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PREFACE

In the recent decades, the aquariculture industry has experienced unprecedented growth,
emerging as a significant sector within global pet trade. The allure of ornamental fish lies in
their unique patterns, mesmerising behaviours, and aesthetic colours. Ornamental fishes like
gold fish, sword tails, gouramies, guppies show their best colour when in their natural
environment and hence to give it a natural habitat like essence in captivity.

In captive conditions these fishes suffer from various diseases and also lose their natural
colour and glow. As fishes cannot de-novo synthesize the pigments. They depend on two

factors for the pigmentation, one, their environmental habitat and two, their dietary intake.

This project emphasis on formulating a feed that has natural feed additives like seaweeds,
crustacean shells, and pigment producing bacteria all which are natural to their habitat and

including them in the diet to see a positive effect on their growth, colour and immunity.

The work was started to find an alternative solution to antibiotics that would act as an
immunostimulant without any side effects and environmental hazard and also using waste

materials (crustacean shells) and seaweeds.

As one reads through the work, all the details from selection of feed additives to screening
of them for nutrient requirements and finally their effect on sword tails in-vivo has been

entailed in great detail.
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ABSTRACT

Ornamental fish industry or Aquariculture suffers from huge economic losses due to disease
outbreaks. Increased use of antibiotics has led to antibiotic resistance and also causes other
environmental hazards. This study explores the use of feed additives as immunostimulants
as an alternative solution to antibiotics. Various natural feed additives like seaweeds (Ulva),
crustacean shells, Probiotics (yellow and orange pigment producing bacteria) has been
screened for nutrient characterisation. Crustacean shells and Ulva have shown high

nutritional qualities compared to other samples.

The growth performance of fish fed with experimental feed additives showed significant

increase in crustacean shell and consortium tanks.

In- vivo assessments like phagocytic activity, total plasma protein, phagocytosis index has
been assessed to see high in fish fed with crustacean shells. While, consortium and yellow

bacteria fed tanks also show significantly high results.

The feed cytotoxicity analysis reveals no adverse effect of feed additives as compared to the
control feed except for orange pigment producing bacteria which showed high cytotoxicity

value compared to control feed and also observed to have highest mortality rate.

The findings suggest that crustacean shells, Ulva and RKO3 (yellow pigment producing
bacteria) are eco-friendly, immunostimulant, that enhance growth and maintains natural

colour of swordtail fish, which is an effective alternative to antibiotics.




CHAPTER 1: INTRODUCTION

1.1 Background

Fish farming or pisciculture is a centuries old practice of breeding and rearing fish species,
where ornamental fish farming is done specifically for their aesthetic values. Ornamental
fisheries contribute to a large proportion of our global and domestic economy. India exports
fish worth 320,000 crore a year. Of that, the share of ornamental fish is around X300 crore. (S.
Raja et al., 2014). The global market size of ornamental fish was valued at USD 5.88 billion in
2022 and is expected to reach USD 11.30 billion by 2030 (Ornamental Fish Market Size, Share

|Global Industry Report 2019-2025, 2019)

Ornamental fisheries have major roles in commercial world especially in terms of foreign
exchange. This industry has come forward in the past few years as recognised as an avenue of
employment to aqua culturists and younger generations. It provides great opportunities for
entrepreneurs because of its low investment, less water and time requirements. (Many parts of
India are engaged in this business and is supported by. the government through many initiatives
like Pradhan Mantri Matsya Sampada Yojana which aims to meet the national, social and
economic goals, livelihood sustainability and socio-economic upliftment of the fisher

community.

Almost all of the ornamental fishes marketed in India are exotic. The ornamental freshwater
fishes are broadly classified as live bearers and egg laying. Mollies, guppies and platies are live

bearers while, gold fish, tiger barbs, koi, carp gouramies and fighters are egg layers.

Xiphophorus helleri commonly known as sword tail are popular fresh water ornamental fish
belong to family Poecilidae. Native to central America they are translocated to 31 other
countries including India. It is considered as commercially important ornamental fish after

Gold fish due to its aesthetic value, food habit, and reproductive traits (Ghosh et al., 2008).




Studies have also reported evidence of biocontrol of mosquitoes by Xiphophorus helleri
(Mckay,1928). Their appearance, invasive nature to adapt to any harsh habitat conditions and
ability to give birth to live offsprings, makes them a good model organism for research
purposes. Xiphophorus species are regularly used in genetic studies, and have been reported in

the study of melanoma research since 1920s.

Sword tails are omnivorous in diet and was introduced in Queensland and Western Australia
which fed on silt/ biofilm, aquatic insects (dipteran and ephemeropteran larvae), plant material

(algae), and small crustaceans (Arthington, 1989; Maddern, 2011).

The ornamental fish industry faces significant challenges primarily due to various pathogenic
infections. Bacterial infections are major causes of diseases in ornamental fishes and most of
them are antibiotic resistant. Vaccines were initially used however; single vaccines are effective

only against one type of pathogen.

