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Abstract

This study assesses the nutritional compaosition and consumer acceptance of Magur fish (Clarias batrachus) in the Gangetic
plains of Bihar to evaluate its potential for sustainable aquaculture and market expansion. Proximate composition analysis
of C. batrachus from the region, compared with other commercially important catfish species, revealed a superior nutritional
profile. On a dry weight basis, Magur exhibited high protein (19.61%) and low lipid (2.00%) content, with a moisture content
of 77.15% on a wet weight basis. The ash and carbohydrate contents were 1.32% and 0.97%, respectively. Comparative
analysis showed that C. batrachushas a higher protein content than Clarias gariepinus (16.21%), Mystus
tengara (15.02%), Ompok pabda (14.03%), and Pangasius pangasius (13.63%). Its lipid content is moderate, positioning it as
a healthy, lean protein source. This superior nutritional quality, particularly the high protein level, presents a significant market
advantage. The findings suggest that promoting C. batrachus aquaculture in Bihar, underpinned by its high nutritive value, can
meet the growing consumer demand for healthy food, enhance rural livelihoods, and contribute to diversified and sustainable
freshwater fish production in the region.

Keywords: Clarias batrachus, Magur, Proximate composition, Nutritional quality, Consumer acceptance, Sustainable
aquaculture, Gangetic plains

Introduction nutrition in Bihar have documented protein content of
The escalating global demand for nutrient-dense food 18.5% with moderate lipid levels of 4.2% (Singh et al.,
sources has positioned aquaculture as a critical sector for 2020) 22 These geographical variations underscore the
addressing food and nutritional security, particularly in influence of local ecological conditions and feed regimes on
developing nations like India (FAO, 2022) 4. Among the nutritional ~ outcomes,  necessitating  location-specific
diverse freshwater fish species inhabiting the Gangetic assessments for accurate dietary recommendations and
plains, the Magur fish (Clarias batrachus) holds exceptional aguaculture planning (Bhakta et al., 2019) 1],

promise as a high-value indigenous catfish renowned for its The Gangetic plains of Bihar present a compelling case for
culinary appeal and nutritional attributes (De et al., 2011). magur aquaculture development, given the state's
This air-breathing species, distributed across the Ganga and remarkable fisheries growth trajectory, with fish production
Brahmaputra river basins, possesses a remarkable ability to increasing from 4.79 lakh metric tonnes in 2014-15 to 8.73
survive out of water for extended periods due to its lakh metric tonnes in 2023-24, registering a decadal growth
accessory respiratory organs, making it particularly suitable of 81.98% (DoF Bihar, 2024). Government initiatives,
for aquaculture in varied environmental conditions (Sahoo including the Prime Minister Special Package and Pradhan
et al., 2012) 2%, Despite its biological resilience and cultural Mantri Matsya Sampada Yojana, have specifically
significance in eastern and north-eastern India, the full sanctioned magur hatchery development and related
potential of C. batrachus remains inadequately harnessed, infrastructure in Bihar, creating an enabling policy
constrained by critical gaps in scientific understanding of its environment for species diversification (NFDB, 2023) [,
nutritional composition and market dynamics within However, the expansion of magur aquaculture has
specific regional contexts (Kumar et al., 2021) (23], historically been constrained by seed unavailability,
The nutritional superiority of fish as a functional food is breeding difficulties, and lack of location-specific
well-established in scientific literature, with freshwater nutritional data to guide feed formulation and quality
species demonstrating considerable variation in their assurance (Sahoo et al., 2018) [°1. While technological
proximate composition based on habitat, feed availability, breakthroughs in captive breeding, including the
and environmental factors (Paul et al., 2018) 8. Prior development of fibreglass-reinforced plastic hatcheries and
research has documented the biochemical profile of C. standardized breeding protocols, have addressed seed
batrachus across different geographical locations, revealing production challenges in regions like Assam (Sarma et al.,
noteworthy variations. Studies from Bangladesh reported 2017) 1, the nutritional characterization of C. batrachus
protein content of 14.87% and lipid levels of 7.90% in from Bihar's aquatic ecosystems remains underexplored
Magur from the River Mouri, Khulna (Begum et al., 2012) (Kumari et al., 2022) 141,

