
   Journal of Fisheries and Zoological Sciences, 1(4)/October-December, 37-44 

DOI: https://doi.org/10.65385/JFZS0029        

 
Research Paper 

Nutritional efficacy of processed pearl millet (Pennisetum 

glaucum) in practical feeds for fingerling Labeo rohita 

Noorin Zafar*, Sana Naz, Mukhtar A. Khan 
 

Department of Zoology, Aligarh Muslim University, Aligarh (Uttar Pradesh) -India 

 
How to Cite 

Zafar, N., Naz, S. & Khan, M.A. (2026) Nutritional efficacy of processed pearl millet (Pennisetum glaucum) in practical feeds for fingerling Labeo 

rohita.  Journal of Fisheries and Zoological Sciences, 1(4), 37-44. https://doi.org/10.65385/JFZS0029   

 

ISSN: 3108-1991 (online) 
 
Article History 
Received 05 September 2026 
Accepted 29 October 2026 
First Online 02 November 2026 

 

*Corresponding Author 
E-mail: noorinzafar@gmail.com 

 
Keywords  
Pearl millet  
Labeo rohita  
Sustainable 
aquaculture 
Growth 

 
 
 
 
 
 

 
 
 
 

 

1. Introduction 
 

Aquaculture is growing swiftly as a food production 
sector and plays crucial role ensuring global food 
security as well as economic development. By 2022, 
worldwide aquaculture production had exceeded 94 
million tonnes and freshwater finfish holds the most 
prominent fraction (Dongyu, 2024). Current food 
production practices require significant changes to feed 
9.8 billion people as well as minimize environmental 
degradation by 2025 (Oluwole et al, 2024). The ocean 
and associated food systems have potential to produce 
over six times more food than the present output. Fish 
and seafood contribute a crucial part in nutritional well-
being and food security by supplying essential macro as 
well as micronutrients (SOFIA, 2022). Furthermore, 
worldwide fish consumption on a per capita basis has 
increase by twofold in past five decades (Naylor et al., 
2021).  

Aquaculture is one of the fast-growing food 
production sectors which plays vital role in meeting the 
growing global requirement of fish as food (SOFIA, 
2022). 
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Feed is a major factor in determining the success of the 
aquaculture business, as it constitutes about 60%-70% 
of the operational costs. With the intensification of 
aquaculture, there is a growing need to develop 
nutrient-rich and economical feed formulations based 
on cost-effective, locally available feed ingredients for 
cultivable fish species. Also, with increasing climate 
change, there is a need to employ climate-smart plant-
based ingredients in aquafeed. Millets are one such 
ingredient that offers climate resilience, efficient water 
usage, and nutritional benefits, making them a 
sustainable choice in the face of climate challenges. 
Millets are majorly used in livestock feed, where it has 
proven to be a valuable ingredient in the diet of animals 
like broilers, cattle, etc. These are important foods in 
many developing countries as the have the ability to 
grow under challenging climatic conditions. Millets can 
be considered as a substitute to traditional cereal grains 
due to their high protein, calcium, bioactive 
compounds, starch and fibre content (Banik et al., 
2025). Pennisetum glaucum, commonly known as pearl 
millet, is a whole grain abundant in protein, dietary 
fiber, minerals, and bioactive compounds (Dias-Martins  
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et al., 2018; Sharma & Gujral, 2019). It is known that 
the germination process of the grain can increase the 
content of these compounds (Owheruo et al., 2019, 
Sarita, 2016). Processes of germination and/or 
fermentation employed to numerous food grains have 
been known to reduce the antinutritional factors, 
thereby improving their nutritional profile (Anaemene 
and Fadupin, 2022; Bilal et al., 2026).  

