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Abstract: The COVID-19 pandemic has negatively impacted the global economy and society. World Health Organization (WHO) reported
that as of early July 2023, the virus has infected more than 690 million individuals and has resulted in more than 6.9 million deaths
worldwide. This study aims to investigate spatial epidemiological factors of COVID-19 in the Middle East and North Africa (MENA) region.
By employing various spatial modeling techniques, this study establishes that multiscale geographically weighted regression (MGWR) is
the best-fitted model, with the lowest residual sum of squares (11.22) and the lowest Akaike’s Information Criteria (AIC) value (58.41),
explaining 84.3% of the variance (R2=0.843). Our study finds that population density, total vaccination doses, unemployment, and GDP
per capita are critical factors associated with COVID-19 in the MENA region. These valuable insights provide policymakers and public
healthcare experts with the information needed to develop targeted interventions that can mitigate risk factors related to the COVID-19

pandemic.
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1. Introduction
Giant freshwater prawns (Macrobrachium rosenbergii) are

dominant crustaceans identified for their size and culinary appeal.
Found in freshwater environments spreading Asia, Africa, and the
Americas, these prawns may grow up to an outstanding size, with
some individuals reaching lengths of over a foot (Wowor et al.,
2007). Due to their high market demand and fast growth, massive
freshwater prawns which are distinguished by their striking blue-
green tone and outstanding claws are a popular choice in
aquaculture. They play a vital role in the global seafood industry
due to their tolerance for various conditions and their adaptability
in aquaculture systems (Ezekiel et al., 2018).

Aquaculture is a key to sustainable protein production that
provides sufficient opportunity to reduce poverty and hunger
while promoting the efficient use of natural resources. The
aquaculture sector is expanding rapidly in most countries while
contributing immensely to global food production. In 2019, the
aquaculture sector in Malaysia has achieved significant growth,
with a presentation of 411,782 metric tonnes valued at RM3.304
billion. This accounts for 22% of the overall national fisheries
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production. Compared to 2018, the sector has demonstrated
positive performance, with a notable increase of 5.19% in
quantity and 8.10% in value (DOFM, 2019). Aquaculture is a rapidly
expanding food production sector recognized for its ability to provide
a sustainable solution for attaining global food security (Subasinghe et
al., 2009).

The aquaculture industry has expanded due to the advancement
of modern aquaculture technologies including hybridization,
genetic engineering, and biofloc technology, applied in various
culture systems, along with the introduction of new aquatic
species (Ogello et al., 2014). Apparently, brackish water culture
plays a significant role in the aquaculture production, contributing
around 75% of the total output. Amongst the brackish water
species, seaweed production represented 46% with a quantity of
188,111 metric tonnes and a value of RM65.86 million. Other
species, such as shrimp, fish, and shellfish, accounted for 29% to
the sector's production, yielding 119,069 metric tonnes worth
RM2.46
commodities made up the remaining 25% of the total production,

billion. Meanwhile, freshwater  aquaculture
amounting to 104,602 metric tonnes valued at RM780 million
(DOFM, 2019).

The aquaculture industry plays a central role in improving fish
supply. Anincrease in aquaculture productivity is required to fulfil
the present demand for aquatic food (Boyd et al., 2022). Thus,
sustainable technologies, such as biofilm and periphyton, have
These technologies are cost-effective,

ecologically friendly, and contribute to the long-term viability of

become relevant.

aquaculture.
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2. The Production of M. rosenbergii
The giant freshwater prawn, Macrobrachium rosenbergii (de

Man, 1879), is native to the tropical and subtropical regions of the
Indo-West Pacific, spanning from India through Southeast Asia to
Papua New Guinea (Jee, 1998; De Grave et al., 2013a). In 1961,
Shao-Wen Ling made a significant discoveryby demonstrating the
ability of M. rosenbergii
environments (Banu et al., 2016). Meanwhile, Takuji Fujimura and
his team successfully innovated the mass breeding techniques for

larvae to survive in brackish

commercial-scale hatchery production of M. rosenbergii post-larvae
(PL). Their findings opened up new possibilities for the advancement
in freshwater prawn farming. In recognition of their remarkable
contributions, the World Aquaculture Society honoured Shao-
Wen Ling and Takuji Fujimura with life membership in 1974 and
1979, respectively (Banu et al., 2016). These two individuals were
celebrated as the "Fathers" of giant freshwater prawn farming due
to their pioneering work and significant achievements in the field.

