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ABSTRACT

Despite using antibiotics, in aquaculture of freshwater sp. facing severe challenges of bacterial strain resistance
occur. In order to combat disease-causing bacterial species, the present study was designed to assess the value of
green synthesized silver nanoparticles (Ag NP 's) from the extract of plant leaves for abdominal dropsy treatment
in Labeo rohita. For this purpose, an extract of lemon leaves extracts in powder form was prepared followed by a dry
method and a mixture of ethanol and distilled water (4:6) was added. Prepared nano-solution was then subjected
to further characterization of particles where color changes, UV-VIS spectroscopy, particle analysis, and FTIR were
done. Statistical results showed maximum (SGR%) value (2.65 + 0.010) in T1 nano solutions treated group, had a
significant difference (P<0.05) as respect to other treatments and control groups. Water physicochemical properties
showed a significant result (P <0.05). At the end of the trial, total protein, albumin, globulin, glucose, ALT, and
AST were analyzed from serum samples of both (diseased & healthy fish) and showed significant results (p <0.05)
compared to other treatment groups. By histopathology detection, no hepatocyte damage, vacuolization and, regular
shape nuclei were detected in healthy fish, also fibrosis and coagulative necrosis were absent, while in diseased fish,
damaged hepatocytes were detected with irregular shaped nuclei and vacuolization. Thus, our study suggests that
the lemon plant leaves extract solution could be very effective for the treatment of bacterial disease in Labeo rohita.s.
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INTRODUCTION

sea lice, infectious salmon anemia and pancreatic necrosis in

Scottish Atlanticsalmon farms [7-9).To control bacterial diseases,

In aquaculture production, disease has developed into one of the spectrum of antibiotics is registered for use despite concerning to

major limiting factors, exclusively with the recent expansion of

health matters of human being, few states sometimes not consent
aquaculture process [1]. Among the causative agents of bacterial

the registration of antibiotics because of non-medicinal reasons
fish diseases, (Pseudomonas and Aeromonas sp.) is one of the most

like use of growth promotant [10]. While some researcher [11] did
important fish pathogens [2]. Gill rot, septicemia disease, dropsy,

Y . i PP ) not promote the antibiotics used in aquaculture. According to
tail fin rot, and ulcers including epizootic ulcerative syndrome e .. )

them antibiotics practice in aquaculture vary extensively one state
to another state. In established kingdoms, here is an inadequate

number of yields, administrative regulator is active, and usage of

disease are common diseases of freshwater fishes, caused by these
bacteria [3]. Virulence of different Aeromonads and Pseudomonads

bacterial isolates have been studied elsewhere in diseased fish e ) . .
antibiotics is downturn because of advancements in administration

in cultured and capture fisheries [4]. In a natural environment
like soil, fresh, brackish water, sewage, and wastewater generally,
Aeromonas are present [5]. Furthermore, members of the genus
Aeromonas are generally spread in different foods like vegetables,
chicken, fish, and meat [6]. Disease occurrence is significant
violence to the development of aquaculture. For instance, severe
complications have been affected by the appearance of furunculosis,

and improvement of useful preparations [12,13].

Yet, Aeromonas hydrophila evolved protection to various antibacterial
such as ampicillin, rifampicin, amoxicillin, lincomycin, novobiocin,
penicillin, tetracycline, and oxacillin [14]. It has been reported that
shrimps, shrimp pods, shellfish, eels and aquaculture environments
have developed resistance against antibiotics [15-22] reported that
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resistance evolves in a period of not many centuries of handling
contamination with drugs that kill bacteria. So, this is a factor,
which restricts their importance in the restriction of diseases
that are caused by bacteria in fish [23], aside since some public
health concerns. So, research aimed to find antibiotics alternatives
are earning momentum [24]. Approaches have been evolved to
recognize and control material by nanoscale magnitudes, ranging
from one to one hundred nanometer using nanotechnology. Such
molecules that have this size range have molecules, which paves
unique uses [25].

Because of their unique physical chemistry, optoelectronic
properties and dimensions that are administered through their
magnitude, form, and size dispersal, nanoparticles gained much
attention [26,27]. According to previous studies, synthesis of
nanoparticles through biological entities from different methods
like microorganisms also plants are non-toxic, cheap, and an eco-

friendly [28,29].

Considering these remarkable properties of plants, a major eco-
friendly way for manufacturing metal nanoparticles via biological
entities for detoxification applications have been recognized
[30,31]. Different researchers focused on the synthesis of silver
nanoparticles from plants [32-36]. These have a few benefits to
their ability to reduce metal ions stability [37]. They ranged 15 to
65 nm and a regular size of 34 nm in size and they are mostly
rectangular and cuboidal. Many researchers found the effect of silver
nanoparticles against Klebsiella pneumonia, Pseudomonas fluorescence,
Escherichia coli, Pseudomonas aeruginosa, Shigella flexaneri, Proteus
mirabilis and Shigella sonnei [38-40). Most of the plants that are used
for the synthesis of Ag nanoparticles include Anacardium occidentale
(cashew nut), Azadirachta indica (neem), Swietenia mahagony
(West Indies mahogany), cruciferous vegetable extracts, Citrullus
colocynthis, Eucalyptus macrocarpa, Mangifera indica, Camelia sinensis,
Rhododendron dauricum, Citrullus colocynthis and Aloe vera [41-51]. Ag
nanoparticles have been acquired together with antibacterial and
anti-inflammatory properties that can encourage quicker wound
healing. Considering their valuable properties, Ag nanoparticles
have been involved in pharmaceuticals, medical transplant coatings
and wound dressings [52,53]. There is no related study yet for
the treatment of abdominal dropsy in Labeo rohita, Thus, I have
firstly aimed present study to explore the antibacterial properties
of naturally occurring plant leaves nanoparticles solution in Labeo
rohita and to find the effect of NP’s on blood chemistry and histo-
pathological parameters.

MATERIALS AND METHODS

Experimental design and sampling

Preparation of plant extract: Fresh leaves of Lemon (Citrus limon)
were collected from the botanical garden of University of Veterinary
and Animal Sciences, Lahore. Extract of the plant was prepared by
using dry method. Leave were washed, dried in shade, made fine
and kept in plastic bags. Mix 3 g powder in 100 ml of solution (40
ml ethanol + 60 ml water) in a beaker and covered the beaker with
aluminum foil placed the mixture for 2 days with 1 hour stirring

daily. After 2 days filter the solution and stored in the refrigerator
[54] (Figure 1).
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Phytochemicals screening: Phytochemicals of plant extract were
determined, and the following contents were tested.