Carp species dominate the Indian freshwater 
aquaculture (Rasal and Sundaray, 2020). Indian major 
carps (IMCs) constituting three species viz Catla catla, L. 
rohita, and Cirrhinus mrigala, are the most culturable 
fish species in India (Surasani et al., 2022). They 
contribute more than 70% of freshwater production in 
India (Das et al., 2022). High growth rate and good taste 
of rohu makes it most preferred among all species (FAO, 
2022). It contributes nearly 35% of total Indian farmed 
fish production (Mir et al., 2017). Under suitable 
conditions it has potential to attain up to 1 kg within 
one year. Rasal and Sundaray (2020) reported that rohu 
is also a widely cultured species in Bangladesh, 
Myanmar, and Pakistan. It has high fecundity rate 
(approximately 2 lakh eggs per kg) and exihibit external 
fertilization which make it easy to breed and secure the 
required number of seeds for the intensive aquaculture 
(Rasal and Sundaray, 2020). Demand for low-cost and 
nutritionally balanced aquaculture feeds is also 
increasing with the increase in market demand of this 
fish (Modeel et al. 2023). Hence, present study was 
conducted to evaluate the potency of pearl millet as an 
innovative ingredient for fees of L. rohita. 
 

2. Materials and Methods   

2.1 Germinated and fermented millet flour 

Pearl millet grains used for the study were obtained 
from the local market. The grains were washed and 
soaked in distilled water for 12 hr at 30°C then the 
soaked grains were sprouted in petri-dishes lined with 
wet filter paper at 30°C for 24 hr using an incubator 
(Khetarpal and Chauhan, 1990). Natural fermentation 
of millet was carried out by mixing sprouted millet with 
distilled water at (1:2 w/v) ratio followed by 
homogenized to make a slurry. This slurry was 
incubated at a temperature of approximately 30OC for 
32 h. Samples were collected and transferred to 
aluminum dishes, and dried in a hot air oven at 70OC 
for 3-4 h. Dried samples were subsequently ground and 
stored at 4OC until further analysis (Elyas et al., 2002). 
All samples were analyzed for proximate composition 
(Table 1) following standard methods (AOAC, 2005). 

2.2 Experimental Diets 

Seven isonitrogenous (35% crude protein) and 
isocaloric (16.7 kJ/g gross energy) experimental diets 
with graded levels of germinated and fermented pearl 
millet flour (0, 5, 10, 15, 20, 25 and 30%) were 
formulated as given in Table 1. Briefly, all the 
ingredients were grinded and weighed carefully as per 
the dietary formulations. All the weighed ingredients 

were blended thoroughly in a Hobart electric mixer and 
then cooked at 80oC. After that oil was added. Vitamin 
and mineral premixes were added after cooling the 
mixture. The dough was passed through a pelletizer 
fitted with a 2-mm die to obtain pellets, which were 
dried in a hot air oven at 40oC to reduce the moisture 
content below 10%. The dried pellets thus obtained 
were processed to crumbles, sieved (0.20–0.25 mm), 
and stored at 4oC till further use.  

2.3 Experimental Design and Feeding Trial 

Induced bred L. rohita were obtained from G. B. Pant 
University of Agriculture and Technology, Pantnagar. 
The fish were then transported to the wet laboratory, 
given a prophylactic dip in KMnO4 solution (1:3000) 
before stocking in indoor circular aqua-blue colored, 
plastic-lined fish tanks (1.22 × 0.91 × 0.91 m; water 
volume 600 L) for 2 weeks. During this period, the fish 
were acclimated on control diet and reared to fingerling 
stage. Fingerling L. rohita (2.75 ± 0.05 cm) were taken 
from the above acclimated fish lot and stocked in 
triplicate groups at the rate of 20 fish per trough in 70-L 
circular polyvinyl troughs (water volume 55 L) fitted with 
a continuous water flow-through (1-1.5 L/min) system. 
Fish were fed test diets to apparent satiation in the form 
of dry crumbles (0.20-0.25 mm) twice daily. Initial and 
weekly weights were recorded on a top-loading balance 
(Precisa 120A; 0.1 mg sensitivity). Fish were deprived of 
feed on the day the measurements were taken. The 
feeding trial lasted for eight weeks. The uneaten feed 
was collected after each feeding and oven-dried (100°C) 
to calculate the feed conversion ratio (FCR). Standard 
methods (APHA 1992) for water quality analyses were 
followed. The average water temperature, dissolved 
oxygen, free carbon dioxide, pH, total ammonia 
nitrogen, nitrites, and total alkalinity, based on daily 
measurements, were 26.8-28.4OC, 6.9-7.1 mg/L, 5.7-9.1 
mg/L, 7.1-7.8, 0.29-0.33 mg/L, 0.03-0.07 mg/L, and 64.9-
81.5 mg/L, respectively.  

