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Abstract

The study explored the mineral composition of two freshwater crab species,
Himalayapotamon emphyseteum and Maydelliathelphusa masoniana, native
to the Himalayan river systems, specifically the Chenab and Ravi rivers.
Himalayapotamon emphyseteum and Maydelliathelphusa masoniana were
collected from various tributaries of the Chenab and Ravi river, which are
the part of Indus River system. Mineral analysis was performed utilizing
Atomic Absorption Spectroscopy (AAS) and Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS). The assessment revealed that these
relatively unexamined shellfish are rich sources of essential minerals such
as calcium, magnesium, potassium, phosphorus, aluminium, zinc, sodium,
iron, selenium and manganese. These elements play a crucial role in various
physiological processes, including muscle contraction, immune response,
antioxidation, and blood clotting. If included in the human diet, these crabs
could offer a high-quality nutrient profile that meets dietary requirements.
This research highlights the potential of locally available freshwater crabs
in the Jammu region as a valuable source of minerals, contributing to food
security in the landlocked Himalayan areas.
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Introduction

Biodiversity maintains not only the ecological balance
but also provides food resources including local
fisheries which are essential bestowing economic
opportunities, and underpin the sustenance and
well-being of the local population. The North Western

Himalayas are characterized by an extensive glacial
system and serve as a significant source of fresh
water. The freshwater bodies of this region exhibit
high levels of biodiversity including ichthyofauna
and shellfishes. Himalayapotamon emphyseteum
and Maydelliathelphusa masoniana are freshwater
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culture crab species distributed geographically in
the Indus and Ravi river systems flowing through
the Jammu region. These crabs act as essential
stewards of freshwater ecosystems, actively
shaping the environment. Through nutrient cycling,
maintenance of habitats, food web contributions, and
support for ecosystem diversity, they play a critical
role in maintaining the health, balance, and resilience
of these habitats. It is not only an excellent source of
protein but also essential fatty acids and possesses
clinical significance.’

Minerals are widely acknowledged as vital
components necessary for supporting and
maintaining various physiological functions crucial
to human health, playing a fundamental role in
ensuring the proper functioning of bodily systems
and contributing to overall well-being. Minerals
are taken directly by fishes and shellfish through
gills and body surfaces directly from the water
body.2 Minerals play a significant role as essential
components of hormones, enzymes, and activators
of enzymes in human nutrition.> The human body
is unable to produce minerals internally; therefore,
we need to acquire them from food, supplements,
or other external sources.*% Aquatic organisms
absorb minerals from the food they intake and the
surrounding water, which then accumulate in their
muscle, skeletal tissue, and various organs.® Crabs
being benthic invertebrates, have close contact
with sediments and accumulate minerals by food
and adsorption.”®® Minerals play a role in many
biological processes by being integral components
of numerous enzymes. Minerals are important for
organisms as they play a pivotal role in the formation
of skeletal structures, the regulation of the colloidal
systems, and acid-base balance.™

The shells and muscles of crabs both are good
sources of minerals. The shell minerals provide
more calcium (Ca), iron (Fe), and magnesium (Mg)
than the meat. The shell of the crab is utilized by
the feed mill industries as a source of minerals for
animal feed. Also, it serves as a source of chitin and
chitosan, which are utilized in the health industry for
their anti-bacterial, immunological, anti-cancerous,
and anticoagulant properties." Crabs being smaller
in size can be utilized as an additive in fish products
for animal feed production. The Harris mud crab,
Rhithropanopeus harrisii being smaller in size is a
valuable source of micronutrients. Both the shells
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as well as the meat of crabs provide beneficial
minerals to humans. The shell is rich in calcium
(Ca), magnesium (Mg), and iron (Fe), whereas the
meat is a rich source of sodium (Na) and potassium
(K)."2 Crabs are rich sources of minerals like calcium,
potassium, phosphorus, magnesium, zinc, copper,
manganese, and iron.3™

Calcium is essential for various physiological
functions, including clotting of blood coagulation,
muscle contraction, the transmission of nerve
impulses, and several metabolic processes.'
It is also important in developmental stages for
the growth of bones and muscles, as well as for
the prevention of rickets and soft bone disease.
Magnesium maintains the osmotic balance of
extracellular fluid and blood plasma.'® Potassium is
the main intracellular cation required for maintaining
acid-base balance, blood pressure, and muscle
contraction.'” Phosphorus is a crucial mineral for
maintaining hydrogen ion concentration nucleotide
synthesis, cell communication, and storing and
transferring of energy.'® Sodium is an important
cation that has key roles in the regulation of fluid
balance and muscle contraction. The abnormal
levels of sodium may cause cell damage and renal
problems which may be fatal for human health."
Zinc is a trace element that has benefits in many
physiological functions like immune function, cell
growth and repair, synthesis of hormones, wound
healing, and reproduction. Deficiency of zinc may
lead to many health problems including low growth
and poor reproductive performance.?