Detection of carbohydrates:

Benedict’s test: In 1 ml of plant extract, 2 ml of Benedict’s reagent
added in the test tube and heated moderately on the water bath.
Formation of orangered precipitates confirms the presence of

reducing sugars.
Detection of proteins:

Xanthoproteic test: 2 ml of plant extract was treated with a few
drops of conc. HNO,. Due to the reaction between both reagents
yellow color formed which assures the presence of proteins.

Detection of flavonoids

Alkaline reagent test: Extract was treated with few drops of sodium
hydroxide solution. Formation of intense yellow color, which
becomes colorless on the addition of dilute acid, indicates the

presence of flavonoids.
Detection of phenols

Ferric chloride test: Extract was treated with 3-4 drops of ferric
chloride solution. Due to reaction formation of bluish.

Detection of tannins

Copper acetate test: Extract was dissolved in water and treated
with 3-4 drops of copper acetate solution. Formation of emerald
green color indicates the presence of diterpenes.

Test for steroids and terpenoids

Salkowski’s test: 2 ml of extract and 2 ml chloroform was taken in
a test tube and treated them with few drops of conc. Sulphuric acid,
shaken well and allowed to stand. The red color in the lower layer
confirms the presence of steroids while, the formation of reddish-
brown color in the middle area after addition of conc. Sulphuric
acid to the side indicated the presence of terpenoids.

Detection of saponins

Foam test: 0.5 ml of extract was mixed and shaken with 2 ml of
water. Formation of foam and continues for ten minutes it confirms

the presence of saponins.

Test for oil: Between two filter papers, a small quantity of the
extract was pressed. Qil stain on the filter papers ensures the
presence of oil.

Test for phlobatannin: 2 ml of 1% hydrochloric acid added to 1 ml
of plant extract. Red precipitates formed when boiled the solution.

Detection of glycosides

Extract was hydrolyzed with dil. HCI, and then subjected to test
for glycosides.

Keller Killiani test: Extract was treated with 2 ml of glacial acetic
acid with a few drops of FeCl,. 1 ml of H,SO, was added along
the sides of the test tube carefully. A brown ring at the interface
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indicated deoxy sugar of cardenolides, violet ring beneath the
brown ring and greenish ring appear.

Detection of alkaloids

Extract was dissolved individually in dilute Hydrochloric acid and

filtered.

Hager’s test: Filtrate was treated with Hager’s reagent (saturated
picric acid solution). Presence of alkaloids confirmed by the
formation of yellow-colored precipitate.

Synthesis of nanoparticles

5 ml of extract was added to 45 ml of 1 mM aqueous solution of
silver nitrate and the reaction mixtures were placed at hot stirrer
(60°C) temperature till a change of color of the mixture to yellow
brown was observed as a confirmation of nanoparticle formation.

Characterization of silver nanoparticles

The Litesizer™ 500 is an important instrument for illustrating
the size of nanoparticles in solutions. Through measuring DLS
(dynamic light scattering), it detects the particle size also measures
the sample’s refractive index. This instrument has combined
expertise with modern software creativity to create intuitive
particle analyzers. The reduction of pure Ag" ions was monitored
by measuring the UV-visible spectrum of the reaction medium
at 5 h after diluting a small aliquot of the sample into distilled
water. UV-visible spectral analysis was done by using UV-wvis
spectrophotometer (Perkin Elmer, Lambda 35). FT-IR (Fourier
transform infrared) analysis was carried out on Tensor-27 (Bruker)
in the diffuse reflectance mode operated at a resolution of 4 cm
in the range of 400 to 4,000 cm™ to evaluate the functional groups
that might be involved in nanoparticle formation.

Growth trial

Individuals of healthy fish were collected from fish hatchery,
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University of Veterinary & Animal Sciences, Lahore (Ravi
Campus, Pattoki) whereas, diseased fish was collected from nearby
fish farms. The healthy and diseased fish were divided into two
groups. Healthy fish was designated as control and Treatment
#1 whereas diseased fish was designated as Treatment #2 and
Treatment #3. Ten individuals of fish were selected for each group
(healthy and diseased fish) and kept in aquaria of 60-liter water
capacity, separately, with each had three replicates. Each aquarium
was filled with dechlorinated tap water at 30°C. The standard
method recommended by the Animal welfare committee was
followed. (Control group did not receive any chemical and fed
with commercially available fish feed. Treatment #1 and Treatment
#2 was fed with feed also bath of synthesized silver nanoparticles
daily (2 ppm) while treatment #3 was treated with antibiotics
(Oxytetracycline, 75 mg/kg) and artificial feed) (Table 1). Artificial
feed with 30% crude protein (CP) level was prepared from Oryza
Organics and fed to experimental fish twice a day for 6 days a week
up to satiation (Table 1).

Water physicochemical properties

Physicochemical parameters viz. temperature (°C), pH, dissolved
oxygen (mgL"), salinity (mgL"), total dissolved solvents (mgL") and
electrical conductivity (mScm™) were recorded on daily basis using
digital meters and HANNA Nitrate Test Kit HI3874.

Feeding

The artificial feed with 30% crude protein (CP) level was prepared

Table 1: Experimental design for growth trial.

Group Fish Treatment
Control Healthy No treatment
T1 Healthy NP’s bath
T2 Diseased NP’s bath

T3 Diseased Antibiotics

Figure 1: Preparation of lemon (Citrus limon) extract.
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from Oryza Organics and fed to experimental fish twice a day for 6
days a week up to satiation.

Histopathological examination

Healthy and diseased fish indiscriminately selected from each
treatment. Fish samples were dissected for the collection of liver
and gills. The liver and gills were carefully removed a weighted.
The samples were washed with normal saline and preserved in 10%
neutral buffered formalin (NBF). For light microscopy technique,
tissues were processed by paraffin embedding the technique [55].
To analyze the samples under Light microscopy thin tissue sections
(5-6 pm) were required that obtained with paraffin embedding
technique.

Serological analysis

Blood from both specimens, diseased and healthy fish were collected
in Eppendorf tube with a red cap, which was not contained EDTA,
allowed the tubes to stand in tilted position at room temperature
to separate out the serum for following tests.

Total serum protein: Total serum protein (albumins and globulins).
For the checking of total protein level in serum, 20 pL serums along
with 1000 pl reagent added in 2 ml Eppendorf tube. A purple
complex was formed due to the reaction of protein with cupric
ions in alkaline medium. The absorbance was checked at 520-580
nm wavelengths which was proportional to protein concentration
in the sample, against reagent blank that was only one per series
required.