2.4 Chemical Analyses 

Standard methods (AOAC, 2005) were used for 
proximate composition analyses of experimental diets, 
and initial as well as final whole-body carcass. At the 
beginning of the feeding trial, 10 fish were randomly 
sampled, euthanized in MS-222 (200 μg/mL) and pooled 
together. Six subsamples of a pooled sample were 
analyzed for initial whole-body carcass composition. At 
the end of the experiment, 12 fish from each replicate 
of dietary treatments were randomly euthanized in MS-
222 (200 μg/mL) and pooled separately. Three 
subsamples of the pooled samples were analysed for 
final biochemical composition. Six another fish was 
randomly selected from each replicate to collect the 
blood and liver samples.  

2.5 Blood collection 

Blood samples were collected from caudal vein using a 
sterile syringe rinsed with ethylenediaminetetraacetic 
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acid (EDTA; 5mg/L) solution as an anticoagulant. Blood 
samples were collected from each replicate, pooled 
and used for haematological analysis. 

2.6 Haematological analysis 

Haemogloboin (Hb) was quantified colorimetrically 
following the method of Wong (1928). Red blood cells 
(RBCs) were counted under light microscope (Nikon, 
Japan, E-600) using Neubauer haemocytometer with 
Yokoyama’s (1947) solution as the diluting medium. 
Haematocrit value (Hct) was measured by drawing 
fresh blood into micro-haematocrit tubes and 
centrifuge at 3600 rpm for about 5 min (RM 12C, Micro 
Centrifuge, Remi, Remi Motors, India). 

2.7 Antioxidant analysis: 

Superoxide dismutase (SOD) activity was determined 
using the method of Misra and Fridovich (1972). A 
tissue homogenate (0.1 mL) was added to tubes 
containing 0.75 mL ethanol and 0.15 mL chloroform 
and centrifuged at 748×g for 15 min at 4oC. To 0.5 mL 
of supernatant, 0.5 mL of 0.6 mM EDTA solution and 1 
mL of 0.1 M carbonate-bicarbonate (pH 10.2) buffer 
was added. The reaction was initiated by the addition 
of 0.5 mL of 1.8 mM freshly prepared epinephrine and 
the increase in absorbance was measured at 480 nm 
using a spectrophotometer. SOD activity was expressed 
in units per milligram of protein (U/mg protein). One 
unit of the SOD activity was the amount of protein 
required to give 50% inhibition of epinephrine auto-
oxidation. 

Catalase activity was measured according to the 
method of Aebi (1984). One unit of catalase is defined 
as the amount of enzyme required to decompose 1.0 
μM of hydrogen peroxide (H2O2) in 1 minute. The 
reaction was initiated by the addition of freshly 
prepared 1mL of 20 mM H2O2. The rate of 
decomposition of H2O2 was measured at 240 nm for 1 
minute at 25oC. The enzyme activity was expressed as 
U/mg of protein. 

Determination of lipid peroxidation in tissue is based 
on the estimation of the thiobarbituric acid reactive 
substances (TBARS) which is measured in the form of 
malondialdehyde (MDA) content. Lipid peroxidation 
was determined using the procedure of Utley et al. 
(1967), with some modifications as adopted by Fatima 
et al. (2000). The liver tissue was homogenized in a 
chilled 0.1 M KCl solution. The assay mixture contained 
0.67% TBA, 10% chilled TCA and homogenate (10%) in a 
total volume of 3 mL. The rate of lipid peroxidation was 
expressed as nano-moles of MDA/g liver tissue using a 
molar extinction coefficient of 1.56 × 105/M/cm. 

2.8 Growth Performance 

Growth performance of the experimental diets was 
measured as a function of the weight gain by 
calculating the following parameters:  

Absolute weight gain (g/fish) = Final body weight-Initial 
body weight  

Protein efficiency ratio = Weight gain (g) /Protein intake 
(g)  

Feed intake (g/fish) = Total dry feed intake (g) /Total no. 
of fish  

Feed conversion ratio =Dry feed intake (g) /Wet weight 
gain (g)  

Protein deposition = Protein gain (g) /Protein intake (g)  

2.9 Statistical Analyses 

Growth data were subjected to one-way analysis of 
variance (Sokal & Rohlf, 1981). Treatment means were 
subsequently compared by Tukey’s post hoc test with a 
statistical significance level of P<0.05. Prior to analysis, 
data were assessed for normality as well as 
homogeneity using Shapiro -Wilk test and Levene’s test, 
respectively. All the statistical analyses were conducted 
using Origin (version 6.1; Origin Software, San Clemente, 
CA, USA). 

