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Abstract 

Aquaculture is one of the world's fastest growing industries. Improved disease resistance, feed 

efficiency and growth performance of farmed fish species are all needed. Dietary supplementation of 

medicinal plants has developed good defence against pathogenic bacteria and there is rising interest in 

them as natural antibacterial medicines. 90 days feeding trial conducted to assess the effect of moringa 

(Moringa oleifera) food supplementation on growth performance, survival, immunological response, 

disease resistance, haematology and gut histology in Amur common carp (Cyprinus carpio 

haematopterus). In each experiment, basal diet (30% protein) was supplemented with moringa leaf 

powder at rates of 5 g (T1), 15 g (T2) and 25 g/kg (T3). A control diet was also provided in triplicate 

(T0). According to the findings, all groups had a 100% survival rate. At the conclusion of the feeding 

study, T3 demonstrated a substantial improvement (p<0.05) over the control group in final body weight 

(FBW), weight gain (WG), specific growth rate (SGR) and protein retention (PR) as well as a higher 

feed conversion ratio. Hematological parameters viz., RBC, WBC, haemoglobin, hematocrit, MCV, 

MCH and MCHC revealed no significant difference between the treatments. Lysozyme activity was 

considerably higher in treatment (T3) (p<0.05) when compared to other treatment and superoxide anion 

generation was also higher in T3. There was no harm or inefficiency among the doses evaluated and 

they appear to be safe for use in fish meals. 

 
Keywords: Amur, moringa, haematology, immunology 

 

Introduction 

A significant segment of the population, particularly those involved in the fishing sector, 

depends on the fishing industry for their livelihood, thereby playing a crucial role in the 

nation’s nutritional security. India ranks as the fourth-largest exporter of fish products 

globally, contributing roughly 7.7% of the total global production. However, fish reared in 

intensive culture systems are often susceptible to viral and bacterial infections due to 

immunosuppression caused by stressful environmental conditions. The concept of functional 

feeds designed to provide benefits that extend beyond basic nutritional requirements—

remains relatively novel in the aquaculture industry, and further exploration of this approach 

could yield considerable benefits (Li P & Gatlin, 2004) [36]. In many cultured species, 

including African catfish, carp, and tilapia, growth promoters are routinely employed to 

enhance feed-to-muscle conversion rates as well as optimize fat and protein deposition 

(Nowosad et al., 2023) [44]. Research indicates that these additives can significantly improve 

feed efficiency, production performance, immunological responses, and overall health. To 

maintain a sustainable aquaculture, both environmentally and financially, disease prevention 

is crucial. For this reason, preventative measures based on the stimulation of the fish immune 

system have been successfully applied, and they are now an integral component of the 

management of contemporary aquaculture processes. Since the discovery of antibiotics with 

growth-promoting and disease-fighting properties, the industry regularly uses considerable 

doses of antibiotics to prevent and/or control infectious diseases.  
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The possibility of detrimental effects on animal and human 

health, as well as the aquatic environment, has increased as 

a result of antibiotics' extensive use as therapeutic and 

growth-promoting medications. It has been extensively 

documented that many bacterial illnesses connected to fish 

disease exhibit antibiotic resistance (Richter et al., 2003) [54]. 

Phytobiotics and plant derivatives, also known as 

"phytogenics" (Dongmeza et al., 2006) [19] and 

"phytobiotics" which are primarily derived from aromatic 

plants and their essential oils, have been extensively used to 

improve the growth performance of fish (Hoseinifar et al., 

2011) [30]. Globally, India is the largest producer and 

supplier of Moringa oleifera (CBI, MoFA, 2018) [11] and it 

is categorized as “Novel Food” on the European market. 

The leaves and seed pods of moringa are rich in minerals, 

vitamins and essential amino acids (Kasolo et al., 2010) [33]. 

Moringa leaf contains crude protein (CP) with about 260 

g/kg of leaf, of which about 87% is true protein (Makkar 

and Becker, 1996) [40]. Essential amino acids found in 

moringa leaf are methionine, cysteine, tryptophan and 

lysine. They are rich source of calcium, potassium, vitamin 

A, vitamin C and choline (Ramachandran et al., 1980; CBI, 

MoFA, 2018) [50, 11]. Moringa based products could provide 

enhanced health benefits due to their high mono, 

polyunsaturated fatty acid content and low saturated fatty 

acids (Saini et al., 2014) [56]. Siddhuraju et al. (2003) [54] 

found that moringa natural antioxidants are functionally 

similar to widely used synthetic antioxidants such as 

butylated hydroxyl toluene and butylated hydroxyl anisole. 