Apart from that, Malaysia has natural environments such as
lakes, streams, ponds, rivers, estuaries, and coastal areas that
provide an excellent environment for aquaculture growth.
Freshwater prawns hold a crucial ecological significance within
river ecosystems, as emphasized by Murphy and Austin (2005).
Being omnivorous scavengers, they actively feed on algae,
decaying organisms, and other detritus present in the river
ecosystem. The giant freshwater prawn stands out as a highly
valuable aquaculture commodity. Its significant economic worth
is attributed to its high protein content, alluring taste, and
attractive appearance, making it sought-after and esteemed in
the industry (Funari & Shen, 2022). This may be observed in the
global prawn production record of 551 farms producing 233,989
tonnes in 2016 which valued at RM 2.4 billion (Banu et al., 2016).
Consequently, the aquaculture sector offers Malaysia an
alternative strategy to enhance local food security while
simultaneously boosting export revenue (Banu et al.,2016).

The production of giant freshwater prawns through pond
extension requires a lot of significant additional water and land
area, both of which are minimal resources. However, by improving
pond production per unit of land area, the stocking densities,
water usage, feed, and fertilizer use will be increased. This also
results in increased waste production, which is not a sustainable
method of managing the aquaculture sector (New et al., 2002).
Additionally, aquaculture requires  significant
investment and technical expertise, which are not accessible to all

intensive

aquaculture farmers. Using resources from agricultural systems
and optimizing food
aquaculture's total nutritional retention (Azim et al., 2007).

natural are essential to increase
At present, giant freshwater prawn farming can be carried out
using either the monoculture system (monoculture), also known
as single farming, or the polyculture system, also known as
integrated farming (New et al., 2002). There are still many
unpolluted freshwater resources in our country, particularly in
the states of Pahang, Negeri Sembilan, Terengganu, Sabah, and
Sarawak, where these areas are strategic areas for giant
freshwater prawn breeding and growth (Banu et al., 2016).
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However, a few aspects should be considered before the giant
freshwater larvae are introduced into the farm. Firstly, the pond's
size and depth depend on the number of farmed prawns (New et
al., 2002). It will result in reduced size and survival of prawns if
ponds are too small. This is also due to the natural behaviour of
the prawns that cannibalize each other. The second factor to
consider is the timing and technique of pond drying. As the best
and optimum practice, ponds should be exposed to the sun's heat
to eliminate predators. In the pond's ecosystem, fish and eels are
observed to be persistent predators of crustaceans if they are
present. The sun plays an essential function in accelerating the
decomposition of organic materials, such as human waste, leaves,
and dead grass. New et al. (2002) recommended that the pond
drying procedure should be longer than two weeks for optimal
ecosystem health.

3. The Concept of Biofilms

Biofilm is a complex community of microorganisms that forms
on various submerged surfaces in water. The complexity of aquatic
biofilms is affected by variables, including the surface type and the
environment (Davey et al., 2000). While all biofilms share common
characteristics, their composition can differ. Typically, bacterial cells
adhere to surfaces, producing multicellular biofilm structures.
However, other microorganisms, such as fungi, protozoa algae, and
viruses are also present in biofilms. These microorganisms interact
within the biofilm, contributing to its overall complexity and
enhancing its functionality (Donlan et al., 2002).

Biofilm formation is a dynamic process where bacteria initially
attach to surfaces, followed by the gradual integration of other
microorganisms, developing into a community. Algae can
contribute nutrients to biofilm through photosynthesis, while
fungi provide structural integrity (Funari & Shen, 2022). Viruses
and protozoa are also members of the biofilm community and
influence its dynamics. It is essential to comprehend the
complexity of biofilms because they have implications in
numerous disciplines, such as environmental science, medicine,
and industrial processes. Biofilms can have both positive and
negative impacts such as water filtration and biofouling problems.
Research on biofilms enhances the understanding of their
features in various environments and supports the development
of effective strategies to minimize their negative impacts. Biofilms
are composed of germs, extracellular enzymes, and particles that
are bound with each other by a polymeric matrix (Romani et al.,
2016). Most of the extracellular polymeric compounds (EPS) are
consist of polysaccharides. These substances enable biofilms to
stay anchored, adhering to surfaces through a three-dimensional
polymer network that temporarily stabilizes biofilm cells in place
(Flemming et al., 2010).