Albumin: To determine the albumin level in serum, 1000 pl
reagent and 10 pL serum was mixed and gently sharked. Bromo
cresol green forms a complex with albumin in citrate buffer and
observed the absorbance at 578 nm wavelength, against reagent

blank.

Globulin level: From the serum, globulin level was recorded,
albumin values were subtracted from the total serum protein.

Glucose: For the checking of glucose level in serum, 1000 pL biuret
reagent and 20 pL serum added in Eppendorf. The absorbance
was checked at 520-580 nm wavelength which was proportional to

glucose concentration in the sample.

Table 2: Phytochemical analysis of Lemon plant extract.

Phytochemical constituents Chemical tests Lemon extract

Carbohydrates Benedict’s test -
Proteins Xanthoproteic test
Flavonoids Alkaline reagent test +
Phenolic compounds Lead acetate test +
Tannins Copper acetate test +
Steroids Salkowski’s test +
Terpenoids Salkowski’s test +
Saponins Froth test +
Oils Filter paper
Glycosides Kellerkilliani test +
Phlobatannin Hel Test +
Alkaloids Hager’s test

Key: + =Present, - =Absent
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ALT: Alanine transaminase test (ALT) is also known as serum
glutamate pyruvate transaminase (SGPT). For the determination
of SGPT level in the serum sample, 200 pL substrate and 800 pL
reagent was preheated at 37°C for 5 minutes. Mildly blunt 100 pL
serum sample. At 340 nm wavelength activity was checked within
few seconds.

AST: Aspartate transaminase test is also known as serum glutamate
oxaloacetate transaminase (SGOT). For the checking of SGOT
level in serum, 750 pL of reagent pipetted with 250 pL of substrate
and incubate it for 5 minutes at 37°C. After incubation, 100 pL of
serum sample was added in it. The absorbance was checked at 340
nm within few minutes of sample preparation.

Statistical analysis

Statistical analysis was performed using the analysis of variance
(ANOVA) and Duncan multiple range test. Multiple Range Test
was carried to determine the differences between treatments (mean
at a significance level of p <0.05). All analysis was run on the
computer using the SAS program [56].

RESULTS

The nanoparticles were synthesized in Organic chemistry lab of
Chemistry department of UET and the experimental trail was
conducted in the fish hatchery of Department of Fisheries and
Aquaculture, UVAS, Ravi Campus, Pattoki. Silver nanoparticles
(AgNPs) were prepared from leaf extract of lemon.

Phytochemical analysis

During the present study, the phytochemical analysis of plant
extract (lemon) was done after extract preparation. Phytochemical
components viz. carbohydrates, proteins, flavonoids, phenolic
compounds, tannins, steroids, terpenoids, saponins, oils, glycosides,
phlobatannins and alkaloids were determined in extract (Table 2).
In determined results, carbohydrates, proteins, oils and alkaloids
were absent while flavonoids, phenolic compounds, tannins,
steroids, saponins, glycosides, and phlobatanins were found in the
lemon leaf extract.

Visual observations

The mixture of the metal solution and plant extract were mixed,
and gradually visible color changes were observed. Because of the
reaction of the metal solution with phytochemical contents of each
extract, which convert Ag* to Ag. In other words, silver ions that
are less beneficial than silver nanoparticles converted to nano-sized
particles ranged from 0-100nm. In present studies, Color changes
of silver nanoparticles (Ag NP's) from the extract of lemon (yellow
to brown) were observed and showed (Figure 2).

UV.visible spectroscopy studies

UV-visible spectroscopy is one of the important methods to check
the stability and formation of nanoparticles from the reaction
mixture of plant extract and metal solution. Due to the reduction
of silver ions. In this study, absorbance plotted on Y-axis and
wavelength in nanometers were plotted on X-axis. Figure 3 showed
the formation of nanoparticles from the lemon. A visible broad
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Figure 2: Silver nanoparticles from lemon (Citrus limon).
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Figure 3: Formation of Ag NP’s from lemon (Citrus limon) extract.

peak was observed and displayed its strong peak at around 410-
435nm.

Particles size analysis

The particle size of the sample was detected from particle analyzer
and graphs were plotted between relative frequency (%) and
particle diameter (nm). When Ag NP’s from lemon extract were
prepared their hydrodynamic diameter was 54.13958 nm and
the polydispersity index was 26.90228%. In Figure 4, two peaks
were observed, peak 1 was 61.810126 nm and peak intensity 2 was
4.4635463 nm in diameter.

FTIR studies

The FTIR (Fourier transform infrared spectroscopy) was used to
detect the functional groups that might involve in the formation
of nanoparticles from plant extract and metal solution. Ag
nanoparticles that were prepared from both plant extracts
were subjected to FT-IR and different stretches and bending
peaks were observed, showing different absorption bands. In

Figure 5, four peaks were observed at 3387.437, 2199.437,

J Aquac Res Development, Vol. 11 Iss. 9 No: 604

1629.536 and 1398.441 cm-! from the solution of Ag NP's. Broad
peak on 3387.437 indicates the O-H group (alcohols) and stretches
of N-H group (amines) while, peak on 2195.437 showed variable
stretches of alkyne group (-C-E-). Peaks on 1629.538 and 1398.441

were indicated the variable stretches of alkenes ((C=C-) and strong

stretches of alkyl halides (C-F) (Figure 5).
Growth trial

The healthy and diseased fish were divided into two equal groups.
Healthy fish was designated as control and Treatment #1 whereas
diseased fish was designated as Treatment #2 and Treatment #3.
Ten individuals of fish were selected for each group (healthy and
diseased fish) separately, with three replicates each. Each treatment
specimens were acclimatized and then treatment protocol was
followed as given in materials and methods. All the groups were
given with an artificial feed of 30%. Fish in treatment #1 and #2
were given a bath of AgNP’s (2ppm) on daily basis while treatment
#3 was treated with antibiotic (Oxytetracycline). Their growth
parameters were examined also the physical changes in diseased
and healthy fish were observed for fifteen days. Fishes of treatment
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Figure 5: The FT-IR spectra of Ag NP’s from lemon (Citrus limon).

#2 were cured within 3 days of the trial while treatment 3 which
contained diseased fish and received antibiotics (oxytetracycline)
cured after 4* to 5™ day of experiment trial.

In Table 3, growth parameters of all treatments are given, showing
the significant result (P <0.05). Maximum weight (g), length and
fork length (mm) gain was recorded in T, viz. (6.41 £ 1.35, 27.36 +
1.79 and 26.88 + 1.25), which contained healthy fish and received
both feed and nanoparticles. However, minimum weight (g), length
and fork length (mm) gain was recorded in treatment 3 which
contained diseased fish and received antibiotics, 26.88 + 1.25, 9.86
+ 2.41 and 10.69 * 2.5 respectively.