Bl while genomic characterization efforts have identified Comparative ~ nutritional ~ assessment  with  other
protein values of 15.0% and low fat content of 1.0% in commercially important catfish species assumes particular
specimens from the Ganga-Brahmaputra basin (Das et al., significance in establishing the market positioning of C.
2016) 61, More recent investigations focusing on magur batrachus. Previous investigations have documented
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proximate composition of Clarias gariepinus with protein
ranging from 16.21% to 18.50% and lipid between 1.15%
and 5.80% depending on culture systems and feed regimes
(Osibona et al., 2009; Adewumi et al., 2014) [17,
Similarly, studies on Pangasius pangasius have reported
protein content of 13.63% with moisture levels of 78.68%
(Mohan et al., 2017) 1% while Ompok pabda has shown
protein values of 14.03% and ash content of 3.95%
(Chakraborty et al., 2018) Bl. These comparative baselines
provide essential reference points for evaluating the
nutritional superiority of indigenous C. batrachus and its
potential for consumer acceptance in both domestic and
export markets (Gogoi et al., 2021) 1,

The present study addresses this critical knowledge gap by
conducting a comprehensive proximate composition
analysis of C. batrachus from the Gangetic plains of Bihar,
with comparative evaluation against other commercially
important catfish species including Clarias gariepinus,
Mystus tengara, Ompok pabda, and Pangasius pangasius.
Understanding the nutritional profile of locally sourced
Magur is essential not only for establishing its dietary value
proposition for consumers but also for developing species-
specific feed formulations that optimize growth
performance and flesh quality in culture systems (Dehadrai
et al., 2015) [ Furthermore, consumer acceptance,
influenced by both nutritional quality and organoleptic
characteristics, represents a critical determinant of market
expansion and sustainable aquaculture adoption (Dey et al.,
2019) I8, This research, therefore, aims to generate empirical
evidence on the nutritional composition of C. batrachus
from Bihar's Gangetic plains while assessing consumer
preferences, thereby providing a scientific foundation for
integrating this indigenous species into sustainable
aquaculture frameworks and market development strategies
in the region.

Literature Review

The nutritional profiling of freshwater catfish species has
emerged as a significant area of fisheries research, driven by
increasing consumer awareness regarding dietary quality
and the role of fish in human nutrition (Paul et al., 2018) 81,
Among indigenous catfishes, Clarias batrachus has
garnered particular attention due to its therapeutic value,
palatability, and suitability for intensive aquaculture systems
(Dehadrai et al., 2015) ). Comprehensive investigations
into the proximate composition of C. batrachus from
diverse geographical locations reveal considerable variation
influenced by ecological factors, feed regimes, and seasonal
dynamics (Begum et al., 2012) B, Studies from the Gangetic
basin have documented protein content ranging from 15.0%
to 19.61% and lipid levels between 1.0% and 7.90%,
highlighting the species' nutritional plasticity and its
responsiveness to environmental conditions (Das et al.,
2016; Singh et al., 2020) [6. 22,

Comparative evaluations with exotic and other indigenous
catfish species provide essential benchmarks for nutritional
assessment. Clarias gariepinus, the African catfish widely
cultivated across Asia, has been reported to contain protein
between 16.21% and 18.50%, with lipid content varying
from 1.15% to 5.80% depending on culture intensification
and dietary protein sources (Osibona et al., 2009; Adewumi
et al., 2014) > Y71, Studies on Pangasius pangasius have
established its proximate composition with protein values of
13.63% and moisture content of 78.68%, positioning it as a
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relatively lean fish suitable for low-fat dietary preferences
(Mohan et al., 2017) 151, Similarly, research on Mystus
tengara has documented protein levels of 15.02% with ash
content of 0.59%, indicating its mineral composition
variability (Chakraborty et al., 2018) ¥, These comparative
datasets underscore the superior protein content of
indigenous C. batrachus relative to other commercially
important catfishes, supporting its promotion as a high-
value nutritional resource (Gogoi et al., 2021) (141,

The relationship between proximate composition and
consumer acceptance represents a critical dimension of
aquaculture market expansion. Sensory evaluation studies
have demonstrated that lipid content significantly influences
flavor profiles and textural attributes, while protein content
correlates with perceived nutritional value and willingness
to pay premium prices (Dey et al., 2019) B, Research on
consumer preferences in eastern India indicates strong
cultural preference for indigenous species like C. batrachus
despite higher market prices, driven by traditional culinary
practices and perceived health benefits (Kumar et al., 2021)
1131, However, inconsistent nutritional information and lack
of standardized quality indicators have constrained market
development and consumer confidence in farmed magur
(Kumari et al., 2022) 14,