Biofilms, consisting of microorganisms that firmly sticking to
surface areas and enclosed in a polysaccharide matrix, are
resistant to mild cleaning method. Furthermore, the biofilm
matrix may include non-cellular elements, such as corrosion
particles, mineral crystals, sediment bits, or clay, and blood
components, depending on the particular environmental
conditions under which the biofilm is formed (Donlan et al., 2002).
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Biofilms can live in various surfaces, such as living cells, medical

tools, commercial pipe and natural

environments.

systems, aquatic
Biofilm formation is a continuous procedure affected by
environmental stimuli. Initially, the cells accumulate and develop
into microcolonies through division and recruitment. Eventually,
they grow and envelop themselves into an extracellular matrix.
Within this matrix, complex and diverse interactions occur,
facilitating nutrient absorption (Hall et al., 2004). In aquatic
biofilms, various trophic interactions happen including protozoa
preying on bacteria and algae, rotifers consuming protozoa,
bacteria and detritus, nematodes feeding on algae, and
metazoans grazing on biofilm. These interactions may also result
in structural modifications of the biofilm (Majdi et al., 2011).
Biofilm is an excellent source of both autotrophic and

heterotrophic biomass because it is attached to various
phytoplankton and zooplankton. In addition, fish and prawns can
derive more energy from affixed biomass than planktonic forms.
Anand et al. (2013) reported generating a wide variety of biofilm
components, including 37 taxa of algae belonging to the
Bacillariophyceae class (13 genera), Cyanophyceae (10 genera),
Chlorophyceae (11 genera) and Euglenophyceae (3 genera), as
well as five genera of zooplankton belonging to the Rotifer (3) and

Crustacea (2) families.

4. Bacterial Attachment, Biofilm Formation and
Growth Mechanisms

The growth of biofilms is influenced by various physical,
chemical, and biological mechanisms. The adhesion process
involves cells attaching to a surface, while communication refers
to the interconnection of cells with each other. These attachment
mechanisms determine both the adhesive and cohesive
characteristics of the biofilm (Garrett et al., 2008; Zheng et al.,
2021). According to Flemming et al. (2010), biofilm development
usually involves 4 phases: attachment, microcolony formation,
maturation with cellular differentiation, and finally, detachment
or diffusion. In biofilms, microorganisms generate fimbriae, curli,
flagella adhesion to healthy proteins, and capsules to firmly
adhere to a surface.

Bacterial adherence is the first stage of biofilm development,
which involves transporting microbes to a substrate's surface. The
adsorption of macromolecules from the surface of a biomaterial,
whether natural or synthetic, facilitates this procedure.
Therefore, a "conditioning layer" is formed, in which the fluid
creates an inorganic or organic layer on the solid surface,
modifying its physical or chemical properties (Garrett et al., 2008).
Before microorganisms adhere on a surface, a conditioning layer
makes it easier for bacterial cells to adhere onto that surface.
Consequently, reversible connections are formed by non-specific
communications at the molecular level in between surface
structures of the bacteria such as flagella, fimbriae, pili, and
substrate (Kreve et al., 2021). Furthermore, the conditioning layer
may act as a resource of nutrients for the adhering
microorganisms. Bacteria can form biofilms on surfaces that have

been subjected to these preparatory fluids (Kishen & Haapasalo,
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2010).

The first non-specific adhesion of microorganisms to the
substrate surface makes up the second phase of biofilm
development. This adhesion process is facilitated by electrostatic
attraction, covalent or hydrogen bonding, and the development
of bridges between bacteria and substrate (Huang et al., 2011).
Initially, communications between bacteria and substrate might
be weak. Nevertheless, as time passes, these interactions
intensify, causing the development of permanent bacterial
adhesion. Bacterial surface structures play a crucial role in
forming bridges between the bacteria and the conditioning film
(zhao et al., 2023).