All ornamental fishes like sword tails are affected by various bacterial, fungal diseases which
leads to a huge lose to the breeders and to the aquaculture industries. Sword tails in particular
have been affected by shimmies which is caused by poor water qualities (Aquarium Science —
based on science and logic) skinny disease or chronic wasting syndrome in fish, which causes
lethargy, anorexia, skin inflammation, ulceration, edema. This is mainly due to intestinal
parasites like Spironucleus and internal parasites like tapeworms or mycobacteriosis cotton
mouth or columnaris is caused by Flavobacterium columnare (Declercq et al., 2013) fin and
tail rot disease caused by Pseudomonas fluroscens or fungal infection (Fisheries, 2020) ich or
white spot disease is caused by ciliated protozoan Ichthyophthirius multifiliis (Terud &
Haéstein, 2008) Other major problems include swim bladder issues, velvet disease and bulging

eyes.



https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.59751#core-ref-6

Antibiotics have been in demand in the aquaculture industries for urgent needs, usually
delivered orally or through formulated feed (Schar et al., 2020) However, many fishes were
unable to actively metabolize these antibiotics and most of it was passed out to the
environment, unused. It was reported that 75% of the antibiotics was excreted to water

(Burridge et al. 2010).

The overuse of antibiotics in aquaculture industries lead to antibiotic resistance and
accumulation of toxin build up in the environment that is harmful to both aquatic and human
lives. For this reason, many countries have banned the use of antibiotics in aquaculture

industries. (Pepi & Focardi, 2021).

An alternate solution to this major concern was formulating feed additives that increased the
overall growth performance and increased immune resistance to certain pathogens. The widely
used alternatives include probiotics, prebiotics, synbiotics, acidifiers, plant extracts,
nucleotides and immunostimulants such as beta-glucan and lactoferrin (LF) as mentioned
before (Misra et al. 2006; Yokoyama et al. 2006; Dawood et al. 2015, 2016, 2017; Dawood &

Koshio 2016a; Hossain et al. 2016).

Feed additives are non-nutritive products added to the basic feed mixture to enhance growth or
other productive function. They include phytogenic compounds, organic acids, immune —

stimulants, yeast products, probiotics, prebiotics, enzymes, synbiotics etc.

Feed blocks are new feeding technology developed to slowly dissolve and release food
periodically for fish. This is used as a food supply to fish when the owner is away or to enhance
the health and growth of fish. There are two types of feed blocks. Calcium block in which feed
is embedded in calcium and gelatin-based feed in a gel. (Taiyo holiday vacation blocks food-

taiyo group)




1.2 Aim and Objectives

Aim: To formulate a holiday feed and evaluate the potentials of various natural feed additives

for enhancing immunity and skin pigmentation of Xiphophorus helleri.

Objectives:

1. To screen various nutrient sources for feed additive potential.
2. Formulation of a ‘Holiday feed’ for Xiphophorus helleri.

3. Assessing the nutritional profile of the formulated feed.

4. In-vivo assessment of the test feed on Xiphophorus helleri.

1.3 Hypothesis

The use of probiotics (orange and yellow pigment producing bacteria) and Ulva (seaweed),
crustacean shells as feed additives enhance immunity, colour and overall growth performance

in various ornamental fish like swordtails.

1.4 Scope

Over the past decade, the ornamental fish industry has been experiencing a significant growth,
with hobbyist investing around 10 to 12,000 INR for a medium sized aquarium setup. Farmers
and hobbyists suffer from huge losses due to bacterial, viral, fungal infections which causes

discarding of the whole stock, sterilization of the whole units etc.

Another challenge in Ornamental fish industry is to replicate accurate natural colour of fish in
captivity. Fish cannot synthesize pigments de- novo and depend on diet for pigment production.
In captive conditions, ornamental fishes lose their natural glow and colour. Their colour fades

due to absence of natural pigment enhancing components in the commercial feed.




Two factors are the main drivers of pigmentation in fishes (A) feed additives, pigments and (B)
rearing environment setup i.e., tank colour and light. Natural feed additives like seaweeds and
crustacean shells and probiotics when incorporated as a feed additive enhance immunity,

resistance to pathogens and also maintains the natural colour of fish.

While fish keeping demands less maintenance compared to other pets, it still necessitates
regular tasks such as feeding and weekly tank cleaning. Overfeeding can lead to turbidity in
the water, which poses a risk to fish health. Even a brief lapse in regular feeding, as short as

two days, can result in the death of many fish.

This problem can be tackled by adding feed blocks or commonly known as “Holiday feeds”.
As the name suggests, these blocks of feed slowly diffuse in the tanks and lasts for few days to
weeks depending on the block size, stocking density and tank size. The block does not

disintegrate or make the water turbid, provided there is proper aeration maintained in the tank.

Overfeeding problems that cause both diseases in fish and turbidity of water is also considered

in feed blocks.

The present study focuses on assessing the nutritional and immunostimulant properties of
various natural feed additives including economical crustacean waste products as a source of
immunity booster and growth enhancer. The study aims to formulate an economical feed with
natural sources that are made into feed blocks to increase the shelf life of feed and also reduce
the aquarium tank maintenance. This is done by designing a calcium sulfate or gelatin-based
feed blocks that is added to uniformly aerated tanks and the concept lies in the slow diffusion
of feed into the tanks for over a period of 7 days, 14 days and 21 days. The impact of the

formulated feed with natural feed additives and feed blocks have been analysed on X. helleri.