Copper acts as a cofactor for many enzymes
required for the regulation of biochemical reactions
taking place in the body.?2 Among the various
micronutrients, iron, zinc, and selenium act as
the first line of defense, as these micronutrients
are required by the body's physical barriers,
i.e. the skin and respiratory lining for integrity.?
Selenium (Se) is an essential micronutrient. It is
a key component of various selenoproteins which
have a pivotal role in antioxidant systems (e.g.,
glutathione peroxidase) that protect against damage
from reactive oxygen species and free radicals,
thus adding anti-cancerous properties to food.?®
It has been indicated from various studies that
selenium can mitigate the harmful effects of mercury,
especially organic methylmercury.?* Manganese
acts as a key component of many enzymes and
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activates metal-enzyme complexes.? It is required
for the human diet, but if present in excess can
result in Parkinsonian pathology.?® Knowing the
mineral composition of important aquatic foods is
important for establishing the connection between
the production of food, and its accessibility and for
framing policies and developmental programs that
improve production. This knowledge ensures that
the food supply effectively meets the nutritional
requirements of people. Several studies have
examined the nutritional composition of marine
and freshwater species; there is limited research
on the mineral profile of freshwater crabs from the
Himalayan region, particularly Himalayapotamon
emphyseteum and Maydelliathelphusa masoniana.
Existing research on the nutritional profile of crabs
in the Jammu region is limited. So, the primary aim
of this research is to evaluate freshwater crabs of
the Jammu region for their mineral composition
and assess the contribution each mineral provides
through the consumption of these crabs. Evaluating
the mineral composition of these crabs will not only
expand scientific knowledge but also provide insights
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into their potential as sustainable, nutrient-rich food
sources for communities in resource-constrained
regions.

Materials and Methods

Collection of Crab Samples

Samples of crab Himalayapotamon emphyseteum
and Maydelliathelphusa masoniana were collected
from the tributaries of the Chenab and Ravi river
system, which flows through the Jammu division

The two species (Figure 1) were selected due
to their availability and consumption by local
communities, and collection was done during
the post-monsoon season, with adult specimens
gathered from a total of fourteen survey sites-seven
sites for each species. They were then brought to
the Laboratory, Department of Zoology in the ice box
with a temperature maintained at -4°C. From each
site, seven crabs were randomly selected, with a
weight range of 48+1.08grams and 53+1.20grams,
respectively. These samples were then prepared for
further laboratory processing.
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Fig.1 External morphology of Himalayapotamon emphyseteum
and Maydelliathelphusa masoniana

Analysis of Mineral Composition

Extracted muscles were initially kept in the oven for
drying at 105°C for 6 to 8 hours. Subsequently, 2.5g
of each dried sample was transferred into digestion
flasks and 25 ml of nitric acid was added. The flasks
were kept on a hot plate at 120°C and maintained
until the samples were completely digested. 10 ml
of 70% HCIO, was added slowly after complete
digestion of the sample. The mixture was then
gently boiled until it became nearly colorless. The
solution was filtered and diluted to a volume of 100ml

with deionized water. The estimation of minerals
in the samples was determined using Atomic
Absorption Spectrophotometry.?” Selenium was
analyzed using the inductively coupled plasma mass
spectrometry (ICP-MS) method.? All measurements
were conducted in triplicate to ensure consistency
and procedural blanks were included to monitor
contamination. Calibration was performed using
certified reference materials, and all samples were
analyzed in triplicate to ensure consistency.
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Statistical Analysis

Data evaluation was performed using MS Excel and
MATLAB software, with significance determined at
a threshold of p < 0.05. Additionally, a mosaic plot
was generated using PAST 4.03 software to visually
represent the data.