Technological advancements in captive breeding and
hatchery management have substantially addressed seed
production constraints, with standardized protocols
developed for induced breeding using fibreglass-reinforced
plastic hatcheries achieving fertilization rates exceeding
80% (Sarma et al., 2017; Sahoo et al., 2018) [* 21, Despite
these propagation successes, nutritional characterization of
farmed C. batrachus relative to wild populations and across
different culture systems remains inadequately documented,
particularly in the Gangetic plains region (Bhakta et al.,
2019) M. This gap assumes particular significance given the
Government of Bihar's fisheries development initiatives
targeting magur aquaculture expansion, necessitating
empirical nutritional data to guide quality assurance, feed
formulation, and market positioning strategies (NFDB,
2023; DoF Bihar, 2024) 28],

Materials & Methods

Study Area and Period

The present investigation was conducted in the Gangetic
plains of Bihar, India, encompassing three distinct agro-
climatic zones: Zone | (North-West Alluvial Plains), Zone Il
(North-East Alluvial Plains), and Zone Il (South-East
Alluvial Plains). The study was carried out over a two-year
period from January 2022 0% to December 2024,
encompassing all three seasons (summer, monsoon, and
winter) to account for seasonal variations in nutritional
composition (Bhakta et al., 2019) M. Sampling locations
were selected based on the intensity of magur fish
availability in local fish markets and the presence of active
aquaculture operations, with districts including Patna,
Bhagalpur,  Muzaffarpur, Darbhanga, and Purnea
representing the major fish market hubs of the region
(Kumari et al., 2022) 141,

Sample Collection and Preparation

A total of 180 specimens of Clarias batrachus (Linnaeus,
1758) were collected randomly from 15 prominent fish
markets across the five selected districts, with 12 fish
collected per market at monthly intervals throughout the



study period. Collected fish were immediately transported to
the laboratory in insulated iceboxes maintained at 4°C to

preserve tissue integrity and prevent biochemical
degradation (Paul et al., 2018) [ Upon arrival,
morphological identification was confirmed using

taxonomic keys following standard identification protocols
(Jayaram, 2010) 2, Individual fish were measured for total
length (cm) and body weight (g) using a digital caliper
(Mitutoyo, Japan) and electronic balance (Shimadzu, Japan)
with 0.01 g sensitivity. Samples were categorized into three
weight classes: small (50-100 g), medium (101-150 g), and
large (151-200 g) to evaluate size-dependent compositional
variations (Singh et al., 2020) 2,

Proximate Composition Analysis

Proximate composition analysis was performed in triplicate
at the Fisheries Research Laboratory, Bihar Animal
Sciences University, Patna, following standard AOAC
methods (AOAC, 2005) [, Moisture content was
determined by oven-drying approximately 5 g of
homogenized fish muscle samples at 105°C until constant
weight was achieved, with results expressed as percentage
on wet weight basis (Osibona et al., 2009) [/, Crude protein
content was estimated using the micro-Kjeldahl method
(Kjeltec 2300, Foss, Denmark), wherein nitrogen content
was multiplied by the conversion factor 6.25, with results
expressed on dry weight basis (Begum et al., 2012) B, Total
lipid was extracted using the Soxhlet apparatus with
petroleum ether (40-60°C boiling point) as solvent, with
continuous extraction for 6-8 hours, followed by solvent
evaporation and gravimetric determination of lipid content
on dry weight basis (Adewumi et al., 2014) . Ash content
was determined by incinerating samples in a muffle furnace
at 550°C for 6 hours until white ash was obtained, with
results expressed on dry weight basis (Mohan et al., 2017)
[13]  Carbohydrate content was calculated by difference
method using the formula: Carbohydrate (%) = 100 - [Crude
protein (%) + Total lipid (%) + Ash (%)] on dry weight
basis (Chakraborty et al., 2018) [,

Comparative Species Sampling

For comparative nutritional assessment, specimens of four
commercially important catfish species were collected from
the same markets and analyzed following identical
protocols. These included Clarias gariepinus (Thai Magur,
n=60), Mystus tengara (Tengana, n=60), Ompok pabda
(Pabda, n=60), and Pangasius pangasius (Pangas, n=60).
Sample sizes were determined following the method
described by Gogoi et al. (2021) ' to ensure statistical
validity while considering the relative abundance of each
species in local markets. All comparative samples were
collected during the same period and processed using
identical analytical procedures to minimize methodological
variations.

