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INTRODUCTION  

 

Over the last 30 years, aquaculture has grown faster worldwide than any other 

animal production sector (Francesco et al., 2004; FAO, 2007). Notably, its average 
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The present work was conducted to evaluate the influence of replacing fish meal 

with agricultural wastes on the haematological, serum biochemical, and 

immunological parameters. A total of 400 grass carp (Ctenopharyngodon 

idella), with an average body weight of 100.1±1 g, were used in the present 

study. The fish were randomly divided into 4 groups (100 fish/pond). A basal 

control diet was formulated to fulfil the nutrient requirements of the fish that 

contained 25% crude protein (CP). The other 3 diets (treatment diets) were 

alfalfa diet, peanut leaves diet, and a mixture of alfalfa and peanut leaves diet. 

The fish were fed six days per week for 90 days at a daily feeding of 3% of the 

estimated fish-weight of the total biomass of the fish, with twice daily feeding at 

8.00 am and 4.00 pm. Haematological analysis revealed that red blood cell 

(RBC) counts, haemoglobin levels (Hb), mean corpuscular hemoglobin (MCH), 

mean corpuscular hemoglobin concentration (MCHC)   white blood cell 

(WBCs) counts, monocytes, and eosinophils were insignificantly different in the 

treated groups compared to the control group. While, Hematocrit (Hct), mean 

corpuscular volume (MCV) neutrophils, and platelets counts were 

significantly different from fish fed the plants feed diets compared to fish fed 

the control diet. Serum glucose, cholesterol, triacylglycerol, urea, and creatinine 

levels, as well as aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) activities were significantly increased in alfalfa + 

peanut leaves meal compared to the different feeding diets. Immunological 

parameters (IgM levels and lysozyme activity) were significantly improved by 

plants feed compared to the control group. These results revealed that the alfalfa 

induced the least side effects on the haematological and biochemical parameters 

in grass crap, while the mixture (alfalfa+peanut) highly improved the immune 

status, but induced the highest side effects on the haematological and 

biochemical parameters in grass crap. 
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annual growth has been 10% compared with 3% in the cattle industry and 1.6% in 

capture of aquatic species from natural environments. Aquaculture’s strong growth has 

generated a consequent 30% annual growth in the production of aquatic species feeds 

(Francis et al., 2001), and has made raw material supply a continuous challenge in this 

industry. 

          To attaina sustainable growth in the aquaculture industry, a progressive decrease 

should take place in the use of marine protein and lipids in feeds for farmed fish (Francis 

et al., 2001; Francesco et al., 2004). Another industry goal is to decrease the levels of 

phosphorus and nitrogen in aquaculture farm effluents to lower aquacultures 

environmental impact (Francesco et al., 2004). Feed is one of the major inputs in 

aquaculture production, and fish feed technology is one of the least developmental sectors 

of aquaculture, particularly in Africa and other developing countries of the world 

(Gabriel et al., 2007). One of the problems hampering aquacultural development in 

Egypt is the high cost of fish feed (Badrey et al., 2019).  Expensive feeds will 

marginalize or nullify the profitability of fish farming, thereby incapacitating the 

expansion of farms to increase production. Consequently, low fish yield, with respect to 

quality and , result in the scarcity of the commodity (fish), and eventually high cost of the 

few available ones would lead to the disadvantage of the populace (Adikwu, 1992). Fish 

feed accounts for at least 60% of the total cost of production (Gabriel et al., 2007). This 

has motivated the research for local, cheap, and unsuitable for direct human consumption 

to act as an alternative energy feed for fishes that aim to reduce the cost of production 

without compromising fish quality (Bichi & Ahmad, 2010). Animal- and vegetable-

origin protein sources have been tested as alternative feed stuffs in fish feed production 

that recorded varying degrees of success (Kaushik et al., 2004; Li et al., 2004; Fasakin 

et al., 2005). Since vegetable products are found in great natural abundance, they have 

won a researchers’ interest as ingredients for fish feed production (El-Sayed, 1999; 