Estimation of Daily Intake of Minerals (DIM)
The daily intake of metals was calculated using the
following equation.?
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DIM=((Concentration of mineral) (Conversion factor)
(Daily intake))/(Average body weight)

The conversion factor (CF) of 0.085 was used for
the conversion of the samples to dry weights. The
average per capita consumption of fish and shellfish
in India for human food is 8.89 kg and the average
body weight for the adult population was 60 kg.*°

Fig. 2: Mineral content values for H. emphyseteum, expressed in mg per 100 grams
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Results

The current study shows that crab meat is a rich
source of minerals that are beneficial for human
consumption (Figures 2 and 3). The richness of
sodium, magnesium, potassium, and calcium, is
a key attribute of any high-quality edible food,3" 32
and these minerals were found in abundance in the
crabs examined during the present study thereby
making them inclusive in high-quality edible foods.
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Fig. 3: Mineral content values for M. masoniana, expressed in mg per 100 grams
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Different minerals i.e., Calcium(Ca), Iron(Fe),
Phosphorus(P), Potassium(K), Manganese(Mn),
Zinc(Zn), Sodium(Na), Copper(Cu), and
Magnesium(Mg) were found in the crab species.
However, the levels of different minerals vary among
the studied crab species. The mineral content in
H. emphyseteum was found to be in the order
Ca>P>K>Na>Mg>Fe>Zn>Mn>Cu and the same
was found in M. masoniana except for Cu which is
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more than Mn. The calcium content in freshwater
crabs, H. emphyseteum, and M. masoniana in the
current study showed the maximum value among all
the minerals and the calcium levels were 4867.958
and 4624.226 mg/100gm respectively.

The sodium content in crabs, H. emphyseteum, and
M. masoniana were found to be 222.535mg/100gm
and 227.134mg/100gm respectively. The present
study on H. emphyseteum and M. masoniana
indicates that these crabs are good sources of
phosphorous. The crabs, H. emphyseteum, and
M. masoniana of the Jammu region are a good
source of iron consisting of 33.530mg/100gm and
36.120mg/100gm of iron content, respectively.
The present study on H. emphyseteum and M.
masoniana reveals higher levels of potassium
than Paratelphusa lamellifrons with a potassium
content of 256.77 mg/100gm and 275.20 mg/100gm
respectively.

Invertebrates exhibit physiological and biochemical
detoxification processes to regulate and accumulate
zinc and copper concentrations in their tissues.” In the
present study, the copper content of 0.534mg/100gm
and 0.623mg/100gm in H. emphyseteum and M.
masoniana was observed respectively. The sodium
and zinc content in H. emphyseteum was 222.535
mg/100gm and 5.158mg/100gm whereas the
sodium content was slightly higher in M. masoniana
(227.134mg/100 gm) and zinc was found to be in

Himalayapotamon emphysetum

Maydelliathelphusa masoniana
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lesser amounts (4.916mg/100 gm). Magnesium plays
a crucial role in various bodily functions and is much
required for oxidative phosphorylation, production of
energy, and glycolysis. The content of magnesium
in freshwater crabs under current investigation is
higher than in marine crabs. Selenium is an effective
antioxidant that helps in the removal of oxidative
stress. Moreover, selenium is an integral component
of glutathione peroxidase and plays a crucial role
in preventing cellular damage caused by reactive
oxygen species.*4%4 The selenium and manganese
levels in H. emphyseteum are 0.105mg/100gm
and 0.821mg/100gm whereas, in M.masoniana,
the levels of selenium and manganese are 0.213
mg/100 gm and 0.517 mg/100 gm respectively.
Significant variations (p<0.05) were observed among
the different minerals in crabs, H.emphyseteum, and
M.masoniana by using one-way ANOVA.

Daily Intake of Minerals

The daily intake of minerals (DIM) from
Himalayapotamon emphyseteum was calculated
using the formula and the DIM for minerals viz.,
Ca, Fe, Mg, P, K, Se, Na, Zn, Cu, Mn was found to
be 0.61, 0.004, 0.02, 0.045, 0.032, 0.00105, 0.027,
0.006, 0, 0.0001. Similarly from Maydelliathelphusa
masoniana, the daily intake value of minerals viz.,
Ca, Fe, Mg, P, K, Se, Na, Zn, Cu, Mn was obtained
as 0.58, 0.45, 0.02, 0.04, 0.03, 0.00002, 0.028,
0.0006, 0.00007, 0.00006 (Figure 4).

o

Fig. 4: Mosaic plot showing daily intake value of minerals from Himalayapotamon
emphyseteum and Maydelliathelphusa masoniana
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The mosaic plot graph draws a comparison
among the minerals present in Maydelliathelphusa
masoniana and Himalayapotamon emphyseteum. A
large gray-colored box showing the calcium content
in H.emphyseteum is suggestive of the fact that it
is a substantial contributor of this specific mineral
in comparison to other species. M.masoniana has
two large segments (gray, Ca, and blue, Fe), this
differentiation indicates that this species delivers a
diverse and well-rounded mineral profile. Besides
this, the graph for M.masoniana is wider than
H.emphyseteum which is due to the reason, that the
former species shows a more diverse distribution
of minerals, especially in the blue portion (Fe).
Although H.emphyseteum exhibits elevated levels
of some particular minerals, the cumulative mineral
content is higher for M.masoniana, as reflected by
the broader graph.