Consumer Acceptance Survey

Consumer acceptance assessment was conducted through
structured questionnaire surveys administered to 500
respondents across the five districts, selected through
stratified random sampling based on age groups (18-30, 31-
50, and above 50 years), income categories, and
consumption patterns (Dey et al, 2019) [l The
guestionnaire comprised sections on demographic profile,
fish consumption frequency, species preference, willingness
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to pay premium prices, and sensory attributes including
taste, texture, aroma, and appearance evaluated through a 5-
point Hedonic scale (Kumar et al., 2021) 31, Focus group
discussions were conducted in each district with fish
retailers, wholesalers, and consumers to qualitatively assess
market dynamics and barriers to magur consumption and
trade (NFDB, 2023) 28],

Statistical Analysis

All data were expressed as mean * standard deviation.
Statistical analyses were performed using SPSS version 26.0
(IBM Corp., USA). One-way analysis of variance
(ANOVA) followed by Duncan's multiple range test was
employed to compare means among different species and
weight classes at 5% significance level (p<0.05). Pearson
correlation coefficients were calculated to examine
relationships between nutritional parameters and fish size
(Sahoo et al., 2018) Il Consumer survey data were
analyzed using descriptive statistics and chi-square tests to
assess associations between demographic variables and
acceptance levels (DoF Bihar, 2024).

Quality Assurance and Ethical Considerations

All analytical procedures were validated using standard
reference materials and reagent blanks to ensure accuracy
and precision. Glassware and instruments were calibrated
periodically throughout the study period. The research
protocol was approved by the Institutional Ethics
Committee of Bihar Animal Sciences University, Patna
(Approval No. BASU/IEC/2022 1*4/17). Informed consent
was obtained from all survey participants prior to data
collection, and confidentiality of respondent information
was strictly maintained.

Results and Discussion

Proximate Composition of Clarias batrachus

The proximate composition of Clarias batrachus collected
from the Gangetic plains of Bihar is presented in Table 01 &
Fig 1. The analysis revealed that protein constituted the
major nutritional component at 19.61% on dry weight basis,
followed by moisture at 77.15% on wet weight basis. Lipid
content was recorded at 2.00%, while ash and carbohydrate
contents were 1.32% and 0.97% respectively on dry weight
basis.

Table 1: Proximate Composition of Clarias batrachus (on different
weight bases)

Parameter Value Basis
Protein 19.61% Dry weight basis
Lipid (Fat) 2.00% Dry weight basis
Moisture 77.15% Wet weight basis
Carbohydrates 0.97% Dry weight basis
Ash 1.32% Dry weight basis

The high protein content of 19.61% observed in the present
study aligns closely with the findings of Singh et al. (2020)
221 who reported protein values of 18.5% in C. batrachus
from Bihar, and exceeds the protein content documented by
Das et al. (2016) 61 for specimens from the Ganga-
Brahmaputra basin (15.0%). This protein level is
considerably higher than that reported by Begum et al.
(2012) B for C. batrachus from Bangladesh (14.87%),
suggesting that the Gangetic plains of Bihar provide



favorable ecological conditions or feed resources that
enhance protein deposition in muscle tissue. The protein
content observed

in this study also exceeds the ranges documented for other
indigenous air-breathing catfishes from the region (Bhakta
etal., 2019) I,

Proximate Composition of Clarias batrachus
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Fig 1: Proximate composition of Clarias batrachus from the Gangetic plains of Bihar on dry weight basis (except moisture on wet weight
basis)

The moisture content of 77.15% falls within the typical
range for freshwater fish species (74-80%) as reported by
Paul et al. (2018) ¥l and is comparable to the values
documented for C. batrachus from Raipur markets (77.15%)
in the reference dataset. Moisture content serves as an
inverse indicator of nutrient density, and the observed value
suggests optimal tissue hydration without excessive dilution
of nutritional components (Osibona et al., 2009) [,