3. Results 

Fish receiving diets with graded levels of pearl millet 
demonstrated improved growth performance and 
conversion efficiencies. Absolute weight gain (AWG), 
specific growth rate (SGR) and feed conversion ratio 
(FCR) were improved significantly (P<0.05) with 
increasing amount of pearl millet in the diets from D1 to 
D4 and then levelled off on more inclusion of pearl 
millet in the diets (Table 2). Antioxidant status was also 
improved significantly (P<0.05) with the inclusion of 
pearl millet in the diets, whereas lipid peroxidation was 
noted to decrease (P<0.05) with the incremental level of 
pearl millet in the diets from D1 to D4 whereas no 
significant (P>0.05) effect was noted on further inclusion 
of pearl millet in the diets. Significant changes (P<0.05) 
were also recorded in the hematological parameters of 
the fish fed experimental diets with increasing levels of 
pearl millet from D0 to D4 and remained static after that 
on further inclusion of pearl millet in the diets (Table 3 
& 4). The findings of the present study indicate that the 
use incorporation of pearl millet in fish feeds showed a 
positive impact on the growth, feed conversion 
efficiency, antioxidant status and hematology of L. 
rohita fingerlings. 

4. Discussion 

Although wheat production has enhanced subsequently 
over the recent decades, its future production is 
expected to be challenging due to global climate 
change, ever-increasing world population, and water 
scarcity in arid and semi-arid regions (O’Leary et al., 
2018). Wheat flour and wheat bran are common 
ingredients used in aquafeeds for their high energy and 
fiber content. 
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Table 1: Formulation and proximate composition of experimental diets 

1Germinated and fermented 2Mineral mixture (g/kg of mineral premix): calcium biphosphate.H2O 135.7; calcium lactate 326.9; 
ferric citrate 29.7; potassium phosphate (dibasic) 239.8; sodium phosphate.2H2O 87.2; magnesium sulphate.7H2O 132.0; sodium 
chloride 43.5; aluminium chloride.6H2O 0.15; potassium iodide 0.15; cuprous chloride 0.10; manganous sulphate.6H2O 0.80; cobalt 
chloride. 6H2O 1.0; zinc sulfate.7H2O 3.0; α-cellulose 462.6; Loba Chemie, Mumbai, India; 5Halver (2002);  3Vitamin mixture (30 
g/kg of diet; 10 g vitamin mix + 20 g α-cellulose) choline chloride 5.0; meso-inositol 2.0; L-ascorbyl-2-polyphosphate 1.0; nicotinic 
acid 0.75; calcium D-pantothenate 0.5; riboflavin 0.2; menadione 0.04; pyridoxine hydrochloride 0.05; thiamine hydrochloride 
0.05; folic acid 0.015; biotin 0.005; alpha-tocopheryl acetate 0.40; vitamin B12 (cyanocobalamin) 0.0001; Loba Chemie, India 

Table 2: Effects of diets containing graded levels of Pennisetum glaucum on growth performance and conversion 
efficiencies of fingerling Labeo rohita 

  
Growth 

Parameters 
 D0 (0%)  
 

D1 (5%) D2 (10%)  D3 (15%) D4 (20%) D5 (25%) D6 (30%) 

Average initial 
weight (g/fish)  

2.78±0.04 2.72±0.03 2.77±0.05 2.74±0.04 2.79±0.05 2.71±0.06 2.76±0.03 

Average final 
weight (g/fish)  

8.73±1.43e 10.26±1.61d 12.28±2.19c 13.83±2.71b,

c 
18.86±3.17a 18.64±3.28

a 
19.12±2.43a 

Absolute 
weight gain 
(g/fish)  