M. oleifera is used as potential antioxidant, anticancer, anti-

inflammatory, anti-diabetic and antimicrobial agent and it 

contains a large composition of polyphenolic compounds 

such as hydroxycinnamic acid derivatives and flavonoids 

known to have antioxidant activities towards oxidative 

stress (Morimitsu et al., 2000) [41]. 

Amur carp is a popular fish species worldwide, known for 

its exquisite taste and high nutritional value. As the demand 

for Amur carp increases globally, there has been an 

increased focus on improving their growth rate and overall 

health through innovative feeding strategies. In recent years, 

the use of inulin-based diets has gained popularity as a 

promising approach to promoting the growth and health of 

Amur carp (Wang et al., 2022) [67]. Inulin is a natural 

prebiotic fiber that has been found to enhance the growth 

and health of Amur carp. Studies have shown that inulin-

based diets can improve the quality of gut microflora, 

leading to better nutrient absorption and immune function in 

Amur carp (Radhakrishnan et al., 2020) [49]. In addition to 

its phytobiotic properties, Moringa also has low caloric 

value and can serve as a substitute for other high-calorie 

feed ingredients (White & Hekmat, 2018) [69], thereby 

potentially reducing the cost of feed and promoting 

sustainable aquaculture practices. Overall, the moringa diet 

can be a promising strategy for promoting the growth and 

health of Amur carp while also contributing to sustainable 

aquaculture practices (Verdegem et al., 2021) [15]. 

The study of hematologic factors can be used to evaluate the 

state of aquatic animals in reaction to stress, pollutants, 

nutrients and biological and metabolic conditions. The 

assessment of blood cells, blood biochemistry and hormones 

could be helpful for illness detection and monitoring the 

physiological state of fish (Stoskopf, 1993) [63]. The use of 

moringa based diets has been found to enhance the growth 

and health of Amur carp, making it popular as a promising 

approach for promoting aquaculture. Studies have 

demonstrated that moringa is a natural supplementation 

improved growth, immunity against harmful 

microorganisms (Omitoyin et al., 2019) [45]. This study 

comprised a quantitative analysis of growth, immune 

response, and blood parameters in amur common carp fed 

diets supplemented with moringa. 

 

Methodology  

Collection of Fish 

A total of 180 healthy Amur carp fingerlings were procured 

from the Fisheries Research and Information Centre, 

Hesaraghatta, Bangalore (mean individual weight 4.0±0.5 

g). They were reared in FRP Tanks and fed with a balanced 

diet at 5% body weight. Twice a week, the water was 

partially renewed and it was routinely checked. 25oC was 

maintained as the temperature. For a few weeks, fishes were 

kept in the aquariums for adoption. 

 

Preparation of Experimental Diet 

For protein optimization, three test diets were formulated 

with a protein content of 30% by using the square technique 

(Hardy, 1980) [27]. Three experiment diets were prepared by 

incorporating moringa 5g, 15g and 25g per kg of feed and 

after that, it is referred to as T1, T2 and T3. The control diet 

was prepared without incorporation of Moringa and is 

referred to as T0 (Tables 1).  

 

Experimental Design  

The experiment was conducted in 250-liter FRP tanks at the 

Fisheries Research and Information Centre, Hesaraghatta, 

Bengaluru. Uniform in size Amur common carp fingerlings, 

with an average length and weight of 6.0±0.5 cm and 

4.0±0.5 g respectively, were introduced into tanks at a 

stocking density of 15 individuals per tank. The experiment 

was conducted over a period of 90 days. The water 

exchange was done twice every week to remove the left-

over feed and fecal matter. The fish were sampled once 

every 15 days to record their growth and survival. 

 
Table 1. Proportion of various ingredients in different 

experimental diets. 
 

Ingredients (%) 
Treatment 

T0 T1 T2 T3 

Fish-meal 36.07 36.3 36.07 36.07 

Groundnut oil cake 36.07 36.07 36.07 36.07 

Rice bran 12.93 12.43 11.43 10.43 

Tapioca 13.93 13.93 13.93 13.93 

Vitamin-mineral mixture 1 1 1 1 

Moringa 0 0.5 1.5 2.5 

Total (100g) 100 100 100 100 

 

Growth and Survival performance 

Fishes of all replicates were weighed after 90 days of 

feeding trials, and body gain was measured. Total weight 

gain (WG), Specific growth rate (SGR), Protein efficiency 

ratio (PER), Feed conversion ratio (FCR) and mortality 

were observed throughout the experimental period. 