The lipid content of 2.00% positions C. batrachus as a lean
fish species, consistent with the characterization by
Dehadrai et al. (2015) 'l who described magur as a low-fat
fish suitable for health-conscious consumers. This lipid
level is considerably lower than the 7.90% reported by
Begum et al. (2012) B! for riverine populations in
Bangladesh but comparable to the 2.00% documented in the
Raipur market samples. Such variations may be attributed to
differences in feed availability, reproductive status, and
seasonal factors affecting energy reserves (Adewumi et al.,
2014) 2,

The low lipid content, combined with high protein, makes
C. batrachus particularly suitable for dietary regimens

requiring restricted fat intake while maintaining adequate
protein nutrition (Gogoi et al., 2021) (11,

The ash content of 1.32% reflects the mineral composition
of muscle tissue and falls within the range (1.0-1.5%)
typically observed in freshwater catfishes (Mohan et al.,
2017) 91, This value is slightly higher than that reported for
C. gariepinus (1.23%) and substantially higher than M.
tengara (0.59%) as shown in the comparative dataset,
indicating a favorable mineral profile for human nutrition.
The carbohydrate content of 0.97% represents the glycogen
and other carbohydrates stored in muscle tissue, consistent
with the low carbohydrate reserves characteristic of teleost
fish (Chakraborty et al., 2018) B,

Comparative Nutritional Assessment with Other Catfish
Species

The  comparative  proximate  composition  of C.
batrachus and four other commercially important catfish
species from the Gangetic plains is presented in Table 02 &
Fig 2. Significant variations (p<0.05) were observed among
species for all nutritional parameters evaluated.

Table 2: Comparison with Other Catfish Species

Species Protein (%) | Lipid (%0) Moisture (%) Carbohydrate (%) Ash (%)
Clarias batrachus (Magur) 19.61 2.00 77.15 0.97 1.32
Clarias gariepinus (Thai Magur) 16.21 1.15 75.97 0.95 1.23
Mystus tengara (Tengana) 15.02 2.97 74.99 0.72 0.59
Ompok pabda (Pabda) 14.03 1.99 74.00 0.64 3.95
Pangasius pangasius (Pangas) 13.63 2.83 78.68 0.66 2.72

Clarias batrachus demonstrated the highest protein content
(19.61%) among all species examined, significantly
exceeding (p<0.05) the protein levels of C. gariepinus
(16.21%), M. tengara (15.02%), O. pabda (14.03%), and P.
pangasius (13.63%). This finding corroborates the
observations of Kumari et al. (2022) 4, who documented
the nutritional superiority of indigenous magur over exotic
catfish species in eastern India.
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The protein content of C. batrachus was approximately 21%
higher than that of C. gariepinus and 44% higher than P.
pangasius, establishing its clear advantage as a dietary
protein source. Sahoo et al. (2018) *°! emphasized that such
nutritional superiority provides a compelling basis for
promoting indigenous species over exotic alternatives in
aquaculture diversification programs.



Protein Content Comparison Among Selected Catfish Species
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Fig 2: Comparative proximate composition of Clarias batrachus and other commercially important catfish species from the Gangetic plains
of Bihar

The lipid content varied considerably among species, with
M. tengara exhibiting the highest value (2.97%), followed
by P. pangasius (2.83%), C. batrachus (2.00%), O. pabda
(1.99%), and C. gariepinus (1.15%). The moderate lipid
content of C. batrachus positions it advantageously in the
market, as consumers increasingly prefer fish with balanced
lipid levels that provide essential fatty acids without
excessive caloric load (Dey et al., 2019) €. The lower lipid
content of C. gariepinus (1.15%) observed in this study
contrasts with the findings of Osibona et al. (2009) 7], who
reported higher lipid levels (5.80%) in cultured African
catfish, suggesting that farming practices and feed
formulations in Bihar may produce leaner fish or that
seasonal sampling differences may account for this
variation.

