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Abstract 
A 60 days feeding trial was performed to assess the effects of fenugreek (Trigonella foenum-graecum) on 

the growth performance, haematological and immunological response in Nile tilapia (Oreochromis 

niloticus) fry. Five diets incorporating fenugreek diet at 0, 0.5, 1, 1.5 and 2% were prepared. The results 

showed that fenugreek diet in feed led to significantly (p<0.05) improved survival, weight gain and feed 

efficiency for treated groups over the control. Dietary fenugreek significantly (p<0.05) increased 

erythrocytes, leucocytes, haematocrit, haemoglobin in treated fish. Significantly higher (p<0.05) serum 

protein, albumin and globulin levels were observed in treated groups over the control. In conclusion, the 

impact of fenugreek has shown effective therapeutic results to consider incorporating this plant in fish 

feed. Also it was possible to meet the dietary fenugreek requirement of tilapia that was estimated to be 

0.98 g/kg and 0.99 on the basis of maximum weight gain and protein efficiency ratio respectively. 
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Introduction 
Herb or spices have reported to promote various functions like growth, appetite stimulation, 

anti-stress, immune functions [1], skin coloration [2], egg-hatching rates haematological and 

biochemical status [2] and also increase disease resistance [3] in fish culture due to different 

active components. Fenugreek (Trigonella foenum graecum) is an annual herb of the 

leguminoseae family. Its seeds are used a spice and its leaves are used as a vegetable which is 

rich in vitamins and minerals. The seeds are protein rich; it is also an important source of 

diosgenin [4]. Fenugreek is rich in flavonoids (such as apigenin, kaempferol and quercetin) and 

saponins (such as diosgenin and yamogenin). Their characteristic functions are to protect the 

oxidative damage and immunostimulatory properties [5]. 

Therefore, this study was conducted to evaluate the effects of fenugreek seed as a feed additive 

in fish diets and its impact on the growth performance, blood haematological and immune 

parameters and survival of Nile tilapia (Oreochromis niloticus) fry. 

 

Materials and methods 

Experimental fish 

Juvenile Oreochromis niloticus of total length 4.76 ± 0.04 cm (mean ± SE) and weight 1.68 ± 

0.11 g were selected in the experiment. The fish, procured from the Fish Hatchery, Pune and 

held in plastic pools (1000 L) with continuous aeration for 15 days and then stocked into the 

plastic aquarium tanks one week before beginning of the experiment. The experimental set-up 

comprised of 20 FRP tanks (100 L capacity), with four tanks of fish for each of five 

treatments. Lengths and weights of fish were measured and 10 fish were then stocked into each 

tank (200 fish in total). The experimental tanks were cleaned manually and siphoned every day 

to remove fecal matter and an equal volume of clean water was filled in tanks. Length and 

weight of individual fish were measured at 0, 15, 30, 45, and 60 days of the experiment. 3 fish 

per tank (12 fish per treatment) were sampled at the end of the experiment to analyze carcass 
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composition and to evaluate condition factor. 

 

Preparation of herbal diet and feeding 

Ingredient constitution of the basal diet includes fish meal, 

groundnut cake, wheat bran, wheat flour, rice flour, fish oil, 

and vitamins and minerals (pre mixture) and proximate 

composition of feed by the standard methods [6]. Fenugreek 

was purchased from the local market in Mangalore. 

Fenugreek seeds were a shade dried and crushed into powder 

form using a household electric  

 
Table 1: Proximate composition of ingredients used for preparation of treatment diets 

 

Ingredients Moisture Dry matter Ash Protein Ether extract Nitrogen free extract 

Fish meal1 8.47 91.53 24.88 46.11 9.31 19.7 

Groundnut oil cake 7.42 92.58 14.79 42.34 9.38 33.49 

Wheat flour2 5.34 94.66 2.43 11.09 3.02 83.46 

Wheat bran2 6.59 93.41 3.69 14.58 3.14 78.59 

Rice flour2 5.64 94.36 2.65 11.87 1.88 83.6 

1 Star fish meal plant, Veraval, Gujarat, India 

2 Local market, Veraval, Gujarat, India 
 

Table 2: The formulation of control and treatment diets 
 

Ingredients 
Diets 

T1 (Control) T2 T3 T4 T5 

Groundnut oil cake (42.34 CP) 52 52 52 52 52 

Fish meal (46.11 CP) 40 40 40 40 40 

Wheat bran (14.58 CP) 1 1 1 1 0.5 

Rice Flour (11.87 CP) 1 1 1 1 1 

Wheat Flour (11.09 CP) 2 1.5 1 0.5 0.5 

Tapioca 1 1 1 1 1 

Fish Oil2 2 2 2 2 2 

Vitamin  Mixture3 1 1 1 1 1 

Total 0 0.5 1 1.5 2 

Proximate analysis (determined on dry matter basis) 