 

SGR(%) =
[Ln(Final weight) − Ln(Initial weight)]

No. of days
 ×  100 

 

Weight gain(%) =
[ Final weight(g) −  Initial weight(g)]

Initial weight(g)
×  100 
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FCR =  
Dry weight of the feed given

Gain in wet weight of fish
 

 

PER =
Gain in body

Protein intake
 

 

Blood sampling 

The fish from each replication were subjected to anaesthesia 

and blood samples were obtained by breaking the caudal 

vein using a 2 ml syringe that had been washed with an 

anticoagulant (Heparin). The blood was immediately 

transferred to heparin-coated vials. Blood was collected in 

2ml centrifuge tubes without any anticoagulant and 

centrifuged for serum collection after centrifugation 

supernatant is pooled and stored at-20 °C. 

 

Hematological parameters 

Hematology parameters such as hematocrit, hemoglobin 

count, mean corpuscular hemoglobin (MCH), mean 

Leucocyte count, cell volume, erythrocyte count and mean 

corpuscular haemoglobin concentration and values were 

analyzed. An automatic hematology analyzer was used for 

the analysis of blood parameters. The MCV, MCH and 

MCHC values acquired from the hematology analyzer were 

further verified using standard formulae. 

 

MCHC =
Hemoglobin (g/dl)

Hematocit (%)
 ×  100 

 

MCH =
Hemoglobin (g/dl)

RBC count (million mm−3)
 ×  10 

 

MCV =
Hematocrit (%)

RBC count (million mm−3)
 ×  10 

 

Immunological parameters 

The immunological parameters, including serum albumin, 

serum globulin and total serum protein, were assessed using 

a serum analyzer (Clinical Chemical Analyzer, AGDTM 

2020) using kits provided by AGDTM Biomedicals Pvt. 

Ltd., located in Mumbai, India. The Nitroblue tetrazolium 

(NBT) assay was performed using Anderson and Siwicki 

(1995) [3] method (Anderson and Siwicki, 1995) [3]. The 

turbidimetric technique proposed by Parry et al. (1965) [48] 

was used to quantify lysozyme activity (Parry et al., 1965) 

[48]. 

 

Statistical analysis 

The experiment was conducted in triplicate, with each tank 

containing 15 fish as the experimental unit. The statistical 

methodology used in this research was the application of 

one-way analysis of variance (ANOVA) to ascertain the 

existence of a statistically significant disparity in the 

average growth, survival and immunological response in 

relation to the treatment variable. The researchers proceeded 

to perform the Duncan Multiple Range Test using the SPSS 

software (version 20.0) in order to further examine these 

observed variations. 

 

Results 

The Growth performances and survival rate in Amur carp 

fingerlings were determined (Table 2). During the 

experimental period, the dietary supplemented Moringa 

showed improved feed conversion ratio, specific growth 

rate, weight gain, protein conversion ratio, and survival, 

with significant differences in these parameters within the 

diets. Survivability in the experimental period is almost 

similar in all the treatments. For the Amur fingerlings, after 

a 90-day feeding trial, the diets fed with 5 g, 15 g and 25 g 

showed better growth performances, including SGR, weight 

gain, and PER with high significance (p<0.05) and with that, 

the lowest FCR were seen in the treatments fed with 

moringa incorporated diets compared to control diets 

(p<0.05). The survival rates in Amur carp fingerlings have 

shown significant improvements in Moringa incorporated 

diets compared to control diets (p<0.05). 

 
Table 2: Under various treatments and in the control group, FCR, SGR, PER, WG and fish survival were measured. 

 

Parameters 
Treatments 

T0 T1 T2 T3 

WG (%) 168.05±1.342 224.09±1.365 260.42±3.627 315.73±4.097 

SGR (% per day) 1.09±0.007 1.30±0.003 1.42±0.012 1.58±0.012 

FCR 1.52±0.006 1.36±0.006 1.27±0.003 1.13±0.006 

PER 3.28±0.017 3.92±0.012 4.27±0.033 4.75±0.033 

Survival (%) 100 100 100 100 
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Fig 1: Influence of Moringa on carp weight increase 
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Figure 1 depicts the influence of Moringa on carp weight 

increase. T0 has the least amount of Moringa influence on 

fish weight. Compared to the control group T0, T3 had the 

largest effect of Moringa on fish weight gain. T1 showed the 

Moringa effect on fish weight to be the least significant. 
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Fig 2: Influence of Inulin on carp specific growth rate 

 

Figure 2 shows the impact of Moringa on fish (carp) specific 

growth rate. T3 had the highest influence of Moringa on 

fish-specific growth rate compared to control T0, followed 

by T2 and T1.  
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Fig 3: Food conversion ratio in fish carp after administration 

Moringa 

Figure 3 illustrates the food conversion ratio in fish carp 

after administering the dietary supplement Moringa. The 

influence of the food supplement on Treatments is less to 

that of the control group T0. The dietary supplement was 

shown to have minimal impact on T3. 
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Fig 4: Protein conversion ratio in fish after administration of 

Moringa 
 

Figure 4. shows the protein conversion ratio in fish after 

administration of the dietary supplement Moringa. The 

effect of the dietary supplement Moringa was observed 

maximum in T3 compared to control T0. The minimal effect 

of the dietary supplement Moringa was observed in T1. 