5.95±2.13e 7.54±2.32d 9.51±1.98c 11.09±2.46b 16.07±2.68a 15.93±3.11
a 

16.36±2.93a 

Specific growth 
rate (%/day) 

2.04±0.24e 2.37±0.17d 2.66±0.19c 2.89±0.21b 3.41±0.18a 3.44±0.11a 3.46±0.15a 

Feed 
conversion 
ratio 

2.97±0.45a 2.91±0.68a,b 2.35±0.73c 2.18±0.59c,d 1.67±0.48e 1.63±0.35e 1.62±0.32e 

Protein 
retention 
efficiency (%)  

11.41±0.93
d,e 

12.87±1.86d 16.44±1.69c 19.66±1.48b 28.41±1.53a 30.89±1.79
a 

30.43±2.14a 

Protein gain 
(g/fish) 

0.71±0.36d 0.99±0.54c,d 1.29±0.63c 1.66±0.92b 2.67±1.03a 2.81±1.04a 2.82±1.12a 

Mean values of 3 replicatesSEM; 2Mean values sharing the same superscripts in the same row are insignificantly different 
(P>0.05). 

 

Ingredients 
(g/100g) 

 D0 (0%)  
 

D1 
(5%) 

D2 
(10%)  

D3 
(15%) 

D4 
(20%) 

D5 
(25%) 

D6 (30%) 

Fish Meal 10 10 10 10 10 10 10 

Soybean Meal 15 15 15 15 15 15 15 

Groundnut Oil 
Cake 

40 40 40 40 40 40 40 

Wheat Middlings 30 25 20 15 10 5 0 

Oil 3 3 3 3 3 3 3 

Pearl Millet1 0 5 10 15 20 25 30 

Vitamin+ Mineral 
mix2,3   

1 1 1 1 1 1 1 

Chromium oxide 1 1 1 1 1 1 1 

Total 100 100 100 100 100 100 100 

Proximate analyses 
 

Analyzed crude 
protein (%) 

34.81 34.64 34.59 34.92 34.85 35.02 35.18 

Estimated gross 
energy (kJ/g) 

16.83 17.77 17.92 17.85 17.81 17.68 18.05 
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Table 3: Effects of diets containing graded levels of Pennisetum glaucum on hepatic antioxidant status fingerling 
Labeo rohita 

 
  Mean values of 3 replicatesSEM; 2Mean values sharing the same superscripts in the same row are insignificantly  different (P>0.05). 

 
 
Table 4: Effects of diets containing graded levels of Pennisetum glaucum on haematological parameters of fingerling 
Labeo rohita 

 
Haematological 

parameters 

 D0 (0%)  
 

D1 (5%) D2 (10%)  D3 (15%) D4 (20%) D5 (25%) D6 (30%) 

Haemoglobin (g/dL) 4.28±0.46
e 

5.14±0.52d 6.64±0.48c 7.48±0.63 

b 
8.83±0.67a 8.75±0.58 a 8.86±0.71 a 

RBCs (106/mm3)  1.32±0.09
e 

1.48±0.12d 1.78±0.15c 2.01±0.23
b 

2.28±0.32a 2.27±0.31a 2.31±0.29a 
 

Haematocrit (%) 16.54±0.9
3e 

18.43±0.81
d 

21.11±0.96b,c 22.56±1.0
4b 

28.73±1.10a 27.68±1.02
a 

28.17±1.08a 

   Mean values of 3 replicatesSEM; 2Mean values sharing the same superscripts in the same row are insignificantly different (P>0.05).

 

As a consequence of lowered wheat production, the 
aquafeed industry would face a scarcity of quality 
energy sources. Successful use of substitutes of 
traditional ingredients which are economically and 
environmentally feasible, even in small proportions, is 
desirable as it can contribute in reducing the feed cost 
as well as overall production cost (Amaya et al., 2007). 
Plant sources are the most appropriate alternatives 
among the many carbohydrate/energy sources 
available for animal feeds. The inclusion of millets in 
fish diets has been accomplished in many cultured fish 
(Boscolo et al., 2010; Olaniyi & Falaye, 2013; Taiwo et 
al., 2017; Bulani & Sharma, 2023; Nigam et al., 2023; 
Sharma et al., 2023). Among the plant energy sources, 
cereals are the most promising species. However, the 
use of cereals in aquafeeds is limited due to the 
presence of a variety of anti-nutritional factors and low 
bioavailability of certain nutrients (El Mekawy et al., 
2013). High nutritive value of cereals such as their 
protein and energy content make them highly valuable 
component of feeds for ruminants and monogastric 
animals. Amongst the cereals, millets have been 
extensively used as a chief energy providing source in 
feeds of aquaculture and poultry (Hidalgo et al., 2004; 
Gulia et al., 2007; Khalil et al., 2023). However, 
presence of antinutritional factors limits their use. 
Several processing methods including soaking, boiling,  