As demonstrated by Fathollahi and Coupe (2021), various
environmental factors influence bacterial attachment to the
underlying surface including pH, temperature, fluid flow rate, and
nutrient availability. According to Rolfe et al. (2012), the species
or strain of bacteria and the growth phase (log or stationary
phase) can also influence the adherence. In addition, substrate-
related factors such as substrate's physical and chemical
properties, also influence bacterial adhesion (Kishen & Haapasalo,
2010).

The third stage involves the precise binding of microorganisms
to the substrate, in which molecules on the surface of bacterial
cells known as adhesins or ligands, connect with receptors on the
substrate (Straub et al., 2019; Berne et al., 2018; Belas, 2014). This
targeted bacterial adhesion is less susceptible to the effects of
surrounding environmental conditions (Kreve & Reis, 2021). The
process of bacterial adhesion to a substrate is dynamic and occurs
over time (Dunne, 2002). The reversible and irreversible
interactions that occur during the initial stage of bacterial
attachment occur rapidly, typically lasting from a few seconds to
a few minutes. In contrast, the observed interactions in the
subsequent second and third stages are longer, spanning from
several hours to multiple days. The time required for this process
depends on the specific type of bacteria and the current
environmental conditions (Floyd et al., 2017). Consequently, this
process creates in vitro models that provides enough time for
bacteria-substrate interaction while optimizing the environmental
conditions (Guzman-Soto et al.,, 2021). The formation and
maturation of biofilm structure happen after the bacterial
adhesion (Kishen & Haapasalo, 2010).

5. The Production M. rosenbergii Using Biofilm
Technology

Cannibalism was observed in high-density rearing systems by
(Romano & Zeng, 2017), who found high mortality levels among
cultured shrimps. Cannibalism also increases among newly
moulted individuals. Introducing substrates into a culture system
is one of the most effective strategies for increasing survival by
reducing cannibalism to a minimum level. It can provide shelter
from other predators besides serving as a biofilm substrate.

Consistent findings from previous studies (Table 1) have
demonstrated an inverse relationship between stocking density
and shrimp production, as noted by Wasielesky et al. (2001).
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Khatoon et al. (2007) observed the presence of post-larvae within
PVC-coated pipes in their study, indicating the potential function
of these pipes as protective shelters during moulting stages. This
result led to a noteworthy increase in the survival rates (51%—

fiberglass window screens.

Table 1. Culture organisms that use substrate to promote the growth of biofilm.

60%) compared to the control group (37%). Furthermore, during
the nursery phase of Litopenaeus vannamei, Sandifer et al. (1987)
documented a notable survival rate (24%) in tanks equipped with

Species Substrate type Response Water quality Reference
1.  Pink shrimp Flexible PVC tubes ranging Reduced exportation of Ammonium level was Thompson et al.
(Farfantepenaeus 0.5 to 15 cm in length and phosphorus by 33% and stable and low, ranging  (2002)
paulensis) 0.5 cmin diameter. created higher outputs of from 5.94 to
nitrate and nitrite. 16.09 mM.
2.  Rohu (Labeo Sugarcane The specific The level of Keshavanath
rohita) (Saccharum growth rate was higher with ammonia was 52.4 mg/L et al. (2012)
officinales), palm sugarcane, palm, in
leaf (Borasus coconut, and the control
flabellifera), bamboo (2.0%, 1.72%, 1.99%, group compared to
coconut (Cocos and 1.62%, respectively), sugarcane,
nucifera), and compared to palm, coconut, and
bamboo without substrate bamboo
(Bambusa (1.42%). (78.2%, 88.9%,
bambos). 69.9%, and
67.6%,
respectively).
3.  Common carp Sugarcane The specific growth rate was The level of Keshavanath
(Cyprinus (Saccharum higher with ammonia was etal. (2012).
carpio) officinales), palm sugarcane, palm, coconut, and 52.4 mg/L in

4.  White leg shrimp(L.
vannamei)

5. Giant freshwaterprawn
(Macrobrachium
rosenbergii)

6.  Whitelegshrimp
(Litopenaeus vannamei)

leaf (Borasus
flabellifera) |,
coconut (Cocos
nucifera), and
bamboo
(Bambusa
bambos).