The hematological parameters were analyzed (Table 3). The 

dietary supplementation of Inulin has shown improved 

hemoglobin levels, RBCs, WBCs, Haematocrit, MCV, 

MCH and MCHC concentrations with high significance 

compared to the control diet (p<0.05). 

 
Table 3. Hematological parameters of Amur common carp 

(Cyprinus carpio haematopterus) were recorded in different 

treatments and control groups. 
 

Parameters 
Treatments 

TO T1 T2 T3 

Hemoglobin (g/dl) 17.0±0.107 17.8±0.244 18.2±0.195 19.4±0.173 

RBC (106/mm3) 7.11±0.223 8.01±0.115 8.11±0.031 8.41±0.147 

WBC (103/mm3) 14.9±0.311 15.0±0.157 15.6±0.090 16.6±0.040 

Hematocrit (%) 51±0.906 53.4±0.085 54.6±0.294 58.2±0.120 

MCV (fl) 70.6±0.643 70.8±0.415 72±0.182 72±0.150 

MCH (pg) 23.6±0.238 23±0.170 24.2±0.458 24.4±0.303 

MCHC (%) 34.8±0.254 35.4±0.408 36.0±0.164 36.8±0.196 
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Fig 5: Impact of Moringa on haemoglobin 
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The impact of Moringa on hemoglobin is seen in Figure 5. 

T1 has an equivalent impact on hemoglobin in the presence 

of Moringa as compared to T2. T3 has the highest degree of 

influence of Inulin on hemoglobin. 
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Fig 6: Influence of dietary supplementation of Moringa on the RBC 

 

Figure 6 presents the influence of dietary supplementation 

of Moringa on the RBC levels. Treatment with moringa has 

the most significant observable influence of Moringa when 

compared to the control treatment T0, whereas treatment T1 

displays a comparatively weaker effect. The effect of 

Moringa in the treatment group labelled as T3 was 

determined to be maximum. 
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Fig 7: Impact of dietary supplementation of Moringa on the hematocrit levels of fish 

 

The influence of dietary supplementation of Moringa on the 

hematocrit levels of fish is shown in Figure 7. Treatment T3 

has the highest observed impact of Moringa compared to the 

control treatment T0, with treatment T1 exhibiting a lesser 

effect.  
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Fig 8: Influence of dietary supplementation of Moringa on fish's MCV (ft) levels 
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Figure 8 presents the influence of dietary supplementation 

of Moringa on fish's MCV (ft) levels. Treatments of 

Moringa were shown higher values when compared to the 

control treatment T0, whereas treatment T1 displays a 

comparatively weaker effect.  
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Fig 9: Impact of dietary supplementation of Moringa on fish's 

MCH concentration levels 

 

The impact of dietary supplementation of Moringa on fish's 

mean corpuscular hemoglobin concentration levels is shown 

in Figure 9. Treatment T3 has the most pronounced and 

statistically significant impact on Moringa compared to the 

control treatment T0, followed by T2 and T1. 

The outcome of the dietary Moringa supplementation on 

immune parameters is shown in Table 4. The Moringa-

supplemented fishes have significantly improved values of 

NBT, Lysozyme activity compared to control-fed fishes 

(p<0.05). The study revealed that fishes fed control diets 

exhibited higher blood protein, globulin, and albumin 

globulin ratio levels than those fed Moringa. This difference 

was statistically significant across the various treatments (p 

< 0.05). Following the administration of various doses of an 

Moringa-based dietary supplement, the observed Lysozyme 

activity (103/l) in fish is shown in Table 4. When compared 

to the control treatment T0, the T3 therapy shows greater 

levels of Lysozyme activity (103/l) in fish. Following the 

administration of dietary Moringa supplementation, the 

lowest measured NBT activity in fish was seen in T1.  

The total serum protein (g/dl) in fish after the administration 

of different doses of an Moringa-based dietary supplement 

is shown in Table 4. The treatment groups (T1, T2 and T3) 

demonstrates elevated levels of NBT activity in fish 

compared to the T0 (control) treatment. The albumin (g/dl) 

level in fish after the administration of different doses of a 

Moringa-based dietary supplement is shown in Table 4. The 

treatment groups (T1, T2 and T3) demonstrates elevated 

levels of albumin (g/dl) level in fish in comparison to the T0 

(control) treatment 

Similarly, table 4 presents the observed globulin (g/dl) level 

in fish after the administration of varying dosages of a 

moringa based dietary supplement. The T0 treatment 

exhibits higher levels of globulin (g/dl) in fish compared to 

the treatment, T3. The lowest measured globulin (g/dl) level 

in fish was seen in T1 following the administration of dietary 

moringa supplementation. 