Similarly, among all the treatments better FCR was observed in
treatment 1 (1.12 + 0.25) and maximum in Treatment 3 (1.97 *
0.11) while excellent condition factor was shown in treatment 3
that was 4.05 = 0.31 and fair in T, that was 2.20 = 0.03 (P <0.05).
Specific growth rate (SGR) was recorded maximum in treatment 1
and minimum in treatment 3. The gradual decrease in SGR was
as the following sequence: Treatment 1> Control> Treatment 2>
Treatment 3 viz. 1.25 + 0.25>1.03 + 0.07>0.99 + 0.14>0.73 £ 0.03
(Table 3).
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Water physicochemical properties

Water physicochemical properties were recorded on daily basis and
their means were showing Table 4, showing significance results (p
<0.05). Maximum temperature (°C) was recorded in the control
group and minimum in treatment 1, 29.74 + 0.03 and 29.09 +
0.85 respectively. Maximum DO (mg/1) was recorded in the control
group (572 + 0.04) and minimum in treatment 2 (5.12 = 0.46).
Higher pH and EC (mScm™) was observed in treatment 2 viz. 7.53
+0.01 and 2218.17 + 226.87 while lower pH was found in treatment
1 (7.19 £ 0.28) and electrical conductivity in treatment 3 (2176.06
+ 201.76). Maximum TDS (mg/1) was recorded in treatment 1 and
minimum in treatment 3, 1146.201 + 126.90 and 1102.35 + 183.16
respectively. However, salinity was remained constant in all the

treatment throughout the experimental period.
Histopathology of fish

Liver and gills samples of both healthy and diseased fish were
observed, and their tissues slides were prepared. In the liver,
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round-shaped hepatocytes were observed in healthy fish, which
were prominent with dark-colored nucleus. No hepatocyte damage
and vacuolization were detected in healthy fish. However, fibrosis
and coagulative necrosis were absent. Regular shaped nuclei were
detected (Figure 6A). While in diseased fish, damaged hepatocytes
were detected with irregular shaped nuclei and vacuolization.
Fibrosis and coagulative necrosis were observed in focal areas.
Blood clots and hemolysis were observed in blood vessels of the

liver (Figure 6B).

Gills of fish have close contact with water and from the water any
pesticide can easily enter the blood stream of fish through their
gills. Gills of healthy fish contained filaments from which the
primary and secondary lamellae arose. One to two thick layers of
cells were detected in primary lamellar epithelium. At the base
of secondary lamellar, chloride cells were visible (Figure 7A). No
recognizable changes were detected in healthy fish from the normal
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one. However, in diseased fish excessive mucus secretions and
upward position of epithelium observed which provide the direct
route to bacteria into bloodstream (Figure 7B).

Serological analysis

Total protein, albumin, globulin, glucose, ALT and AST were
analyzed from serum samples of both, diseased and healthy fish
and showing statistically significant results (p <0.05) given in
Table 5. Total protein was recorded 3.8 + 0.3 mg/dl in healthy
specimens of Labeo rohita while, 2.13 + 0.25 mg/dl in diseased fish.
Albumin level in healthy and diseased fish was recorded 1.31 + 0.02
and 0.76 + 0.05 mg/dl respectively. Level of globulin in diseased
fish was 1.36 + 0.20 mg/dl and 2.48 + 0.28 mg/dl were recorded
in healthy fish. Maximum glucose level was recorded in diseased
fish, 123.69 £ 11.07 mg/dl while the minimum was in healthy fish,
86.43 + 7.64 mg/dl. ALT and AST level were observed minimum

Table 3: Growth parameters of all treatments.

Treatments

Growth Parameters Control Treatment #1 Treatment #2 Treatment #3 Mean

Total Wt. Gain (g) 5.13 + 0.40b 6.41 = 1.35a 4.64 + 0.49b 3.54 +0.20c 493+ 1.18
Total L. gain (mm) 21.01 + 1.97b 27.36 + 1.79a 14.66 + 2.84¢ 9.86 + 2.41d 18.22 + 7.61
Total FL. Gain (mm) 19.98 + 0.98b 26.88 £ 1.25a 12.99 £0.27¢ 10.69 + 2.5¢ 17.63 +1.32
FCR 1.36 + 0.11¢c 1.12 £ 0.25bc 1.51 £ 0.16b 1.97 £ 0.11a 1.49 £ 0.35
CF 2.99 £0.27¢ 2.20 £ 0.03bc 3.01 £ 0.02b 4.05 £ 0.31a 3.06 £0.75
SGR 1.03 £0.07a 1.25 £ 0.25a 0.99 £ 0.14bc 0.73 £0.03¢ 1.00 £ 0.21

Means with same letters in a single column are statistically similar at P<0.05.

*Total wt. Gain: Total Weight Gain; Total L. Gain: Total Length Gain; Total FL. Gain: Total Fork Length Gain; FCR: Feed Conversion Ratio; CF:

Condition Factor; SGR: Specific Growth Rate.

Table 4: Physico-chemical parameters of water recorded during experiment.

Treatments
Parameters

Control Treatment #1 Treatment #2 Treatment #3 Treatment #4
Temperature (°C) 29.74 + 0.03a 29.09 £ 0.85a 29.13 £ 0.95a 29.12 £0.75a 29.27 + 0.31a
DO (mg/1) 5.72 £ 0.04a 5.38 £0.96a 5.12 £ 0.46a 5.34 £0.12a 5.39 £0.24a
Ph 7.36 £ 0.03a 7.19 + 0.28a 7.53 £0.01a 7.48 £0.12a 7.39 £0.15a
EC (mScm-1) 2198.28 + 148.37a 2214.84 £ 247.02a 2218.17 + 226.87a 2176.06 + 201.76a 2201 + 19.07a
TDS (mg/1) 1126.50 + 134.62a 1146.20 + 126.90a 1118.72 + 118.02a 1102.35 + 183.16a 1123.44 + 18.20a
Salinity(mg/1) 1.00 + 0.00a 1.00 £ 0.00a 1.00 + 0.00a 1.00 + 0.00a 1.00 + 0.00a

Means with same letters in a single column are statistically similar at P <0.05.
*DO: Dissolved Oxygen; EC: Electrical Conductivity; TDS: Total Dissolved Solvents.

e
-
N

I
S

Figure 6: Histopathology of liver tissues of healthy fish (A) and diseased fish (B).
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Figure 7: Histological section of healthy gill (C) and of the disease gill (D) (H &E, Gill arches).

