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Studies were conducted to determine the antibacterial effects of arjun, Terminala arjuna (Roxb.) leaf
and turmeric, Curcuma longa (L.) bulb extracts against pathogenic Acinetobacter rudis infection in
pangas, Pangasianodon hypophthalmus and rohu, Labeo rohita. The arjun leaf and turmeric bulb
were collected from the adjacent area of Bangladesh Agricultural University (BAU), Mymensingh,
dried and powdered finely using an automated grinder. Laboratory stocked fish pathogen A. rudis,
isolated previously from the body lesions of pangas, was used for challenge test. Biosafety test was
performed by aqueous extracts of arjun leaf and turmeric bulb to determine the tolerance of fish.
Pangas (7.194+1.09 g) and rohu (3.46+1.12 g) both could tolerate 120 ppm dip bath of arjun extracts.
In case the of turmeric extract, pangas tolerated 120 ppm but rohu could tolerate upto 90 ppm. An
immersion challenge test with 70 P. hypopthalmas and 70 L. rohita was performed in laboratory using
A. rudis with pre-fixed doses of 4.07x10° and 4.07x107 CFU/mL. After the experimental infection,
aqueous extract of turmeric was found to have distinguished effects where 87.5% of infected fish
were recovered with prolonged immersion treatment. Water extracts of arjun leaf exhibited 67.5%
survival of fish. In-vitro test by acetone extracts of both arjun and turmeric showed inhibition zones
against A. rudis at different dosage in comparison with frequently used antibiotics. Maximum
inhibition zone was 7 mm at 125 pL of the acetone extract of arjun while turmeric extract showed 5
mm at the same concentration against A. rudis. Thin layer chromatography confirmed the presence
of at least one component in the acetone extracts which might be responsible for the antibacterial
activity. This preliminary investigation revealed the potential antibacterial effects of T. arjuna leaf and
C. longa bulb extracts against A. rudis infection in fish and can be suggested for further detailed
studies to establish these medicinal plants for alternative fish health management.

Copyright ©2024 by the author(s). This work is licensed under the Creative Commons Attribution International License (CC BY-NC 4.0).

1. Introduction

transferred to human through the food chain (Salehi et al.,
2005; WHO, 2000). Increasing global demand for the

The contribution of aquaculture sector for the livelihood
and food security is significant, providing millions of
people with food, nutrition, income and employment (FAO,
2024). Infectious microbial diseases of fish is one of the
most significant threats to successful aquaculture of
Bangladesh and every year both culture and wild fish
production are averted by these disease incidence which
declines fish production affecting aquatic protein supply as
well as national economy of Bangladesh (Munirazzaman,
2004). Thus, proper medication is needed to maintain
animal health and manage fish production. The routine
practice of applying the antimicrobial agents as a means
of preventing and treating diseases, as well as promoting
growth is an important factor in the emergence of antibiotic
resistant and unacceptable residues in aquaculture and
environment. The resistant bacteria are subsequently

preservation of eco-friendly environments, the indis-
criminate application of antibiotics, which are notorious for
increasing antibiotic-resistant pathogens and inducing
environmental deterioration, is being questioned
(Samanidou and Evaggelopoulou, 2007; He et al., 2016,
Uchida et al., 2016). Sometimes aquaculture farmers or
labors are severely affected by the pathogenic bacteria
due to exposure to infected fish (Butt et al., 2004; Wang et
al., 2007; Weir et al., 2012; Ziarati et al., 2022) which have
not always been reported.