Ogunji, 2004). Among plant-derived raw materials, legumes have received special 

attention due to their high protein content. In this context, legumes have replaced fish 

meal in the tilapia feeds that reached a 100% substitution in the case of soybean meal, or 

at lower levels when using novel sources such as Leucaena leucocephala leaf meal 

(Jackson et al., 1982; Santiago et al., 1988), protein concentrates (Olvera-Novoa et al., 

1990; Borgeson et al., 2006) and alfalfa meal (Medicago sativa) (Ali et al., 2003). 

Remarkably, peanut or groundnut (Arachis hypogaea) is important for human nutrition 

due to its high protein and energy content. Annual worldwide production of peanuts in 

the shell surpasses 33 million tons in 20 countries of the highest recorded production 

(FAO, 2006). In addition to the seed, peanut plants produce high protein forage that has 

long been used as swine and ruminant feed, and its flowers are nectar source in 

apiculture. Peanut stem and leaf production (excluding seed production) can be as high as 

6 tons of dry matter per hectare. Medicago sativa or alfalfa is a flowering plant grown 

throughout the world mostly presented as forage for cattle due to its high protein content,  
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balanced amino acid profile, vitamins and carotenoids (Olvera-Novoa et al., 1990). 

Olvera-Novoa et al. (1990) reported that, inclusion of alfalfa leaf protein up to 35% can 

be used in feeds of the tilapia without compromising the growth or the survival of the 

fish. An enhancencement in the growth and survival of common carp and mrigal has been 

witnessed aligned with an increase in protein and lipid content upon adding alfalfa leaf 

meals to fish diet with percentages of 40 and 30, respectively (Chatzifotis et. al., 2006; 

Vhanalakar, 2009). Moreover, the use of dehydrated alfalfa leaves in the diet of the 

tilapia was determined (Yosif et al., 1994). Most researchers recommended low 

substitution levels. Ali et al. (2003) suggested an iclusion level of alfalfa leaves that does 

not exceed 5%. Sklan et al. (2004) reported that complete replacement may clog the 

growth performance. Blood characteristics are very important tools used as effective 

indices of water balance, nutritional status, and overall health condition of fish (Nwani et 

al., 2015; Zaahkook et al., 2016). Numerous dietary supplements have measurable 

effects on blood constituents (Animashahun et al., 2006; Bhatti et al., 2009). Therefore, 

haematological and blood biochemical variables have been used as indicators of health 

status in fish of many species fed different kinds of food. Diet composition and metabolic 

adaptation are the main factors responsible for changes in haematological and blood 

biochemical variables in fish (Ighwela et al., 2012). Such parameters are reliable 

indicators of fish physiological status and usually used to evaluate fish health and 

immune potential (Kondera et al., 2017). The grass carp is a rapid growing, 

phytophagous, cyprinid fish indigenous to the large rivers of China and Siberia (Lin, 

1935). The ability to turn large quantities of a wide variety of plant material into good 

quality protein has made this species an important aquaculture candidate worldwide. The 

objective of the present study was to determine the effect of fed plant-based feed diets 

(agriculture wastes) and formulated feed on haematology and biochemical parameters, as 

well as immune status, in grass carp. 

MATERIALS AND METHODS  

 

Experimental Design 

The present study was carried out on a private agriculture farm in the desert of 

Qena valley, Qena Governorate, Egypt (Fig. 1). It was supported by water pond 

(reservoir) to secure the water needs for plants. This pond (2*2*1 meters) was lined with 

plastic layer of 1.0 mm thickness, provided by water from an underground water well  

supplied by machine. A number of about 400 fingerlings of fish grass carp 

(Ctenopharyngodon idella) was bought from the private hatchery Aihwa in Sohag and 

transported under suitable conditions at night to secure its transportation during the long 

distance with the consideration of 10-20% loss. In the farm, the fish fingerlings were 

checked again and acclimated for three weeks before being released to fishpond water. 

