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Abstract
Seaweeds are potential renewable resources in the aquatic environment. The present study was made to
evaluate the in�uence of seaweed Padina boergesenii incorporated with basal diet in different
concentrations. The Phyto-constituents of the seaweeds were characterized by Gas Chromatography
Mass Spectrometry. Diets were formulated to include seaweed meal at elevated levels from 0.5%, 2.5%,
4.5% and 6.5%. The C. mrigala fed with P.boergesenii incorporated with basal diet for a period of 45 days.
The Growth parameters (weight gain, Speci�c growth rate) and biochemical constituents were observed
signi�cantly. The fraction of extracts showed effective inhibitory activity against Pseudomonas
aeruginosa. Hence, this study suggests that extracts of seaweed P. boergesenii, contain potential
bioactive compounds with considerable antibiotic activity.

Introduction
Aquaculture is the antiquated form of husbandry. Aquaculture is the cultivating aquatic organisms in
marine, brackish water and freshwater zones and they involving interventions in the rearing process to
augment the production (NOAA 2018). Aquaculture �sh production has enlarged especially over the past
few epochs, which has led to intensive �sh culture performs. In recent years, aquaculture has become a
progressively important part of the world economy. Aquaculture now occupies half of the world's aqua
food productions, capture �sh 170.9 million tons/year in 2016 (FAO 2018). Aquaculture and �sheries are
the sources of nourishment and protein. Worldwide nearly 3 billion people receive 20 % of their daily
animal protein intake from aqua food and �sh and their byproducts (Deivasigamani et al., 2016).

The aquaculture of �sh or other aquatic organisms have any illness or any pathogen infection treat to
commercially available antibiotics has been applied for many years. The manifestation of antibiotic -
antagonistic bacteria and other organisms accompanying by way of �sh diseases is a worldwide threat
in aquaculture, which has received signi�cant attention in the last few years and continues to increase
antibiotic-resistant organisms. Infectious diseases are major problems in the �eld they cause direct
losses of biomass and productivity as well as indirectly affect trade restrictions. The aquaculture animals
are incapacitated by various pathogenic-microorganisms and hosts. (Sharifuzzaman et al., 2014). Hence
aquatic organisms as a potential and promising source of pharmaceutical agents have increased during
the last years (Mayer et al., 1999).

Since ancient times, a macroscopic marine alga has closely associated with human life and has been
exhaustively used in numerous ways a source of food feed, fertilizer and medicine. Seaweeds are
aborigine non-blossoming plant lacking root, stalk and leaves. Seaweed grows extensively in shallow
marine water and estuaries. The marine Macroalage are usually attached to the bottom or other solid
structures with a help of “holdfasts”. Algae yield a range of valuable natural metabolites that used in the
arena of pharmaceuticals and food industry. Currently, the various bioactive complexes such as linoleic
acid, Stearic acid, oleic acid, fucoxanthin, fucophlorethol, loliolide, and deschloroelatol are identi�ed using
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seaweed. Seaweeds are signi�cant sources of marine environment they having various biological
activities (Bouhlal et al., 2011).

Seaweeds contain more than 60 trace elements, compared to terrestrial plants (Soad et al., 2016). Many
bioactive compounds isolated from marine macro algae, they are sulphated polysaccharides, peptides,
sterols, brominates, aromatics, nitrogen-heterocyclic, nitrosulphuric heterocyclic, dibutanoids, proteins,
Alkaloids, �avonoids, pigments terpenoids, starch, and oil fatty acid these compounds having the ability
to promote growth, body biochemical constituents in �sh and they also help to improve the immunity,
antibacterial activity, and anti-stress (Citrasu 2010). Seaweeds contain several immunologically active
substances, mainly polysaccharides can modify the activity of some components of the immune system
and increase protection against certain diseases. Carrageenan and sodium alginate a polysaccharide
abundant in certain red seaweeds induced an increase in macrophage phagocytic activity and in the
resistance against bacterial infections.