Since plant-based drugs cause much lower incidence of
adverse reactions compared to synthetic pharmaceuticals
(Sharif et al., 2006), scientist felt the urgency to develop
an alternative approach of herbal medication towards
management of fish disease. Many countries have already
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banned the use of several antibiotics since their prolonged
exposure to environment is associated with harmful side
effects and is a concern of public health (Cuhna, 2000).
Among the medicinal plants Terminalia arjuna (Family:
Combertaceae), commonly known as ‘Arjuna’, Bengali
name, ‘Arjun’ is a large and evergreen tree grown
abundantly throughout the South Asian region, particularly
on the bank of the rivers, streams and dry watercourses
(Dwivedi, 2007). Different parts of this plant like root, stem,
bark and leaf have the medicinal value. Another plant, well
known for its medicinal properties, Curcuma longa,
belongs to Zingiberaceae family is commonly known as
‘turmeric’ and is widely used as spice and coloring agent
in food (Prasad and Aggarwal, 2011). Turmeric is also well
known as a traditional remedy for human illness. Meena
et al., 2024 conducted a research on L. rohita to know the
efficacy of T. arjuna bark powder against bacterial
pathogens and as a potential immunomodulator of this
fish. They revealed that T. arjuna cured the infection
caused by the bacteria and enhanced the immunity of this
fish. Both aqueous and ethanolic extracts of C. longa were
also tried for the sensitivity test against A. hydrophila, P.
aeruginosa, P. fluorescens, E. coli, E. tarda and F.
columnare isolated from fish. In case of every test,
inhibition zone were recorded and proved that C. longa
has antibacterial property against number of fish
pathogenic bacteria (Sahu et al., 2005).

Among lots of fish pathogenic bacteria Acinetobacter
species are, generally found in abundance in nature
including soil, marine fish, freshwater fish and vegetables
(Gennari and Stegagno, 1986). But there is still not much
information on the role of Acinetobacter sp. in fish
pathology. An association of various Acinetobacter sp.
viz., A. junii, A. pittii, A. johnsonii, A. lwoffii etc. with
pathological conditions of various fish species in some
countries, such as India, China, Croatia, and Turkey, was
considered in the last decade (Kozinska et al., 2014;
Malick et al., 2020; Laltlanmawia et al., 2023; Zhang et al.,
2023;). A. johnsonii and A. Iwoffii have been reported as
emerging fish pathogens isolated from diseased rainbow
trout, Oncorhynchus mykiss and carps in Poland
(Kozinska et al., 2014). Li et al. (2017) reported on the
prospective threat by A. pitti, a multidrug-resistant
pathogen for freshwater fish farming. However, as a fish
pathogenic bacteria, Acinetobacter sp. has not yet been
reported clearly from the catfish or carp culture of
Bangladesh.

During routine diagnosis of bacterial infections in catfish,
a Gram-negative short rod bacterium was isolated from
the deeper lesions of skin, fin, liver and kidney of infected
farmed P. hypophthalmus (average weight 672.03+0.4 g)
that exhibited non-wrinkled and slightly whitish colony on
tryptone soya agar from 8 to 42°C. Biochemical and
molecular identification revealed for the first time in
Bangladesh that the emerging causative bacterium was
Acinetobacter rudis (Shams, 2020). Herbal medicines,
including crude herbs, herbal compound, herbal crude
extracts, and herbal effective components, are widely
known for their unique scent, flavor, or therapeutic
properties. A number of the bioactive components from
medicinal plants, such as polysaccharides, flavonoids,
polyphenols, saponins, alkaloids, essential oils, and
terpenoids, have been widely used in prevention and

control of viral, bacterial, parasitic, and fungal diseases in
fish (zZhang, 2022). But still, the research on using
medicinal plants in fish health management in Bangladesh
is under experimental stage. Considering the situation, the
aim of this preliminary investigation was to determine the
antibacterial efficacy of two herbal preparations from T.
arjuna leaf and C. longa bulb against newly emerging
Acinetobacter rudis under in-vitro and in-vivo condition on
striped catfish, Pangasianodon hypophthalmus and rohu,
Labeo rohita.

2. Materials and Methods
2.1. Collection of medicinal plants

The experiment was conducted at Fish Disease
Laboratory, Faculty of Fisheries and Agricultural
Chemistry Laboratory, Faculty of Agriculture, Bangladesh
Agricultural University (BAU), Mymensingh 2202. Bulk
volume of T. arjuna leaf and C. longa bulb was collected
from the adjacent area of BAU campus, Mymensingh.
After washing with clean water, the leaves and bulbs were
dried under direct sunlight, cut into small pieces, finely
powdered by an automated grinder machine and sieved
using 1/32-inch mesh sized sieve for better extraction. The
T. arjuna leaf and C. longa bulb powder was dried again
using an oven at 80°C for 4 hours before extraction and
weighed to determine the volume of moisture free powder.

