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Abstract

Microalgae plays a diverse role in aquaculture and chlorella sp. is a predominant microalga involves in the aquatic food
chain. The present study focus on the preparation of microalgal fish feed, study of proximate composition and control of
bacterial infection in fish. For the present study tilapia was selected which is most consumed and easily infected by
pathogen. In the current study phytochemical analysis reveals that the petroleum ether and ethanol was the best solvent
for the extraction of bioactive constituents. The antibacterial activity of ethanol extract of micro algae showed highest
effect against staphylococcus aureus, klebsiella sp, shigella sp and E coli. The highest antibacterial activity was noted
against staphylococcus with the zone of inhibition of 1.2 + 0.1mm. The antioxidant activity showed that the ethanol
extract of C. vulgaris possess high scavenging activity of 40.5%. The extracts showed good reducing power ability in a
dose dependent manner. A medicated algal feed was prepared and administered to the fish to study its pharmacological
activity. It was noted that the amount of proximate composition was drastically increased after fed with medicated feed.
To study the efficacy of feed to control staphylococcal infection, the fish was injected with staphylococcus. Tilapia fed
with medicated feed showed higher survival than the control group and it could effectively control the fish bacterial
pathogen staphylococcus. The present study revealed that the microalgae fish feed is an excellent source of nutritional
supplements for the fishes.
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INTRODUCTION

Microalgae are microscopic organisms present not only in aquatic but also in terrestrial ecosystem and it represents a
huge variety of species, which can live in a wide range of environment. Microalgae is a rich source of carbon compounds,
which can be utilized in biofuels, health supplements, pharmaceuticals, and cosmetics (Das et al.,2011). Microalgae
produce a wide range of bioproducts, including polysaccharides, lipids, pigments, proteins, vitamins, bioactive
compounds, and antioxidants (Brennan et al.,2010). Microalgae possess an efficient biological system capable of utilizing
sunlight to produce organic compounds (Richmond et al.,2004). Microalgae are commercially used as human nutrition,
animal, and aquatic feed, in cosmetic products, pigments, biofertilizer for extracting high-value molecules, stable isotope
biochemicals, and for the synthesis of antimicrobial, antiviral, antibacterial and anticancer drugs (Suganya.,2016).

Micro-algae can increase the nutritional value of human and animal feed, and they also perform a vital part in aquaculture.
The growth of the aquaculture industry has gone hand in hand with the growth of the population worldwide to ensure that
fish supply as a part of protein sources can be fulfilled. According to Melba & Rohana, 2008 the aquaculture industry is
expected to solve food security and nutritional well-being, reduce poverty, and develop the economy. Microalgae are an
alternative to sustainable aquaculture practices by playing roles in wastewater treatment and ingredient replacement in
fish feed. The development of fish feed with the inclusion of microalgae is widely studied because of its encouraging
effects on farmed fish. However, microalgae must be easily cultured and non-toxic to be used in aquaculture (Spolaore et
al., 2006).

Research on microalgae, such as S. platensis and C. vulgaris, their effects in enhancing the immunity and reproduction
performance of fish which possess antiviral, anticancer, anti-HIV, several neurological and antimicrobial activities (Apt
et al.,1999). Microalgae can produce a variety of biochemicals, which are used for food and medical research. Becker et
al.,(2007) said that Chlorella is rich in proteins (51-58% dry weight), carotenoids, as well as different vitamins. According
to Barrow and Shahidi (2008), Chlorella has many advantages in the health sector Barrow and Shahidi et al.,2007).
Chlorella is mostly sold as a fish food and as a healthy food. The by-products of Chlorella are used as fruit and vegetable
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preservative (Hills et al.,1978). improve immune response, improve fertility, control weight, improve skin and a lustrous
coat (Pulz et al.,2004). Microalgae for aquaculture Food chain is a major source of nutrients for aquaculture animals.
Microalgae are the primary producer in the food chain. Microalgae have the nutrients which are essential for the growth
and survival for larva and adult animals.