Plant based proteins have comparatively low price and easily available resources. Anti-nourishment
factors (e.g. phytoestrogens protease inhibitors, lectins and phytic acid) and scantling or asymmetry in
their vital amino acid melange may compromise growth and health of farmed aquatic species (Mansour
Zeynali et al., 2020). Recent experiments pointed out that seaweeds are showing stimulatory effects on
the nonspeci�c immune system of human and animals thus they have attracted the attention of many
researchers to use seaweeds as an immunostimulants to improve the health and prevent disease
outbreak in animals thereby reduce the use of antibiotics and chemotherapeutics. Using this
immunostimulants boost the immune systems and effective against a number of opportunistic and
secondary pathogens (Felix et al., 2004). Though, they are the potential source of many commercial and
therapeutic sectors, the immense impacts seaweeds are still unaware. In respect of the above factors, the
present study was subjected to assess the Phyto - compounds and biological activity of selected
seaweed.

Materials And Methods
Experimental animals

The freshwater �sh irrhinus mrigala (Hamilton 1982) were obtained from Tamil Nadu Fisheries
Development Corporation, Bhavani Sagar Dam- Erode Tamil Nadu. About 500 �shes were maintained in
the laboratory conditions in a cement tank (1000 L) �lled with water (temperature 26.5± 1.430C; pH 7.8 ±
1.20; R. Chloride 0.1 ± 0.25 mg/l; DO2 6.5 ± 0.13mg/L; BOD 13 ± 1.53 mg/l; COD 65 ± 5.30 mg/l) for
15days before commencement of the experiments. During the acclimatization, �shes were fed with rice
bran. 80% of water was renewed every day to maintain healthy environment.

Collection and identi�cation of seaweeds

The fresh, well-grown species of algae collected from the coastal area of along the Mandapam,
Rameshwaram (079° 20ELong:09° N Lat) regions, South-east coast of India during June 2018.



Page 4/24

Immediately after collection it was thoroughly washed and cleaned with seawater and then freshwater
followed by distilled water to remove all holdfasts epiphytes, sand calcareous and other adhering detritus
material. The water drained off from thallus and they were spread on blotting paper to remove the excess
water. Seaweeds were identi�ed as Padina boergesenii with the help of Botanical Survey of India,
southern regional center, Coimbatore. The collected samples were air-dried and ground into �ne powder
according to the method of Gonzalez et al., 2001 and Cho et al., (1999).

Preparation of extract and GC-MS analysis

The powdered material subjected to the soxhlet apparatus were successively extracted using methanol.
The Phytochemical constituents of the seaweed sample were analyzed using a Perkin Elmer Clarus
Series gas chromatographic system with a capillary column. Identi�cation of products was made by
comparison of retention time and fragmentation pattern with known reference complexes as well as with
mass spectra in the library search results kept in the software (Turbo. Mass. ver 5.42). The GC-MS results
were compared with the standard compounds in the library.

Preliminary Phyto-Chemical tests.

The extracted sample were analyzed to determine the presence of different Phyto-compounds (Batool et
al., 2019).

Collection of bacterial strain

The P. aeruginosa - bacterial strain was obtained from PSG Institute of Medical Sciences and Research,
Coimbatore, Tamil Nadu. Subculture of this bacterium was made on Pseudomonas broth and maintained
at 28oC for 24hrs.

Antibacterial susceptibility testing by Kirby-Bauer method.

Antimicrobial susceptibility testing was performed by the disc diffusion method using Muller Hinton agar
plate (HI Media Laboratories, Mumbai, India, MV1084), according to the Clinical and Laboratory
Standards Institute guidelines. The commercially available antibiotic disc (Rifampicin (2 μg/disc),
Vanomycin30μg/disc, Nor�oxacin (10 μg/disc), Ceftriaxone (10 μg/disc), Levo�oxacin (2 μg/disc),
Cefoxitin (30μg/disc), Gati�oxacin (30μg/disc), Oxacillin (30 μg/disc), Methicillin (10 μg/disc), Nalidixic
acid (10 μg/disc) and Neomycin (30 μg/disc) were used to check the multi-drug resistant (MDR) pattern
against the P.aeruginosa.The zone of inhibition measured using HI media antibiotic scale and compared
with zone interpretative Chart Bauer et al., 1996.

Antibacterial assays – well diffusion method

Antibacterial activity was evaluated by well diffusion method. Using Muller Hinton agar (pH 7.4). The
sterilized media was poured into sterile Petri dishes each plate contains 15 to 20ml of media and then
allowed solidify. Prepared sterile cotton swab was used to spread the (P. aeruginosa) pathogens and left
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for a few minutes. In these plates made 8 mm diameter wells using cork borer. 30 µl of the algal extract
was poured into the each well and Milliq water was used as Control. The loaded plates were incubated at
370C for 24hr. After incubation clear inhibition zone was formed around the wells this indicated presence
of antimicrobial activity and the zone was measured in mm (Cholaraj et al., 2020).