2.2. Preparation of aqueous extracts of T. arjuna leaf
and C. longa bulb

Aqueous extracts of T. arjuna leaf and C. longa bulb were
prepared following slightly modified method of Bussmann
et al. (2010) for the biosafety test the and dip bath
treatment for artificial infection of P. hypophthalmus and L.
rohita. Completely dried powder of T. arjuna leaf and C.
longa bulb were weighted and required volume plant
materials were submerged in every 1 liter of normal tap
water separately and left to macerate for 48 hours. After
maceration, the plant materials were filtered using clean
cotton cloths and the extracts of 180, 150, 120 and 90 ppm
for both plants were prepared separately. About 4-liter
water extracts of above mentioned concentrations were
prepared and kept into selected aquarium for biosafety
tests.

2.3. Preparation of Acetone extracts of T. arjuna leaf
and C. longa bulb

One hundred grams of the dried T. arjuna leaf powder and
another 100 grams of C. longa powder were taken into two
different thimbles and set inside Soxhlet apparatus with
addition of 700 mL of acetone respectively. Extractions
were continued for 48 hours and the two extracted
materials were taken out and filtered, followed by kept into
two plastic bottles. Volume of two extracts were
concentrated under reduced pressure by rotary
evaporator (HAHNSHIN, HS-2005S-N, Korea) at 60°C.
Those extracts were kept in refrigerator at 10°C for further
works.
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2.4. Thin layer chromatography (TLC)

Thin layer chromatographic technique was applied to
ascertain the number of compounds present in both of the
T. arjuna leaf and C. longa bulb extracts to determine the
retention factor (Rf) of the compounds present. The
chromatographic plates were prepared by spreading a
suspension of finely powdered silica gel on glass plates of
suitable sizes.

Silica gel was thoroughly mixed with distilled water in a
beaker at 1:2 ratio and manually spread very thinly on
clear glass plates. Firstly, the plates were completely dried
in room temperature for 24 hours and then at 70°C in hot
air oven for 1 hour. A number of solvent chambers were
prepared by solvents from low to high polarity by mixing
solvents of expected polarites. To obtain a
chromatogram, few drops of acetone extracts of T. arjuna
leaf and C. longa bulb were applied with a capillary tube
on a bare line along the bottom of the plate. Those plates
were kept in a TLC tank containing a selected carrier
solvent and mixed solvents. The samples exhibited spots
on the TLC plate in ordinary conditions. After solvents
running, plates were dried and sprayed with freshly
prepared iodine reagents which were used to detect the
bands on the TLC plates. The movement of the active
compound was expressed by its retention factor (Ry)
values and were calculated for different samples. The
retention factor (Rr) values of acetone extraction of T.
arjuna leaf extract and C. longa bulb extract were
calculated by using the following formula:

Distance traveled by the solute

" Distance traveled by the solvent front TLC plates

2.5. Determination of biosafety effects

Biosafety effects of aqueous extracts of T. arjuna leaf and
C. longa bulb were tested using P. hypophthalmus and L.
rohita, separately to determine the possible harmful
effects on the experimental fish as well as the time and
tolerable concentration of the extracts for fish. Healthy P.
hypophthalmus weighing 7.194+1.09 g and L. rohita
weighing 3.46+1.12 g were collected from a private fish
hatchery, acclimatized in aquaria for seven days and
checked for disease before using in the challenge test.
Ten fish of both species were immersed in 180, 150, 120
and 90 ppm of the herbal suspensions, separately in the
glass aquaria. Control fish were kept in another aquarium
and did not receive any herbal extraction for treatment.
Water temperature (°C) was recorded.