Certik et al., (1999) studied about the physiological growth of microalgae and external appearance of aquatic animals.
The most widely wused species for aquatic animal feed are Chlorella, Pavlova, Phaeodactylum,
Chaetoceros,Nannochloropsis, Skeletonema, and Thalassiosira (Muller-Feuga ,2000). Until now, microalgae are
successfully used as a food source and feed additive for both freshwater and marine aquatic animals. In aquaculture,
microalgae used as fish feed (Brown et al.,1997), for stabilization, improvement of culture medium quality (Chuntapa et
al.,2003), and inducing important biological activities in red aquatic species ((Muller-Feuga ,2000)) , and for improving
immune systems of fish (Pulz et al.,2004). Several studies have shown that microalgae can be used as a feed supplement
(Becker et al.,2004). Worldwide, 30% of the current algal production is used to produce animal feed (Becker et al.,2004).
Tilapia have been used as biological controls for certain aquatic plant problems. They prefer a floating aquatic
plant, duckweed (Lemna spp.), but also consume some filamentous algae. Nagl et al.,(2001) in Kenya, investigated about
tilapia were introduced to control mosquitoes, which were causing malaria, because they consume mosquito larvae,
consequently reducing the numbers of adult female mosquitoes, the vector of the disease (John.,2013). These benefits are,
however, frequently outweighed by the negative aspects of tilapia as an invasive species (Petr et al.,2000). The microalgae
(chlorella vulgaris) fish feed plays an important role in aquaculture which helps to improve the immune system in fish
and decreases the disease rate in fish community. A report from the Kyle ef al., (1991) indicating that animals fed with
microalgae in the diet clearly improved the weight, immunity, fatty acids, vitamins, and mineral profiles. Azaza et al.
(2008) showing that the tilapia feed formulated with microalgae as ingredient augments the protein efficiency and growth
performances. In the current study an investigation was carried out to analyse the proximate composition of fish and
determination of median lethal dose of algal extract.

MATERIALS AND METHODS

COLLECTION AND CULTURE OF Chlorella vulgaris

The chlorella vulgaris was collected from CMFRI, Tuticorin. For algal cultivation 25ml of culture was added to a flask
containing 250ml of mineral media (1MgS04.7H,0, 10 K;HPO4, 4 NaNOsCaCl,, 16 FeCl;0, 32 EDTA-Na, 4 NaCl, 30
Na,COs, 8MnCl.4H,O(NH4), 6M0702:.4H,0, ZnSO..7H,0, CuS04.5H,0, COCL4.6H20, H3BOs) and incubated under
specific laboratory condition for 28 days. After incubation the culture was again inoculated to 1000 ml of mineral media
and incubated for another 28 days (Kassim et al.,1999).

PREPARATION OF ALGAL EXTRACT

The phytochemical constituents of microalgae (2gm) were extracted in a soxhlet apparatus with 200 ml of solvent
(methanol and hexane 1:1). The solvent was evaporated at room temperature and the extract was utilized for further
analysis (Fajardo et al., 2007).

BIOCHEMICAL AND PHYTOCHEMICAL SCREENING

The biochemical constituents such as total carbohydrate, protein, lipids and aminoacids were analyzed by standard
methodology (Hedge and Hofreiter, 1962, Lowry et.al.,1951). The extracts of samples were then subjected to
phytochemical screening for the presence of different bioactive constituents (Prasanth et al., 2011).

PURIFICATION OF BIOACTIVE COMPOUNDS FROM MICROALGAE

COLUMN CHROMATOGRAPHY

Microalgae extract was subjected to column chromatography for the extraction of bioactive compounds. Microalgae
extracts of 10ml was chromatographed over silica gel (100-200mesh) using solvents with increasing polarity. The mixture
was packed on a silica gel column (Merck, India) with 100% Hexane and the extract was eluted by increasing the polarity
using Chloroform, Ethyl acetate, Ethanol and Methanol in the ratio of 90:10, 80:20, 70:30 and 50:50. The collected
fractions were subjected to further analysis (Nakasnishi et al., 1998).

ANTIBACTERIAL ACTIVITY OF Chlorella vulgaris

Antimicrobial activity of Microalgae (Chlorella) extracts was screened based on Kirby Bauer agar diffusion method.
Bacterial test organism was obtained from microbial type culture collection (MTCC). The strains used for antibacterial
activity was Staphylococcus aureus, Klebsiella sp, Shigella sp.and e coli. The filter paper disc (1.0mm) of microalgae
column extract was placed on the surface of microorganism seeded nutrient agar plates. Each plate was labeled with the
pathogenic organisms inoculated and incubated incubation at 26-300C for 24hrs. (Bauer et.al.,1966).

