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Abstract: Pangasius nasutus is a freshwater fish that has become one of the major economic
sources for fish farmers in Pahang River, Malaysia. Effective aquaculture and conservation
P. nasutus depends on the understanding of their gut composition, feeding habits, and gut
microbiome. Pangasius nasutus in their natural habitat mostly consume a variety of food sources,
including zooplankton, aquatic insects, and crustaceans. The advances in metagenomic sequencing
technologies have made it possible to examine gut bacteria by examining hypervariable areas of 16S
rDNA for prokaryotes and 18S for eukaryotes through cloning and transferring biologically produced
DNA into a bacterial host. In recent times, significant attention has been directed towards nutritional
manipulation and the modification of gut microbiota to align with the requirements of aquaculture,
all the while aiming to preserve the health and welfare of the host. This paper intends to review the
gut content and feeding behavior of Pangasius sp. that will be contributed to the local fish farmer for
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their breeding and production of high-quality P. nasutus in a short period of time.

Introduction

Pangasius nasutus, known as Patin Buah, is a famous
freshwater fish in the Pahang River, Pahang state,
Malaysia. This species has become one of the major
economic sources for fish farmers in Pahang state.
However, there is a shortage of research on the feeding
habits of P. nasutus from the larval to the adult stages
which are crucial for understanding their growth.
Additionally, local fish farmers encounter challenges
in consistently obtaining high-quality wild P. nasutus
throughout the year (Ghani et al., 2012). Hence, food
intake analysis provides advantages for fish farmers
aiming to breed and produce high-quality P. nasutus
relatively quickly.

Feeding is a multifaceted behavior that
encompasses various behavioral responses related to
eating, including feeding methods and habits, food
preference mechanisms, feeding frequency, and food
detection (Volkoff et al., 2006). Feeding behavior in
fish is influenced by several factors, including
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environmental factors and habitat. Environmental
factors such as temperature and photoperiod affect
feeding behavior and this is often closely related to
reproductive season (Joshua et al., 2017). Structure of
habitat, presence of predators, and energy associated
with a given food type or item have also been observed
to influence feeding behavior (Volkoff et al., 2006).
Furthermore, analysis of food consumption is also
important to fisheries management and it can help in
increasing fish production, management of prey
resources, and fish population to enhance fishing
economy and activity (Kamler and Pope, 2001).

The Pangasiidae family consists of 28 species.
Pangasius hypopththalamus is the most widely
distributed catfish found in Southern Asia, including
Palembang, Indonesia; Mekong, Vietnam, and Chao
Phraya River, Thailand (Ferraris, 2007). Three other
pangasiid including  P.
P. micronemus, and H. waandersii have been found in
Peninsular Malaysia (Tweedie, 1936; Herre and

species, nasutus,
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Myers, 1937; Roberts and Vidthayanon, 1991; Lim
and Zakaria-Ismail, 1995). The largest pangasiid
producer in Asia is Vietnam with a total production of
48.1%, followed by India (18.5%) and Bangladesh
(15.6%) (FAO, 2020). IUCN Red List of Threatened
Species (IUCN, 2013) listed several pangasiid
populations such as Pangasianodon gigas (Hogan,
2011) as Critically Endangered (CR), whereas
P. hypophthalmus (Sauvage, 1878; Hogan and
Vidthayanon, 2011) is Endangered (EN). On the other
hand, P. nasutus is rare, endangered, and under Least
Concern (LC) (Vidthayanon et al., 2020). This paper
intends to review the works done on gut content which
includes gut microbiota and feeding behaviour of
P. nasutus that will contribute to local fish farmers for
breeding and improvement on the quality and quantity
of Pangasius spp. specifically P. nasutus.

Biology: Family Pangasiidae is recognized by having
two pairs of barbels (maxillary and mandibular), a
lateral compressed body, and an inferior mouth, with
the tooth band of the upper jaw entirely exposed when
its jaw is closed. The jaw is also sharp and projected
to effectively grip prey by extending it forward. This
species is also able to swallow large food items due to
this adaptation. It also has a projected snout and has a
small eye diameter which is 14 times smaller in
standard length compared to other species
(Gustiano and Pouyaud, 2006). Meanwhile, this
species has seven dorsal soft rays, two dorsal spines,
and 26-30 anal soft rays (Froese and Pauly, 2018).
There are 23 gill rakers on the lower arch, including
the raker at the angle, and six on the upper arm of the
first arch (Snovsky et al., 2012). They resemble combs
and are found on the gill arches. These gill rakers
assist in capturing and filtering minute particles from
the water, such as plankton and debris. Pangasius
nasutus also has palatal teeth with smaller palatine
tooth bands and large median vomerine tooth patches
(Baharuddin et al., 2014).