 

Table 4: Serum immunological parameters of Amur common carp (Cyprinus carpio haematopterus) recorded in different treatments and 

control group. 

 

Parameters 
Treatments 

TO T1 T2 T3 

Total serum protein (g/dl) 7.6±0.078 7.8±0.090 8.0±0.093 8.1±0.015 

Albumin (g/dl) 4.2±0.035 4.8±0.046 4.8±0.046 5.0±0.074 

Globulin (g/dl) 3.4±0.212 3.0±0.046 3.2±0.078 3.1±0.025 

Albumin-globulin ratio 1.24±0.067 1.60±0.012 1.50±0.030 1.61±0.015 

NBT activity (OD at 620 nm) 0.489±0.047 1.25±0.067 1.28±0.015 1.37±0.049 

Lysozyme activity (103/l) 240±1.732 550±12.583 700±7.638 980±13.204 

 

Discussion 

Aquaculture has rapidly emerged as the fastest-growing 

segment in food production, playing a critical role in 

sustaining global food security. Optimal nutrition in aquatic 

animal production is essential for cultivating high-quality, 

resilient products while also controlling costs, as feed 

expenses account for 40%-50% of overall production 

expenditures. Given that traditional antibiotics and 

chemotherapeutics can suppress immune responses and 

encourage the development of resistant pathogens (Chinabut 

& Puttinaowarat, 2005) [12], there is a pressing need for 

alternative strategies that ensure sustainable growth and 

effective health management. Although alternative therapies 

such as vaccination are under investigation, solid evidence 

of their effectiveness for many farmed fish species remains 

elusive (Mahious et al., 2006) [39]. Consequently, the 

aquaculture industry has increasingly turned to feed 

additives including vitamins, minerals, and phytobiotics to 

enhance the overall welfare of aquatic animals and reduce 

disease risk. The growing popularity of these functional 

additives is primarily driven by persistent challenges in 

managing disease outbreaks in fish intended for human 

consumption and the need to stimulate the host's non-

specific defense mechanisms against pathogens (Chinabut & 

Puttinaowarat, 2005) [12]. 

The use of medicinal plants as a natural feed addition in fish 

diets is advantageous as an alternative for phytobiotics and 

antibiotics, both of which are necessary to support fish 

health. Fish can benefit from the growth-promoting, 

antibacterial and immunostimulant effects of these plants 

(Reverter et al., 2014) [54]. Moringa leaves powder is 

considered as one of the most potential dietary medicines 

for the prevention and treatment of a variety of fish diseases. 

In the current study, the supplementation of moringa leaves 

powder in the diet increased weight gain, specific growth 

rate and feed conversion ratio in Amur common carp. The 

fish fed moringa leaves powder incorporated diet at a rate of 

25 g/kg feed showed a substantial increase (p<0.05) in 

weight gain (23.99±0.304 g), specific growth rate 

(1.55±0.009), protein retention (4.66±0.021) and a 

significant decrease in FCR (1.11±0.031). 
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The moringa leaf powder incorporated in the commercial 

feed resulted in distinct impact on the Amur common carps 

specific growth rate, daily length growth rate, feed 

conversion ratio and protein retention over the period of a 

90 days feeding trial. This may be due to the result from the 

digestive tract optimal absorption process or from the feeds 

absorption of nutrients. Moringa has been shown in other 

research to considerably improve fish growth indices and 

feed utilisation (Ozovehe, 2013; Sherif et al., 2014) [46, 59]. 

Fish fed 200 mg MOAE/kg food showed considerable 

growth performance measures (FW, WG and SGR) in 

comparison to other groups (Emam et al., 2021) [22]. 

Shourbela et al. (2020) [60] also clarified that O. niloticus 

fingerlings fed on MOAE containing diet showed an 

enhanced growth performance. Heidarieh et al. (2013) [29] 

indicated that M. oleifera had improved the food 

digestibility and absorption capacity of Oncorhynchus 

mykiss.  

The sea bass fed Cissus quadrangularis powder 

supplemented diets at 0.5 g, 1.0 g, and 1.5 g/kg inclusion 

levels increased their body weight significantly (p<0.05) 

more than the basal diet fed fishes (Devakumar and 

Chinnasamy, 2017) [16]. Ribeiro et al. (2016) [53] discovered 

a high feed conversion ratio in tambaqui fish fed with a 

peppermint-infused diet at a rate of 1.5%/kg feed. The 

ginger diet served as an appetiser enhancer and its 

supplementation at the rates of 5 g and 10 g/kg feed was 

most beneficial for Asian sea bass growth and survival 

(Talpur and Ikhwanuddin, 2013) [65]. 