Feed preparation

Diets were prepared with commercially available feed ingredients, such as Fishmeal and soybean meal
were used as protein sources. Rice bran, groundnut oil cake, wheat �our, Tapioca �our was used as
carbohydrate sources. Cod liver oil was used as lipid source and egg albumin was used as binding
agents were also added vitamins and mineral mixture.

The dough mixer was prepared and cooked in a closed aluminum container at 1050C for 20 min followed
by cooling at room temperature. Subsequently, the 0.5%, 2.5%, 4.5% and 6.5% seaweed powder was
added individually, Cod liver oil, vitamins and egg albumin were added and thoroughly mixed until the
stiff dough was obtained. The dough was pelletized by an indigenous hand pelletizer with a mesh size of
0.1 mm diameter (pigeon manufactures, Kolkata, India) and was cut into 3.0 ± 0.97 mm-sized pieces. The
pellets were dried at room temperature (270C) until constant weight was reached. The prepared feed was
stored individually in airtight plastic containers at -200C until used for the feeding trials Table 6.

Experiment trial

 After the acclimatization the �sh were divided into triplicates of �ve groups, each group contains 20 �sh.
T1 to T4 experimental diets were fed with P.boergesenii extract mixture at (0.5%, 2.5%, 4.5% and 6.5%),
with basal diet and the Control group (T) was devoid of the seaweed extract (Rama Nisha et al., 2014,
Sebahattin et al., 2008 and Maria Joao et al., 2016).

Growth parameters and Survival rate

The following growth parameters were evaluated Speci�c growth rate (SGR), initial weight (IW), Final
weight (FW), weight gain (WG), initial length (IL), Final length (FL), Survival rate, feed conversion ratio
(FCR), protein e�ciency ratio (PER) calculated by using following formula Linga Prabu et al., 2016 and
Ramasubramanian et al., 2014.

Survival rate = No of �sh treated (Initial) - No of �sh remaining (�nal) × 100

Feed conversion ratio (FCR) = Total feed given (g) / Weight gain (g)

Protein e�ciency ratio (PER) = Weight gain by �sh (g) / Protein intake (g) × 100

Weight gain (WG) = Final body weight of �sh (g) – Initial body weight of �sh (g)
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Speci�c Growth Rate (SGR) = Final mean body weight (g) – Initial mean body weight (g) / Time interval
(days) × 100

Analysis of muscle biochemical constituents

At the end of 45 days, the �sh analyzed for total proteins was determined by the method of Lowry et al.,
(1951). Total carbohydrate was determined by using the method of Roe (1955). Total lipid content was
determined by Folch et al., (1973) method.

Immunological assays

The blood samples were collected from each group of experimental �sh. The blood was collected from
caudal vein using syringe rinsed with an anticoagulant solution to prevent clotting. The collected blood
samples mixed with EDTA solution for further analysis of RBC, WBC, Hb, Packed cell volume, MCV, MCH,
MCHC and lysozyme activity were determined by a method of Sahoo et al., 2004 and Vijayakumar 2016.

Statistical analysis

Triplicate samples were used in all experimental groups. Results for each parameters were measured and
expressed as the mean ± (SD). Data were analyzed using one-way ANOVA and the comparison of the
mean values were done by using Duncan multiple range test using software program SPSS version 16 for
windows. Differences were considered statistically signi�cant when p<0.05.

Results And Discussion
Phyto - Chemical analysis.

In this study, we observed positive results of Flavonoids, Alkalodis, Saponins, phenolic compounds,
terpenoids, amino acid and carbohydrates (Table 1). Glycosides and phlobatannins absence in the C.
racemosa. Alkalodis, phenolic compounds and amino acid & Protein moderately present in the extract of
C. racemosa. Higher amount of Flavonoids, Saponins, terpenoids, and carbohydrates are present in C.
racemosa.

These Compounds have the property of cytostatic, antiviral, anthelmintic, antifungal and antibacterial
(Shahidi 1991). Deivasigamani et al., 2016 reported that seaweeds are the source of bioactive
compounds them able to produce a great variety of secondary metabolites characterized by a broad
spectrum of biological activities.