Pangasius nasutus can live up to 20 years and after
two months during the breeding phase, it can reach up
to 10-12 cm in length and up to 15 grams in weight
(Waycott, 2015). After 10 years, P. nasutus weight in
captivity can reach up to 25 kg (Waycott, 2015), while

in its natural habitat, this species can reach up to 44 kg
(Robert et al., 1991). The best harvesting period is
when P. nasutus weighs between 800 and 1100 grams
at six- to eight-month-old (Waycott, 2015). This
species is famously used to make local dishes in
Pahang state in Malaysia because it consists of a very
fine, delicious, and completely white flesh (Hassan et
al., 2011). Moreover, the Pahang River offers an
essential ecosystem for the breeding and reproduction
of a variety of commercial fish species which are
essential for aquaculture (Baharuddin et al., 2014).
Family Pangasiidae has high potential for aquaculture
in Malaysia and in Southeast Asia (Hung et al., 2014)
as P. nasutus can cost up to USD 25/kg in the market
nowadays (Syazwani, 2020).

Distribution of Pangasius nasutus: Pangasius
nasutus is one of Peninsular Malaysia's native
freshwater species, it is most frequently found in the
rivers of Pahang State, particularly in the Pekan and
Maran Districts (DOF, 2005). Pangasius nasutus can
be found in the Perak River (Baharuddin et al., 2014).
While in Sumatra, this species can be found
specifically in The Musi, Indragiri rivers, Barito, and
Batang Rajang rivers (Gustiano et al., 2018). About 21
recognized species in the genus Pangasius are from
India in the Southern Part of Asia up to the Indonesia
Archipelago in Southeast Asia (Gustiano et al., 2018).
Pangasius nasutus live in the middle or upper part of
the major rivers (Gustiano et al., 2018).

Feeding habit of Pangasius nasutus: In freshwater
fish, feeding categories can be divided into four types
namely omnivorous, herbivorous, carnivorous, and
plankton feeders. Fish that have more than 75% of the
total gut content of plant material is considered
herbivorous. Aquatic plants, unicellular algae,
filamentous algae, as well as a small amount of sand
or mud, are the main sources of food for herbivorous
fish (German et al., 2006). Aquatic plants, unicellular
and filamentous algae, rotifers, insects, insect larvae,
and crustaceans are a few examples of the creatures
and plants that omnivore fish ingest. A substantial
proportion of animals, including insects, beetles,
crustaceans, water bugs, dragonfly larvae, and small
fishes, are consumed by carnivorous fish (Chang et al.,
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2010). By filtering the water through their gill rakers,
plankton feeders eat phytoplankton and zooplankton.
Juveniles of P. nasutus are omnivorous and consume
various type of food such as animal which includes
crustacean, fish, insects, and small plants (David,
1963). With an average of 60% protein requirement,
feed formulations for juvenile Pangasius sp. catfish in
captivity often contain high levels of fish meal (Hung
et al., 2013). Furthermore, high-protein soybean meal
is an alternate protein source for fish culture (Siddiqui
et al., 2014). Striped catfish, or Pangasius
hypophthalmus, is an omnivore fish that consumes a
wide range of foods, including fish, crabs, vegetable
waste, algae insects, zooplankton, and higher plants
and adult fish may consume fruits and other fish
species (Rainboth, 1996). Their feeding habit varies to
their life stage because several studies have found
evidence of cannibalism within the first week
following hatching (Vu and Huynh, 2020). The
Mekong River fishing relies heavily on the
P. hypophthalmus species, which is also utilized
extensively in aquaculture. The presence of free
neuromasts in the fish's body indicates that
P. hypophthalmus feeding behavior is often driven by
chemo-sensing rather than visual sense (Mukai et al.,
2010). It is an adaptable species that can be fed from
a variety of food sources because of its omnivorous
eating habits.