2.6. Experimental bacteria

Laboratory stocked A. rudis was previously isolated from
a diseased farmed P. hypophthamus (Shams, 2020). The
strain was previously confirmed by our research team as
A. rudis strain P3Alb 16S ribosomal RNA gene, partial
sequence (size of polynucleotide analyzed = 1049 bp),
GenBank accession: MZ712942.1. Pure culture of A. rudis
showed dense growth of slightly whitish, smooth colony on
Trypton Soya Agar (TSA, Himedia) (Figure: 1A). Gram
staining exhibited the presence of Gram-negative, slightly
rod-shaped A. rudis bacteria (Figure: 1B). The bacterium

was stored at —20°C in Trypton Soya Broth (TSB, BD)
supplemented with 25% glycerol.

2.7. Immersion challenge

Seventy P. hypophthalmus and seventy L. rohita were
divided into 7 aquaria (10 pangas + 10 rohu/) per
aquarium prior to 48h of the experiment to heal the skin
injury caused by netting before immersion challenge. For
challenge, test fish were kept in 40-liter plastic buckets
separately, to which the bacterial suspensions of two
different doses, 4.07x10® and 4.07x107 CFU/mL, of A.
rudis were added. Ten fish, each of two species were
immersed separately in clean water without the bacterial
suspension for negative control. After immersion for 40
min, fish were transferred again to the respective
rectangular aquaria equipped with continuous aeration.
The fish received no feed for 7 days of the experimental
period. Water temperature was measured regularly. Gross
pathological changes and moribund fish were checked
daily.
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Figure 1. (A) Colony of A. rudis isolated from diseased
pangas. Slightly off-whitish, rough, flat edge
appearance colony grown on TSA media at
37°C for 24 hrs. (B) Photomicrographs of A.
rudis stained with methylene blue at 100x
magnification

2.8. Dip bath treatment with herbal extracts

About 4 liter of T. arjuna leaf extracts (120 ppm) and 4 liter
of C. longa bulb extracts (90 ppm) were prepared and kept
into separate aquarium for dip bath treatment. Then two
groups of challenged fish were dipped into two herbal
extracts for thirty seconds and then again kept into
separate aquaria. Same process was done for
consecutive 4 times. Around 70% of water was exchanged
regularly. One aquarium from each challenge group
received no herbal dip bath treatment and kept as positive
control.

2.9. Antibiogram studies
2.9.1. Antibiotic sensitivity test

Pathogenic A. rudis was tested for its antibiotic sensitivity
by disc diffusion method on TSA. The antibiotic discs (Hi-
media, India) tested included azithromycin (10 pg),
doxycycline (30 pg), erythromycin (15 ug), tetracycline (10
Mg), streptomycin (25 ug), cefotaxime (30 ug),
chloramphenicol (30 pug), ciprofloxacin (10 ug),
gentamycin (10 pg), kanamycin (30 pg) and ampicillin (10
Mg). Zones of inhibition were measured after 24 h and
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again after 48 h of incubation at 37°C. The isolates were
classified as sensitive (S), moderately resistant (MR) and
resistant (R) based on the size of the zone of bacterial
growth inhibition.

2.9.2. Determination of antibacterial sensitivities of
herbal extracts

A. rudis was cultured in TSA at 27°C for 24 h and then
suspended in 0.87% physiological saline and spread on
TSA plates. About 6 mm diameter wells were prepared
using a sterile cork borer in the TSA plates (4 wells in a
plate). About 50, 75, 100, 125 ul of acetone T. arjuna leaf
extracts and C. longa bulb extracts were dropped using
micropipette, dried and incubated by upside down for 24 h
at 27°C. The inhibition zone around the wells indicated
absence of bacterial growth and was reported as positive.
Absence of zone was indicated as negative.

Presence of components

(A) T. arjuna leaf extract (B) C. longa bulb extract

Figure 2. TLC of (A) T. arijuna leaf, and (B) C. longa bulb
extract

2.10. Data analysis

Data on survivability of treated and control fishes were
analyzed by using Microsoft Excel 2016 software.