Crude protein (CP) (%) 40.46 40.47 40.44 40.42 40.4 

Ether extract (%) 10.07 9.96 9.93 9.88 9.86 

Ash (%) 21.94 22.62 22.94 23.28 23.37 

Moisture (%) 7.59 7.64 7.71 7.74 7.78 

Nitrogen free extract (%) 19.94 19.31 18.98 18.68 18.59 

1Gemini sunflower oil 

2 seven sea cods  

3 Vitamin and mineral mixture/Kg premix: Vitamin A-7,00,000IU, VitaminD3-70,000IU, Vitamin E-250 mg, 

Nicotinamide-1000 mg, Cobalt-150mg, Copper-1200mg, Iodine-25g, Iron-1500 mg, Magnesium-6000 mg, 

Manganese-1500 mg, Potassium-100mg, Sodium- 5.9mg, Sulphur-0.72%, Zinc-9600 mg, Calcium-25.5%, 

Phosphorus-12.75%. 
 

grinder, and mixed directly with fish feed contents to achieve 

four modified diets at 5, 10, 15 and 20 g/kg of feed and 

control was without fenugreek (Table 1 and 2). Test diets 

were prepared and stored in airtight containers. The feed was 

provided at the rate of 10% of body weight initially, and after 

10 days fishes were fed ad libitum three times daily (09.00, 

13.00 and 18.00 hours) till the end of the experiment. 

 

Blood collection for haematological and immunological 

parameters 

Blood and serum samples for haematological, biochemical 

and immunological parameters which were assayed in 

randomly-picked fish (n = 6) that were collected from fish in 

each group and examined according to methods previously 

described by [7].                                   

 

Calculations 

The following calculations were made 

Length gain (%) = (Final length – Initial length / Initial 

length) x 100        

Weight gain (%) = [(Final weight – Initial weight)/Initial 

weight] x 100 

Feeding Rate, FR (% Body weight/day) = [Dry feed 

intake/{60 days (FBW + IBW)/2}] x 100  

Feed efficiency, (FE) = [Wet weight gain (g)/ total amount of 

the feed consumed (g)] x 100 

Protein efficiency ratio, (PER) = Increment in body weight 

(g)/Protein intake (g) 

Protein Productive Value [PPV (%)] = [Body wet protein gain 

(g)/Protein intake (g)] x 100 

Protein growth rate [PGR (%day-1] = [(Loge final protein 

content – Loge initial protein content)/days of feeding] x 100 

Condition factor (CF) = Weight of fish (g)/[Length of fish 

(cm)]3 x 100 

Survival (%) = (No. of fish survived after rearing/No. of fish 

stocked) x 100  

MCH (pg) = [Haemoglobin (g dl-1/)/RBC x (10-6 C mm-1)] x 

10 

MCV (fl) = [Haematocrit (%)/RBC x (10-6 C mm-1)] x 10 

MCHC (g/dl) = [Haemoglobin (g dl-1)/Haematocrit (%)] x 

100 

 

Statistical analysis 

One way Analysis of Variance (ANOVA) and least 

significantly difference (LSD) [8] was applied to test the level 

of significance amongst the treatments. 

 

Results 

Table 3 shows the effects of different protein sources on fish 

performance. The growth curve is plotted to determine the 

average growth rate (SGR and ADG) of tilapia fry during the 

experimental period (Fig 1 and 2). Weight gain of fish fed 
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with diet T3 was found to be significantly (p<0.05) higher as 

compared to other treatment diets. Similarly, PER, PPV and 

PGR were found significantly (p<0.05) higher in the fish fed 

with diet T3 and. FE was significantly (p<0.05) lower in the 

fish fed with diet T3. The rate of fish survival ranged 100% 

(p>0.05) in all  

 

        
 

  Fig 1: Average growth (g/fish) O. niloticus fed.   Fig 2: Average growth (individual/kg) of O 

   different experimental diets for 60 days.   niloticus fed different experimental diets for 60 days. 