Discussion

The study on the Indian Ocean swimming crab,
Charybdis smithii has depicted that sodium content
is the highest followed by calcium, potassium, and
magnesium.** When compared to marine crabs such
as Charybdis smithii, presently studied freshwater
species exhibit lower sodium levels, possibly due
to the differences in salinity between habitats.
Calcium is predominantly present in the form of
calcium carbonate and is the main constituent of
the crustacean exoskeleton.?* Besides calcium
carbonate, Ca is found in the form of chitin and
protein. In P. sanguinolentus, the calcium level
was found to be 445.5 + 0.56 mg/100gm and in
P. pelagicus, the calcium content was 111+32.14
mg/100gm.2 The concentration of minerals in crab
meat is influenced by various factors, like the season,
food sources, sex, and the chemistry of water. The
higher calcium content in H. emphyseteum may
be attributed to differences in habitat conditions or
feeding behavior, as calcium uptake is influenced
by both environmental and dietary factors. During
the premoult period, the calcium is accumulated in
the hepatopancreas which is utilized for exoskeleton
calcification.® %

The phosphorus content found in the present study
is much higher than the content of phosphorus levels
in mud crabs, Scylla serrata 46.02mg/100g and
65.54mg/100g, in males and females respectively.®”
Iron is considered a crucial trace element for
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various functions within the human body, such
as transporting oxygen from the lungs to tissues
and preventing significant health issues.38 3. 18
The content of iron as reported in Paratelphusa
lamellifrons ranges between 42.3 to 48.7mg/100gm
which is higher than the iron levels reported in H.
emphyseteum and M. masoniana. The freshwater
crabs are modest sources of potassium as studied
in Paratelphusa lamellifrons.'® The potassium
levels reported in this crab vary between 103.7
mg/100gm to 119.2 mg/100gm with maximum
levels in the cephalothorax. The presence of
copper and zinc in the muscles of crabs enables
them to survive in high concentrations of these
metals in environmental conditions.,*® 4" Levels of
sodium and zinc in freshwater crab, Isolapotamon
bauense was found to be in concentrations of
10mg/g and 0.45mg/g respectively.*> Magnesium is
known as an enzyme system activator that plays a
significant role in the energy production metabolism
of carbohydrates.*® The magnesium content is
approximately 54.31mg/100gm in the Indian Ocean
swimming crab, Charybdis smithii which is much
lesser than that found in the crabs under present
investigation.3? Besides this, the magnesium levels
in our study are higher than studies done on crabs,
P. sanguinolentus, and P.pelagicus.? The daily intake
of minerals from a crab, Sudanonautes aubryi was
examined' in which DIM for different minerals Ca,
Na, Mg, K, and Fe was reported as 0.017, 0.016,
0.028, 0.41, and 0.011 respectively which is similar
to the present study.

Conclusion

Based on the current investigation into the mineral
content of crabs found within the Chenab and Ravi
river systems in the Jammu region, it is evident that
these crabs hold significant potential as a nutritional
food source. They are abundant in essential minerals
such as calcium, magnesium, phosphorus, and
sodium, and also provide moderate amounts of
selenium, zinc, and iron. The analysis of the Daily
Intake of Minerals (DIM) further suggests that the
inclusion of these crabs in the diet can contribute to
a balanced and nutritious diet, potentially preventing
a range of health-related issues. Furthermore, the
regular consumption of these crabs could play a
crucial role in alleviating food shortages, offering a
sustainable solution to food insecurity over the long
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term in the region. While these crabs show promise
as a nutrient-rich food source, further studies are
necessary to assess the risks posed by toxic metal
contamination. Extracts from these crabs hold
potential for use in natural mineral supplements,
offering a sustainable solution for addressing
health conditions such as anemia and mineral
deficiencies. Their mineral-rich composition not only
supports human health but also provides valuable
insights into their ecological roles within food webs.
These crabs contribute to the bioaccumulation of
minerals, highlighting their significance in nutrient
cycling and maintenance of ecosystem balance
and consumption guidelines to ensure safe human
consumption. This study addresses the gap in
understanding the mineral content of Himalayan
freshwater crabs by providing detailed mineral
analysis and assessing their potential to meet daily
dietary mineral requirements.
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