3. Results
3.1. Thin layer chromatography of acetone extracts

Acetone extracts of T. arjuna leaf (Figure 2A) and C. longa
bulb (Figure 2B) showed spot on TLC plate which ensured
the presence of components. The retention factor (Ry)
values were determined for T. arjuna leaf extract and C.
longa bulb extract (Table 1).

3.2. Antibiogram study
3.2.1. Antibiotic sensitivity

Antibiotic susceptibility test indicated that A. rudis was
sensitive to azithromycin, doxycycline, erythromycin,
tetracycline, streptomycin, ciprofloxacin, gentamycin,
chloramphenicol. The results also showed that A. rudis
sample was resistant (R) to ampicillin and moderately

resistant (MR) to kanamycin and cefotaxime (Figure 3 and
Table 2).

3.2.2. Herbal sensitivity

The applied herbal extracts exposed their inhibitory effect
for pathogenic bacteria A. rudis on TSA agar plate. It is
observed that, acetone extracts of T. arjuna leaf showed
more inhibition zone where C. longa bulb shows small
inhibition zone or resistance (Figure 4A & 4B and Table
3).

Figure 3. Antibiogram study of A. rudis using different
antibiotic discs. (A. rudis: Laboratory code =
P3A1b, GenBank accession: MZ712942.1)

Figure 4. Antibiogram study of A. rudis using (A) T. arjuna
leaf extracts, and (B) C. longa bulb extracts

3.2.3. Biosafety test results

After preparing aqueous extracts of T. arjuna leaf and C.
longa bulb, biosafety test was conducted to determine the
time and concentration that fish can tolerate. Pangas and
rohu could tolerate T. arjuna extract of 120 ppm for 5 min
and 3 min respectively. On the other hand, pangas could
tolerate C. longa extraction of 120 ppm for 3 min at where
rohu could tolerate 90 ppm for 3 min (Fig. 5 and 6). The
average temperature was 23.1 + 1.5°C.

3.3. Pathogenicity of A. rudis for immersion
challenge with herbal therapy

A. rudis showed effective result when applied into pangas
and rohu in immersion challenge test. After experimental
infection (challenge dose: 4.07x10° CFU/fish and
4.07x107 CFU/ fish), aqueous extracts were found to have
distinguished effects where 55-90% fish were survived
with the application of dip immersion treatment (Table 4).
C. longa bulb extract showed better effects to recover
challenged fish rather than T. arjuna leaf extract. But mass
infection and mortality rate was found for untreated fish.
Average water temperature was recorded 22.5+0.75°C.
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Table 1. Rr value of extracted sample

Extracting solvent TLC solvent system R value Probable compound present in the crude extract
Acetone extract of Benzene : Ethyl Acetate 5.4/8.3 = 1
T. arjuna =1:9 0.65
Acetone extract of Benzene : Ethyl Acetate 3.6/9.3 = 1
C. longa =1:2 0.38

Table 2. Sensitivity of A. rudis to various antimicrobial agents
Short Name Antimicrobial agents Disc content (ug) Sensitivity
AZM Azithromycin 10 S
DO Doxycycline 30 S
E Erythromycin 15 S
T Tetracycline 10 S
S Streptomycin 25 S
CTX Cefotaxime 30 MR
C Chloramphenicol 30 S
CIP Ciprofloxacine 10 S
GEN Gentamycin 10 S
K Kanamycin 30 MR
AMP Ampicillin 10 R
S = sensitive; R =resistant; MR = moderately resistant