 

the treatment groups. A quadratic regression analysis 

indicated that weight gain and PER reached the maximum 

value at 0.98 g/kg and 0.99 respectively (Fig 3 and 4). 

Significantly (p<0.05) higher RBC, hemoglobin, WBC, HCT, 

MCV, MCH and MCHC values were obtained in group T3 

(Table 4). Immunological parameters such as total plasma 

protein, albumin, globulin and total immunoglobulin were 

found significantly (p<0.05) higher in the diet T3 (Table 5).  

There was no significant (p<0.005) changes observed for 

proximate body composition of experimental fish (Table 6). 

 
Table 3: Growth, food conversion ratio, protein efficiency ratio and survival of O. niloticus fed the test diets for 60 days 

 

Parameters 
Treatment 

T1 (Control) T2 T3 T4 T5 

L1 (cm) 4.77±0.02a 4.76±0.05a 4.75±0.02a 4.76±0.01a 4.75±0.01a 

L2 (cm) 7.46±0.21c 8.44±0.02b 8.81±0.11a 8.33±0.01b 7.49±0.01c 

Length gain (%) 65.39±4.65c 77.6±2.00b 85.56±1.53a 74.95±0.19b 57.72±0.35c 

W1 (g) 1.68±0.00b 1.68±0.00bc 1.67±0.0c 1.68±0.00bc 1.69±0.00a 

W2 (g) 4.99±0.03c 6.95±0.05b 7.23±0.07a 6.90±0.03b 4.92±0.08c 

Weight gain (%) 196.28±1.21c 314.77±2.19b 333.56±3.18a 311.02±1.31b 190.39±4.22c 

FR (% bw day-1) 2.73±0.01d 3.34±0.04b 4.95±0.03a 3.09±0.03c 2.16±0.01e 

FE (%) 48.75±1.16d 67.51±0.83b 74.22±0.41a 59.08±0.53c 41.19±0.34e 

PER 1.22±0.03d 1.69±0.02b 1.86±0.01a 1.48±0.01c 1.03±0.01e 

PPV (%) 50.25±1.19d 69.16±0.85b 76.01±0.42a 60.91±0.54c 42.19±0.35e 

PGR (% day-1) 0.56±0.00b 0.57±0.00a 0.57±0.00a 0.56±0.00b 0.56±0.01b 

CF 1.15±0.00b 1.66±0.01a 1.70±0.14a 1.20±0.01b 1.06±0.03b 

Survival (%) 100±0.00a 100±0.00a 100±0.00a 100±0.00a 100±0.00a 
*Mean±SE within a row followed by with different superscripts are significantly different (p<0.05) from each other. 

L1- Initial length, L2- Final length, W1- Initial weight, W2- Final weight,  FR- Feeding Rate (% Body weight day-1),  FE- Feed 

Efficiency, PER- Protein Efficiency Ratio, PPV- Protein Productive Value (%), PGR- Protein growth rate (% day-1), CF- Condition 

Factor 

 

Discussion 

In this study, fenugreek-supplemented diet improved the 

growth performance which agreed with findings of [9] who 

reported that the fenugreek seed as feed additive improved 

growth parameters (body weight, weight gain and specific 

growth rate) in Nile tilapia fingerlings. This observation is 

also in agreement with the finding of [10]. The beneficial effect 

of fenugreek seed may be due to its contents of active 

materials according to [11] who reported that fenugreek seeds 

have antioxidant activity.  

 

        
 

  Fig 3: The relationship between weight gain and dietary    Fig 4: The relationship between protein efficiency ratio and dietary  

  fenugreek level in tilapia fry for 60 days.         fenugreek level in tilapia fry for 60 days. 
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Table 4: Haematological parameters of O. niloticus fed the test diets for 60 days (Mean ± SE) 
 