Table 5: Serological analysis of both diseased and healthy fish showing
statistically significant results.

Serum Parameters Fish
Healthy Diseased

Total Protein (mg/dl) 3.8+0.3a 2.13 +0.25b
Albumin (mg/dl) 1.31 £ 0.02a 0.76 + 0.05b
Globulin (mg/dl) 2.48 +0.28a 1.36 + 0.20b
Glucose (mg/dl) 86.43 + 7.64b 123.69 + 11.07a
ALT (IU/L) 18.09 £ 1.67b 32.36 +2.11a
AST (IU/L) 36.17 + 1.51b 79.39 + 2.42a

Means with same letters in a single column are statistically similar at
P<0.05

ALT: Alanine Transaminase and AST: Aspartate Transaminase

in healthy fish and maximum in diseased fish viz. 18.09 + 1.67,
36.17 £ 1.51,32.36 + 2.11 and 79.39 + 2.42 IU/L).

DISCUSSION

The synthesis of silver nanoparticles (AgNP’s) from lemon plant
extract is linked to the green synthesis of nanoparticles. The aim
of the present research work was to synthesize nanoparticles from
natural components that were extracted from lemon plant leaves
in the form of their extract and check their efficacy against fish
disease management. Phytochemical components are the type of
components, which includes carbohydrates, phenolic compounds,
proteins, flavonoids, phyobatonnins, alkaloids, tannins, glycosides,
oils, saponins, steroids, and terpenoids [57,58]. Phytochemical
analysis conducted on prepared extract and different components
were observed in both. The extract contained flavonoids, steroids,
terpenoids, and saponins. Singh et al. [59] found flavonoids,
glycosides, oils, proteins and steroids in H. coronarium, and H.
rubrum plants. Edeoga et al. [60] also found flavonoids and saponins
in Nigerian plants. Synthesized nanoparticles were examined for
change in color from yellow to brown in the present study. Light
yellow or green to brown color was also observed in silver nano
synthesis from phlomis leaves extract, eucalyptus, mango, papaya,
banana, aloe vera and C. spinose [61-64]. Peaks under UV-is
spectroscopy were observed in the range of 400-450 nm [65,66].
From this analysis broad peak was observed at around 410-435.
Benakashani et al. and Vigneshwaram et al. observed peak at 420
nm, while Allafchian et al. observed on 440 nm and Medda et al.
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observed at 400 nm [67-70]. The FT-IR studies during the present
research trail showing many peaks on different absorption bands.
Allafchian et al. recorded 9 peaks in Phlomis plant extract showing
the involvement of nine functional groups in its synthesis [71].
Growth parameters were recorded during the experiment and the
results of the present study and significant results were recorded.
Maximum weight (g), length and fork length (mm) were recorded
in Treatment 1 viz. 30.79 + 1.10, 50 + 1.00 and 46 + 1.52. Yin et
al. recoded maximum wet weight in group 1 which received 0.5%
guava in their feed while Giri et al. recorded the average weight gain
of Labeo rohita in group 2 which contained 1% guava leaves in feed.
Yildirim et al. observed better growth results in the groups which
received enzyme in addition to feeding than the groups that only
received the feed. The results of Khalil et al. also correlates with
them. The feed conversion ratio was better recorded in treatment
1 and maximum in treatment 3 viz. 1 0.97 + 0.50 and 1.44 + 0.10.
Khalil et al. recorded 1.21 + 0.01 FCR in their research trail. FCR
values reported by Azimuddin et al., 1.73-2.04 and Ahmed et al.
for three months of the experiment. SGR was ranged from 2.09
+ 0.015 (treatment 3) to 2.65 * 0.010 (treatment 1). Yildirim et
al. recorded maximum SGR in the treatment which received more
enzymes, so as compare to others, better FCR and SGR recorded
in this trail. All the water quality parameters or physico-chemical
parameters such as temperature, dissolved oxygen (DO), pH
and electrical conductivity were continuously measured on daily
basis throughout the study period. The results of our study are in
agreement with Wahab et al., Kohinoor et al. and Dewan et al.
where they reported the temperature range from 24°C to 34°C
for optimum growth. Azad et al. reported DO variation from 4.1
to 8.9 mg/L which is larger than variation found in our study. It
was also reported that pH values between 6.5 and 9.0 is optimum
for polyculture pond [72,73] and our values of pH are within that
optimum range. For histopathology, liver and gills samples of both
healthy and diseased fish were observed and their tissues slides
were prepared. In healthy liver, round-shaped hepatocytes were
observed, which were prominent with dark colored nucleus. No
hepatocyte damage and vacuolization were detected in healthy
fish. Regular shaped nuclei were detected. While in diseased fish,
damaged hepatocytes were detected with irregular shaped nuclei
and vacuolization. Fibrosis and coagulative necrosis were observed
in focal areas. Blood clots and hemolysis were observed in blood
vessels of the liver. Similar results of histopathology were recorded
by Kumar et al. in liver, kidney and intestine of Labeo rohita. In
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the present study, gills of healthy fish contained filaments from
which primary and secondary lamellae arose. One to two thick
layers of cells were detected in primary lamellar epithelium. At the
base of secondary lamellar, chloride cells were visible. However, in
diseased fish, excessive mucus secretions and upward position of
epithelium observed which provide the direct route to bacteria into
blood stream. Patnaik et al. studied the organs of Cyprinus carpio
and observed vacuolization and fusion in gills of fish due to the
accumulation of lead [74]. Different tests of serum were done to
check the difference between normal or healthy fish from diseased
fish. Total protein level was observed maximum in healthy fish (3.8
+ 0.3 mg/dl) and minimum in diseased fish (2.13 + 0.25 mg/dl) as
they indicated that due to disease protein contents automatically
became low. Same as albumin and globulin level was also high
in healthy fish and low in diseased fish. Kumar et al. recorded
maximum total protein in treatment 3, which received non-
gelatinized starch, crude protein and amylase enzyme in the specific
ratio. However, they recorded albumin and globulin in treatment
1 viz. 1.13 £ 0.13 and 1.76 + 0.42 mg/dl Tiwari et al. recorded
2.73 g/dl total protein in healthy fish and 2.30 g/dl in fish after
disease [75]. They also observed low albumin and globulin level
in diseased fish. Maximum glucose level was recorded in diseased
fish, 123.69 + 11.07 mg/dl while the minimum was in healthy fish,
86.43 + 7.64 mg/dl with the mean value of 105.06 + 26.34 mg/dl
and the results correlated with the results of Tiwari and Pandey.
ALT (Alanine aminotransferase) level was recorded maximum in
diseased fish (32.36 + 2.11 IU/L) as we knew that ALT present
in liver and entered to blood due to liver damage or any injury so
its level raised in blood from the normal range. AST (Aspartate
transaminase) level was recorded maximum in diseased fish (79.39
+2.42 IU/L) and its low level was recorded in healthy fish. Tiwari
et al. recorded maximum AST in healthy fish and minimum in
diseased fish as in the recent research their results matched. But
they recorded maximum AST (150.4 IU/L) in healthy fish and
minimum in diseased fish (96.6 IU/L).