Polyethylene mosquito
screen (1 mm mesh size).

bamboo (2.0%, 1.9%, 2.0%,
and 1.4%, respectively),
compared to without
substrate (1.4%).

the control

group compared to
sugarcane,

palm, coconut, and
bamboo

(78.2%, 88.9%, 69.9%, and

67.6%,
respectively).

The final biomass and survival There are no significant

of shrimp in the tank with

differences inammonia

substrate reached 314%, with andnitrite levels.

a survival rate of 93.9+2.4%.

Bamboo kanchi(periphytonThe addition ofsubstrate

substrates).

Artificial substrate
(Aquamats™).

produced 660 kg halin 120
days compared to just 463 kg
ha* with the same culture
period without substate.

No specific results on the
gowth.

The ammonialevel was
low(0.038 mg/L) in the

culture pondcompared to

the culture tank without
substrate.

Ammonia and nitrites
remained between 0.17-

0.19 mgL1and 0.10-0.11

mg L1).

Schveitzer etal. (2013).

Asaduzzamanet al.
(2008).

Audelo- Naranjo et al.
(2012).

87

DOI: https//doi.org/10.22452/mjs.vol43n04.10
Malaysian Journal of Science 43(4): 84-93 (December 2024)



Malaysian Journal of Science

Regular Issue

7. Giant freshwater T1-no substrate

prawn (control), T2-
(Macrobrachium hollow PVC pipe,
rosenbergii) T3-polyethylene,

and T4-black
coloured nylon netting.

Final weights of post-larvae

21.05%, respectively,

Total ammonia was Mamun et al. (2010).

(PLs)in treatments T3, T4, and maintained
T2 were 2.70%, 31.54%, and between 0.01

to 0.15mg L™

compared to T1 (without
substrate). The specific growth

rate of PLs were5.04%, 5.19%,
and 5.18% in treatments T2,
T3, and T4, respectively,

compared to T1
without substrate(4.72%).

Polyvinyl chloride pipes
(PVC).

8. Gianttiger prawn
(Penaeus monodon)

in the substrate.

9. Asian stinging catfish Sugarcane bagasse.

(Heteropneustes fossilis)

supplemental feed group

The specificgrowth rate of
post-larvaeincreased by 28%

The specificgrowth rate in
sugarcane bagasse and

The level of ammonia Khatoon et al.(2007).
nitrogen waslowest (0.03

mg L1) compared to other

groups.

Radhakrishnan &
maintained in the range of Sugumaran (2010).

6.7-6.9 mg L1

The ammonia level was

recorded 2.01%, followed by
sugarcane bagasse alone

(1.99%).

6. Nutritional Quality of Biofilms

Fish meal and oil are important elements used as feed
ingredients in poultry, aquaculture, and swine farming (El-Sayed,
2020). Aquaculture production heavily relies on wild-caught fish due
to the essential role of fish meal and oil in the diets of numerous
aquaculture species, as highlighted by Barlow (2003). Within the
aquaculture sector, approximately 5-6 million tonnes of low-value or
bycatch fish are directly utilized as feed, either in unprocessed form or
as components of farm-made feeds. Additionally, from 1992 to 2006,
there was a notable increase in the overall consumption of fish meal
and fish oil in aquafeeds, with quantities more than tripling from 0.96
to 3.06 million tonnes and from 0.23 to 0.78 million tonnes,
respectively (FAO, 2009).

Furthermore, in various aquaculture practices (intensive, semi-
intensive, or extensive), the utilisation of fish meal requires 2 to 5
times more fish protein to nourish the farmed species adequately
(Naylor et al., 2000). Consequently, recent research focused on
developing feeds that require less fish meal supply, oil or
expensive ingredients, including protein substitution to plant
proteins. In addition, Naylor et al. (2000) mentioned that
extensive and traditional aquaculture systems commonly refrain
from using significant amounts of fish meal. Instead, they
introduce nutrient-rich substances into the water to stimulate the
growth of algae and other natural organisms that serve as food
sources for the farmed fish. This condition contributes to the
development of the biofilm technology, particularly for both
intensive and semi-intensive aquaculture systems.

