weeks, these fingerlings were kept in V-shaped tanks (70-liter per tenk) at the location of the experiment to acclimatize to their surroundings and were supplied with fresh, oxygenated water daily. Before the trial began, they were dipped in 5 g of NaCl (saline solution) to prevent infection from ecto-parasites (Rowland, 1991). Consistent estimations were made within the ranges of 24.8°C–28.6°C, 7.4–8.5, and 5.8–7.4 milligrams per liter for the temperature, pH, and dissolved oxygen (DO), respectively.



2.3 Formulation of test diets

Before the MOSM-based diet preparation, all products were bought locally and seeds were de-fatted by drying and pressing method. After crushing and sieving with 0.3 mm mesh, MOSM was formed. The inert marker chromic oxide (Cr2O3) was also used as a diet ingredient to evaluate digestibility (Divakaran et al., 2002). Before making diets, feed components were analyzed chemically (Table 1). First, all ingredients were finely ground to pass through a 0.5 mm sieve and mixed for 5 min in an electric mixer. In addition, fish oil was provided to adjust fat content as required. Then, 10% to 15% of water was mixed to form a homogeneous paste that was pelletized via an electric extruder (sieve size 2 mm) to form feed pellets. Following oven drying, M. oleifera was used to produce seven distinct diets. One diet served as a control with no probiotics, while the remaining six diets were supplemented with varying levels of probiotics: 0.5, 1, 1.5, 2, 2.5, or 3 g kg−1. Probiotics were sprayed over the diets at required concentrations after mixing with 100 mL distilled water (Yao et al., 2021; Eissa et al., 2022; Table 2). Protexin (Protexin® CFU g−1 = 2 × 109; A multi-strain Probiotics, Probiotics International Ltd., England) contains Lactiplantibacillus plantarum subsp. plantarum, Lactobacillus acidophilus, L. delbrueckii subsp. bulgaricus, Bifidobacterium bifidum, Aspergillus oryzae, Candida printolopesi, and Streptococcus faecium. This was done because the change in temperature during processing affects the viability and functionality of probiotics. At the end, experimental diets were subjected to desiccation in an oven at 105°C for 24 h and subsequently stored at a temperature of-4°C until they were consumed.



TABLE 1 Chemical analysis (%) for fish feed components.
[image: Table1]



TABLE 2 Ingredients and analyzed composition of experimental diets (%) supplemented with probiotics.
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2.4 The schedule of feeding and sample collection

The 60-day experiment involved feeding fingerlings a designated diet equivalent to 4% of their live body weight, administered twice daily. Three replicates of each diet were set up in V-shaped tanks with 15 fish per tank (a total of 21 tanks). At the beginning, the initial mass of each fingerling was noted. An hour after feeding, the remaining food was gathered, and the tank was thoroughly cleaned to eliminate any stray diet particles and replenished with water. Fecal matter was subsequently collected from each tank by opening the valves of the fecal collection system and taking extra precautions to minimize nutrient loss in the water system. The feces were dried at a temperature of 65°C and preserved for future chemical analysis.



2.5 Growth analysis

Growth of fingerlings was evaluated by comparing their initial (average initial weight: 7.42 ± 0.02 g) and final weights of the experiment. To evaluate the productivity of C. mrigala, the following standard arithmetic formulae were used as indicated by Ahmad et al. (2021) and Shahzad et al. (2022).



2.6 Nutrient digestibility analysis

For the purpose of the nutritional analysis (ADC%), the feed and fecal samples were pulverized in a high-speed grinder [Association of Official Analytical Chemists—International (AOAC), 2005]. To conduct an accurate analysis of the moisture, the samples were subjected to drying in an oven at 105°C for a period of 12 h. The Kjeldahl apparatus and a Soxtec device (utilizing petroleum ether extraction method) were used for the quantitative determination of crude protein (CP, N* 6.25) and crude fat (CF), respectively. An oxygen bomb calorimeter was employed to calculate the total gross energy (GE) by measuring the heat of combustion. Chromic oxide content in the diets was quantified using perchloric acid oxidation followed by spectrophotometric measurement of absorbance at 350 nm (Divakaran et al., 2002). The digestibility coefficient (ADC%) of diets was determined by using the formula, as defined in National Research Council (NRC) (2011).



2.7 Serum antioxidant enzymes

The blood samples were collected from the caudal vein of each fish using 1 mL heparinized syringe and transferred into Eppendorf tubes without additional anticoagulant solutions. The blood samples were kept at 4°C overnight. Following centrifugation at 3,000 g for 10 minutes, the serum was isolated and stored at -80°C for subsequent analysis. The levels of antioxidant enzymes, superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) were subsequently determined using a spectrophotometer following established protocols (McCord and Fridovich, 1969; Habig et al., 1974; Aebi, 1984).