The specimens were divided into 4 groups. The control group was fed on the commercial 

extruded floating fish diet (25% crude protein), the second group was fed on alfalfa, the 
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third group was fed on peanut leaves, whereas the fourth group was fed on a mixture of 

alfalfa and peanut leaves. Fish groups were fed twice daily (at 8.00 am and 4.00 pm) for 

six days per week during the 90- day study period on a daily feeding basis of 3% of the 

estimated fish-weight of the total biomass of the fish (Siddiqui et al., 1997). Feed 

quantity was adjusted according to the average body weight of the samples. Hence, the 

amount of feed was changed to the new fish biomass. 

 

Fig. 1. A private agriculture farm in the desert of Qena valley, Qena Governorate, Egypt 

Experimental analyses 

Haematological analysis 

For haematological measurements, the blood samples of fish individuals were 

collected twice during the study period; after 45 days and at the end of the experiment (at 

day 90). The blood samples were collected from the cardiac puncture as described in the 

study of Osman et al. (2011). The haematological parameters, including haemoglobin 

concentration (Hb), haematocrit value (Hct), red blood cells count (RBCs), mean 

corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean 

corpuscular haemoglobin concentration (MCHC) were calculated following the methods 

of Dacie and Lewis (2002).  

Biochemical analysis 

The blood biochemistry was performed using spectrophotometer (Jasco-V530) 

with the absorbency at wave length ranging from 340 to 546 nm; total protein (g/dl), 

creatinine, and urea (mg/dl) levels were estimated according to method of Henry (1964). 

Cholesterol (mg/dl) and triglycerides (mg/dl) levels were analysed based on the steps of 

Thomas (1992) and Friedewald et al. (1972), respectively. Glucose (mg/dl) level was 

evaluated in accordance to the study of Trinder (1969). While, aspartate 

aminotransferase (AST, U/I) and alanine aminotransferase (ALT, U/I) activates were 

determined calorimetrically stepping the method of Reitman and Frankel (1957). 
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Immunological responses 

Lysozyme activity was measured spectrophotometrically according to the method 

of Ellis (1990). Immunoglobulin M (IgM) levels were determined using an ELISA kit 

(Catalogue No. CSB-E12045Fh, 96k test, Cusabio Biotech Co., Ltd.). 

Statistical Analysis 

The collected data were subjected to statistical analysis using general linear 

model’s procedure adapted by SPSS (1997) Versions 16,  with a one-way ANOVA. 

Means were statistically compared to detect the level of the significance (p ≤ 0.05) using 

multiple range test SPSS 16. 

 

RESULTS  

 

 

Haematological parameters 

The average values of RBCs, Hb, Hct, MCV, MCH, MCHC, WBCs, 

lymphocytes, neutrophils, monocytes, eosinophils, and platelets for the control group and 

alfalfa, peanut leaves and a mixture of alfalfa and peanut leaves treated groups are 

presented in Table (1). In a 45- day treatment, the Hct (peanut leaves treated group) and 

the MCV (a mixture of alfalfa and peanut leaves treated group) showed a significant 

decrease compared to the control group, while WBCs count (alfalfa,  peanut leaves, and a 

mixture of alfalfa and peanut leaves treated groups ) showed a significant increase  

compared to the control group. In addition, RBCs count, Hb content, MCH, MCHC, 

lymphocytes (%), neutrophils (%), monocytes (%), eosinophils (%), and platelets count 

(alfalfa,  peanut leaves, and a mixture of alfalfa and peanut leaves treated groups ) 

showed insignificant changes compared to the control group. In the 90- day treatment, 

Hct (alfalfa,  peanut leaves, and a mixture of alfalfa and peanut leaves treated groups), 

and percentage of lymphocytes (peanut leaves treated group) showed significant 

decerease compared to the control group.  While,  MCV (peanut leaves treated group ) , 

and platelets count (alfalfa,  peanut leaves, and a mixture of alfalfa and peanut leaves 

treated groups ) showed significant increase compared to the control group. Furthermore,  

RBCs count, Hb content, MCH, MCHC, and percentage of neutrophils, monocytes, and 

eosinophils (alfalfa,  peanut leaves, and a mixture of alfalfa and peanut leaves treated 

groups ) showed insignificant changes compared to the control group. 