Gas Chromatography - Mass Spectroscopy analysis

The bioactive Compounds from methanolic extract of seaweed P.boergesenii were analyzed for the
presence of secondary metabolites and chemical compounds with respective peak area percentage. Gas
Chromatography - Mass Spectroscopy analysis of the methanol extract of P.boergesenii showed fourteen
peaks which indicating presence of phytochemical constitutes (Graph. 1). These Compounds were
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identi�ed through Mass spectra compared with NIST library. Extracted seaweed samples contain fourteen
phytochemical constitutes were characterized and identi�ed that are Choloro-xylenol, Hexadecanoic acid,
Arachidononic acid, Stearic acid, Eicosatetraenoic acid, Cis-vaccenic acid, Pyrano, Octadecenoic acid,
Phytol, Butanoic acid, 13-Heptadecyn-1-ol, Glycidyl palmitate, Glycidyl oleate and Glucobrassicin and
mass spectra chromatogram was presented. Other chemical compounds and their functions based on
reports were tabulated (Table 2).

Antibacterial susceptibility testing

In this study we have used ten different antibiotic discs (Rifampicin, Vanomycin, Nor�oxacin, Ceftriaxone,
Levo�oxacin, Cefoxitin, Gati�oxacin, Oxacillin, Methicillin Nalidixic acid and Neomycin) to con�rm the P.
aeruginosa is Multi-Drug Resistant (MDR), the observed results pointed out P. aeruginosa is resistant to
antibiotic discs (Table 3).

Antibacterial assays – well diffusion method

In the present study methanol extract of P.boergesenii shows signi�cant inhibition activity against P.
aeruginosa. The minimum inhibitory concentration of P.boergesenii showed 23mm

GROWTH PARAMETERS

In the present study, signi�cant elevations in survival, growth rate, weight gain, speci�c growth rate,
protein e�ciency ratio, feed conversion ratio, and survival rate of C. mrigala fed with different
concentration of seaweed extract mixed were observed. The growth parameters of the experimental
groups were signi�cantly (p<0.05) different from control over the entire experimental period. Among the
various treatment groups no signi�cant exists between T3 and T4 group. Seaweed-incorporated feeds
indicated that the utilization of seaweeds in feed has an effect on better survival and growth of C.
mrigala.

The maximum weight gain was observed in T3 (4.5% of brown algae –P. boergesenii) compared to
control. Feed conversion ratio (FCR) indicates that the Seaweed-incorporated feed effectively utilized for
growth in the dietary treatments, with the best value that was obtained in T3 (4.5% of brown algae – P.
boergesenii) compared to other groups and control. Feed intake was improved due to the presence of
essential amino acids such as glutamic acid, aspartic acid which can enhance the �avor and taste of the
feed. Dietary supplementation of P. boergesenii signi�cantly enhances the SGR of C. mrigala when
compared control diet. where reduced growth was observed with increase the seaweed content in �sh
feed T4 experiment 6.5%, therefore we conclude optimum level is T3 (4.5% of brown algae) Table 4.

Biochemical constituents

In the present study, Biochemical constituents of the C. mrigala were signi�cantly different (P<0.05) in all
experimental setup when compared to the control group. Among the various treatment groups no
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signi�cant exists between T3 and T4. Highest protein level in T3 (4.5% of brown algae) compared with
control and other experiments, followed by Carbohydrate content was high in all treated groups when
compared with control. The high level was detected in experiment T3 (4.5% of P. boergesenii). Total lipid
content in all treated groups was not signi�cant compared to control (Table 4). Over all Experiment T3

with 4.5 % of P. boergesenii shows good activity.

HAEMATOLOGICAL PARAMETERS

The WBC, RBC, Hb, PCV, MCV MCH and MCHC count was signi�cantly different from control during the
experimental period. Among the various treatment groups no signi�cant exists between T3 and T4. RBC
count were high in group T3 (4.5 % brown algae), whereas lower in control. High WBC count was observed
in T4 (6.5% brown algae), among other experimental groups while lower WBC count was observed in the
control group. Other parameters like Hb, PCV, MCV, MCH and MCHC were compared with control, the T3

(4.5% brown algae) experiment shows higher activity compare to control. PCV level high in T3 (4.5 %
brown algae) whereas low level were recorded in control group. MCHC level was high in T3 (4.5 % P.
boergesenii) compared to control Table 5.