2.8 Hematology

Upon completion of the feeding trial, three fish from each tank were anesthetized for 15 min using a solution of 150 mg of tricaine methane sulfonate, following the method of Wagner et al. (1997). Blood samples were then collected from the caudal vein using heparinized syringes and placed in Eppendorf tubes containing EDTA as an anticoagulant. The mean cell volume (MCV), mean corpuscular hemoglobin concentration (MCHC), and mean corpuscular hemoglobin (MCH) were calculated using formulas described by Shahzad et al. (2022). White blood cell (WBC) count, platelet (PLT) count, hemoglobin (Hb) concentration, and red blood cell (RBC) count were determined using established protocols outlined by Blaxhall and Daisley (1973) and Wedemeyer and Yasutake (1977).



2.9 Statistical analyses

One-way analysis of variance was conducted by using the computer application Co-Stat, and significant differences were analyzed by using Tukey’s honest significant difference test (Snedecor and Cochran, 1991). Graphs were created by using Microsoft Excel.




3 Results


3.1 Growth performance

The results indicated that all growth parameters were improved significantly when fish were fed probiotic-supplemented diets with respect to control diet, as shown in Table 3 (p < 0.05). The best weight gain (WG, 18.31 g), specific growth rate (SGR, 1.38%), feed conversion ratio (FCR, 1.39), and WG% (246%) were noticed in C. mrigala-fed 2 g kg−1 protexin probiotic-supplemented diets (test diet-V). The lowest WG (14 g) and WG % (188%) were noted in fish fed the control diet. This evidence shows that 2 g kg−1 level of protexin probiotic allows to promote the maximum growth performance of C. mrigala. Quadratic regression analysis showed that optimum survival rate %, WG %, FCR, and SGR of C. mrigala-fed test diets were found at 5.25, 1.74, 1.68, and 1.74 g kg−1 level, respectively (Figure 1).



TABLE 3 Growth parameters of Cirrhinus mrigala having probiotic-supplemented diets.
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[image: Figure 1]

FIGURE 1
 Quadratic regression of growth performance in Cirrhinus mrigala having probiotic-supplemented diets: (A) survival rate, % (B) weight gain, g (C) feed intake, g (D) weight gain, % (E) feed conversion ratio, % (F) specific growth rate.




3.2 Nutrient digestibility

ADC% (CP, CF, and GE) of C. mrigala-fed protexin-supplemented diets is shown in Table 4. These results indicated that highest ADC% of nutrients were recorded when fingerlings were fed test diet-V containing 2 g kg−1 of probiotics. The outcomes of CP, GE, and CF were considerably higher than the control diet. 2 g kg−1 supplementation of probiotics showed maximum CP (70%), GE (71%), and CF (75%), followed by the supplementation level of 2.5 g kg−1 (CP 69%, GE 70%, and CF 68%). Quadratic regression analysis showed that optimum apparent ND (CP, GE, and EE) of C. mrigala having MOSM-based test diets occurred at probiotic levels of 2.53, 2.04, and 1.99 g kg−1, respectively (Figure 2).



TABLE 4 Apparent digestibility analysis (%) of apparent CP, GE, and CF in Cirrhinus mrigala having probiotic-supplemented diets.
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FIGURE 2
 Quadratic regression of digestibility in Cirrhinus mrigala having probiotic-supplemented diets (A) crude protein, (B) crude fat, and (C) gross energy.




3.3 Antioxidant enzyme activity

Among all the probiotic levels, only test diet-V (2 g kg−1) indicated significant increase in SOD, CAT, and GPx activities, as illustrated in Figure 3 (p < 0.05). All the probiotic levels significantly enhanced (p < 0.05) the antioxidant enzyme activity to some extent with respect to control diet. However, test diets II, III, IV, and VII showed non- significant differences (p > 0.05) regarding CAT activity.

[image: Figure 3]

FIGURE 3
 Antioxidant enzyme activity of Cirrhinus mrigala-fed diets supplemented with probiotics: (A) SOD (superoxide dismutase, UL−1), (B) CAT (catalase, UL−1), and (C) GPx (glutathione peroxidase, UL−1).