Feeding behavior: Feeding behavior is influenced by
a variety of factors, such as habitat and environment.
The way fish consume food as well as the composition
of their diet may influence their feeding behavior.
Chemo receptors responding to nutrients detect
olfactory gastronomic signals, which regulate feeding
(Volkoff et al., 2006). Fish of different species use
different sensory mechanisms. The majority of
carnivorous fishes only use visual mechanisms to
locate prey. Instead, many omnivorous fish, such as
Pangasius sp., have precise feeding habits which
means they search for non-living food via chemical
stimuli. In the meantime, they use sight signals to prey
on living food (Kam Foo, 2010). For example, the
sensory  organs of  P. hypophthalmus  are
morphologically fresh when they hatch, but they

quickly mature as the larva grows. Numerous taste
buds could be detected on the larvae's barbels, head
surface, and buccal cavity. At two days old larvae,
other sensory organs and taste buds had also fully
developed (Mukai et al., 2010). In the stage of juvenile
and adult, gut content is fully developed and food such
as molluscs, fishes, insects, and crustaceans can be
digested well (Alikunhi, 1957).

Gut anatomy: A muscular tube enclosed by a mucous
membrane of columnar epithelial cells can be defined
as the gut (Switman et al., 2008). The head gut is the
most anterior section, containing tissue origin of the
two cavities, the oral (buccal), gill (branchial), and
pharyngeal. The gut can be divided into the hindgut,
foregut, and midgut. The mid and hindgut are the
components of a fish gut. The intestine posterior to the
pylorus, is the longest segment of the gut and may be
coiled into complex loops, including in the mid gut.
The esophagus, stomach, and pylorus are part of the
foregut, which originates at the back edge of the gills.
The beginning of the intestine in some fish is defined
by an increase in gut diameter (Smiths, 1998)

As a carnivorous fish, the adult P. nasutus
possesses a gut anatomy specifically adapted for
efficient processing and digestion of prey. Among the
various parts of the digestive tract, the pyloric stomach
stands out with its notably thick muscularis
(Sadeghinezhad et al., 2017). This muscular structure
facilitates the relaxation needed to mix and grind food
during the digestion process. Additionally, fish have a
significant presence of goblet cells in their esophagus,
which likely aids in the smooth transit of food to the
stomach. These muscular contractions, combined with
the secretion of digestive enzymes, play a vital role in
breaking down prey items into smaller, digestible
particles (Osman and Caceci, 1991; Domeneghini et
al., 2005). This is necessary to absorb nutrients more
quickly to have a more effective digestive system.
Depending on their nutrition, habitat, and
physiological requirements, different fish species may
exhibit distinct specialized adaptations and variations
in their gut structures.

Diet composition: Feeding behavior is another key
factor affecting gastrointestinal microbial diversity.



538 Fauzi et al./ Gut content, feeding behavior, and gut microbiome of Pangasius nasutus

The order of carnivores, omnivores, and herbivores
was found to increase diversity in the GI microbial
community (Ward et al., 2009; Larsen et al., 2014; Li
et al., 2014; Miyake et al., 2015). Juvenile P. nasutus
tends to be omnivorous, feeding on benthic organisms,
hard seed or higher plants, and fishes (Bleeker, 1863).
The adult Pangasius pangasius prefers molluscs and
bottom-feeders called carnivores (David, 1963). As
they grow, the adult P. nasutus tend to shift their diet
become carnivorous based on their nutritional
requirement and their digestive part becomes more
complex compared to the juvenile P. nasutus stage
(Chondar, 1999). Besides molluscs, fish, insects,
crabs, and other organisms have also been observed in
the intestines of adult Pangasius (Alikunhi, 1957;
Menon et al., 1958). Juvenile P. nasutus consume
various types of food such as crustaceans, fish, insects,
and small plants (David, 1963). Most of the larvae
stage feeding habit only focus on planktonic and small
insects as their food source because their mouth and
digestive part are too small to digest solid food. Live
feed, such as small ants, amphipods, and copepods, is
a major source of larval food consumption because it
is rich in nutrients and easy to digest. Additionally,
there is a lack of information from previous research
that can be used to determine whether juvenile
Pangasius is a carnivore or an omnivore. Therefore,
more investigation is required to understand the dietary
preferences of juvenile and adult Pangasius sp., both
in the wild and in captivity.

Significance of interpreting dietary composition:
Dietary intake affects gut flora through nutrient source
and content. In general, plant-derived dietary proteins
have been associated with a significant reduction in
the variety of microbial flora (Desai et al., 2012) with
an increase in the general abundance of
Pseudomonadales, Bacillales, and Lactobacillales
(Michl et al., 2017). Animal-derived proteins can
promote the growth of bacteria such as Bacteroidales,
Clostridiales,
Alteromonadales in the gut. Fish-fed diets based on
synthetic casein exhibit greater diversity than fish-fed
diets based on fish meals or soybean meals (Mansfield
et al., 2017). Furthermore, the gut microbiome varies