The experimental �sh were challenged with P. aeruginosa pathogen, 94 % survival was observed in
experiment T3 fed with 4.5% of brown algae compared to control 20% (Fig. 1). Post challenge study WBC
count (Fig. 2) and lysozyme activity (Fig. 3) was increased signi�cant level except for the control group.
The reduction of Haematological parameters in �sh feed having lowest supplementation of P.
boergesenii.

Discussion
In this study we investigated the Phyto - compounds and biological activity of P.boergesenii and C.
mrigala fed with dietary supplementation with extracts of P.boergesenii led to increase the growth
performance, chemical body composition and different immunological parameters.

Based on the in vitro examination of antimicrobial, Phyto-chemical and bio active compounds,
P.boergesenii was selected as an immunostimulant to incorporate in the diet of C. mrigala. Several
studies have shown that seaweeds or its extracts have different biological activities, including, antitumor
(Xu et al., 2004), antiprotozoal, antiviral antioxidant (Cox et al., 2010) and cytotoxic activity against the
human cancer cell lines. Active compounds from seaweeds were found to be active against human and
animal particularly �sh bacterial pathogens. Seaweeds contain many fatty acids and secondary
metabolites they having higher antibacterial activity against gram-positive bacteria and gram-negative
bacteria. Antimicrobial susceptibility test of P. aeruginosa showed that resistant to different antibiotics.
The current results similar to �ndings were observed Yuji Morita et al., 2014 reported that P. aeruginosa is
having multifactorial mechanisms and Besides P. aeruginosa has a natural protection from numerous
antimicrobials due to the bacterium's external �lm obstruction, the presence of multidrug e�ux carriers,
and endogenous antimicrobial inactivation.
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In the present study P.boergesenii showed positive results of Flavonoids, Saponins, terpenoids and those
compounds have the property of cytostatic, antiviral, anthelmintic, antifungal and antibacterial (Shahidi
1991). Deivasigamani et al., 2016 reported that seaweeds are the source of bioactive compounds them
able to produce a great variety of secondary metabolites characterized by a broad spectrum of biological
activities. The bioactive Compounds from methanolic extract of seaweed P.boergesenii were analysed for
the presence of secondary metabolites and chemical compounds with respective peak area percentage.
Seaweeds are source of polysaccharides, Fatty acids (omega 3), different vitamins and minerals. Those
compounds having the ability to promote growth, biochemical constituents in �sh and they also help to
improve the non-speci�c immunity, antibacterial activity, and anti-stress. Similar �ndings were also
reported in the �sh, fed with A. paniculata they fed for �sh that responsible for increase the feed intake
and give resistant to invading pathogens (Citrasu 2010).

In the present study, . mrigala fed with dietary seaweed P.boergesenii showed improved growth
parameters in dose dependent increase the Survival rate, Weight gain, Speci�c growth rate in three
experimental group compared to control group. This is in agreement with the results of Prabhu et al.,
2018. The decrease of �sh growth and feed utilization at levels of P.boergesenii incorporation with 6.5 %
due to Seaweeds having higher amount of anti-nutrional factors (Saponins, tannins phytic acid) they may
affect �sh growth. Correspondingly Natify et al., 2015.

Biochemical constituents are important quality trait of aquatic animals for marketing (Brinker et al., 2011
and Jayakumar et al., 2016). In the present study, increased protein carbohydrate and lipid content in
experiment T3 comparted to control and other experimental groups.It indicates that supplement feed
additives have the ability to promote the absorption and storage of the nutrients in muscles of C. mrigala,
similar �ndings reported by Ergun et al., 2009 and Naser et al., 2015. Whereas reduced biochemical
constituents increasing inclusion of P.boergesenii meal, this is in agreement with the results of Shapawi
et al., 2015.

The results indicated that irrhinus mrigala fed with had higher level of RBC, WBC, HCT, this might be due
to the enhancement of the non-speci�c immune system of the Cirrhinus mrigala.