 

Blood biochemistry 

The average values of total protein, glucose, cholesterol, triacylglycerol, 

creatinine, urea, ALT, and AST of the control group and alfalfa, peanut leaves, and the 

mixture of alfalfa and peanut leaves treated groups are presented in Table (2).  

In the 45- day treatment, the level of total protein (a mixture of alfalfa and peanut leaves 

treated group), glucose (peanut leaves and a mixture of alfalfa and peanut leaves treated 
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groups), cholesterol (peanut leaves and a mixture of alfalfa and peanut leaves treated 

groups), triacylglycerol (alfalfa, peanut leaves, and a mixture of alfalfa and peanut leaves 

treated groups), and urea (a mixture of alfalfa and peanut leaves treated group), as well as 

the activity of ALT (peanut leaves and a mixture of alfalfa and peanut leaves treated 

groups) and AST (a mixture of alfalfa and peanut leaves treated groups) showed a 

significant  increase  compared to the control group. While, an insignificant change was 

detected in creatinine level (alfalfa, peanut leaves, and a mixture of alfalfa and peanut 

leaves treated groups) compared to the control group. On the other hand, in the 90- day 

treatment, a significant increase was recorded in the level of glucose (alfalfa, peanut 

leaves, and a mixture of alfalfa and peanut leaves treated groups), cholesterol (peanut 

leaves and a mixture of alfalfa and peanut leaves treated groups), triacylglycerol (peanut 

leaves and a mixture of alfalfa and peanut leaves treated groups), creatinine (a mixture of 

alfalfa and peanut leaves treated groups), and urea (alfalfa and a mixture of alfalfa and 

peanut leaves treated groups),  as well as the activity of ALT (a mixture of alfalfa and 

peanut leaves treated groups) and AST (a mixture of alfalfa and peanut leaves treated 

groups) compared to the control group. While, compared to the control group, an 

insignificant change was defined in total protein (alfalfa,  peanut leaves, and a mixture of 

alfalfa and peanut leaves treated groups). 

 

Table 1. Haematological parameters (mean ±SD) of grass carp under plant-based feed 

and formulated feed for 45 and 90 days 

 

Items      

        Treatment 

 

45 Days 90 Days 

Control Alfalfa 
Peanut 

leaves 

Alfalfa + 

Peanut 

leaves 

Control Alfalfa 
Peanut 

leaves 

Alfalfa + 

Peanut 

leaves 

RBCs (×106 μl) 2.9±0.1ab 3.2±0.2b 2.6±0.1ab 2.5±0.1a 3.2±0.1ab 3.8±0.1b 2.8±0.1a 2.7±0.2a 

Hb (g/dl) 7.6±0.1ab 8.4±0.3b 7.4±0.3ab 7.1±0.1a 9.4±0.3a 9.1±0.2a 8.9±0.1a 8.3±0.3a 

Hct (%) 28.5±0.2b 29.6±0.3b 26.6±0.5a 28.5±0.2b 31.4±0.4c 29.5±0.2b 29.6±0.4b 26.8±0.5a 

MCV (fL) 109.2±1.3b 102.8±0.3ab 98.3±6.4ab 96.1±0.4a 101.1±1.4a 101.2±0.5a 106.9±1.2b 100.3±1.3a 

MCH (pg) 36.9±0.4ab 38.9±0.3b 37.1±1.6ab 34.6±1.08a 38.3±0.2ab 40.0±0.7b 39.5±0.3b 36.3±1.2a 

