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Abstract: The impact of Morus alba L. powder on gut microbiota and survival indices of Silver
Carp (Hypophthalmichthys molitrix) and mori (Cirrhinus mrigala) was investigated in the current
study. M. alba powder has long been known to possess blood-stimulating, sedative-tonic, and
restorative qualities. Sixty H. molitrix and sixty C. mrigala fish specimens were taken from the
hatchery and randomly placed into groups with replicates. One group (T0) was maintained as a
control and fed a basal commercial diet, while the other (T1) received a diet supplemented with
6% M. alba leaves powder based on the body weight of fish for a period of 60 days. The fish's
survival rate was recorded at the end of the experimental period. To evaluate the effect on
microbial communities, gut samples were collected and cultured on different media, such as
Nutrient Agar (NA), Tryptic Soy Agar (TSA), and Eosin Methyl Blue (EMB). The mean colony-
forming unit (CFU) of Silver Carp on NA (88.3348.37, 25.83+3.959), TSA (261.32+14.765,
162.54+10.456), and EMB (85.43£8.567, 26.97+7.345) respectively on TO and T1. The mean
colony-forming unit (CFU) of mori on NA (425+16.876, 19.67+2.678), TSA (587.86+14.876,
128.3446.569), and EMB (119.54+8.476, 17.4542.567) respectively on TO and T1. Quantitative
data from different treatments were analyzed using two-factor factorial ANOVA under Complete
Randomized Design (CRD). The results showed that M. alba significantly affects the bacterial
count in the gut of both fish species. These findings suggest that M. alba supplementation may
have the potential to influence survival rate, gastrointestinal health, and immune systems in
cultured fish species.

Keywords: Morus alba L. powder, gut microbiota, survival indices, Hypophthalmichthys
molitrix, Cirrhinus mrigala

INTRODUCTION

Global aquaculture production has grown considerably over the last few decades.
Numerous advancements that have improved control over the production process and
increased competitiveness are largely responsible for this growth (Afewerki et al., 2023).
These innovations may take many forms, ranging from radical new concepts to

knowledge adaptakini from terrestrial farming systems. Aquaculture has experienced
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tremendous expansion in production and is mora dikerse than other agricultural industries
in terms of species, feed, production methods, illineyse, products, corporate structures,
and marketing strategies (FAO, 2020). This expansion has been achieved through both
extensive and intensive growth, as production has increased for new species and in new
countries (Uma et al.,, 2020). Furthermore, improved production methods, often
implemented on a larger scale, have been made possible through technological
advancements and improved technical skills (Hou et al., 2020).

Fish, like other animals, require a wide range of nutrients in sufficient quantities
to grow and maintain body overall bodily processes. However, not all essential nutrients
can be synthesized internally and must therefore be obtained from external sources (Xv
etal, 2021). In aquaculture systems, farmed fish are provided with nutritionally balanced
feeds in addition to natural food produced in ponds, whereas wild fish depend solely on
natural food sources for survival (Ashraf, 2011). The carp group dominates the
aquaculture system and accounts for approximately 56.45% of global freshwater
aquaculture production (Ejaz et al., 2024)

Cirrhinus mrigala (Mori), which makes up 1.08% of global freshwater
aquaculture production, is the third most significant species of major carp after Labeo
rohita (Rohu) and Catla catla (Thaila). The ecological distribution of this species lies
within the Indo-Gangetic river system, including waters of Myanmar, Bangladesh, and
Nepal (Zhu et al., 2021). Mori thrives in semi-intensive polyculture setups and is
economically valuable due to its detritivorous feeding habit (Afzal et al., 2024).
Hypophthalmichthys molitrix, commonly known as silver carp, is fairly compressed
laterally and has a deep-bodied structure. This species is considered highly cost-effective
and productive in aquaculture because it grows rapidly and feeds mainly on
phytoplankton, reducing the need for supplementary costly feed (Jawdhari et al., 2022).

The tree Morus alba is native to China, Japan, and India. Historically, Mulberry
plants were cultivated primarily to support the silkworm industry. However, research over
the past 2 decades has demonstrated their value as a feed resource for ruminant and
monogastric animals. In addition, M. alba has a long history of medicinal usage in
Chinese medicine (Sheikhlar et al., 2014). This plant can grow under a wide range of soil,
topographical, and climatic conditions (Yilmaz et al., 2020). The northern hemisphere
temperate to subtropical zones and the southern hemisphere's tropics are home to M. alba.