CONCLUSION

This study deployed the use of green synthesis of silver nanoparticles
from lemon leave extract, which have potent biomedical applications
to cure diseased fish (Labeo rohita) from abdominal dropsy. Our
study concluded that green synthesized silver nanoparticles
helped to cure bacterial disease (abdominal dropsy) immediately
as compared to antibiotics. Silver nanoparticles resulted to better
hematological and growth rate of the fish during this experiment.
Moreover, it has been revealed that the use of nanoparticles from
lemon leaves extract are not only cheap and renewable but also act
as reducing agent which convert the toxic effects of silver metal
solution to beneficial and disease curing. It was observed that the
overall effect was enhanced by the use of silver nanoparticles from
lemon leaves extract due to probably their essential oil components
and synergetic effect, however further studies are imperative.

ACKNOWLEDGMENT

The authors are thankful to the Department of Fisheries &
Aquaculture, University of Veterinary and Animal Sciences, La-
hore, Pakistan for providing ponds and lab facilities to conduct
this trial.

J Aquac Res Development, Vol. 11 Iss. 9 No: 604

OPEN 8ACCESS Freely available online

REFERENCES

1. Edwards P, Demaine H. Rural Aquaculture: Overview and framework
for country reviews. RAP Publication. 1997; 61.

2. Paniagua C, Octavio JA, German NJ. Pathogenicity factors and
virulence for rainbow trout (Salmo gairdneri) of motile Aeromonas spp.

isolated from a river. ] Clin Micro. 1990; 28: 350-355.

3. Rahman MM, Ferdowsy H, Kashem MA, Foysal M]. Tail and Fin Rot
Disease of Indian Major Carp and Climbing Perch in Bangladesh. ]
Biol Sci. 2010; 10: 800-804.

4. Araoju RM, Arribas RM, Pares R. Distribution of Aeromonas species in
waters with different level of pollution. ] App Bact. 1991; 71: 182-186.

5. McMahon MA, Wilson IG. The occurrence of enteric pathogens and
Aeromonas species in organic vegetables. International Journal of Food

Microbiology. 2001; 70: 155-162.

6. Anon. Final report of the Joint Government/Industry Working Group
on Infectious Salmon Anaemia (ISA) in Scotland. Scottish Executive.
135. Aquaculture - A description based on antibiotic prescription
data for the ten-year period 1991 to 2000. Dis Aqu Org. 2000; 53:
115- 125.

7. Pike AW, Wadsworth SL. Sea lice on salmonids: their biology and
control. Adv Parasitology. 2000; 44: 233-337.

8. Uddin N, Al-Harbi AH. Bacterial flora of polycultured common carp
(Cyprinus carpio) and African catfish (Clarias gariepinus). Int Aqua Res.
2012; 4: 10.

9. Akinbowale OL, Peng H, Barton MD. Antimicrobial resistance in
bacteria isolated from aquaculture sources in Australia. ] App Micro.

2006; 100: 1103-1113.

10. Alderman DJ, Hastings TS. Antibiotic use in aquaculture: development
of antibiotic resistance - potential for consumer health risks. JFST

1998; 33: 139-155.

11. Lillehaug A, Lunestad BT, Grave KM. Epidemiology of bacterial
diseases in Norwegian aquaculture - A description based on antibiotic
prescription data for the ten-year period 1991 to 2000. Dis Aqu Org.
2003; 53: 115-125.

12. WHO (World Health Organization). Use of Antimicrobials outside
Human Medicine and Resultant Antimicrobial Resistance in Humans.

Fact Sheet Number. 2002; 268: 2.

13. Belem-Costa A, Cyrino JE. Antibiotic resistance of Aeromonas
hydrophila isolated from Piaractus mesopotamicus (Holmberg, 1887)
and Oreochromis niloticus (Linnaeus, 1758). Scientia Agricola. 2006; 63:
281-284.

14. Alcaide A, Blasco MD, Esteve C. Occurrence of drug-resistant bacteria
in two European eel farms. App Env Micro. 2005; 71: 3348-3350.

15. Chelossi E, Vezzulli L, Milano A, Branzoni M, Fabiano M, Riccardi G,
et al. Antibiotic resistance of benthic bacteria in fish farm and control

sediments of Western Mediterranean. Aqua. 2003; 219: 83-97.
16. Ho SP, Hsu TY, Chen MH, WANG WS. Anti- bacterial effects of

chloramphenicol, thiamphenicol and florfenicol against aquatic
animal bacteria. Journal of Veterinary Medical Science. 2000; 62:

479-485.
17. Petersen A, Guardabassi L, Dalsgaard A, Olsen JE. Class I. Class 1

integrons containing a dhfrl trimethoprim resistance gene cassette in

aquatic Acinetobacter spp. FEMS Micro Letters, 2000; 182: 73-76.
18. Rhodes G, Huys G, Swings ], Mcgann P, Hiney M, Smith P, et al.

Distribution of oxytetracycline resistance plasmids between Aeromonads
in hospitals and aquaculture environments: implication of Tn1721 in
dissemination of the tetracycline resistance determinant Tet A. App

Env Micro. 2000; 66: 3883-3890.



Khalil M, et al.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Sorum H. Mobile drug resistance genes among fish bacteria. APMIS.
1998; 106, 74-76.

Sorum H. Antibiotic resistance in aquaculture. Acta Vet Scandinavica,

Suppl. 1999; 92: 29-36.

Tendencia EA, De La, Pena LD. Antibiotic resistant bacteria from
shrimp ponds. Aqua. 2001; 195: 193-204.

Smith P, Hiney M, Samuelson O. Bacterial resistance to antimicrobial
agents used in fish farming: a critical evaluation of method and

meaning. Ann Rev Fis Dis. 1994; 4: 273-313.

Das BK, Samal SK, Samantaray BR, Sethi S, Pattnaik P, Mishra BK,
et al. Antagonistic activity of cellular components of Pseudomonas
species against Aeromonas hydrophila. Aquaculture. 2006; 253: 17-24.