MCHC (g/dl) 38.6±0.4a 40.1±1.1a 40±1a 37.4±0.6a 41.2±0.5ab 41.2±0.8ab 43.3±0.9b 39.7±0.4a 

WBCs (×103 μl) 27.4±0.6a 30.4±0.6b 30.3±0.5b 30.3±1b 28.6±0.2a 31.0±0.4a 30.3±0.2a 30.4±1.3a 

Lymphocytes (%) 80.6±0.7a 88±1.3a 81±3.8a 84±1.3a 85.3±1.2b 83.3±1.2ab 78.6±2.6a 87.6±1.2b 

Neutrophils (%) 11.6±0.2a 6.3±2.3a 13.6±3.6a 9.3±1.2a 11.6±1.9a 11.0±1.0a 18±1.7b 8.6±1.2a 

Monocytes (%) 5±0.5a 4.6±0.7a 3.6±0.5a 5±0.5a 4±1.3a 3.6±0.5a 2.3±0.7a 2.6±0.2a 

Eosinophils (%) 1.6±0.2a 1.6±0.2a 1.6±0.2a 1.6±0.2a 0.3±0.2a 1.3±0.2a 1.3±0.2a 1.0±00a 

Platelets(×103 μl) 146±6.9a 138.6±53.5a 182.6±2.8a 232.3±15.4a 179.6±5.1a 205±1.3b 195.3±2.8b 276.6±5.0c 

Means in the same row with different superscript letters are significantly different (P<0.05). 
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Table 2. Biochemical parameters (mean ±SD) of grass carp under plant-based feed and 

formulated feed for 45 and 90 days 

Treatment 

 
 

45 Days 90 Days 

Control Alfalfa 
Peanut 

leaves 

Alfalfa + 

Peanut 

leaves 

Control Alfalfa 
Peanut 

leaves 

Alfalfa + 

Peanut 

leaves 

Total Protein 

(mg/dl) 
4.6±0.3a 5.2±0.2ab 4.2±0.3a 6.3±0.2b 6.4±1.1a 6.6±0.2a 4.6±0.2a 6.9±0.3a 

 Glucose (mg/dl) 110.3±1.2a 114.6±2.8a 128.3±3.3b 177.6±1c 122.6±3.3a 216±1.8c 185.3±6.1b 292.3±3.0d 

Cholesterol (mg/dl) 154.6±5a 158.6±2.6a 223.3±5.3b 211.6±5.9b 179±0.8a 186.6±5.3a 259.3±0.5b 295.6±3.1c 

Triacylglycerol 

(mg/dl) 
147.6±4.7b 109±3.1a 207.6±5.6c 200.6±2.5c 148.6±4.0a 122.6±6.7a 192±8.5b 213.6±7.0b 

Creatinine (mg/dl) 1.2±0.1ab 0.8±0.2a 1.2±0.2ab 1.8±0.1b 0.6±0.1a 0.9±0.1a 1.0±0.07a 2.1±0.2b 
Urea (mg/dl) 26.3±1.8a 30.3±1.5a 28.3±1.2a 39±1.3b 22.6±0.5a 30.3±0.7b 26±1.8ab 39.3±1.9c 

ALT activity (U/L) 38±2.3a 45.3±2.5ab 54.3±2b 71.3±3.1c 54.3±3.1a 54±2.3a 63±2.3a 89.6±5.6b 

AST activity (U/L) 52.6±4.2a 53.6±2.9a 60±2.6a 72.3±2.5b 65±3.3a 61±2.8a 70.3±4.1ab 82.3±3.1b 
Means in the same row with different superscript letters are significantly different (P<0.05). 

Immunological responses 

Figs. (1, 2) show the effect of alternative diets of plants on selected immunological 

parameters in the blood of grass carp (Ctenopharyngodon idella) fed a basal diet or 

alternative diets of plants. IgM concentration, compare to the control group, were in-

significantly different in alfalfa, peanut leaves, and a mixture of alfalfa and peanut leaves 

treated groups compared to the control group. Lysozyme activity were found to be 

significantly increase in (a mixture of alfalfa and peanut leaves treated group). 