Parameters 
Treatment 

T1 (Control) T2 T3 T4 T5 

RBC (x 106 mm-3) 1.85±0.06b 2.19±0.04a 2.24±0.09a 2.17±0.03a 1.83±0.04b 

Hb (g dl-1) 7.71±0.09b 9.29±0.07a 9.35±0.11a 9.25±0.06a 7.68±0.07b 

HCT (%) 22.36±0.92c 29.76±0.94a 31.38±0.81a 28.43±0.82b 20.89±0.85c 

MCV (fl) 124.25±0.84c 135.59±1.72b 142.53±1.20a 133.54±0.11b 117.79±1.05d 

MCH (pg) 47.37±0.75bc 56.41±0.79a 58.39±0.82a 48.59±1.03b 44.67±0.87c 

MCHC (g dl-1) 37.95±0.73b 43.48±0.64a 44.86±0.97a 41.76±0.68a 36.74±0.98b 

WBC (x103 mm-3) 59.62±1.08c 67.87±0.11ab 69.39±0.12a 65.59±1.25b 57.80±1.16c 

Eosinophils (% mm-3) 0.48±0.04a 0.21±0.04c 0.18±0.04c 0.38±0.03b 0.50±0.03a 

Basophils (% mm-3) 0.20±0.03bc 0.25±0.02a 0.27±0.03a 0.24±0.03ab 0.16±0.04c 

Neutrophils (% mm-3) 2.79±0.17a 2.05±0.03c 1.87±0.02c 2.28±0.05b 2.94±.04a 

Lymphocytes (% mm-3) 85.1±0.82c 89.8±0.42ab 90.6±0.59a 88.3±0.88b 84.5±0.68c 

Monocytes  (% mm-3) 11.43±0.87a 7.69±0.07bc 7.08±0.04c 8.80±0.41b 11.90±0.71a 

*Mean±SE within a row followed by with different superscripts are significantly (p<0.05) different from each other 

RBC- Red Blood Cells; Hb- Haemoglobin; WBC- White Blood Cells; HCT- Haematocrit; MCV- Mean corpuscular volume; MCH- Mean 

corpuscular haemoglobin; MCHC- Mean corpuscular haemoglobin concentration 

Table 5: Blood serum biochemical parameters of O. niloticus fed the test diets for 60 days (Mean± SE) 
 

Parameters 
Treatment 

T1 (Control) T2 T3 T4 T5 

Total protein (g dl-1) 4.68±0.05a 4.71±0.08a 4.84±0.05a 3.91±0.08b 3.88±0.09b 

Total immunoglobulin (g dl-1) 0.89±0.05a 0.90±0.04a 0.94±0.04a 0.79±0.03b 0.77±0.02b 

Albubin (g dl-1) 1.45±0.03a 1.49±0.04a 1.52±0.05a 1.16±0.04b 1.12±0.06b 

Globulin (g dl-1) 2.33±0.05a 2.34±0.12a 2.36±0.14a 2.18±0.09b 2.16±0.08b 

A/G 0.62±0.03ab 0.64±0.04a 0.64±0.06a 0.53±0.07bc 0.52±0.05c 

*Mean±SE within a row followed by with different superscripts are significantly (p<0.05) different from each other 
 

Haematological analysis, including erythrocyte and leucocyte 

count, have provide valuable knowledge for fishery 

biologistsin the evaluation of fish health and in monitoring 

stress responses [12]. The present results are in agreement with 

that previous research in which feeding gilthead seabream 

specimens with fenugreek results in an increment in WBC 

and RBC counts. It has been suggested that those increments 

are due to the effectiveness role of fenugreek as natural 

antioxidant [13]. The present results on the effects of fenugreek 

on antioxidant gene expression in liver from seabream 

specimens (discussed below) seem also to corroborate this 

possibility. 

The concentration of total protein, albumin, globulin and the 

total immunoglobulin in blood serum is used as a basic index 

for the health status of brood fish [14]. As there is a close 

relationship between the rate of protein synthesis in the liver 

tissue and total protein concentrations in the serum, the 

increase in the total protein levels in treated fish probably 

reflects the increase in the protein synthesis in liver tissue. In 

our study, total protein of serum was significantly enhanced in 

T3 group compared to control (P<0.05) which agrees with 

findings of [9]. [15] reported that the increase in serum total 

protein indicates that fish are immunologically strong.  

 
Table 6: Proximate analysis of fish carcass (Dry weight basis) 

 

Parameters T1 (Control) T2 T3 T4 T5 

Crude protein 40.84±0.73 40.76±1.01 40.63±0.50 40.44±1.59 40.32±0.62 

Ether extract 14.97±0.70 14.85±0.55 14.74±0.24 14.61±0.74 14.55±0.72 

Ash 21.98±1.04 22.15±1.51 22.29±0.60 22.43±0.64 22.58±1.26 

Moisture 20.56±0.94 20.62±71 20.76±0.99 20.88±0.37 20.95±.03 

Nitrogen free extract 1.65±0.04 1.62±0.04 1.58±0.04 1.64±0.01 1.60±0.04 

*Mean±SE within a row followed by with different superscripts are significantly (p<0.05) different from each other 

 

Conclusion 
In conclusion, the results of this study revealed that fenugreek 

seed is beneficial dietary supplement for improving growth 

performance and blood parameters in Nile tilapia fry; the best 

results were obtained at the 1% level.  However, the quadratic 

regression analysis suggested that the optimal fenugreek 

requirement was 0.98 g/kg and 0.99 based on maximum 

weight gain and protein efficiency ratio respectively. 