Vibrionales, Fusobacteriales, and

in composition depending on nutrition and diet
(McDonald et al., 2012). Based on a recent study in
Bangladesh, a comparison between farmed Pangasius
sp. and wild Pangasius sp. revealed that wild
Pangasius provides an optimal source of balanced
essential amino acids and fatty acids compared to
farmed Pangasius sp. (Chakma et al.,, 2022).
Moreover, both wild and farmed Pangasius sp. in
Bangladesh were safe for human consumption and
met the daily EPA + DHA intake requirements
recommended by the European Food Safety Authority
(EFSA) (EFSA., 2010) for the prevention of primary
cardiac diseases. Essential information can be
extracted from dietary composition that assists in
resolving more complex fish ecology problems.
Dietary composition data provides in-depth insights
into fish feeding ecology, resource availability,
demand, potential competition, and other aspects of
fish ecology, biology, consumption, or predation
(Liao et al., 2001).
Microbes in Gastrointestinal (GI) tracts of
Pangasius nasutus
Microbial composition of gut microbiome: Several
studies have shown that the gut microbial community
is shaped by nutrition and significant diversification
that starts with the first feeding (Lauzon et al., 2010).
New colonizing bacteria are obtained when the fish
larvae start drinking water to regulate osmoregulation,
and the microbiota then expands more through feeding
(Hansen et al., 1999). It is recognised that the
gastrointestinal (GI) tract microorganisms of fish play
an important role in fish health (Begum et al., 2020),
growth, and immunity (Perez et al., 2010). In addition,
harmful microbes may enter through the gut, infect
their host, and potentially reduce the population of fish
species with high economic value (Begum et al.,
2020). The presence of fish body nutrition of external
and internal food sources would determine whether
gut microbes will survive. In the meantime, many
digesting enzymes can be secreted by gut microbiota,
and they can produce nutrients like dietary sources
during that activity (Bairagi et al., 2002).

The composition of gut microbes can be affected
by feeding behaviour, lifestyle, and host genetic
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background (Yan et al., 2012). A recent meta-analysis
data showed that the factors affecting the gut
microbiota composition of fish are habitat, possibly
host phylogeny, and trophic level (Sullam et al.,
2012). Previous research in Bangladesh found that
Bacillus brevis, Staphylococcus gallinarum, Proteus
sp., Aeromonas sp., Enterobacter sp., Klebsiella sp.
were found in the gut bacterial isolation from
P. hypopthalmus collected from farm and market
(Begum et al., 2020). Numerous studies have analyzed
the gut microbial communities of various animal hosts
over the past decade. However, most of them have
focused on mammal gut microbiota (Colston et al.,
2016), which represents less than 10% of vertebrate
diversity. In contrast, fish exhibit the greatest species
diversity among vertebrates (Nelson, 2006; Froese et
al., 2019).

Previous research on P. nasutus collected from a
local fish market in Pekan, Pahang, found
Lactococcus garvieae in the stomach and gut content
through co-isolation of Lactic Acid Bacteria (LAB)
(Mohideen et al., 2023). This might also show the
potential food sources the local farmers used to raise
P. nasutus. Due to the high cost of fish meal, local
farmers find that using chicken or broiler offal (necks,
intestines, etc.) for fish feeding is more cost-effective.
Eating this fish may have safety implications, as it is
susceptible to ingesting these strains through its diet
(Ismail et al., 2013). Lactococcus garvieae also have
been reported in other aquatic species (Meyburgh et
al., 2017) and are commonly associated with
outbreaks of hemorrhagic sepsis in warm-water fish
species like rainbow trout (Malek et al., 2019).
Meanwhile, public health issues may arise if
P. nasutus 1s consumed after being obtained
commercially.

Functional potential of fish gut microbiome: The
intestinal microbiome is formed up of the microbes
that live in the intestinal lumen and are part of a
microbial community. It is thought that this microbial
community plays a crucial role in the host metabolism
and immune role as well as in providing the recipient
with nutritional benefits (Yukgehnaish et al., 2020).
As a fish's diet changes from carnivorous to

omnivorous to herbivorous, diversity typically
increases (Liu et al.,, 2016). Additionally, the
composition varies due toenvironmental factors.
Freshwater fish guts are dominated by Acinetobacter,
Aeromonas, Flavobacterium, Lactococcus, and
Pseudomonas, as well as the obligate anaerobes
Bacteroides, Clostridium, and Fusobacterium
(Gémez and Balcazar, 2008). While, Aeromonas,
Alteromonas,
Micrococcus,

Alcaligenes, Carnobacterium,

Flavobacterium, Moraxella,
Pseudomonas, and Vibrio are the dominant bacteria in
the stomachs of marine fish (Gémez et al., 2008).
Pure-culture experiments are essential for an accurate
understanding of each population's functions, and it is
crucial to isolate the physiologically dominant
populations in a microbial community (Watanabe et
al., 1998). The diversity of the gut's microbes is
different depending on the species and range of
physiological factors, including temperature, pH, the
availability of nutrients, and environmental
conditions. Physiological factors also impact the gut's
microbes and immune system across every aspect of
metagenomics, prebiotics, and probiotics
(Yukgehnaish et al., 2020).