ANTIOXIDANT ACTIVITY OF Chlorella vulgaris

DPPH free radical scavenging assay

DPPH free radical scavenging was determined according to the standard procedure described by Ul-Haqg et al., (2012). In
a glass tube 800 pul of 0.1mM methanolic DPPH solution was mixed with 100 pl of test sample. Each sample was assayed

3334


https://en.wikipedia.org/wiki/Duckweed
https://en.wikipedia.org/wiki/Kenya
https://en.wikipedia.org/wiki/Mosquito_control
https://en.wikipedia.org/wiki/Malaria
https://en.wikipedia.org/wiki/Mosquito
https://en.wikipedia.org/wiki/Vector_(epidemiology)

Journal of Survey in Fisheries Sciences 10(1) 3333-3340 2023

in triplicate and kept away from the light at 37° C for 60 minutes. The tubes were centrifuged at 3000 rpm for 5 mins after
incubation. Then the change in color (from deep violet to light-yellow) of DPPH free radical was measured by taking the
absorbance of the reaction mixtures at 517 nm on a UV spectrophotometer. The percentage of scavenging of DPPH free
radical of test sample was calculated by using the following formula:

% Inhibition =

Absorbance of control - Absorbance of test sample | 100
Absorbance of control

Total antioxidant capacity (TAC) assay

A test sample of 0.2 ml of various extracts was mixed with 3 ml of phosphomolybdenum reagent. Then the sample was
incubated for 60 mins in a boiling water bath at 95° C. After that, the samples were cooled at room temperature and the
absorbance was measured at 695 nm against a blank (0.2 ml solvents without extracts). The total antioxidant capacity
(TAC) was determined by Ahmad et al. (2013).

PREPARATION AND EVALUATION OF PHARMACOLOGICAL PROPERTIES OF MICROALAGAE FISH
FEED

The sub cultured microalgae were taken for the preparation of fish feed. For the feed preparation 6 gm of alum was added
to 1000ml of microalgae culture. The preparation was mixed thoroughly and centrifuged at 5000 rpm for 30 minutes.
After centrifugation the extracted sediment was separated air dried and formulated as fish feed. For the pharmacological
analysis microalgae fish feed the Tilapia fish was selected. For the current research blue tilapia was selected and the
length and weight of fish was noted as 45.7cm and 2.01kg respectively. (Andreas and Ulrich, 2013).

PROXIMATE COMPOSITION ANALYSIS OF FISH

Fresh tilapia fish (Oreochromis niloticus) was washed, cleaned with cooled water again, and drained for twenty minutes
on a sterile stainless-steel plate, as illustrated by Etemadian et al.2012. For the analysis 1gm of fish was weighed and
homogenated with 50ml of phosphate buffer and the extract was centrifuged at 10000 rpm for 10 minutes. After
centrifugation the extract was stored in refrigerator for further use.

Proximate composition of fish was determined using AOAC methods (1990). All analysis was done in triplicate. Moisture
content was measured by weighing differences before and after hot air oven drying at 100°for 16h. Lipid determination
was carried out using the standard Bligh and Dyer procedure (1959). Crude protein was determined according to AOAC
procedure (1990). Total fat content was determined by acid digestion prior to continuous extraction using petroleum ether
(b.p., 40—60°C) in Soxtec system AOAC, 1990).

DISEASE INJECTION AND DETERMINATION OF MEDIAN LETHAL DOSE (MLD) OF ALGAL EXTRACT
Staphylococcus aureus is a gram-positive, round-shaped bacterium that is a member of the Firmicutes, and it is a usual
member of the microbiota of the body. Staphylococcus aureus usually acts as a communal bacterium, asymptomatically
colonizing about 30% of the human population. Nile tilapia fish were randomly assigned in to 3 groups: Group 1 fish was
maintained as control. Group 2 & 3 were intravenously injected with staphylococcus aureus bacteria. Group 1 & 2 fish
were fed with algal feed while group 3 was fed with normal fish feed. Electric aerators and an underwater internal power
filter were used to maintain the oxygen level in all aquarium tanks. Daily siphoning of waste material and feces was
performed to maintain water quality. The immediate reflexes and mortality were observed every hour for the first 6 h and
every 24 h for 6 days.