3.4 Hematology

Blood indices of C. mrigala fingerlings showed that supplementation of protexin probiotics played a prominent role in the amelioration of blood parameters compared with the control diet (Table 5). The greater amounts of WBCs (7.61 × 103 mm−3), RBCs (2.66 × 106 mm−3), and Hb (7.91 g 100 mL−1) were recorded in the diet containing 2 g kg−1 of protexin. Accordingly, the lowest RBCs and Hb values were found in fish fed the control diet, while minimum WBCs (6.17 × 103 mm−3) and PLT (53 μL × 103) were recorded when fish were fed the 3 g kg−1 probiotic-supplemented diet. However, the maximum value of PCV (26.26%) was recorded for fingerlings that were fed the 1.5 g kg−1 probiotic level (test diet-IV). Moreover, optimum values of MCH (54.70 pg) and MCV (186 fl) were associated with the test diet-V (2 g kg−1 level), followed by MCH (50.29 pg) and MCV (179 fl) measured at a probiotic level of 2.5 g kg−1. The blood indices improved to their greatest values with a diet based on a level of 2 g kg−1 of probiotics. Quadratic regression analysis indicated that maximum RBCs, Hb, WBCs, and PLT of fish fed MOSM-based test diets occurred at 1.96, 1.79, 1.56, and 1.36 g Kg-1, respectively (Figure 4).



TABLE 5 Hematology of Cirrhinus mrigala having probiotic-supplemented diets.
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FIGURE 4
 Quadratic regression of hematological parameters in Cirrhinus mrigala fingerlings having probiotic-supplemented diets: (A) red blood cells, (B) white blood cells, (C) platelets, and (D) hemoglobin.





4 Discussion

For the sustainability and integrity of aquaculture, probiotics are the best option because bacterial diseases are becoming more resistant to antibiotics (Hosain and Liangyi, 2020). Moreover, probiotics are a promising dietary feed supplement as they promote general health and growth performance of fish. They are also eco-friendlier and less expensive supplement as compared to other supplements (Rohani et al., 2022). In our study, it is concluded that 2 g kg−1 probiotics (protexin) increase the growth performance, nutrient absorption, antioxidant enzymes activities, and blood indices of C. mrigala fingerlings.


4.1 Growth parameters

The current findings demonstrated that 2 g kg−1 level of multi-strain probiotic gave the best growth performance results (WG, 18.31 g; SGR, 1.38%; FCR, 1.39; and WG%, 246) in C. mrigala. Because the MOSM-based diet contains anti-nutritional elements which affect the nutrient absorption, probiotics enhance the production of digestive enzymes, thereby facilitating the breakdown of recalcitrant nutrients in fish, which in turn improves FCR. The increased enzymatic activity stimulates appetite and boosts feed intake, ultimately leading to enhanced growth performance in fish. According to Opiyo et al. (2019), when two probiotic strains (Bacillus subtilis and Saccharomyces cerevisiae) were fed to tilapia, they produced different results. S. cerevisiae promoted the better growth parameters at 4 g kg−1, whereas B. subtilis gave similar result at 10 g kg−1. Another study found that probiotics at 1 × 108 CFU g−1 feed increased the growth in Oreochromis niloticus (Xia et al., 2020). In our study, a 2 g kg−1 probiotic level showed the maximum SGR (1.38%), WG (18.31 g), and WG% (246%) and minimum FCR (1.39) in C. mrigala fingerlings Similarly, Niu et al. (2019) demonstrated that multi-strain probiotics showed increased growth parameters (WG% 759, FCR 0.77) in olive flounder. Our outcomes are also in agreement with the study by Hasan et al. (2021), who demonstrated that 0.2% probiotic supplement improved the growth (WG, 16.19 g; WG%, 981; SGR, 3.87%) in O. niloticus.

It should be noted that the present study appears to be inconsistent with a previous research by Firouzbakhsh et al. (2011), which revealed that growth responses were enhanced by a protexin probiotic level of 0.15 g kg−1 in Oscar fish. These apparently contrasting results should be interpreted in light of the multi- and mono-species nature of the probiotics used because protexin is a multi-species probiotic and thus should be considered more effective and beneficial than a mono-species probiotic (Hossain et al., 2022). On the contrary, our study is in line with Giannenas et al. (2015), who evaluated that dietary supplementation of multi-strain probiotics (B. subtilis, Pediococcus acidilactici, Enterococcus faecium, and Limosilactobacillus reuteri) improved the growth of rainbow trout at a probiotic level of 1 g kg−1.