Dauncan DB. Multiple range and multiple (F) tests. Biometrics, 1995;
11: 1-2.

The Royal Society and Royal Academy of Engineering. Nanoscience
and nanotechnologies: opportunities and uncertainties; London, UK.

2004.

Bogunia-Kubik K, Sugisaka biology to
nanotechnology and nanomedicine. BioSystems, 2002; 65: 123-138.

M. From molecular

Daniel MC, Astrucm D. Gold nanoparticles: Assembly, supramolecular
chemistry, quantum-size-related properties, and applications toward
biology, catalysis, and nanotechnology. ] Chem Rev. 2004; 104: 293-
346.

Daniel SC, Sironmani TA, Dinakaran S. Nano formulations as
curative and protective agent for fish diseases: Studies on red spot and
white spot diseases of ornamental goldfish, Carassius auratus. Int J Fish

Aqu Studies. 2016; 4: 255-261.
Gowramma B, Keerthi U, Rafi M, Rao DM. Biogenic silver

nanoparticles production and characterization from native stain of
Corynebacterium species and its antimicrobial activity. Biotechnology.

2015; 5: 195-201.

Makarove VV, Love A], Sinitsyna OV. Green nanotechnologies:
Synthesis of metal nanoparticles using plants. Acta Nat. 2014; 6: 35-
44.

Kale A, Bao Y, Zhou Z, Prevelige PE, Gupta A. Directed self-assembly
of CdS quantum dots on bacteriophage P22 coat protein templates.
Nanotechnology. 2013; 24: 045603.

Khan AA, Fox EK, Gorzny ML. pH control of the electrostatic
binding of gold and iron oxide nanoparticles to tobacco mosaic virus.

Langmuir. 2013; 29: 2094-2098.

Huang J, Li Q, Sun D, Lu Y, Su Y, Yang X, et al. Biosynthesis of silver
and gold nanoparticles by novel sundried Cinnamomum camphora leaf.

Nanotechnology. 2007; 18: 1-11.
Huang Y, Li X, Liao Z, Zhang G, Liu Q, Tang J, et al. A randomized

comparative trial between Acticoat and SD-Ag in the treatment of
residual burn wounds including safety analysis. ] Int Society Burn Inj.

2007; 33, 161-166.
Mondal NK, Chowdhury A, Dey U, Mukhopadhya P, Chatterjee S,

Das K| et al. Green synthesis of silver nanoparticles and its application

for mosquito control. Asian Pacific ] Tro Dis. 2014; 4: S204-S210.
Sukirtha R, Priyanka KM, Antony JJ, Kamalakkannan S, Thangam

R, Gunasekaran P. Cytotoxic effect of green synthesized silver
nanoparticles using Melia azedarach against in vitro HeLa cell lines and
lymphoma mice model. Pro Biochem. 2012; 47: 273-279.

Vahabi K, Mansoori G, Karimi V. Biosynthesis of silver nanoparticles
by fungus Trichoderma reesei. In Sciences J. 2011; 1: 65-79.

Narayanan KB, Sakthivel N. Biological synthesis of metal nanoparticles
by microbes. Adv Coll Inter Sci. 2010; 156: 1-13.

J Aquac Res Development, Vol. 11 Iss. 9 No: 604

39.

40.

41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

51.

OPEN 8ACCESS Freely available online

Nowak BF. Qualitative evaluation of risk factors for Amoebic Gill
Disease in Atlantic salmon. In: Proceedings of the OIE International
Conference on Risk Analysis in Aquatic Animal Health, (Ed: C.J.
Rodgers). 2001; 148-155.

Geetha N, Geetha TS, Manonmani P. Green Synthesis of silver
nanoparticles using Cymbopogan Citratus (Dc) Stapf. Extract and its
antibacterial activity. Australian ] Basic App Sci. 2014; 8: 324-331.

Sotiriou GA, Pratsinis SE. Antimicrobial activity of silver, nanosilver

ions and particles. Envi Sci Tech. 2010; 44: 5649-5654.

Sterud E, Simolin P, Kvellestad A. Infection by Parvicapsula sp.
(Myxozoa) is associated with mortality in sea-caged Atlantic salmon
Salmo salar in northern Norway. Dis Aqu Org.. 2003; 54, 259-263.

Vaseeharan B, Ramasamy P, Chen JC. Antibacterial activity of
silver nanoparticles (AgNps) synthesized by tea leaf extracts against
pathogenic Vibrio harveyi and its protective efficacy on juvenile
Feneropenaeus indicus. Letters in Applied Microbiology. 2010; 50:
352-356.

Sheny DS, Mathew T, Philip D. Phytosynthesis of Au, Ag and Au-
Ag bimetallic nanoparticles using aqueous extract and dried leaf of
Anacardium occidentale. Spectrochimica. Acta A, Part A, Molecular and
biomolecular Scpectroscopy. 2011; 79: 254-262.

Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis of Au, Ag,
and bimetallic Au core Ag shell nanoparticles using Neem (Azadirachta

indica) leaf broth. ] Coll Int Sci. 2004; 275: 496-502.

Mondal S, Roy N, Laskar RA, Sak [, Basu S, Mandal D, et al. Biogenic
synthesis of Ag, Au and bimetallic Au/Ag alloy nanoparticles using
aqueous extract of mahogany (Swietenia mahogani JACQ) leaves.

Colloids and Surfaces, Bio Interfaces. 2011; 82: 497-504.

Jacob ], Mukherjee T, Kapoor SA. A simple approach for facile
synthesis of Ag, anisotropic Au and bimetallic (Ag/Au) nanoparticles
using cruciferous vegetable extracts. Mat Sci Eng. 2012; 32: 1827-1834.

Satyavani K, Ramanathan T, Gurudeeban S. Green synthesis of silver
nanoparticles using stem dried callus extract of bitter apple (Citrullus

colocynthis). Dig ] Nano Bio. 2011; 6: 1019-1024.
Poinern GE, Shah M, Chapman P. Green biosynthesis of silver

nano-cubes using the leaf extracts from Eucalyptus macrocarpa. Nano

Bulletin. 2013; 2: 1-7.

Philip D. Mangifera indica leaf-assisted biosynthesis of well-dispersed
silver nanoparticles. Spectrochimica Acta, Part A: Mol Biomol Spect.

2011; 78: 327-331.

Vilchis-Nestor AR, SanchezMendieta V, Camacho-Lépez MA, Gémez-
Espinosa RM, Camacho-Lopez MA, Arenas-Alatorre JA. Solvent less
synthesis and optical properties of Au and Ag nanoparticles using

Camellia sinensis extract. Mat Lett. 2008; 62: 3103-3105.