In traditional Chinese medicine, practically every part of M. alba, including its foliage,
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roots, and fruit, has been utilized for medicinal purposes (Yukgehnaish et al., 2020).
Several studies have also reported the strong antioxidant potential of mulberry fruits and
leave extract (Ran et al., 2024).

Interest in the diversity and functional relationships of gut microbial communities
in vertebrates has increased significantly with the development of high-throughput
sequencing technologies, which allow rapid screening of complex microbial samples
(Ringo et al., 2022). Different regions of the gastrointestinal tract harbor distinct
microbial communities that vary in composition and function. For example,
cyanobacteria have been reported as dominant taxa in the intestines of several fish
species, including shad, silver carp, and grass carp, although these microorganisms are
likely derived from ingested food sources (Jiang et al., 2014).

Mulberry leaves are rich in bioactive compounds and have long been used in
traditional Chinese medicine to treat metabolic disorders and associated conditions such
as obesity, immune dysfunction, hypertension, and hyperlipidemia (Ma et al., 2024).
However, studies evaluating the effects of mulberry leaves supplementation as a feed
additive on fish growth and health remain limited (Birgani et al.,2018). Due to the growth-
promoting, antioxidant, and intestinal microbial enhancing properties, mulberry leaf
powder may help protect fish against intestinal diseases (Zhao et al., 2019). Although
several studies have discussed the potential effects of M. alba in aquaculture, limited
information is available regarding its simultaneous effects on gut microbial and survival
indices of H. molitrix and C. mrigala under the same experimental conditions. Therefore,
the present study was designed to evaluate the effect of M. alba leaf powder on gut

microbial and survival indices of these two fish species.

MATERIAL AND METHOD

Experimental Design

For the sake of research, 60 healthy specimens of Hypophthalmichthys molitrix
and Cirrhinus mrigala each were brought from a local hatchery with an average weight
of 80-100g. and acclimatized for 2 days in cemented tanks at Fish Hatchery, Fisheries
Research Farms. Following acclimatization, fishes were randomly transferred to six glass
aquariums, properly labeled as control and experimental groups with three replicates
each. Local Ethics Committee principles have been followed with ethical approval

number 2185-88 dated 10-02-2025, University of Agriculture, Faisalabad.
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Experimental Feed and Its Preparation

The feeding experiment lasted for 2 months. Experimental groups were fed a
formulated diet containing 6% of Morus alba leaf powder, whereas fish in the control
group received commercial pelleted feed. All fish were fed according to their body weight
throughout the experimental period. M. alba leaf powder was prepared using fresh leaves,
which were thoroughly washed and shade-dried for about 4-5 days. The dried leaves were
then ground into a fine powder using a grinder. All ingredients, according to the feed
formulation mentioned in Table 1, were weighed and thoroughly mixed in a container.
Wheat flour and lukewarm water were then added as a binder to form a dough. After
pelletization, the pellets were shade-dried for about 3-4 days and stored in an airtight

container for use throughout the experimental period.

Table 1. Fish feed composition (1 kg feed)

Ingredients Control diet (t0) Experimental diet
(T1-6% M. alba)
Soybean meal 350 350
Rice bran 230 200
Wheat flour (as binder) 180 150
Mustard oil cake 200 200
Corn gluten meal 30 30
Morus alba leaf powder 0 60
Vitamin mineral premix 5 5
Vegetable oil 5 5
Total 1000g 1000g
Fish Feeding Rate

Fish were provided with the test meals for six days until they were completely
satisfied. The feed was given once a day between 9 AM and 1 PM via the hand-feeding
method. Fish feeding lasted for almost 60 days. The amount of feed per day was

calculated using the formula given.

Amount of feed per day (g) = Total weight of fish samples x feeding rate at 6%
body weight/100

Collection of Samples

For microbiological analysis, ten fish samples were collected from the gut part
using sterilized apparatus from each treatment group. The fish were first anesthetized with

clove oil and then dissected to obtain gut samples. Each sample was placed into an
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Eppendorf tube containing 0.9% NaCl solution. The samples were then thoroughly

homogenized and labeled accordingly as control group TO and experimental group T1.

Microbial Media Preparation

For microbial culture-dependent protocol, three different medias as Nutrient Agar
(NA), Eosin Methylene Blue (EMB), tryptic soy agar (TSA) were prepared using the
protocols followed by Haroon et al. (2026).