Previous studies have revealed that the nutritional composition
of biofilms is generally compatible with fish's dietary
requirements. The protein content of the biofilm ranged from
23%—-30%, the lipid content from 2%-9%, the NFE content from
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25%, and the ash content from 16%-42%. These findings suggest
biofilms with high nutritional value could be used as food
supplements for fish and shrimp cultures. According to Siddhartha
et al. (2015), Penaeus monodon juveniles require 35% to 40%
protein and up to 10% lipids in their diet.

However, the recommended protein requirement for Indian
significant carps is 30% of their body weight (Mahavadiya et al.,
2021). Biofilms are recognized to be a high-quality source of
protein (Ghosh et al., 2022). Therefore, biofilms are associated
with improved growth in both fish and shrimps (Anandet al.,
2013). Other than just providing macronutrients, microalgae and
heterotrophic bacteria also act as immune boosters, growth
enhancers, sources of bioactive compounds, and dietary
stimulants (Ju et al., 2008; Kuhn et al., 2010; Xu et al., 2012), all of
which can improve the growth performance of cultured shrimps.

7. Biofilm Impacts on Water Quality

Nitrification in aquaculture systems is pivotal in determining
water quality by regulating nitrogen dynamics. The primary
nitrogen source in aquaculture is derived from feed, which can
substantially influence the natural nitrogen cycle, particularly in
intensive or semi-intensive aquaculture settings (Kumar et al.,
2017). Excessive nitrogen from the feed undergoes conversion
into inorganic nitrogen compounds, particularly ammonia, posing
a health risk to the cultured organisms. However, nitrifying
bacteria within biofilm formations significantly mitigates
ammonia levels by facilitating the conversion of nitrite to nitrate.
Additionally, certain heterotrophic communities within the
biofilm directly utilize inorganic nitrogen. Achieving a balanced
carbon-to-nitrogen ratio in substrate-based treatments enhances

water quality and substantially reduces ammonia nitrogen
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concentrations (Azim et al., 2002a; Kumar et al., 2017).

The incorporation of biofilms in the rearing of Catla catla
fingerlings resulted in a significant enhancement of water quality,
as demonstrated by Pradeep et al. (2003). Within freshwater
ponds, introducing biodegradable substrate contributes to
improved water quality, thereby creating a more conducive
environment for fish growth. The biofilm treatment exhibits
significantly lower ammonia levels than a conventional
aquaculture system (Keshavanath et al., 2012). Apparently, use of
non-biodegradable substrates in brackish water ponds reduces
ammonia and nitrite nitrogen levels, stimulating the growth of L.
vannamei (Kumar et al., 2017). Nitrifying bacteria and microalgae
create opportunities to attenuate detrimental nitrogen
compounds in water, while nitrate generated through the
nitrification process serves as a growth-promoting nutrient for
microalgae (Thompson et al., 2002).

Maintaining appropriate alkalinity and pH levels is essential for
ensuring the health and welfare of cultured animals as these
factors significantly influence water quality. The addition of
substrate to L.vannamei culture resulted in significant
improvements in the pH and alkalinity levels of the culture system
throughout the culture period. Notably, the pH was consistently
maintained within the range of 7.4-8.4, while the alkalinity
ranged from 88 to 230 mg/L as CaCOs (Zhang et al., 2015).

Incorporating photosynthetic organisms into biofilms alters the
pH and alkalinity levels of the culture system, potentially
increasing or decreasing the acidity and alkalinity levels (Kumar et
al., 2017). Several studies have consistently shown improved
water quality when employing biofilm-based systems with diverse
substrate materials (Asaduzzaman et al., 2010; Anand et al.,
2013). The biofilm and submerged substrate also reduce water
turbidity by trapping organic matter or facilitating its
accumulation (Van Dam et al.,, 2002). Some researchers also
found lower dissolved oxygen (DO) levels in substrate-installed

tanks (Anand et al., 2019).