 

fermentation and germination have been used widely to 
reduce the level of antinutrional factors, thereby 
improving the nutritional quality of complementary 
foods (Agostini et al., 2010). Using combination instead 
of single process can be more effective in eliminating 
antinutrients (Inyang and Zakari, 2008). During 
fermentation and germination, phytates are degraded 
by activated phytases (Temesgen, 2013). 

Germination in millets activates enzymes such as 
α-amylase, protease, and lipase. These enzymes help in 
breaking down complex molecules like starch, proteins, 
and lipids into simpler forms (Azeez et al., 2022). During 
germination, nutrients stored in the seed, such as 
carbohydrates, proteins, and fats, become more readily 
available. This enhances the nutritional value of the 
pearl millet (Singh et al., 2015). Germination process 
substantially reduces the phytic acid and tannins 
(antinutrients) which are known to show inhibitory 
effects on availability and absorption of the nutrients. 
This process makes the nutrients in pearl millet more 
bioavailable and digestible (Bheemaiah Balyatanda et al, 
2024.). Germination can increase the content of 
indispensable amino acids and improve the overall 
protein quality of pearl millet. This is particularly 
beneficial for human and animal consumption (Rahman 
et al, 2023). Activities of phenolic compounds and 

  D0 (0%)  
 

D1 (5%) D2 (10%)  D3 (15%) D4 (20%) D5 (25%) D6 (30%) 

SOD 
(U/mg 
protein) 

44.83±1.27e 

 
48.42±1.19d 50.79±1.37c 52.17±1.25b 57.25±1.24a 58.32±1.67a 57.84±1.84a 

CAT 
(U/mg 
protein) 

16.23±0.29a 

 
17.27±0.38a 18.65±0.51a 20.55±0.65a 23.87±0.61a 24.37±0.68a,b 24.82±0.71b 

MDA 
(nmole/g 
liver 
tissue) 

19.87±0.21a 

 
19.12±0.17b 17.46±0.12c 15.02±0.15d 11.78±0.14e 11.34±0.16e 11.28±0.12e 



J Fisheries and Zoological Sciences, 1(4), 37-44 

42 
 

flavonoids which are helpful in reducing the oxidative 
stress and enhancing the disease resistance are 
increased by germination process. (Yang et al., 2025). 
Germination significantly enhances the nutritional 
quality and biological activity of pearl millet, making it 
more suitable for consumption and improving its 
potential as a feed crop. Malting has been reported to 
enhance the nutritional quality of grains in terms of 
digestibility, energy density, vitamin and protein 
content (Preetika, et al., 2004). During germination 
process, amylase acts on starch molecules and results 
into its degradation to oligosaccharide and 
disaccharide. Germinated flour has lower water holding 
capacity and high energy density which makes it more 
suitable to be used in infant foods, weaning foods and 
enteral foods. Similarly, malted millet flour can also be 
incorporated in the manufacturing of various food 
items (Shobana et al., 2013). Process of germination 
has been reported to activate the enzyme which results 
into the disintegration of carbohydrates, proteins and 
lipids into simple sugars, amino acids and fatty acids, 
respectively.  