Nutrient Agar Preparation

To prepare nutrient agar media, 11.25g of NA (OXOID LTD., Basingstoke,
Hampshire, England) was dissolved in distilled water, and the volume was adjusted to
150ml. The solution was mixed thoroughly in a flask, covered with aluminum foil, and
placed in an autoclave at 121°C and 15 psi for 15 minutes. After autoclaving, the medium
was cooled to about 40-45°C and poured aseptically into sterile petri dishes for
solidification.

Microbial enumeration was done using three Petri plates for each sample under
treatments, and the average colony count was considered for analysis. NA potentially
supports the growth of a wide range of bacteria, providing essential nutrients and minerals
(Maan et al., 2025). The pH of the medium was maintained at 7.4 + 0.2 at 25°C.

Typical composition of NA (g/L): Lab-lemco powder 1.0; Yeast extract 2.0;
Peptone 5.0; Sodium chloride (NaCl) 5.5; Agar 15.0.red 0.025; Agar 15.0

Eosin Methylene Blue (EMB) Preparation

Eosin Methylene Blue (EMB) agar was prepared by dissolving 5.4g of EMB
powder in 150ml distilled water. The medium was constantly stirred until completely
dissolved and then sterilized in an autoclave with the same conditions as those of the NA
media. After cooling, poured the media in petri plates, allowing it to solidify. Three
replicates were prepared for each sample.

EMB is a differential and selective medium for the enumeration of specifically
Gram-negative bacteria. The dyes eosin and methylene blue inhibit Gram-positive
bacteria.

Typical composition of EMB agar (g/L): Peptone 10.0; Lactose 10.0; Dipotassium
phosphate 2.0; Eosin Y 0.4; Methylene blue 0.065; Agar 15.0.
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Tryptic Soy Agar (TSA) Preparation

Tryptic soy agar was prepared by dissolving 6g of TSA in distilled water to make
the volume 150ml. The medium was mixed thoroughly, covered with aluminum foil, and
sterilized in an autoclave. Afterward, poured it into Petri plates, three for each sample
under every treatment.

TSA is a general-purpose medium used for the cultivation of heterotrophic
bacteria due to its rich composition. The pH was maintained at 7.3 £ 0.2 at 25°C.

Typical composition of TSA (g/L): Pancreatic digest of casein 15.0; Papaic digest
of soybean meal 5.0; Sodium chloride 5.0; Agar 15.0.

Colony Morphology

After incubation on solidified medium, bacterial colonies were examined for
bacteriological characteristics. Colony size (small, medium, large), shape (spherical,
irregular, biconcave, rhizoid), and margin types (ondulate, lobate, wavy, dentate,
filamentous). Optical characteristics such as milky and turbid appearance were also noted.
Afterward, the colony counting was done using an automated colony counter, and the

following formula was used to calculate colony-forming units (CFU):
CFU= Total colonial count x Factor of Dilution (10°)

Staining Characteristics

Under the compound microscope, after staining, various characteristics of
bacterial cell morphology, such as bacillus, spiral, filaments, as well as arrangements like
chains and clusters, were observed. Staining enables the visualization of general
morphology through the use of colored dyes that enhance cellular structures. The prepared
slides were examined under the compound microscope (OLYMPUS BH-2). However,
this method only allows preliminary morphological characterization and presumptive
identification of bacterial isolates; species-level identification could not be confirmed

using this method alone

Physico-chemical Parameters

The temperature and dissolved oxygen (DO) levels of the water were measured
using the HANNA HI-9146 electronic meter. The pH was determined using the HANNA
HI-8424 meter, and other parameters such as alkalinity, hardness were measured using

the traditional A.P.H.A. method (Menon et al., 2023).
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Statistical Analysis
Two factor factorial ANOVA under CRD was used to compare the quantitative

findings obtained from the treatments with one another.

RESULT

The current research named “Effect of oral administration of M. alba L. powder
on gut microbiota and survival indices of Hypophthalmichthys molitrix and Cirrhinus
mrigala” was accomplished at the Fish Microbiology Lab, UAF. The trial period was
about 2 months. This study also sought to determine the possible impacts of using M. alba
in fish diets.

Total Bacterial Count

A thorough analysis of the bacterial population found in Silver Carp and mori
samples on control (T0) and experiment (T1) groups was made possible by the use of
various agar media, which allowed for the selective growth of particular bacterial species

based on their nutritional needs and other factors.