 

  

 

 

 

 

 

 

 

 

Fig. 2. Immunoglobulin value of grass carp under plant-based feed and formulated feed for 45 and 90 

days. ( Bars with different superscript letters are significantly different (P<0.05). 
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Fig. 3. Lysozyme value of grass carp under plant-based feed and formulated feed for 45 and 90 days.  

Bars with different superscript letters are significantly different (P<0.05). 

 

DISCUSSION 

 

Blood monitoring is important in aquaculture given that cultivation conditions 

affect the basic physiological functions of farmed fish (Tavares-Dias & Moraes, 2007). 

Thus, feed-induced changes in blood indices in fish have been reported by many authors 

(Kelly, 1979; Kilgour, 1987). In the current study, specifically at the end of the 

experiments (90 days), the Hct (alfalfa,  peanut leaves, and a mixture of alfalfa and 

peanut leaves treated groups) and the percentage of lymphocytes (peanut leaves treated 

group) recorded a significant decerease, while  MCV (peanut leaves treated group) and 

platelets count (alfalfa,  peanut leaves, and a mixture of alfalfa and peanut leaves treated 

groups) showed a significant increase compared to the control group. The highest 

hemoglobin, hematocrit and MCV values were obtained in alfalfa treatment in grass carp. 

Whereas, no significantly different value was recorded in WBC, RBC and MCHC  

between treatments (Nekoubin & Sudagar, 2013). Zheng et al. (2012) stated that, 

values of red RBC, Ht and Hb were affected by dietary levels of cottonseed meal (CSM) 

in juvenile grass carp. No significant differences were observed with respect to the values 

of RBC as the replacement of SBM with CSM increased from 0 to 68%, but a significant 

decrease was recorded when the replacement level was up to 100%. Ht values increased 

significantly as the replacement level of SBM with CSM increased from 0 to 35%. 

However, they significantly decreased as the replacement level increased from 35 to 

100% . Fish fed diets containing 16.64 and 32.73% of CSM as replacements of 35 and 

68% of SBM improved Hb compared to fish in other treatments, but total replacement of 

SBM by CSM significantly decreased the Hb. Anwer  et al. (2018) mentioned values of 

Hb and RBC showing significant differences in all experimental groups of grass carp 

a 

bc 

ab 

c 

a 
ab 

ab 
b 
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after feeding on onion powder; whereas, WBC and PLT values were higher with respect 

to control. Other parameters, such as neutrophils, lymphocytes, monocytes and 

eosinophils showed no significant differences between the experimental groups. 

Sangeetha and Rajendran (2018) determined the presence of a significant variation in 

red blood corpuscles (RBC), white blood corpuscles (WBC), haemoglobin (Hb), MCH, 

MCHC and PCV in the blood of grass carp fed Cynodon dactylon mixed diet.  

Blood biochemical indices are useful for determining fish health status following 

different feeding trials (Yılmaz & Ergun, 2012). In the present study, grass carp feeding 

on plants feed exhibited the same blood total protein levels of the control fish after 90 

days of feeding, confirming good growth performance during this experiment. The 

maximum value of total protein was obtained in alfalfa treatment in grass carp 

(Nekoubin & Sudagar, 2013). Chen et al. (2020) observed that, plasma total protein 

was remarkably increased in grass carp with dietary multi-strain probiotic (MP at 

>1.68 g kg
−1

). 