The �ndings from this study are supported by previews studies showed that dietary supplementation of
seaweeds can improve the immunity of �sh (Balasubramanian et al., 2008 and Hari Krishnan et al.,
2003). Uthayakumar et al., 2012 reported enhancement of non-speci�c immunity through the
applications of Natural immunostimulants. In post challenging study the administration of methanol
extract of 4.5% of brown algae has increase SR in Cirrhinus mrigala, compared to control. P. boergesenii
meal has improved the nonspeci�c immune parameters and disease resistance against P. aeruginosa,
this might due to the enhancement of the non-speci�c immune system of the �sh by seaweed P.
boergesenii meal. There is strong experimental evidence of P. boergesenii that feeding can modify the
activity of �sh immune system by stimulating the non-speci�c immune response and increase the
disease resistance in several �shes reported by Rao et al., 2006, radhika et al., 2017 and Lobo et al., 2018.
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Hematological parameters are useful indicators of health status in �sh (Mobakane EM and Moya NAG
2019). In our study �shes were fed with seaweed mixed diet and the experiment was carried out 45 days,
the blood parameters have increased from the �rst day to last day. It improved the �sh health. From this
study, we have concluded that seaweed as a good food ingredient and also it enhances the non-speci�c
immunity and increases disease resistance of C. mrigala.

Conclusion
The presence of active antibacterial compounds alkaloids, Flavonoids, Saponins, terpenoids and fatty
acids such as Hexadecanoic acid, Arachidonic acid, Octadecenoic acid, Phytol in the experimental feed
containing Padina boergesenii extract enhanced the growth, biochemical content, immune response and
protection against P. aeruginosa. The experiment T3 with 4.5% concentration seaweed incorporated diet is
optimum to stimulate the immune response. The base line information will be of important to the �sh
farming. Hence seaweeds could be effectively bene�cial to aqua-farmers, pharmaceutical and
therapeutics application in future.
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Tables
Table 1: Qualitative phytochemical analysis + + + highly Presence of the compound, ++ moderately
presence – absence of the compound.

S. No Phytochemicals Inference

1 Alkaloids + +

2 Flavonoids + + +

3 Saponins + + +

4 Phenolic compounds and tannins + +

5 Glycosides -

6 Terpenoids + + +

7 Phlobatannins -

8 Amino acid & protein + +

9 Carbohydrate + + +

Table 2: GC-MS analysis of Padina boergesenii, and their biological activity, molecular formula and
molecular weight are showed.
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PEAK R.

TIME

Name of the
compound

Molecular
Weight

Molecular
formula

Biological activity

10.07 9.731 Chloroxyletol 156.609 C8 H9C10 Anti-bacterial Mcdonell et al.,
1999

3.878 20.570 Hexadecanoic acid,
methyl ester

270.457 C17H32O2  

Anti- fungal, antibacterial,
Antioxidant, antimicrobial
and Anticancer activity
Chandrasekaran        et al.,
2011

10.617 21.111 n-Hexadecanoic acid 256.430 C17H34O2

0.370 21.776 Pyrano [4,3-b]
benzopyran-1,9-
dione, 5a-methoxy-
9a-methyl-3-

308.374 C17H24O5

0.592 22.651 Arachidonic acid 304.474 C20H32O2

1.416 23.722 11,14-
Octadecadienoic
acid, methyl ester

294.479 C19H34O2

3.204 23.862 9-Octadecenoic acid
(Z)-, methyl ester

296.500 C19H36O2 Anticancer and antimicrobial
Bhakuni et al., 2006

0.905 24.017 Phytol 296.539 C20H40O anticancer anti-in�ammatory
antimicrobial Antispasmodic
activity and vitamins E, K1
Lee et al., 1999

12.631 24.507 cis-Vaccenic acid 282.468 C18H34O2 Anticancer Pongprayoon et
al., 1992

0.448 28.969 Stearic acid, 3-
(octadecyloxy)propyl

595.050 C39H78O3 Antifungal

ragunath  et al., 2020

Table 3: Antibacterial susceptibility testing, Interpretative criteria are up to 14 mm resistant, 15 – 16
intermediate, above 17 sensitive.
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S. No Antibiotic disc Zone of inhibition (mm)

1 Gentamicin 3mm

2 Amikacin Nil

3 Cipro�oxacin 2.3mm

4 Neomycin Nil

5 Tobramycin Nil

6 Ceftazidime 1mm

7 Oxacillin Nil

8 Meropenem 1.5

9 Imipenem 3.4mm

10 Vanomycin 2mm

Table 4: Growth and biochemical parameters of experimental �sh Cirrhinus mrigala, Mean ± SD (n=3)
mean values within the same row sharing the same superscript are statistical signi�cant level (P<0.05).