Similarly, clove at 0.5% improved digestion, which resulted 

in faster development in Labeo rohita (Asimi et al., 2015) 
[8]. Tinospora cordifolia dietary inclusion in all 

concentrations increased weight gain, feed conversion ratio, 

gross conversion efficiency, and specific growth rate in 

Amur carp fingerlings (Anita et al., 2016) [4]. Dietary 

inclusion of Ficus carica polysaccharides (0.4%) improved 

final weight, feed conversion ratio and survival rate of 

crucian carp (Wang et al., 2022) [67]. Aloe vera diets at 1% 

and 2%/kg feed significantly (p<0.05) increased weight 

gain, absolute growth rate and specific growth rate in GIFT 

tilapia (Gabriel et al., 2015) [25]. Feeding with Mentha 

pipperita diet at 5g/kg feed to Lates calcarifer stimulated 

hunger and resulted in considerably enhanced weight gain, 

specific growth rate and feed conversion ratio (Talpur, 

2014) [64]. Dietary inclusion of 2% Peppermint (Mentha 

piperita) measured weight gain, specific growth rate, and 

food conversion ratio in Labeo rohita (Padala et al., 2018) 
[47]. 

Dietary supplementation with moringa leaf powder has less 

effect on the survival of Amur common carp. Treatment T3 

showed a higher survival rate followed by T2 and T1. 

Although there are a few studies that demonstrate moringa 

leaf powder has a deleterious influence on some species at 

higher dosages of absorption. The survival rate of Nile 

tilapia on a diet consisting 20% moringa leaves was high 

(Doctolero and Bartolome, 2019) [18]. Nile tilapia diets 

supplemented with ethanolic extract of M. oleifera flower, 

specifically at 0.25% inclusion level, can be helpful to 

modulating the immune status of the fish and hence improve 

the disease resistance (Tekle et al., 2015) [66]. After eight 

weeks of the dietary trial, fish receiving O. vulgare in their 

diets showed an improved survival rate when compared to 

that of the control treatment after 10 days post-infection 

with A. hydrophila (Rashidian et al., 2021) [51]. In the 

current experiment, there were no evident deviations in the 

fish development patterns or behaviour.  

In aquaculture, haematological parameters have been 

established as key indicators of fish nutritional and 

physiological health (Fazio, 2019) [24]. Red blood cells, 

white blood cells, haemoglobin, packed cell volume and 

related indices, such as mean corpuscular volume, mean 

corpuscular haemoglobin, and mean corpuscular 

haemoglobin concentration, have all been tested to 

determine erythrocyte status and oxygen carrying ability in 

fish (Houston, 1997) [31]. Dietary supplementation with M. 

oleifera leaves increased African catfish haematological 

indices such as packed cell volume (PCV), haemoglobin 

(Hb), red blood cell count (RBCs) and white blood cell 

count (WBCs) compared to the control group. Ayoola et al. 

(2012) [9] discovered a significant drop in mean cell 

haemoglobin concentration (MCHC) and mean corpuscular 

haemoglobin (MCH) values when compared to controls and 

stated that these could be the effects of the hemolysis caused 

by A. hydrophila.  

The maximum red blood cell (RBC) value (2.95×106/mm3) 

was obtained in Labeo rohita fed with 10% MOLM based 

food, while the lowest value (1.50×106/mm3) was observed 

in fish fed 40% MOLM based diet. The best value was 

observed in fish fed a 10% MOLM diet, which was 

substantially different (p>0.05) from fish fed 0%, 20%, 30% 

and 40% MOLM diets (Arsalan et al., 2016) [7]. 

Oreochromis mossambicus fed moringa-based diets showed 

an increase in haematological indices such PCV, RBCs, 

WBCs, Hb and haematocrit (HTC) levels. Common carp fed 

moringa leaf meal showed better haematological indices 

including PCV, Hb, RBCs and WBCs.  

Moringa incorporation in feed significantly increased all 

hematological parameters at pre and post starvation 

exposure (Elabd et al., 2019) [20]. Nile tilapia fed diets with 

10% and 15% M. oleifera leaves for six weeks significantly 

increased blood indices (Sherif et al., 2014) [59]. In the 

present study, significantly higher RBCs, haemoglobin and 

WBCs levels observed in treatment (T3) fish fed with 

moringa leaf powder incorporated diets compare to control 

group. Fish fed a diet that contained 50% M. olifera leaf 

meal had the highest value of WBC, 7.90 x 103/mm3. The 

fish fed diets with 40 and 50 percent M. olifera leaf meal 

had lymphocyte counts with the highest value of 70.00%, 

according to the results of the test. The body's immune 

system is composed of lymphocytes and white blood cells 

(WBC) (Dienye and Olumuji, 2014) [17].  