RESULT

BIOCHEMICAL AND PHYTOCHEMICAL ANALYSIS OF MICROALAGE

The preliminary biochemical analysis was performed based on standard methodology. The amount of carbohydrate
(Anthrone method) present in microalgae was estimated as 0.93 + 0.005 mg/ml. The amount of protein present was
estimated (Lowry’s method) as 0.20 £ 0.005 mg/ml. The amount of lipid present was estimated as 0.69 + 0.005 mg/ml
(tablel).

Table 1 : Preliminary analysis of microalgae

Biochemical test Concentration (mg/ml)
Carbohydrate 0.93 + 0.005
Protein 0.20 £ 0.005
Lipid 0.69 + 0.005
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PHYTOCHEMICAL SCREENING Of Chlorella vulgaris

Phytochemical screening of Chlorella vulgaris showed the presence of important phytoconstituents such as alkaloid,
protein, carbohydrate, cardiac glycosides, tannin and saponin. Highest phytoconstituents was observed in ethanol and
petroleum ether (Table 2).

Table 2: Quantitative analysis of phytochemicals of microalgae extract

Sl. No Tests Ethanol chloroform methanol Petroleum ether | Aqueous extract

1 Alkaloid + - + + -
2 Phenol - - - - -
-3 Protein + + + + -
4 Cardiac glycosides + + + + -
5 Phyto sterol - - - + -
6 Saponin + + _ + -
7 Coumarin - + + - -
8 Flavanoids - - + - -
9 Tannin + - - + -
10 carbohydrates + - + + -

‘+°- positive

‘- ‘- negative

ANTIBACTERIAL ACTIVITY OF MICROALGAL EXTRACT

In antibacterial screening the highest activity was noted in ethanol extract against Staphylococcus (1.2 £ 0.1 mm) followed
by Klebsiella (0.9+ 0.2 mm), E. coli (0.733£0.15 mm) and Shigella (0.7 0.66 mm). After ethanol the highest activity
was noted in chloroform extract against Staphylococcus and the zone of inhibition was 1.1 = 0.96mm. The chloroform
extract shows moderate zone of inhibition against almost all other bacterial pathogens. The lowest activity was noted in
petroleum ether and no zone of inhibition was recorded in aqueous extract (Table 3).

Table 3: The inhibition zone diameter (mm) of different concentration of crude algal extract against Stapylococcus,
Klebsiella, Shigella

Bacteria Ethanol chloroform methanol Petroleum ether | Agueous extract
Staphylococcus 1.2+£0.1 1.1+ 0.96 0.66+0.05 0.03+0.05 0.0
Klebsiella 0.9+0.2 0.5+0.4 0.2+0.1 0.03+0.05 0.0
Shigella 0.6+0.1 0.7+0.66 0.7+£0.1 0+0 0.0
E coli 0.73340.15 0.6+0.5 0.2+0.1 0.06+0.05 0.0

ANTIOXIDANT ACTIVITY OF MICROALGAL EXTRACT

Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity

In antioxidant activity the ethanol extract of C. vulgaris showed the highest scavenging activity of 40.5%, followed by
the methanol extract with 27.23% and petroleum ether extract with 10.12%. The water extract recorded the lowest
scavenging activity 4.5% (Fig 1).

Fig.1: Total antioxidant capacity of the different extracts of Chlorella vulgaris
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Analysis of Proximate composition of formulated microalgae fish feed

After six days of feeding with microalgae fish feed considerable changes were recorded in fish proximate composition
compared to those fed with normal diet (Table 5). Proximate analysis showed that the carbohydrate, protein and lipid
content was drastically increased after administering microalgal fish feed. After fish feed the carbohydrates was increased
as 0.68%, the protein and lipid was increased as 0.14% & 0.09 % respectively.

Feed type Carbohydrate (%) Protein (%) Lipid (%)
Before After Before After Before After
Normal fish feed 0.34 0.52 0.045 0.11 0.022 0.04
Microalgae fish feed 0.34 0.68 0.045 0.14 0.022 0.09

Evaluation of microalgae fish feed to control the Staphylococcal infection.