Mittal AK, Kaler A, Banerjee UC. Free radical scavenging and
antioxidant activity of silver nanoparticles synthesized from flower
extract of Rhododendron dauricum. NanoBiomed Eng. 2012; 4: 118-124.

Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M.
Synthesis of gold nanotriangles and silver nanoparticles using Aloe vera

plant extract. Biotech Pro. 2008; 22: 577-583.
AshaRani PV, Low Kah Mun G, Hande MP, Valiyaveettil S. Cytotoxicity

and genotoxicity of silver nanoparticles in human cells. ACS Nano.

2009; 3: 279-290.

Roberts R]. Nutritional pathology of teleosts. In: Roberts R], editor.
Fish Pathology. London: Bailliere Tindall, UK. 1989; 337-362.

SAS. Statistical analysis system. User’s guide: statistics. North Carolina:
SAS institute cary. 2005.

Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical constituents of
some Nigerian medicinal plants. African ] Biotech. 2005; 4: 685-688.

10



Khalil M, et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

61.

Singh KL, Bag GC. Phytochemical analysis and determination of total
phenolics content in water extracts of three species of Hedychium. Intl

] PharmTech Res. 2013; 5: 1516-1521.
Allafchian AR, Mirahmadi-Zare SZ, Jalali SA, Hashemi SS, Vahabi

MR. Green synthesis of silver nanoparticles using phlomis leaf extract
and investigation of their antibacterial activity. Journal of Nano Chem.

2016; 6: 129-135.

Mahanty A, Mishra S, Bosu R, Maurya UK, Netam SP, Sarkar B.
Phytoextracts-Synthesized Silver Nanoparticles Inhibit Bacterial Fish
Pathogen Aeromonas hydrophila. Indian Journal of Microbiology. 2013;
53: 438-446.

Medda S, Hajra A, Dey U, Bose P, Mondal NK. Biosynthesis of silver
nanoparticles from Aloe vera leaf extract and antifungal activity against

Rhizopus sp. and Aspergillus sp. App Nano. 2015; 5: 875-880.

Mishra A, Tripathy SK, Yun S. Fungus mediated synthesis of gold
nanoparticles and their conjugation with genomic DNA isolated
from Escherichia coli and Staphylococcus aureus. Pro Biochem. 2012; 47:

701-711.
Benakashani F, Allafchian AR, Jalali SA. Biosynthesis of silver

nanoparticles using Capparis spinosa L. leaf ‘extract and their

antibacterial activity. Karbala Int ] Modern Sci. 2016; 2: 251-258.

Vigneshwaran N, Nachane RP, Balasubramanya RH, Varadarajan PV.
A novel one-pot green synthesis of stable silver nanoparticles using

soluble starch. Carbohydrate Research. 2006; 341: 2012-2018.
Yin XL, Li ZJ, Yang K, Lin HZ, Guo ZX. Effect of guava leaves on

growth and the non-specific immune response of Penaeus monodon. Fis

Shellfish Imm. 40: 190-196.

Yildirim YA, Funda T. Effect of exogenous enzyme supplementation
in diets on growth and feed utilization in African catfish, Clarias

gariepinus. ] Ani Vet Adv. 2010; 9: 327-331.

Khalil M, Azmat H, Khan N, Javid A, Hussain A, Hussain SM, et
al. Growth Responses of Striped Catfish Pangasianodon hypophthalmus

J Aquac Res Development, Vol. 11 Iss. 9 No: 604

68.

69.

70.

71

72.

73.

4.

75.

OPEN 8ACCESS Freely available online

(Sauvage, 1878) to Exogenous Enzyme Added Feed. Pak ] Zool. 2018;
50: 685-669.

Azimuddin KM. Effect on stocking density on the growth of Thai
pangus, Pangasius sutchi (Folwer) in net cage by using formulated diet.

J fish res. 1999; 3: 173-180.
Wahab MA, Ahmed ZF, Islam MA, Haq MS, Rahmatullah SM. Effect

of introduction of common carp, Cyprinus carpio (L), of the pond
ecology and growth of fish in polyculture. Aqua Res. 1995; 26: 619-
628.

Dewan D, Wahab MA, Beveridge MC, Rahman MH, Sarkar BK, et
al. Food selection, electivity and dietary overlap among planktivorous
Chinese and Indian major carps fry and fingerlings grown in
extensively managed, rain fed ponds in Bangladesh. Aquaculture Fish

Management. 22: 277-294.

Kohinoor AH, Islam ML, Wahab MA, Thilsted SH. Effect of mola
(Amblypharyngodon mola Ham) on the growth and production of Carps
in polyculture. Bangladesh Journal of Fish Research. 1998; 2: 119-126.

Azad MA, Rahman MR, Rahman Z. Polyculture of carp, tilapia and
pangas using low cost inputs. Pakistan Journal of Biological Sciences.

2004; 7: 1918-1926.

Kumar S, Sahu NP, Pal AK, Choudhury D, Yengkokpam S, Mukherjee
SC. Effect of carbohydrate on haematology, respiratory burst activity

and histological changes in L. rohita juveniles. Fis shellfis Imm. 2005;
19: 331-334.

Patnaik BB, Howrelia H, Mathews T, Selvanayagam M. Histopathology
of gill, liver, muscle and brain of Cyprinus carpio communis L. exposed
to sublethal concentration of lead and cadmium. African ] Biotech.

2011; 10: 12218-1222.

Tiwari CB, Pandey VS. Studies of hematology and histology in Labeo
rohita infected with cutaneous columnaris disease. Rec Zoological Sur

India. 2014; 114: 151-157.

11



	Titel
	Corresponding Author
	ABSTRACT
	Keywords
	INTRODUCTION 
	MATERIALS AND METHODS 
	Experimental design and sampling 
	Detection of carbohydrates:  
	Detection of proteins:  
	Detection of flavonoids 
	Detection of phenols 
	Detection of tannins 
	Test for steroids and terpenoids 
	Detection of saponins 
	Detection of glycosides 
	Detection of alkaloids 
	Synthesis of nanoparticles 
	Characterization of silver nanoparticles 
	Growth trial 
	Water physicochemical properties 
	Feeding
	Histopathological examination 
	Serological analysis 
	Statistical analysis 

	RESULTS 
	Phytochemical analysis 
	Visual observations 
	UV-visible spectroscopy studies 
	Particles size analysis 
	FT-IR studies 
	Growth trial 
	Water physicochemical properties 
	Histopathology of fish 
	Serological analysis 

	DISCUSSION 
	CONCLUSION 
	ACKNOWLEDGMENT 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	REFERENCES 