For the treatment of pathogen-induced bacterial
diseases, various beneficial bacterial or probiotic
strains have been produced, and their efficiency has
been demonstrated (Verschuere et al., 2000). Some
beneficial microbes can reduce or even eliminate
inhibitory substances (Teplitski et al., 2009). A
diverse microbial community that consists of harmless
and helpful bacteria must be cultivated in an aquatic
hatchery to maintain a good culture environment
(Schulze et al., 2006). Due to the high density and
proximity of resident bacteria in the gastrointestinal
tract microenvironment, common microbiota
components may transmit resistance genes via
horizontal gene transfer (Navarrete et al., 2008).

Prebiotics are regarded as an environmentally
beneficial feed supplement in aquaculture. Prebiotics
are fermented by bacteria in the gastrointestinal tract,
and reaction by-products are beneficial to the host's
health. Therefore, prebiotics improve gastrointestinal
conditions that promote those already-existing
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bacterial species boost growth efficiency, and
decrease the susceptibility of the pathogen of the host
organism, which appears to be an outstanding strategy
that will help in the rapid growth of the aquaculture
industry (Reverter et al., 2014). Prebiotics are an
essential dietary supplement for enhancing growth and
microbial activity in the digestive tract, which
frequently improves the immune system and stress
tolerance. Prebiotics are non-digestible substances
that support good health by being digested by
beneficial microbes like Lactobacillus  and
Bifidobacterium. Due to their ability to decrease the
presence of intestinal pathogens and/or change the
production of health-related bacterial metabolites,
these bacteria have been considered to be
advantageous to the host's growth and development
(Roberfroid, 1993; Gibson and Roberfroid, 1995;
Manning and Gibson, 2004). Common prebiotics
established in fish are fructooligosaccharides (FOS)
and inulin. Dietary Fructooligosaccharides, can
influence the immunological function of fish and
positively build intestinal microbiome communities.
Multiple studies found that FOS could enhance fish
humoral immune response (Mahious et al. 2006; Ring
et al.,, 2014). Inulin, used in aquaculture and not a
natural fiber in fish diets encourages normal bacterial
flora in the stomach while also resisting infections and
boosting the immune system (Possemiers et al., 2009).
The use of inulin as a prebiotic in aquaculture
encourages the growth of beneficial gut bacteria,
inhibits ~ harmful  organisms, and improves
immunological response. Several investigations
examined the host's ability to survive after
consuming prebiotics. Moreover, prebiotics typically
promote weight gain of the host (Yukgehnaish et al.,
2020).

The immunological systems of higher vertebrates,
which include the innate and adaptive immune
systems, are very similar to the fish. The innate
immune system is assisted by the presence of antigens
in monocytes and macrophages through cytokine and
chemokine receptor profiles, allowing the adaptive
immune system to obtain memory through the
production of antibodies, while the antigen-containing

bodies are prone to elimination. This provides
immunity to a wide range of pathogenic
microorganisms that are harmful to fish health
(Gomez et al, 2008). Numerous biological
components, including antimicrobial peptides, bile,
mucosal layer, proteases, and stomach acids, are
involved in the host's innate resistance (Huising et al.,
2003). In addition to providing the host fish with some
immunological benefits, several beneficial microbes
that form in the gut microbiota of fishes also influence
the fish's innate immune system by interacting with
host NK cells, monocytes, and neutrophils
(Yukgehnaish et al., 2020). Next, competition for
nutrients, stimulating the host fish's nonspecific
immune system, antagonism of pathogenic bacteria
through secretion of antimicrobial
molecules, and competition for adhesion sites are all
part of the mechanism through beneficial bacteria
that help to modulate the immune response of the host
fish to pathogenic bacteria. Lactic acid bacteria (LAB)
like L. rhamnosus, Clostridium butyricum, L. sakei,
and L. lactis boosted the levels of host fish
immunoglobulin, and as a result, Pseudomonas
fluorescens, a biological control agent that produces
siderophores, was also successfully applied in the gut.