8. Biofilms and Probiotics in The Production of

M. rosenbergii

Probiotics are that
gastrointestinal microbiota and the overall health of thereceiving

hosts when supplied in adequate amounts (Ringo, 1999; Hagiwara

living  microorganisms improve

etal., 1994). Probiotics may also be components of microbial cells
added to feed or culture water to benefit the host (Verschuere et
al., 2000). They can be used separately or together with prebiotics
Applying
recommended as an environmentally friendly strategy for
disease prevention in aquaculture (Servin, 2004). Several studies

or other immunostimulants. probiotics s

have extensively examined the utilization of probiotics in
aquaculture, emphasizing their wide-ranging benefits such as
improved growth performance, increased disease resistance,
enhanced immune responses, better regulation of gut microbiota,
water quality improvement through bioremediation, and

89

augmentation of nutrient levels in zooplankton populations (Azad
et al., 2019). In aquaculture, probiotics are introduced through
feed supplements.
zooplankton with probiotics by encapsulation allows bacteria to

water treatments or Enrichment of
remain alive and even multiply on the live feed. As a result,
enriched live feeds can efficiently provide probiotics to the hosts
(Vijayan et al., 2006; Rahiman et al., 2010).

The growth effects of probiotics on fish and crustaceans have
been investigated in multiple studies. Seenivasan et al. (2016)
assessed the impacts of three probiotic strains (Bacillus subtilis,
Lactobacillus sporogenes, and Saccharomyces cerevisiae) that
incorporated into the diet of M. rosenbergii post-larvae and
examined its survival and growth parameters over 60 days. The
results indicated probiotics diets on M. rosenbergii produced
higher weight gain and growth rates than the control. In a study
conducted by Sumon et al. (2018) observed that the
administration of probiotics (specifically Clostridium butyricum)
resulted in substantial growth stimulation and enhanced enzyme
production (including protease, amylase, and lipase) in M.
rosenbergii. Additionally, Ghosh et al. (2016) and Azad et al.
(2018) reported 30% in the growth and
productivity of M. rosernbergii when supplemented with a mix of
which
mesentericus) and Super PS (Rhodobacter sp. and Rhodococcus
sp.). The research showed that the combination is superior to the

enhancement

commercial probiotics, were Zymetin  (Bacillus

addition of each probiotic individually. On top of that, particular
probiotics can develop biofilms in the digestion system,
supplying an obstacle versus microorganisms. These probiotic
biofilms can enhance the survival and function of probiotics in
the digestive tract, thus preserving a healthy microbiota and
promoting health.

Probiotics in the form of biofilms might raise survival rates and
function. When probiotics develop a biofilm in the intestinal tract,
it can give a protective environment that enables them to sustain
the harsh conditions of the digestion tract, such as the acidic
environment of the stomach. This condition suggests that more
probiotics might reach the intestinal tracts in active and excellent
state, thereby boosting their advantageous impacts (Amara &
Shibl, 2015; Salas-Jara, 2016). Specific probiotic strains can
produce substances that encourage the development of valuable
biofilms by various probiotics or intestine microorganisms,
cultivating a more varied and robust gut microbiota (Gao et al.,
2022).

Generally, the capability of probiotics to form biofilms includes
the significant improvement on the health of the farmed species.
Nevertheless, the particulars of these impacts might differ
depending on the particular probiotic species and the strains
employed. Further research is essential to comprehensively
understand these interactions. Consequently, the most effective
approach for harnessing their health-promoting benefits in prawn
culture, specifically associated with biofilm technology can be
determined.

DOI: https//doi.org/10.22452/mjs.vol43n04.10
Malaysian Journal of Science 43(4): 84-93 (December 2024)



Malaysian Journal of Science

Regular Issue

9. Conclusions and Recommendations for
Future Research

Biofilm technology has several advantages, including controlling
water quality, on-site feed production, and other possible
additional properties. Biofilm technology provides a sustainable
aquaculture approach in addressing its environmental, social, and
economic concerns while supporting its growth.

Further research is required to comprehend the complexity of
the biofilm, encompassing microbial relationships, physiology of
gut health, and immune interactions in giant freshwater prawns.
The management of biofilm and water quality monitoring are
somewhat complex. Knowledge and skills still need to be
improved and addressed to support the successful adoption of
this technology on a commercial-scale production. Additionally,
future research is required particularly on the disease resistance
in M. rosenbergii with the potential positive effects of biofilm
technology. This advancement shall enable the aquaculture
development while social and

promoting responsibility

environmental concerns.
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