Table 3. Sensitivity A. rudis to acetone herbal extracts

Acetone herbal extracts Sensitivity Radius of inhibition zone (mm)
50 pl S 3
. 75 pl S 4
T. arjuna
100 pl S 5
125 pl S 7
50 l R 0
C. lonaa 75 ul MR 1
+long 100 s 3
125 pl S 5
R =resistant, MR = moderately resistant, S = sensitive
Table 4. Recovery of challenged fish (P = pangas, R = rohu)
Bacteria Challenge Challenge Herbal No. of dead fish during the periods of Mortality
method dose treatment (N=10) (%)
(CFU/mL or  (Aqueous 0-1d |  23d | 47d
fish) extracts) [) R [) R P R P R
;rj‘ffr‘]t:d with T. 1 2 1 20% 50%
4.07x107 -
peatedwihC. oo 0 0 1 1 10% 10%
onga
A. rudis Immersion Treated with T. o 1 1 2 1 1  20% 40%
s arjuna
4.07x10 Treated with C
N 0, 0,
longa 1 1 0 1 0 0 10%  20%
Positive Control 4.07x107 No treatment 0 0 2 3 5 5 70%  80%
4.07x10° given 0 0 1 2 4 5 50% 70%
. Not challenged No treatment o o
Negative Control with bacteria _ given 0 0 0 0 0 0 0% 0%

Average weight (g) of challenged fish: pangas = 7.531 + 1.17, rohu = 3.64 + 1.25; Average water temperature = 22.5+0.75°C
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Figure 5. (A) Days of survival, (B) percent mortality of Pangas (Pangasianodon hypophthalmus) as affected by
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Curcuma longa bulb extracts. Average weight (g) of challenged rohu

Figure 6. (A) Days of survival, (B) percent mortality of Rohu (Labeo rohita) as affected by Terminalia arjuna leaf and
temperature = 23.1 + 1.5°C



4. Discussion

Pangas (P. hypophthalmus) and rohu (L. rohita) are the
most commonly used aquaculture species in
Bangladesh's freshwater ponds (Ali et al., 2018, Kabir et
al., 2017). The stress level of farmed fish has increased
due to the rapid growth of intensive aquaculture. In recent
years the incidence and severity of numerous fish
diseases have increased as well (Song et al., 2014). Fish
mortality may occur as a result of extreme oxygen
depletion, or they may become prone to various bacterial
diseases (Siti-Zahrah et al., 2008). Therefore, antibiotics
have become essential medicine for animal health and
welfare (Romero et al, 2012). Chemists and
representatives of several pharmaceutical companies
usually advise the fish farmers to utilize their medicines for
managing diseases, however, most of the farmers of
Bangladesh indiscriminately use such chemicals without
knowing their requirements, efficacies or method of
application (Kawsar et al., 2022) and hence, antibiotic
usages develop antimicrobial resistance (Rahman et al.,
2009).

Natural origins have enormous chemical and structural
diversity among antimicrobial products, it is often difficult
for bacteria to oppose the action of natural products and
plants are one of the main sources of antimicrobial natural
products (Warnke et al., 2009; Pisoschi et al., 2018),
additionally, plant-based drugs cause much lower
incidence of adverse reactions compared to synthetic
pharmaceutical (Sharif et al., 2006), various primary or
secondary plant metabolites have been shown to exert
antibiotic activities (Lelario et al., 2018). Therefore, in the
present study, investigation on the herbal medication by
T. arjuna leaf and C. longa bulb extracts tried to establish
an eco-friendly fish health management approach against
A. rudis, an emerging opportunistic fish pathogenic
bacteria for the first time in Bangladesh. Resistance of this
bacterium to multiple antibiotics is also shown in this
study.

Bio-safety effect of T. arjuna leaf and C. longa bulb was
tested using P. hypophthalmus and L. rohita separately to
determine the possible harmful effects on fish. Aqueous
extracts of both T. arjuna leaf and C. longa were used for
this test. The test showed that both pangas and rohu can
survive longer time at aqueous extraction of T. arjuna but
less time at C. longa. Pangas and rohu can tolerate T.
arjuna leaf extraction at 120 ppm for 5 min and 3 min
respectively. On the other hand, pangas can tolerate C.
longa bulb extraction for 5 min at 120 ppm whereas rohu
can tolerate 3 min at 90 ppm. The reason behind not
tolerating turmeric extraction for longer period might be
due to the spicy nature of turmeric that could create
uncomfortable situation in gaseous exchange in
experimental fish and resulted erratic movement during
biosafety test. In-vivo challenge test resulted 32.5% and
12.5% (average) mortality of the infected fish whereas the
untreated infected fish showed 67.5% mortality. Water
extract of T. arjuna leaf and C. longa bulb were able to
heal the injuries caused by A. rudis infection in both fish.