Total Microbial Count and CFU of Gut Samples on Nutrient Agar Media

The gut samples of silver carp and mori were cultured on Nutrient Agar media
(NA) after 24 hours of incubation. The highest count of bacterial colonies observed in the
silver carp of TO was 100 CFU/g, and in mori was 425 CFU/g. In T1 group, the highest
colony count in silver carp was 31 CFU/g, and in mori was 20 CFU/g. The lowest colony

count in silver carp was 20 CFU/g, and in mori, it was 15 CFU/g.

Total microbial Count and CFU Count of Gut Sample on Tryptic Soy Agar
(TSA)
The gut samples of Silver Carp and mori were cultured on Tryptic Soy Agar

(TSA). The highest count of bacterial colonies observed in the silver carp of TO was 264
CFU/g, and in mori it was 590 CFU/g. In the T1 group, the highest colony count in silver
carp was 165 CFU/gand in mori it was 135 CFU/gThe lowest bacterial count in silver
carp of TO it was 250 CFU/g, and in mori it was 585 CFU/g. Similarly, in the T1, the
lowest colony count in silver carp was 160 CFU/g, and in mori it was 125 CFU/g.

Total Microbial Count and CFU of Gut Samples on Eosin Methylene Blue

The gut samples of silver carp and mori were cultured on Eosin Methylene Blue

(EMB). The highest count of bacterial colonies observed in the silver carp of TO was 95
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CFU/g, and in mori it was 124 CFU/g. In the T1 group, the highest colony count in silver
carp was 34 CFU/g, and in mori it was 20 CFU/g. The lowest bacterial count in silver
carp of TO it was 83 CFU/g, and in mori it was 113 CFU/g. Similarly, in the T1, the lowest
colony count in silver carp was 21 CFU/gand in mori it was 13 CFU/g.

Table 2: Analysis of main and interaction (SxT) effect between species (S) and treatment (T)
and between treatment group by using two-way factorial ANOVA

SOV Microbial growth Microbial growth Microbial growth

(NA) (TSA) (EMB)

F-value | p-value F-value p-value F-value p-value
S 40.58 0.000 31.42 <0.001 9.78 0.000
T 83.72 0.000 105.41 0.000 669.39 0.000
SXT 13142.8 | <0.001 27923.85 0.000 334.87 <0.001
Error |44
Total 47

Interaction Pla.l for Microbial cont Interaction Plo.l f.or Microbial cont
100000000 \ : 0 Y
A Treatment B Treatment
Interaction Plo_t 'Iql Microbial cont
C Treatment

Figure 1: Interaction plot for gut bacterial culture on (A) NA (B) TSA (C) EMB

Under a completely randomized design, the experiment was carried out in a
two-factor factorial. Analysis of variance for the two factors was performed, and both
main and interaction effects indicated significant results (p-value < 0.01) from Table 2.
These findings demonstrated that the gram-positive bacterial colonies in both silver carp
and mori were significantly improved by M. alba powder. Higher bacterial counts were

observed in the TO group of both fish species, whereas reduced CFU values were recorded
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in T1 group. Although the magnitude of reduction varied between C. mrigala and H.
molitrix, the treatment showed an overall suppressive effect on gut microbial load in both

species in experimental conditions.

Figure 2: Left side: Gram-negative bacteria in TO; Right side: Gram-negative and
Gram-  positive bacteria in T1

Figure 3: Left side: Gram-negative bacteria in TO; Right side: Gram-positive bacteria in
T1

M. alba has a considerable impact on the microbial count; it lowers the number of
microbes in both mori and Silver Carp, according to the F-value, which indicates that the
result is significant. The microbial loads of the groups under comparison differ

noticeably.

r

Figure 4: Left side: Gram-negative bacteria in Silver carp and mori ofTO; Right side:
Gram-positive and Gram-negative in Silver carp and mori of T1

Survival Indices of Silver Carp and Mori
By looking at how M. alba L. powder affects fish survival metrics, its possibility
as a dietary supplement in farm has been assessed. Known for its dietary and medicinal

properties, M. alba contains a variety of bio-active components that may have an impact
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on fish health and survival. Survival rate of both species under different treatments were
mentioned in Table 3.