Blood glucose levels have been used as indicators of environmental stress, as they 

reflect changes in carbohydrate metabolism under stress conditions (Kamal & Omar, 

2011). Glucose levels increased significantly with plants-based feed over the 90-day 

feeding trial. Increased levels of glucose have previously been recorded in the blood of 

stressed fish (Levesque et al. 2002; Poléo & Hytteørd, 2003; Adedeji et al. 2009; 

Mekkawy et al. 2010; Osman et al. 2010) due to changes in the activity of glucose-6-

phosphate dehydrogenase and lactate dehydrogenase, as previously detected in the study 

of Osman et al. (2018). Additionally,  Vo et al. (2020) found that under DO reduction 

stress, the fish fed germinated, fermented and untreated peanut meals resulted in the 

significantly four-fold increase in plasma glucose concentration. On the other hand, the 

serum levels of glucose value recorded no significant differences between Alfalfa 

treatment and artificial diet in grass carp (Nekoubin & Sudagar, 2013). 

Changes in blood cholesterol and triacylglycerol concentrations are sensitive 

indicators of liver dysfunction owing to the fact that lipid homeostasis is one of the 

principal functions of the liver (Sayed et al. 2007). In the present study, cholesterol and  

triacylglycerol (peanut leaves and a mixture of alfalfa and peanut leaves treated groups), 

demonstrated significantly higher levels after the 90-day feeding trial compared to the 

control fish. These results disagree with those of Yue et al. (2012) who stated that, the 

plasma total cholesterol and triglyceride levels decreased with increasing the peanut meal  

inclusion levels in juvenile white shrimp. On the other hand, the serum levels of 

cholesterol value had not any significant differences between alfalfa treatment and 

artificial diet in grass carp (Nekoubin & Sudagar, 2013). Sangeetha and Rajendran 

(2018) postulated that, a slight variation was monitored in the total serum protein, 

globulin, albumin, glucose, cholesterol and the triglycerides in the blood of grass carp fed  

Cynodon dactylon mixed diet. Zhang  et al. ( 2020) mentioned that, the plasma 
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triglyceride content was significantly lower in grass carp fed dietary with 0.05 % and 0.1 

% xylooligosaccharide (XOS). 

The present results revealed that feeding on plant-based feed did not significantly 

change serum creatinine except in the case of a mixture of alfalfa and peanut leaves 

treated group, as well as urea except in the case of alfalfa and a mixture of alfalfa and 

peanut leaves treated groups. In the 90- day feeding trial, feeding on plant-based diet did 

not significantly change serum ALT or AST levels (except a mixture of alfalfa and 

peanut leaves) compared to those of the control fish.  

           The non-specific immune system of fish is considered the first line defence against 

invading pathogens. IgM levels and lysozyme activities are important indices of non-

specific immunity in fishes. Lysozyme activity is an important parameter in the immune 

defence of both invertebrates and vertebrates. In the current study, IgM concentration 

were in-significantly different in the alfalfa, peanut leaves, and a mixture of alfalfa and 

peanut leaves treated groups compared to the control group. Lysozyme activity  increased 

significantly in the mixture of alfalfa and peanut leaves treated group compared to the 

control group. 

           Furthermore, dietary phospholipids (PL) increased the lysozyme activity of 

the gill immune in juvenile grass carp (Ctenopharyngodon idella) (Feng, et al., 2016).   

Mo et al. (2015) stated that, grass carp showed significant improvement in total serum 

immunoglobin after feeding with prebiotic fibers (inulin and mannanoligosaccharide).  

Moreover, the  lysozyme activity was significantly higher in grass carp fed dietary with 

0.05 % and 0.1 % xylooligosaccharide (XOS) (Zhang  et al., 2020). Ahmadifar et al. 

(2020) noted a significant increase in the total immunoglobulin level and lysozyme 

activity of the grass carp after feeding on Purslane (Portulaca oleracea L.) 

CONCLUSION 

 

           The upper- mentioned results indicate that the alfalfa induces the least side effects 

on the haematological and biochemical parameters in grass crap. On the other hand, the 

mixture supplemented diet (alfalfa+peanut) was proved to highly improve the immune 

status. Nevertheless, the latter diet induces the highest side effects on the haematological 

and biochemical parameters in grass crap. Thus, the former plant-based diet is 

recommended. 
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