To check the efficacy of microalgae fish feed, the fish mortality rate was measured after disease injection from day 1 to
day 6. In the control there was no mortality rate observed. In group 2 on 6™ day 1 fish was died and all others recovered
from the staphylococcal infection and survived with improved health. In Group 3 all the fishes died from 3™ day to 5™
day. The results suggested that the microalgae possess antibacterial activity against Staphylococcus infection (Table 4).

Table 4 : Evaluation of microalgae fish feed to control the Staphylococcal infection.

Group Days (mortality rate)
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
1 - - - - - -
2 - - - - - 1
3 - 1 2 2 1 -
1- Control, 2- Microalgae Feed administered fish, 3-Normal feed administered fish

DISCUSSION

Marine microalgae constitute attractive sources of novel and active metabolites, comprising proteins, enzymes, pigments
and polyunsaturated fatty acids (PUFA) that could be exploited in pharmaceutical, food, feed and cosmetic industries
(Surendhiran et al., 2014). Compounds with pharmaceutical characteristics, such as antioxidative, anti inflammatory,
antimicrobial or antitumoral properties, have been identified; some of them have been in the clinical trial state (Guedes
et al., 2011). Antimicrobial activities are among the most researched features in natural extracts as they have been
attributed to different compounds, including, indoles, terpene derivatives, acetogenins, phenols, fatty acids and
hydrocarbons (Bhakuni and Rawat, 2005). There has been increasing demand for new antimicrobial compounds in
response to continuous evolution of microbial pathogens in antibiotic-resistance. Marine environment has been
considered among the most promising sources of antimicrobial compounds, as numerous sea organisms produce bioactive
metabolites in response to environmental stress and develop chemical strategy for defense and survival (Madhavi et al.,
2012). Many new active antimicrobial compounds have been isolated from marine sources. But the majority of these
compounds has not been yet characterized (Sanmukh et al., 2014).

Algae have a wide span of ecosystems contributes to the innumerable chemical compounds that they can
synthesize. Bioactive compounds released by microalgal cells are either bactericidal or bacteriostatic (Falaise et al.,
2016). In the present study the microalgal extract showed the presence of biochemicals and phytochemicals which was
extracted in petroleum ether and ethanol solvents. A large number of microalgal extracts and/or extracellular products
have been proven antibacterial, antifungal, antiprotozoal and antiplasmodial activity (Mayer and Hamann,
2005; Cardozo et al., 2007). Marine algae were reported to produce a wide variety of bioactive secondary metabolites as
antimicrobial, antifeedant, antihelmintic and cytotoxic agents. In the present study the different extract of Chlorella
vulgaris was subjected to antibacterial activity against the bacteria staphylococcus aureus, klebsiella sp, shigella sp.and
E coli. The highest activity of microalgae extract was recorded in ethanol extract against staphylococcus with the
inhibition zone 1.2 £ 0.1 mm, while the lowest inhibition zone was recorded in petroleum ether extract. In the other extract
such as ethanol, methanol and petroleum ether also showed moderate antibacterial activity against most of the bacterial
pathogens. From this study using organic solvents always provides a higher efficiency in extracting compounds for anti-
microbial activities. Antibacterial suggests that the ethanol extract shows the highest efficacy against Staphylococcus
aureus, Klebsiella pneumonia and shigella sps.,

The commercial cultivation of microalgae began with the cultivation of Chlorella in Japan in the 1960s followed
by the cultivation of Spirulina in Mexico, the USA and China in the 1970s. During the last four decades the
biotechnological industry of photosynthetic microorganisms has grown and become much diversified. The most
important commercially produced microalgae are Spirulina, Chlorella and Dunaliella. This is achieved because of
their growth in highly selective media and hence they remain relatively free from contamination by other
microorganisms (Borowitzka, 1999). In contrast, promising research and development is being taken up by various
academic and government laboratories to understand the algae cultivation with small-scale closed photobioreactors
and scale up studies in open ponds as well (Radmann et al., 2007).
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Chlorella diet can be easily prepared with crude extract. Therefore, purification strategies and consequent synthetic
analogue development process need not be undertaken. As the extract was prepared from the dried material, such source
material can easily be stored for 12 months. To sustain the host-defense system and relative protection against
pathogenic invaders, the Chlorella medication can be used as a prophylactic agent for the entire culture period at low
cost.