Probiotics have been proven to be bioactive, living
microbial food/feed additives that enhance nutrition
and disease resistance by positively affecting the
microflora of the gastrointestinal tract (GIT) and
digestion in general (Verschuere et al., 2000;
Hoseinifar et al., 2016). Probiotics are live organisms
that are consumed with food and have a variety of
positive effects on the host (often bacteria, yeast, or a
combination of both) (Fuller, 1989). A modified
definition of probiotics in aquaculture has been
proposed in considering the variances between the
aquatic ecosystems and those of terrestrial organisms
which is "A probiotic organism can be defined as a
live, dead, or component of a microbial cell that is
introduced via feed or to the rearing water that helps
the host by improving health status, disease resistance,
feed utilization, growth performance, general vigor or
stress response, which occurs at least by improving the
microbial balance of the ambient environment or

excessive
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host's microbial balance (Merrifield et al., 2010b).
Several nations, including the USA and Canada, have
limited the use of certain antibiotics in the aquaculture
sector. In order to battle pathogenic agents through a
variety of pathways as an alternative driving force of
treatment with antibiotics, the use of probiotics
together with food supplementation is a highly
effective method (Bandyopadhyay et al., 2015; Wu et
al., 2015). Probiotics also can contribute significantly
to the productivity of aquaculture by offering
pollution-free water sources and enhanced protection
against non-specific diseases (Panigrahi et al., 2010;
Nandi et al., 2018). The Food and Agricultural
Organization (FAO) has now suggested using
probiotics to enhance the quality of the aquatic
environment by minimizing mortality (Subasinghe,
2005) or by improving resistance to potential host
infections (Irianto and Austin, 2002). Interaction
between host and probiotic is not limited to the
digestive system but probiotic bacteria may also be
present in the host's surroundings as well as on its gills
or skin. It is because the culture environment and the
host interact very closely in aquaculture, it implies that
most probiotics are introduced via the -culture
environment rather than directly from feed (Fuller,
1989). The use of probiotics is one of the most
important technologies that has been developed in
response to issues with disease control (Browdy,
1998).

Application of probiotics in aquaculture: Probiotics
function either directly or indirectly affect ways the
body controls appetite and growth. Additionally, it
appears that the host-associated microbiota is essential
for the healthy growth and differentiation of gut
components. Here, it appears that a healthy microbiota
can influence epithelial cell growth, including the
development of mucosal layers (Rawls et al., 2006;
Bates et al., 2006). For example, rainbow trout gut that
have probiotic Pediococcus acidilactici through their
feed supplemented have enlarged their absorptive
surface of the gut via an increased microvilli length in
the proximal gut (Merrifield et al., 2009; Merrifield et
al., 2009). Next, the most popular probiotic selections
in aquaculture are Bacillus spp. and Lactic acid