O. niloticus supplemented with different concentrations of 

moringa showed considerably improved haemograms (RBC, 

Hb, PCV, MCV, MCH and MCHC), showing that the 

integration of moringa improved health status (Sherif et al., 

2014; Nascimento et al., 2016) [59, 42]. Sherif et al. (2014) [59] 

reported that hemogram including RBC, Hb, PCV, MCV, 

MCH and MCHC of O. niloticus supplemented with 

different concentrations of M. oleifera is significantly 

improved. The fish fed a 200 mg MOAE/kg diet showed 

significant enhancement in RBCs counts, Hb concentration 

and PCV values compared to the control group (Mahamoud 

et al., 2021) [38]. The fish fed 400 mg MOAE/kg diet 

expressed significant decreases in RBC, Hb, PCV and 

MCHC with an increase in MCV resulting in macrocytic 

hypochromic anemia. This owed to M. oleifera causes 

enhancement in health status (Nascimento et al., 2016) [42] 

as it contains saponin (Khalil and Eladawy, 1994) [34], 
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alkaloids and flavonoids which elevates RBCs, HB, and 

PCV (Anwar et al., 2007) [6]. The elevated WBCs count may 

be owed to the immunomodulatory capacity of M. oleifera 

in fish (Stadtlander et al., 2013) [62]. Elabd et al. (2019) [20] 

discovered that food supplementation with MOLM 

increased all haematological parameters of treated Nile 

tilapia, including PCV, Hb, RBCs and WBCs, when 

compared to controls. Reduced RBC numbers and 

haemoglobin concentrations show that leucocytosis activity 

is destroying RBCs in erythrocytic anaemia, leading to 

erythroblastosis (Haney et al., 1992) [26]. Infected fish fed 

diets with varying quantities of button mushroom (Agaricus 

bisporus) had higher RBC count and Hb content than 

infected fish fed the control diet (Harikrishnan et al., 2018) 
[28]. Leucocyte cells are one of the primary components of 

body defence; an increase in the amount of WBC in blood 

may indicate the presence of inflammation in the organism 

(Czech et al., 2009) [14]. Total and differential leucocytes 

were found to be considerably higher in fish fed moringa 

powder-infused meals in the present study. Total leucocytes 

increased significantly both before and after the challenge, 

with greater leucocyte counts reported in fish fed a moringa 

powder included diet at a rate of 2.5 g/kg feed. The large 

rise in WBC suggests that the immune system in fish has 

been stimulated. WBC is vital in immunological responses 

and improves the animal's ability to fight infection (Jane and 

Jane, 2010) [32]. 

Fish serum immunological markers are important because 

they provide data on metabolism and general health. The 

degree of stress and presence of pathogenetic agents in the 

environment clearly represent several blood metabolites 

such as total serum protein, albumin, and globulin. Moringa 

supplemented meals exhibited no negative effects on blood 

immunological markers in the current study, and in fact, 

several of them improved. The NBT assay primarily 

measures the formation of free oxidative radicals by 

leukocytes in response to fish infections (Cook et al., 2003, 

Sahoo et al., 2005) [13, 55]. Nitroblue Tetrazolium Assay 

(NBT) activity is regarded as one of the most important 

defensive mechanisms in fishes and is an essential 

biomarker of oxygen-dependent bactericidal activity 

(Secombes, 1990) [58]. It is widely assumed that after 

activation, fish phagocytes generate superoxide anion and its 

reactive derivatives such as hydrogen peroxide and hydroxyl 

radicals during high oxygen consumption (Secombes, 1990) 

[58].  

In the present study, the NBT assay level was high in 

treatment T3 (1.34±0.118) followed by T2 (1.28±0.075) and 

T1 (1.25±0.087) treatments. The control group showed low 

(0.54±0.050) NBT assay level in compared to other 

treatment groups. Antony et al. (1999) [5] reported that 

Curcuminoids have good inhibitory effects on reactive 

oxygen species (ROS) production. Dietary devil pepper 

(Rauvolfia tetraphylla) extract significantly improved 

(p<0.05) respiratory burst activity in rohu against 

Aphanomyces invadans infection (Yogeshwari et al., 2015) 
[72]. Ngugi et al. (2015) [43] discovered that a 5% stinging 

nettle (Urtica dioica) supplemented meal boosted 

respiratory burst activity in Victoria labeo (Labeo 

victorianus). Lysozyme is a blood enzyme that actively 

lyses bacteria; a higher concentration in fish has been 

thought to represent a natural protective mechanism. 