Diets SGR FCR PER WG LG Carbohydrate Protein Lipid

T 0.98 ±
0.26bc

1.92 ±
0.23bc

2.18 ±
0.18h

0.59 ±
0.24f

0.77 ±
0.45b

16.43 ± 0.22e 11.72
±
0.57h

3.51  ±
0.40e

T1 1.28 ±
0.56bc

1.40 ±
0.16c

3.05 ±
0.31f

0.92 ±
0.21df

1.74 ±
0.36a

19.32 ± 0.35d 14.79
±
0.31g

3.93±
0.22e

T2 2.04 ±
0.47b

1.22 ±
0.21b

6.17 ±
0.10e

0.57 ±
0.25f

2.04 ±
0.36a

21.46 ±
0.29bc

16.92
± 0.10e

3.58  ±
0.39c

T3 3.86±
0.51a

1.05 ±
0.14b

9.29±
0.32a

1.74±
0.23ab

2.30±
0.15a

24.16± 0.59a 18.04±
0.32a

2.80  ±
0.61bc

T4 3.20 ±
0.43ab

1.42 ±
0.21a

7.85 ±
0.34c

1.44 ±
0.19bcd

2.37 ±
0.30a

22.83 ± 0.47b 17.60
± 0.34c

2.42  ±
0.34abc

Table 5: Hematological parameters of experimental �sh Cirrhinus mrigala, Mean ± SD (n=3) mean values
within the same row sharing the same superscript are statistical signi�cant level (P<0.05).
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Diets RBC WBC HB PCV MCV MCH MCHC

      T 1.08 ±
0.10c

13.30 ±
0.33d

7.76 ±
0.60c

15.11 ±
0.11c

95.93 ±
3.5c

42.42 ±
2.43c

38.92 ±
1.27c

T1 1.23 ±
0.06c

14.89 ±
0.17c

8.30 ±
0.29b

16.28 ±
0.58bc

98.98 ±
2.62c

51.49 ±
0.96bc

49.22 ±
1.16b

 

T2

1.50 ±
0.26b

15.17 ± 
0.28bc

8.83 ±
0.15aaa

16.41 ±
0.05b

112.86 ±
5.06b

53.67 ±
3.13b

51.67 ±
1.42b

 

T3

1.86 ±
0.06a

16.20 ±
0.18a

9.27 ±
0.39a

18.21 ±
0.27a

136.62 ±
4.08a

62.91 ±
2.36a

55.78 ±
2.92a

 

T4

1.53 ±
0.10b

15.63 ±
0.64ab

9.16 ±
0.32aa

16.28 ±
1.81bc

114.87 ±
5.41bc

 

59.32 ±  
3.08a

 

51.72 ±
0.87b

Table 6: Nutrient Composition of experimental diets (g%)
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Ingredients (T) Exp1 Exp2 Exp3 Exp4

Fish meal 30 30 30 30 30

Vitamin & mineral 4 4 4 4 4

Soybean 21.5 21.5 21.5 21.5 21.5

Tapioca starch 15 14.5 12.5 10.5 8.5

Groundnut oil cake 10 10 10 10 10

Binder 1 1 1 1 1

Cod liver oil 6.5 6.5 6.5 6.5 6.5

Wheat bran 12 12 12 12 12

Seaweed powder 0 0.5 2.5 4.5 6.5

Proximate compositions

Moisture % 7.77 ± 0.13 7.81 ± 0.05 8.34 ± 0.08 8.86 ± 0.08 9.55 ± 0.13

Crude Protein 34.93 ± 0.17 35.04 ± 0.3 35.92 ± 0.14 38.32 ± 0.14 39.72± 0.45

Crude Fibre 5.24 ± 0.06 5.83 ± 0.09 5.69 ± 0.17 5.12 ± 0.23 6.11± 0.58

Ether extract 9.16 ± 0.06 10.04 ± 0.09 11.76 ± 0.10 11.92 ± 0.08 11.30± 0.05

Total ash 7.07 ± 0.13 7.48 ± 0.05 7.69 ± 0.08 7.96 ± 0.08 7.25± 0.12

Grass energy 3905 kcal/kg 3931 kcal/kg 3905 kcal/kg 3915 kcal/kg 3901 kcal/kg

Figures
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Figure 1

Survival rate of C. mrigala, Pre- before challenging study, post- after challenging study
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Figure 2

WBC after challenging study of C. mrigala
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Figure 3

The effect of P. boergesenii on Lysozyme activity of C. mrigala for pre- challenge and post – challenge in
each sampling period. Data expressed as mean ±SD, n= 3). Different superscript values are statistically
signi�cant P≤0.05
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