 

References 

1. Dugenci SK, Arda N, Candan A. Some medicinal plants 

as immunostimulant for fish. Journal 

Ethnopharmacology. 2003; 88:99-106. 

2. Yilmaz S, Ergun S. Effect of red pepper (Capsicum 

annum) on pigmentation of blue streak hap 

(Labidochromis caeruleus). Israeli Journal of 

Aquaculture-Bamidgeh. 2011; 63, IIC: 63.2011.633, 7.  

3. Abutbul S, Golan-Goldhirsh A, Barazani O, Zilberg D. 

Use of Rosmarinus officinalis as a treatment against 

Streptococcus iniae in tilapia (Oreochromis sp.). 

Aquaculture. 2004; 238:97-105. 

4. Abdelwahab AM, El-Bahr SM. Influence of black cumin 

seeds (Nigella sativa) and turmeric (Curcuma longa) 

mixture on performance and serum biochemistry of Asian 

sea bass (Lates calcarifer). World Journal of Fish and 

Marine Sciences. 2012; 4:496-503. 

5. Kaviarasan S, Vijayalakshmi K, Anuradha CV. 

Polyphenol-rich extract of fenugreek seeds protect 

erythrocytes from oxidative damage. Plant Foods for 

Human Nutrition. 2004; 59:143-147. 



 

~ 208 ~ 

Journal of Pharmacognosy and Phytochemistry 

6. Association of Official Analytical Chemist. Official 

methods of analysis of AOAC International, 16th ed, 

Washington, DC, USA, 1995. 

7. Talpur AD, Ikhwanuddin M. Dietary effects of garlic 

(Allium sativum) on haemato-immunological parameters, 

survival, growth, and disease resistance against Vibrio 

harveyi infection in Asian sea bass, Lates calcarifer 

(Bloch). Aquaculture. 2012; 364-365:6-12. 

8. Snedecor GW, Cochran WG. Statistical Methods, 6th 

edn., Oxford and IBH Pub. Co., New Delhi. 1968, 593. 

9. Abdel-Zaher A, Mostafa M, Ahmad MH, Mousallamy A, 

Samir A. Effect of using dried fenugreek seeds as natural 

feed additives on growth performance, feed utilization, 

whole-body composition and entropathogenic Aeromonas 

Hydrophila-challinge of monsex Nile tilapia (Oreocromis 

niloticus) fingerlings. Australian Journal of Basic and 

Applied Sciences. 2009; 3:1234-1245. 

10. Tonsy HD, Mahmoud SH, Labib EH, Zaki MA. Effect of 

some medicinal plants diets on the mono-sex Nile tilapia 

(Oreochromis niloticus), growth performance, feed 

utilization and some physiological parameters. Egyptian 

Journal of Aquatic Biology and Fisheries. 2011; 15:53-

72. 

11. Dixit P, Ghaskadbi S, Mohan H, Devasagayam TP. 

Antioxidant properties of germinated fenugreek seeds. 

Phytotherapy Research. 2005; 19:977-983. 

12. Blaxhall PC. The haematological assessment of the health 

of freshwater fish, J Fish Biol. 1972; 4:593-604. 

13. Kaviarasan S, Naik G, Gangabhagirathi R, Anuradha C. 

Priyadarsini K. In vitro studies on antiradical and 

antioxidant activities of fenugreek (Trigonella foenum 

graecum) seeds, Food Chem. 2007; 103:31-37. 

14. Rehulka J. Blood parameters in common carp with 

spontaneous spring Viremia (SVC). Aquaculture 

International. 1996; 4:175-182. 

15. Nayak AK, Das BK, Kohli MPS, Mukherjee SC. The 

immunosuppresive effect of a permethrin on Indian major 

carp, rohu (Labeo rohita). Fish and Shellfish 

Immunology. 2004; 16:41-50.  