Lysozyme is thought to be produced by neutrophils, and the 

enzyme appears to be more bactericidal than lysozyme from 

higher vertebrates (Ellis, 2001) [21]. The lysozyme is one of 

the most significant components of fish defensive 

mechanisms, acting via complement activation and 

phagocytosis (Magnadottir, 2006) [37]. Lysozyme is an 

essential component of fish immune systems. Bacteriolysis 

occurs as a result of hydrolyzing bacterial cell wall 

peptidoglycans and it also acts as an opsonin (Magnadottir, 

2006) [37]. 

In the present study, enhanced serum lysozyme activity was 

recorded in all the treatments when compared to control. 

There was significant difference (p>0.05) observed between 

various dietary treatments. The highest lysozyme activity 

was recorded in treatment T3 (1203±0.579) followed by T2 

(991±1.154), T1 (982±1.155) and T0 (214±1.152). The role 

of the bioactive compounds in the extract is to boost the 

nonspecific defence system including the lysozyme activity, 

phagocytic activity and the respiratory burst activity of the 

immune cells Phytobiotics, medicinal herbs possess 

immune-stimulating abilities with proven bactericidal 

activities against numbers of pathogenic bacteria affecting 

man, animal and fishes and are possible alternatives to 

antibiotics (Khan et al., 2009) [35]. Lysozyme is a leukocytic 

innate immunity mediator that has antibacterial activity and 

stimulates phagocytosis; it is a good indicator of fish 

nonspecific immune functions (Saurabh and Sahoo, 2008) 
[57]. 

Feeding M. oleifera leaf powder increased the Nile tilapia's 

100% relative percent survival (RPS), respiratory burst, 

phagocytic, and LYZ activities, as well as IgM levels (El-

Gawad et al., 2019) [20]. Tekle and Sahu (2015) [66] 

discovered that consuming M. oleifera flower extract in the 

diet significantly raised serum LYZ, phagocytic and 

respiratory burst activities in addition to improving 

resistance to A. hydrophila. In M. oleifera supplemented 

groups, respiratory burst, phagocytic and lysozyme activity 

increased significantly (p<0.05) compared to controls.. The 

innate immune response of common carp fed 10 g MSLE/kg 

diet enhanced significantly (p<0.05) when compared to fish 

fed a control diet (Adeshina et al., 2019) [1]. The bioactive 

components in Mitracarpusscaber leaves extract may be 

responsible for increased respiratory boost activity, 

lysozyme, SOD and catalase activities (MSLE). Tilapia 

given 0.1 and 0.5% Astragalus radix for one week increased 

lysozyme activity and stimulated phagocytosis by 

phagocytic blood cells for three weeks, but did not increase 

phagocytic cells respiratory burst activity (Yin et al., 2006) 
[71]. Rainbow trout fed with 1.5 dill (Anethum graveolens L.) 

has significantly higher levels of lysozyme, alternative 

complement pathway haemolytic activity, superoxide 

dismutase and catalase activity in their serum than the others 

(Zeilab et al., 2020) [73]. 

The total serum protein concentration is often regarded as a 

key measure of fish health. The main serum proteins are 

albumin and globulin, which both play significant roles in 

the immune response. Fish with higher blood protein, 

albumin and globulin levels are thought to have a stronger 

immune system (Wiegertjes et al., 1996) [70]. Serum contains 

two types of proteins: albumin and globulin. Globulin is 

made up of fragments of 1, 2 and globulins that were 

previously utilised to generate Ig. Proteins are the most 

important components in serum and their concentration is 

utilised to assess fish health (Alexander et al., 2011) [2]. 

Higher serum protein levels are thought to be associated 

with a stronger innate immune response (Magnadottir, 2006) 
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 [37]. The most essential serum protein is globulin, which is 

involved in the immunological response (Alexander et al., 

2011) [2]. 

 

Conclusion 

The results obtained in this study showed that dietary 

phytobiotic inclusion at various doses of feed has improved 

growth performance and survivability in Amur carp. In 

addition, the dietary inclusion of phytobiotics increased the 

hematological and immunological parameters. Regarding 

growth metrics, hematological parameters, survival rate and 

biochemical parameters, the therapy T3 produced the best 

results. All fish survived after being given to Amur carp 

(Cyprinus carpio haematopterus), indicating no effect on 

the fish's survival rate. Between treatments and the control 

group, all measures have significant associations (P< 0.05). 

In every therapy, the survival rate was 100%. Hence, the 

incorporation of dietary Moringa as a supplement in animal 

feed is a viable option that offers advantages in terms of 

improving growth parameters and strengthening the immune 

response in amur carp. 
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