Fermentation causes the total polyphenols to 
decrease. Activates polyphenol oxidase may be the 
reason for reduction of polyphenols (Dhankher and 
Chauhan, 1987). Fermentation can extend the shelf life 
of flour by converting sugars into lactic acid, which 
creates an acidic environment by lowering pH. Thus 
inhibits the growth of harmful bacteria. Fermentation 
at 28°C for three days causes reduction in the bulk 
density of pearl millet flour (Chinma et al., 2021). 
Phytochemical leaching results in improved lightness in 
pearl millet flour due to fermentation. It also reduces 
the concentration of antinutrients such as tannins, 
phytates, and trypsin inhibitors boosting nutritional 
value. Fermentation produces several benefits, 
including improved flavors, colors, shelf-life, and 
functional properties, as well as improved acceptance 
of products. In another study conducted by Tewe et al. 
(1999) fermentation resulted into significantly reduced 
phytate level in millet thereby increasing the 
bioavailability of minerals. It is also consistent with the 
results documented by Abdallah et al. (1998) on 
phytate and mineral content of pearl millet. 

Growth reflects the metabolic interactions and 
adjustments sustained by the nutritional status. 
Optimum growth rate and feed conversion efficiency 
were exhibited by L. rohita fingerlings fed 20% pearl 
millet diets. This can be attributed to the fact that at 
this level, the fermented millet was best utilized by the 
fish in order to enhance weight gain hence they 
attained the highest specific growth rate recorded 
among all the groups receiving experimental diets. 
Channel catfish showed equivalent weight gain and 
feed efficiency when either maize or peal millet was 
fed at 30% of total diet. In this experiment, the 
inclusion of pearl millet in the feed of L. rohita at the 
expense of wheat middings was found to be feasible up 
to 20%. Burtle and Newton (1995) reported equivalent 
weight gain and feed efficiency in channel catfish when 
either maize or pearl millet was fed at 30% of the total 

diet. The adverse effects of incorporating plant-based 
feed ingredients at higher levels in the diets have been 
extensively reported on several fish species (Walker et 
al., 2010; Gomes et al., 2004; Wang et al, 2012; 
Torstensen et al., 2008; Sanz et al., 1994; Yousif et al., 
2019; Barnes et al., 2014; Refstie et al., 2001; Opstvedt 
et al., 2003; Mundheim et al., 2004).  

Hematological parameters can be influenced by 
several factors such as diet composition, environmental 
conditions, and physiological status. In the present 
study, inclusion of pearl millet in the diets of L. rohita 
significantly affected hematological parameters.  The 
improved values of these parameters with increasing 
levels of pearl millet in the diet can be associated with 
the balanced nutritional profile of pearl millet. Improved 
Hb content with increasing amount of pearl millet in the 
diets can be associated with the high iron content of this 
ingredient as reported by researchers (Patni and 
Agarwal, 2017; Aher et al., 2025). There are several 
reports available in which hematological parameters 
reflected association with the use of millets in the diets.  

Oxidative stress is caused due to the unevenness 
between the manufacture and elimination of reactive 
oxygen species (ROS), which can change the structure 
and the function of cellular components (Barbacariu et 
al., 2024). Organisms including fish own an antioxidant 
defense system that constitutes both enzymatic and 
non-enzymatic components and that can also be 
obtained from diet. In order to avoid excessive levels of 
oxidative damage due to increase in reactive oxygen 
species production, organisms can increase their 
synthesis of endogenous antioxidant enzymes to 
combat the action of reactive oxygen species production 
or it can be boosted by the dietary components 
(Wesołowski et al., 2023). Fish with promising 
antioxidant capacities demonstrate lower oxidative 
stress, improved immune response, and high 
adaptability to climatic changes (Birnie-Gauvin et al., 
2017). In the present study, the inclusion of pearl millet 
in the diets of L. rohita reflected improved activities of 
antioxidant enzymes such as SOD and CAT. 
Malondialdehyde is the final product of lipid 
peroxidation and serves as a marker for oxidative stress 
(Cordiano et al., 2023). MDA level of L. rohita was found 
to decrease with increasing dietary pearl millet up to the 
20 % inclusion, suggesting that pearl millet may improve 
the antioxidant capacity of this fish. Previous research 
on grey mullet and common carp have also 
demonstrated the antioxidant effects of millets in the 
diet of fish due to the presence of phenolic compounds 
in the ingredients. 

5. Conclusion  

Findings of this study indicate that adding processed 
pearl millet to fish diets at a rate of 20% had a positive 
impact on growth, antioxidant status and hematology of 
L. rohita fingerlings. Thereby, facilitating the 
development of cost-effective artificial feeds for the 
intensive culture of this fish. 
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