bacteria (LAB) (Soltani et al., 2019; Ringo et al.,
2020;). The treatment of mixed probiotic spores of
Bacillus amyloliquefaciens 54A, and Bacillus pumilus
47B raised antimicrobial peptides AMP levels in
striped catfish Pangasianodon hypophthalmus (Thy et
al., 2017). The mucosal epithelium is one of the oldest
and most prevalent parts of the innate immune
response. As a result, mucin glycoproteins create a
physical barrier across the epithelium that inhibits
pathogen adherence. In addition, the presence of
probiotic  Bacillus mesentericus, Bifidobacterium
infantis, and Bacillus coagulans have been found in
the gut of rosy barb (Puntius conchonius) via in vivo
study and the number of pathogenic strains was
reduced while the gut microflora's composition was
significantly altered (Dhivya et al., 2012). Lactic acid
bacteria (LAB) have several effects on the gut immune
system that have been reported upon LAB
administration for different fish species. For example,
in Nile Tilapia, the administration of the probiotic
Lactobacillus rhamnosus increases villous height in
the mid-intestine and proximal along with increased
intraepithelial lymphosytes number and acidophilic
granulocytes (Pirarat et al., 2011). Meanwhile, based
on previous research performed in rainbow trout,
probiotic Lactobacillus sakei, Lactococcus lactis
subsp., Leuconostoc mesenteroides and lactis is the
co-administration that results in enhanced phagocytic
activity in gut leukocytes (Balcdzar et al., 20006).
Probiotics can improve the feed's digestibility or
supply microbial metabolites such as cofactors,
vitamins, or vital fatty acids, which can boost the
feed's nutritional value (Wuertz et al., 2021). Next, in
aquaculture, water quality is important to maintain the
quality of stocks and to prevent disease. Due to the
capacity of probiotics to take part in the turnover of
organic nutrients in aquaculture, probiotics can help in
the improvement of water quality (Wang et al., 2007,
Wang and Wang, 2008). Probiotics are recommended
to be kept at high levels in production ponds to reduce
the organic carbon load, improve the water quality,
and promote the health of the fish since they are more
effective at converting organic matter to CO2 (Wuertz
et al., 2021). Additionally, probiotic agents are
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essential for the host's improvement in nutrient
absorption. The rise in levels of crude lipid, total
protein, and body weight in Nile tilapia (Oreochromis
niloticus) fed probiotic Lactobacillus sp. strain has
been reported (Hamdan et al.,, 2016). Probiotic
microorganisms also  help aquatic animals'
gastrointestinal (GI) tracts in both the digestion of
dietary components and the production of energy.
Lactic acid bacteria LAB preparations are the most
often used probiotics for this purpose (Ringg et al.,
2018). Probiotics may also increase the surface area of
the host GIT, according to a few recent studies, which
were based on quantitative changes in histological
measurements of the area of the microvillus,
enterochromaffin cells, and intestinal fold (Zhou et al.,
2010). Probiotic Vibrio sp. and Pseudomonas sp. in
aquaculture can against viral pathogens such as
‘infectious hematopoietic necrosis virus’ (IHNV)
(Sahu et al., 2008). The lymphocystis disease virus
(LCDV) is resistant to Paralychthys olivaceus fed a
diet containing Sporolac (Lactobacillus sp.). Similar
studies have demonstrated that grouper fish given the
probiotic strain of Bacillus subtilis E20 developed
higher viral resistance (Liu et al., 2012). Since
probiotics have positive effects on all age groups,
from larvae to adults, probiotic regulation of the gut
microbiota is not constrained to fish age and maturity
(Merrifield and Carnevali, 2014).

Challenges and biases in gut content analysis of
Pangasius nasutus: Pangasius nasutus is challenging
to find in the market because its availability depends
on wild catches, which have been reduced due to
pollution in the area (MDC, 2015). The main
economic activities in Maran, Pahang are focused on
agriculture, farming, and fishing, which may be the
main sources of pollution in this area. Maran is
surrounded by isolated forests and oil palm plantations
(MDC, 2015). The extraction of high-quality colony
DNA from the microbial populations is a significant
problem because the gut secretes and absorbs a variety
of enzymes while carrying out activities, including
physically and chemically processing the food and
extracting and absorbing minerals. For instance, the
presence of complex polysaccharides and bile salts in

the stomach limits PCR amplification's downstream
activities (Schrader et al., 2012). Another limiting
aspect of DNA barcoding of stomach contents is DNA
degradation during digestion which impacts the lack
of study on gut content analysis (Kresset et al., 2015;
Sakaguchiet et al., 2017). Since stomach contents will
still be digesting (Chipps et al., 2007) after fish is
dissected, it is important to preserve fish or remove
guts as soon as possible to avoid losing resolution.
Different species digest at different rates (Sutela et al.,
2000; Kim et al., 2001).

There is still a lack of research about the feeding
habits and microbial communities of P. nasutus which
is important for their survival rate in the population.
Therefore, studies on feeding habits and microbial
communities are important to determine their feeding
habits and food sources that can be used to increase
stock culture of P. nasutus. To obtain a deeper
knowledge of the diet of P. nasutus or other fish
species, researchers must realize and take into
consideration these challenges and biases when
interpreting the outcomes of stomach content analysis.
Future perspectives in stomach content analysis of
Pangasius nasutus: Detailed studies of the gut
microbial genetic diversity are required to offer
significant insight into their functional potential that
has limited composition for fish gut microbiome.
These analyses can be made easier by sequencing and
analyzing the cultured isolates' genomes, as has been
done in other niches of research (Sangwan et al.,
2015). The symbiotic and antagonistic interactions
between bacteria and eukaryotes, such as fish,
crustaceans, and molluscs, can be better understood
with the application of metagenomics. The
information obtained from the extracted DNA can be
associated with host or environment-specific host
species (Suttle, 2007; Gianoulis et al., 2009).
Additional evidence on the microbial diversity in
aquaculture facilities could be discovered through
metagenomics. We are currently able to understand
the broad range of these microbes by examining
hypervariable areas of 16S rDNA for prokaryotes and
18S for eukaryotes (Not et al., 2009; Hugerth et al.,
2014). Furthermore, the taxonomic resolution of prey
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can be enhanced through the emerging technology of
DNA metabarcoding from stomach-content samples.
This barcoding strategy is a valuable addition to visual
approaches, such as presence-absence and relative-
fullness methods, despite some technological
challenges. It is worth noting that additional diet-
tracing methods, including stable isotopes and
biomarkers like fatty acids, are also in widespread use
(Nielsen et al., 2018).