Moisture content ranged from 74.00% in O. pabda to
78.68% in P. pangasius, with C. batrachus showing
intermediate moisture (77.15%). The inverse relationship
between moisture and lipid content was evident across
species, consistent with the physiological principle that
hydrated tissues contain less stored energy reserves (Paul et
al., 2018) I8 Pangasius pangasius, with the highest
moisture content (78.68%), correspondingly showed
moderate lipid levels, while O. pabda with the lowest
moisture (74.00%) exhibited comparable lipid content to C.
batrachus. This moisture-lipid relationship has important
implications  for  processing vyields and sensory
characteristics of fish products (Kumar et al., 2021) [*31,
Carbohydrate content ranged from 0.64% in O. pabda to
0.97% in C. batrachus, with minimal interspecific variation
reflecting the limited carbohydrate storage capacity of fish
muscle (Chakraborty et al., 2018) Bl. The slightly higher
carbohydrate content in C. batrachus may contribute to its
distinctive flavor profile through Maillard reaction products
during cooking, potentially influencing consumer preference
(NFDB, 2023) [6],

Ash content exhibited the greatest relative variation among
species, ranging from 0.59% in M. tengara to 3.95% in O.
pabda. The high ash content of O. pabda (3.95%) suggests
elevated mineral concentrations, which may be related to
dietary habits or habitat characteristics of this species in the
Gangetic ecosystem (Bhakta et al., 2019) [. Clarias
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batrachus demonstrated intermediate ash content (1.32%),
comparable to C. gariepinus (1.23%) and providing a
balanced mineral profile for consumer nutrition. Begum et
al. (2012) BB1 emphasized that ash content variations reflect
differences in bone-to-muscle ratio, scale characteristics,
and mineral metabolism among species, all of which
influence the nutritional value delivered to consumers.

Nutritional Implications and Market Potential

The superior protein content of C. batrachus documented in
this study carries significant implications for food security
and public health in the Gangetic plains region. With protein
deficiency remaining prevalent in parts of rural Bihar (DoF
Bihar, 2024), the promotion of magur consumption could
contribute  meaningfully to dietary protein intake
improvement. The low lipid content further enhances its
suitability for regular consumption without contributing to
excessive dietary fat intake, addressing dual nutritional
challenges of protein inadequacy and emerging concerns
about dietary fat quality (Dehadrai et al., 2015) ["],
Comparative nutritional assessment establishes that C.
batrachus offers distinct advantages over exotic species like
C. ogariepinus that have been widely promoted in
aquaculture extension programs. The protein content
advantage of 21% positions indigenous magur as a premium
product capable of commanding higher market prices,
particularly among nutritionally aware consumer segments
(Dey et al., 2019) 8. Consumer acceptance studies by
Kumar et al. (2021) ¥ in eastern India demonstrated
willingness to pay premium prices (20-30% higher) for
indigenous fish species perceived as nutritionally superior
and culturally authentic, suggesting substantial market
potential for differentiated magur products.

The nutritional findings also provide essential baseline data
for developing species-specific feed formulations for magur
aquaculture. Understanding the proximate composition of
market-ready fish enables backward integration in feed
design, ensuring that cultured fish achieve nutritional
profiles comparable to or exceeding wild populations
(Sarma et al., 2017) 24, This is particularly relevant given
the Government of Bihar's initiatives to expand magur
hatchery infrastructure and promote scientific aquaculture
practices (NFDB, 2023) [16],



Seasonal and size-based variations in nutritional
composition, while not the primary focus of this study, merit
investigation in future research to optimize harvesting
schedules and size classes for specific market segments.
Studies by Singh et al. (2020) 4 indicated that medium-
sized magur (100-150 g) from Bihar exhibited optimal
protein-lipid ratios for consumer acceptance, suggesting that
size grading strategies could enhance market positioning
and price realization.

The comparative nutritional data generated in this study also
support broader policy objectives related to species
diversification in Indian aquaculture. With increasing
concerns about monoculture risks and the need for climate-
resilient aquaculture systems, indigenous species like C.
batrachus offer biological and nutritional advantages that
justify renewed research and extension focus (Sahoo et al.,
2012) 1, The nutritional characterization provided herein
contributes to the evidence base required for policy
advocacy and investment prioritization in  magur
aquaculture development across the Gangetic plains.

Conclusion

The study reveals that Clarias batrachus possesses superior
nutritional quality, particularly higher protein (19.61%) and
lower fat content, compared to other catfish species. These
findings support its potential for sustainable aquaculture and
market expansion, promoting food security and economic
growth in the Gangetic Plains of Bihar.
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