Table 3. Survival Rate of Both Species Under Different Treatments

Groups Number Total Survival rate
survived number (%)
Control Silver carp 14 20 70%
Control mori 15 20 75%
Experimental Silver carp 17 20 80%
Experimental mori 18 20 90%
DISCUSSION

This study was conducted at the Microbiology and Immunology Laboratory,
Department of Zoology, Wildlife, and Fisheries, University of Agriculture, Faisalabad.
The primary aim was to evaluate the impact of Morus alba L. powder on gut microbiota
and survival indices of Silver Carp (Hypophthalmichthys molitrix) and mori (Cirrhinus

mrigala).

No study has directly evaluated the effect of M. alba on Silver Carp and mori
microbiology; however, Yu et al. (2021) examined how theront infectivity was affected
by low extract concentrations. Following a 30-minute pre-treatment with M. alba extracts,
the infectivity was markedly reduced. Infection severity decreased as extract
concentrations increased from 0 (control) to 8 mg/L when grass carp were exposed to
theronts treated with acetone and ethyl acetate extract at varying doses. Infection rates for
ethyl acetate and acetone extracts ranged from 100% to 60% and 100% to 40%,
respectively. A similar response was observed in mori and silver carp fed M. alba diet
(Figure 1). Previous studies have demonstrated the impact of dried and fermented
mulberry leaf meal as a fish-meal replacement in aquafeeds. However, the effects of M.

alba extracts as a medicinal or functional feed additive remain largely underexplored.

Zhou et al. (2023) reported that mulberry leaf extract affected intestinal health in
spotted sea bass (Lateolabrax maculatus). Enzyme activity of AKP and ACP activity
increased with ELM supplementation, peaking at 9g/kg for AKP and 6g/kg for ACP
before gradually decreasing (P>0.05).
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The microbiota of mori and silver carp, herbivores and surface-feeding species,
respectively, is influenced by diet (Ou et al., 2024). Fish gut health is influenced by
anaerobic bacteria such as Bacteriodetes, Clostridium, and Cetobacterium, as well as
microorganisms like Aeromonas, Enterobacteriaceae, Pseudomonas, Actinobacter,
Staphylococcus, Streptococcus, Bacillus, and Vibrio. Studies on common carp and grass
carp by Yang et al. (2024) showed that Proteobacteria, Fusobacteriota, and Pseudomonas
dominated the gut microbiota, accounting for approximately. 80% of the community

supports our findings.

Nutrient agar supported the highest bacterial colony counts, likely due to its
richness in nutrients for both gram-negative and gram-positive bacteria. EMB medium
produced the fewest colonies, supporting primarily gram-negative bacteria, while TSA
allowed growth of both types of bacteria with relatively high counts. Colony variations
may result from fluctuations in water temperature and other environmental parameters.
Feeding M. alba was associated with a reduction of overall bacterial load and changes in
gut microbial populations, which may contribute to improved growth performance and

immune-related responses in fish.

Research has shown strong links between metabolomics and gut microbiota (Ma
et al., 2022). Intestinal microbiota modulates the metabolism of endogenous and
exogenous compounds, influencing energy expenditure. In this study, MFP, MFS, and
MFPS were evaluated for their contribution to fecal metabolites. According to the gut-
liver axis theory, microbial fermentation modifies the metabolites of dietary compounds.
Wei et al. (2023) also observed that gut bacteria ferment undigested peptides and proteins

in the colon, producing bioactive compounds that can influence physiological processes.

Chang et al. (2019) reported that M. alba inhibit growth of Salmonella spp.,
Pseudomonas spp., and Escherichia coli. Mulberry fruits also exhibit anti-inflammatory,
anti-hyperglycemic, and anti-obesity properties (Chen et al., 2022). Silkworms fed
mulberry leaves showed improved cocoon quantity, weight, and silk egg quality. Qian et
al. (2022) indicated that M. alba promoted growth of Akkermansia spp. and Bacteroidetes
spp. Similarly, in this study, M. alba increased the growth in mori and silver carp,

modulating bacterial populations.
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Although limited studies have evaluated the effects of M. alba on fish microbial
composition, the current study demonstrated clear benefits. A diet supplemented with M.

alba extracts might improve overall gut microbial composition and health of fish.

CONCLUSION

The study highlights the benefits of incorporating M. alba into the diet of mori
and silver carp. M. alba contains bioactive compounds with immune-modulatory and
antioxidant properties, including polyphenols, flavonoids, and vitamins. Such plant-based
additives may influence gut microbial load and overall microbial balance in cultured fish.
Future research should focus on optimizing feed formulations, integrating culture-
independent techniques, and evaluating long-term effects on fish health and production

efficiency, potentially reducing reliance on conventional feed additives.
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