Curcumin has already shown anti-oxidant, anti-mutagenic,
anti-carcinogenic, anti-coagulant, and anti-infective
effects, additionally, curcumin  possesses anti-
inflammatory and wound-healing properties (Reshad et
al., 2021). C. longa extract corresponds to an intermediate

stage of cell disruption, plasmolysis and partial
disappearance of the cytoplasmic membrane of bacteria
(Prasad et al.,, 2011). So, this may help in reducing
mortality of challenged fish in C. longa treated group
against A. rudis. On the other hand, the active
components of T. arjuna are tannins, triterpenoid saponin
(arjunic  acid, arjunolic acid, arjungenin, and
arjunglycosides), flavonoids, garlic acid, oligomeric
proanthocyanidines (OPCs), phytosterols, calcium,
magnesium, zinc and copper (Islam et al., 2024, Ali et al.,
2003, Sultana et al.,, 2007). The active compounds
present in the extract of curcumin and arjun are reported
to interfere with the synthesis of microbial cell proteins and
is essential for the treatment of tissues that are ulcerated
or inflamed (Hussain et al., 2007). Some of this
component might have adverse effects on fish, that's why
the mortality rate was higher in T. arjuna leaf treated group
than turmeric it may probably the component(s) or the
concentration of the component(s) in T. arjuna leaf that are
not effective for the healing of A. rudis infection like T.
arjuna bark. Further comparative study is necessary to
establish the fact.

Again, In-vitro study showed that A. rudis was resistant
against ampicillin and moderately resistant against
cefotaxime, kanamycin. It is known that T. arjuna has
antibacterial activity (Gupta and Kumar, 2017). Earlier, it
was found that biomolecules isolated from bark extracts of
T. arjuna possessed antibacterial activity, which can
specifically act against Salmonella sp. (Islam et al., 2024).
In this study, acetone extracts of T. arjuna leaf was found
sensitive against A. rudis at different doses like 50 uL, 75
pL, 100 pL, and 125 pL. The inhibition zones were 3, 4, 5,
and 7 mm respectively. On the other hand, acetone
extracts of C. longa bulb were found less sensitive where
the inhibition zones were 0, 1, 3, and 5 mm for 50 yL, 75
ML, 100 pL, and 125 pL doses respectively. So, it can be
said that the higher the dose of acetone extraction, the
higher its antibacterial effects. This resistance may also be
associated with either the lipid bilayer of the outer
membrane of the bacterium preventing the extracts
specially the antioxidants from entering into the cell that
prevent the oxidation of other molecules. The bacterium
may also have been able to generate enzymes that can
alter the extracts chemically, thereby interfering with the
extract’'s activity, rendering it ineffective (Zaika and
Kissinger, 1981). As we found inhibition zones, TLC was
done to identify if any component(s) was/were present in
those extractions. Both the acetone extracts of arjun leaf
and turmeric showed at least one spot on TLC plate at
different solvent ratio. The ideal range of retention factor
(R) value is 0.3-0.7 (Lynch et al., 2023). R values were
found 0.65 and 0.38 for arjun leaf and turmeric
respectively in this study.

5. Conclusion

The present study is a clinical validation of the traditionally
used medicinal plants which indicates that pangas and
rohu can tolerate definite concentration of plant extracts
from T. arjuna leaf and C. longa bulb which have already
used in this study as natural alternatives to synthetic
antibiotics to control ampicillin resistant A. rudis bacteria.
However, further in-depth studies should be conducted to
ensure fish safety, isolation and identification of herbal
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components, and making aqua drugs in modern treatment
forms by using targeted component (s) followed by large
scale field trials to elucidate possible development of
medicinal plants therapy in aquaculture
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