A new technology called the 'minimal gut genome'
has found wide applications in humans and plays a
role in maintaining the ecosystem's homeostasis.
While the concept of the 'minimal gut genome' is
relatively new, there is limited knowledge and
research on the gut ecosystems of vertebrates, such as
fish. Functional analyses are needed to explore the
metabolic and genetic potential of the gut microbiome
in animals like fish. This concept refers to studying
more about genes that are essential for gut bacteria to
compete in the gut environment (such as adhesion to
the host epithelium) (Qin et al, 2010). The
characterization of this basic gut genome might
enhance our understanding of how evolution has
produced successful gut-colonizing bacteria. It is
expected to be present in most or all gut bacterial
populations. These research projects will help us
better understand how the microbiome influences
changes in fish physiology and growth (Ghanbari et
al., 2015).

The goal of metagenomic analysis is to identify
probiotic commercially  and
nutritionally significant fish. This is achieved by
altering the process by which bacteria accumulate
their metabolic products, and also helps the host to
perform better in terms of physiologically and
immunologically. More studies are being carried out
in metagenomic analysis on the gut of the fish such as
the physiological effect of gut microbiome on the host
fish and factors influencing the composition of the gut
microbiome. Metagenomics analysis can also be used
to study nutritional patterns, ecological influences
such as trophic levels, pollutants, reef settlement, and
the behavior of host fish species. These factors were
investigated in relation to their potential impact on

candidates  for

shaping the composition of fish gut microbiota, which
was hypothesized to play a role in regulating the host
fish (Baldo et al., 2015; Estruch et al. 2015; Brown-
Peterson et al., 2015; Miyake et al., 2015; Eichmiller
et al.,, 2016; Liu et al.,, 2016). Furthermore,
metagenomics also can determine the genetic factor of
the host fish on the impact of the target fish's gut
microbiota, physiological change to the gut
microbiota, and vice versa (Li et al., 2013; Smith et
al., 2015). Metagenomics analysis on stomach content
analysis is to determine the primary microbiota that
inhibits fish species (Roeselers et al., 2011; Star et al.,
2013; Parris et al., 2016). By studying metagenomics,
we can understand the huge range of fish gut microbes
by examining hypervariable areas of 16S rDNA for
prokaryotes and 18S for eukaryotes (Not et al., 2009;
Hugerth et al., 2014). According to the goals of the
research, functional metagenomics or sequence-based
metagenomics, also known as shotgun metagenomics,
can be used to assess antibiotic resistance in gut
bacterial communities (Schmieder and Edwards,
2012). Shotgun metagenomic methods may be helpful
in the clinical detection of viral infections in fish,
however, they have usually been used to explore
genomic diversity (Rosario et al., 2009; Bibby et al.,
2011). Next, cloning and transferring biologically
produced DNA into a bacterial host are examples of
functional metagenomic, which is used to determine
the functions of genes that may not be fully understood
by analyzing their sequences (Schmieder and
Edwards, 2012). Metagenomics showed greater
effectiveness and accuracy in the detection of multiple
genomes when compared to other methods, such as
PCR or microarrays (Yozwiak et al., 2012).

Conclusion

Previous research indicates that P. nasutus has been a
significant economic resource for local fish farmers
due to the high aquaculture potential of Pangasiidae in
Malaysia and Southeast Asia. A comparison of
stomach content analysis between wild fish and those
in captivity can help identify variations in food
consumption, ultimately determining their feeding
habits. The composition of gut microbiota is
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influenced by feeding behavior, lifestyle, and host
genetic background. By employing DNA extraction
for bacterial genomic (gDNA) and metagenomic
analysis, we can analyze stomach contents. Fish
metabolism is influenced by their gut microbiota,
which in turn affects their immune response against
harmful bacteria. Further research focusing on the
application of bacteria in the fish GI tracts is
necessary. Lastly, studies on feeding habits and
stomach content are essential to determine their
dietary preferences and identify high-nutrient food
sources that can enhance the growth and stock of
P. nasutus in aquaculture.
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