4.2 Nutrient digestibility

Our findings revealed that 2 g kg−1 level of probiotics resulted in the highest ADC% in C. mrigala fingerlings. Maximum digestibility levels of CP% (70%), GE% (71%), and CF% (75%) were reported at 2 g kg−1 probiotic level when fish were fed with MOSM-based diet. Moreover, best apparent digestibility in feces was also observed in TD-V (CP, 10.07%; CF, 1.24%; and GE, 1.82%). This might be related to the fact that C. mrigala is an agastric fish species, which implies that the feed shows longer retention time in the small intestine, thus increasing nutrient absorption via the gut (Zandonà et al., 2015; Soni and Ujjania, 2018). Probiotics boost the synthesis of digestive enzymes, detoxify the toxic ones, and lower the pH of the gut, improving nutrient digestion. Moreover, probiotics increase villi height, which ameliorates absorption of nutrients from intestine (Tong et al., 2023). The study of Munir et al. (2016) demonstrated that Channa striata fingerlings, when supplemented with probiotics (L. acidophilus) supplement, showed enhanced nutrient digestibility as compared to prebiotics because probiotics directly influence the production of microbial bioactive compounds in gastrointestinal tract. According to Niu et al. (2019), the probiotic-supplemented diet was the best in nutrient utilization (protein retention, 37.9; lipid retention, 51.9). In a related study, the inclusion of probiotics elevated the activity of numerous enzymes, increasing the nutritional digestibility of Siberian sturgeon (Shekarabi et al., 2022).



4.3 Serum antioxidant enzymes

SOD, CAT, and GPx are the common endogenous enzymatic antioxidants which prevent the body from oxidative damage through reactive oxygen species (ROS; Ighodaro and Akinloye, 2018). In the present research, serum antioxidant enzyme activity was significantly improved by the addition of 2 g kg−1 multi-strain probiotic level in MOSM-based diet in which optimum SOD (1.72 UL−1), CAT (1.69 UL−1), and GPx (2.82 UL−1) were observed. According to Gobi et al. (2018), tilapia when fed with 107 CFU g−1 of B. licheniformis Dahb1 probiotics improved the antioxidant enzyme activity. Stress triggers the production of ROS [hydroxyl radical (OḤ), superoxide anion (O2−), and hydrogen peroxide (H2O2)] that impair the defense mechanisms (Pisoschi et al., 2021). Enzymatic antioxidants are those produced naturally inside a living organism that neutralize harmful free radicals and reduce stress (Krishnamurthy and Wadhwani, 2012). Arghideh et al. (2022) demonstrated that C. carpio, when fed with Streptomyces chartreusis probiotics, did not show significant improvements in terms of SOD, CAT, and GPx activities. The differences among published results might be reasonably explained considering the differences among fish species or probiotics used, for example because C. mrigala is a more sensitive fish with more susceptibility to stress than C. carpio. Therefore, the supplementation of probiotics in the case of C. mrigala might better enhance the activity of enzymatic antioxidants to overcome oxidative stress. Other researchers observed similar behaviors. According to Tanveer et al. (2024), for example, supplementation with a multi-strain probiotic comprising B. subtilis, E. faecalis, and B. licheniformis, at a dose of up to 2.0 g/kg, led to significant improvements in antioxidant enzyme activity on Clarias batrachus fingerlings.



4.4 Hematology

The outcomes of this research found an optimal probiotic level of 2 g kg−1 for enhancing the blood indices (Hb 7.91 g 100 mL−1; WBCs 7.61 × 103 mm−3; RBCs 2.66 × 106 mm−3; MCH 54.70 pg.; MCHC 34.04%; MCV 185.88 fl; and PLTs 60.87 μL × 103). Hematology is required for the diagnosis of overall health of fish. More Hb and RBC levels demonstrate that the blood has a high oxygen content (Yaqub et al., 2023). Our results are in agreement with those of Hasan et al. (2021), who discovered that dietary probiotic supplementation of 0.2% enhanced the hematological parameters (Hb 5.70 g DL−1, RBCs 1.19 m μL−1, and WBCs 10.89 × 104 cumm−1) in O. niloticus. Similarly, Adorian et al. (2019) demonstrated that 1 × 106 CFU g−1 probiotics significantly improved the blood parameters (RBCs, WBCs, and Hb) of Asian sea bass as compared to control. In contrast to the aforementioned and the present studies, Sayed Hassani et al. (2020) exhibited no significant effects of a probiotic-containing diet on RBCs, WBCs, MCH, MCV, and Hb when compared to a diet without probiotic supplementation. Similarly, Adorian et al. (2019) demonstrated that 1 × 106 CFU g−1 probiotics significantly improved the blood parameters (RBCs, WBCs, and Hb) of Asian sea bass as compared to control. In addition, Tanveer et al. (2024) stated that supplementing with 2.0 g/kg multi-strain probiotics (B. subtilis, E. faecalis, and B. licheniformis) showed improvement in hematological indices of C. batrachus.




5 Conclusion

Conclusively, protexin probiotics have shown to be a better supplement for the long-term sustainability and viability of aquaculture sector. The current results demonstrate that feeding C. mrigala fingerlings with MOSM along with 2 g kg−1 probiotic supplementation as FFA improves the growth performance, nutrient digestibility, antioxidant enzymes activities, and hematological indices. These findings therefore suggest that probiotic supplement can be used without compromising animal health and production.
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