In the present study the microalgae extract was subjected to antioxidant activity and the Chlorella cultured samples were
submitted to sequential extraction using as solvents: ether, methanol and water. When compared to other extracts Ethanol
extract exhibited highest reducing power ability with most scavenging activity with an inhibition percentage of 40.5%,
followed by the methanol extract (27.23%) and petroleum ether extract (10.12%) while the water extract showed the
lowest activity. The extracts showed good reducing power ability in a dose dependent manner. Compounds having
reducing power can donate electrons and can inhibit lipid peroxidation by reducing the oxidized intermediate. The
reductones present in the extract exhibit antioxidant activity.

In addition, fish oil is a rich source of vitamins including vitamin A, D, E, and K, which are soluble in oil and must be
taken on a regular basis because of their key roles in human health and metabolism (Kinsella, 1987). Principal composition
of fish is 16-21% protein, 0.2-25% fat, 1.2-1.5% mineral, 0-0.5% carbohydrate and 66-81% water (Love, 1970).
Furthermore, the variations in proximate composition of fish are closely related to the feed intake. During periods of
heavy feeding, the protein content of muscle tissue increases slightly at first and then the fat content might show a marked
and rapid increase. On the other hand, fish may have starvation periods for natural or physiological reasons (spawning or
migration) or because of external factors such as shortage of food. In that case, fat content gradually decreases and then
a decline in protein may also be seen (Huss, 1988; 1995). Therefore, it is important to know proximate composition of
fish and variations throughout the year.

Rezaya et al.,2016 determined the proximate composition of fish feed ingredients based on this this study, proximate
composition of Tilapia fish was determined before and after feed Proximate analysis showed that the carbohydrate, protein
and lipid content was drastically increased after administering microalgal fish feed. After fish feed the carbohydrates was
increased as 0.68% and the protein and lipid were increased as 0.14% & 0.09% respectively. Tilapia fed with medicated
feed could effectively control the bacterial pathogens. The Tilapia treated with the microalgal fish feed gave higher
survival than the control group. The fish mortality rate was noted after disease injection from day 1 to day 6. In the control
there was no mortality observed. In group 2 on 6" day 1 fish was died and all others recovered from the staphylococcal
infection and survived with improved health. In Group 3 all the fishes died from 3™ day to 5" day. The results suggested
that the microalgae possess antibacterial activity against staphylococcus infection. Based on the present findings it could
be concluded that the microalgae were found to be a potent immune modulator and nutritionally rich diet which can be
used as a fish feed to control staphylococcal infection.

SUMMARY

Chlorella sp. is an important microalga which contains lot of nutritional supplements such as protein, lipid, amino acids,
fatty acids etc., It can be easily grown in chemically defined media and in sewage. The present study mainly focus on fish
feed preparation, proximate composition analysis extraction of bioactive compound and screening of bioactive compound
from marine microalgae Chlorella sp. The phytochemical analysis reveals that the petroleum ether and ethanol was the
best solvent for the extraction of bioactive constituents. In the present study the different extracts of Chlorella vulgaris
was screened against the bacteria staphylococcus aureus, klebsiella sp, shigella sp and E coli. The highest effect of extract
was recorded in ethanol extract against staphylococcus with the inhibition zone of 1.2 + 0.1mm. It is clear that using
organic solvent always provides a higher efficiency in extracting compounds for pharmacological activities.The
antioxidant activity suggest that the ethanol extract of C. vulgaris possess high scavenging activity of 40.5%.The extracts
showed good reducing power ability in a dose dependent manner..In this study, proximate composition of Tilapia fish
were determined before and after microalgal fish feed the amount of carbohydrate present in microalgae was estimated
as 0.83mg/mL. The amount of protein and lipid present was estimated as 0.33mg/ml & 0.18mg/ml respectively. It was
noted that the amount of proximate composition was drastically increased after fed with medicated feed. Based on the
present findings, Tilapia fed with medicated feed could effectively control the bacterial pathogens challenged in this study.
The Tilapia treated with the microalgal fish feed gave higher survival than the control group. The present study concluded
that the microalgae fish feed is an excellent source to control the bacterial infection and also served as a potential
nutritional supplement which increase the proximate composition of fish.
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