CHAPTER 2: REVIEW OF LITERATURE

2.1 Ornamental fish culture
2.1.1 Global trend
Ornamental fish market was valued USD 6.27 Billion globally in 2022, and is anticipated to

grow at CAGR of 10.25% from 2023 to 2032. The household use of ornamental fish rose to

71.2% in 2022 after the global pandemic (FAO,2022).

Many countries are focusing on developing marine ornamental fish setups and is anticipated to
reach CAGR of 9.5% from 2023 to 2030. But due to the difficulties of maintenance, water
requirements and equipment, the growth is expected to be slow in comparison to the freshwater

ornamental fisheries (Madhu et al., 2023).

Statistical data of the past few years show an increase in the overall domestic interest in
aquaculture as a hobby. According to the University of Florida, Institute of Food and
Agricultural Sciences, in European countries ornamental fish cultivation has become a
profitable income due to low transportation costs, low maintenance and increased foreign

exchange (Agricultural Statistics at a Glance 2021).

Key companies and market shares are emerging in the field by introducing new fish, and related
products which increase the market contribution. Qian Hu corporation limited in December
2021 entered an agreement with AquaEasy Pvt Ltd. to assist the shrimp farmers in
implementing sustainable practices which increases the output and profits while reducing risks

and expenses (Ornamental Fish Market Size, Share | Global Industry Report 2019-2025, 2019).

In 2021 November, a Japanese fish food brand Hikari partnered with Imperial Tropicals for

feed formulation that is suitable for all types of fish, whether bred or caught wild.




2.1.2 Freshwater Ornamental aquaculture

Ornamental fish farming also known as aquariculture is the second most preferred hobby in
which aesthetic fishes are kept in confined glass tanks as pets (Gopakumar, 2009). Aquarium

keeping requires less space and low maintenance.

In India among freshwater ornamental fish culture 98% are cultured and 2% are captured wild
while in case of marine ornamental fish due to high maintenance and high cost the trade is
dominated by freshwater ornamental culture (Maheswari et al., 2017). Marine ornamental
culture offer a beautiful and diverse array of fish and coral. Marine aquarium and marine fishes
are expensive to maintain the high salinity and water chemistry and the cost and maintenance
and equipment like protein skimmers, high powdered lighting systems, expensive filtration

system, frequent water changes precise temperature control.

The indigenous and exotic freshwater ornamental fishes have high market demands which is
bred and reared for commercial purposes. Inclusion of systems like RAS (recirculating
aquaculture system), Biofloc technology, Aquaponics, In-pond raceway systems are used
culture freshwater fish in a controlled environment that maximizes production, improve water
use efficiency, reduce man power. These systems help deliver sustainable production at low

cost (Das et al.,2022).

2.2 Xiphophorus helleri

Xiphophorus helleri commonly known as swordtail are popular fresh water ornamental fish
belonging to family Poecilidae. Native to central America, they are translocated to 31 other
countries including India (Froese and Pauly, 2007). It is considered as commercially important
ornamental fish after gold fish, due to its aesthetic value, food habit, and reproductive traits

(Ghosh et al., 2008).



https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.59751#core-ref-36

X. helleri are sexually dimorphic, males develop a ‘sword’ from the lower rays of the caudal
fin; hence the common name “swordtail”. Males reach 140 mm, females reach up to 160 mm

(Page and Burr, 1991).

The genus contains almost 30 species, and the members of this species are known to commonly
hybridise. The commercially produced ones contain many colours (Tamaru et al., 2001) than

the wild type (Dawes et al.,1995; Balon et al., 2004).

Wild populations are light greenish in colour with a red or brown mid lateral stripe and male’s
sword is black edged. They are live bearers with large brood size, short gestation period,
multiple broods per year (Milton and Arthington et al., 1983; Dawes et al., 1995; Maddern et
al., 2011). The optimal temperature for breeding is described as 22-26 °C (Milton and

Arthington,1983).

Their appearance, invasive nature to adapt to any harsh habitat conditions and the ability to
give birth to live offsprings makes them a good model organism for research purposes.
Xiphophorus species have been used in genetic studies, and have developed many interspecific

hybrids, especially in melanoma research.

Swordtails are omnivorous in nature and feed on both live and artificial feed (James and
Sampath.,2003). Fish feed and its constituents plays a vital role as an exogenous factor in fish

rearing. It enhances both reproductive and overall growth.

2.3 Infections

A major loss to the industry is infections caused by various microorganisms, which is

mentioned in table 2.3.



https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.59751#core-ref-68

Table 1: Pathogens and diseases caused by them in X. helleri.

Causative organism

Diseases

Symptoms

Reference

1. Flavobacterium
columnare

Columnaris or cotton
mouth disease.

Small white bump or
fungus like appearance

over mouth.

(Plumb,1997)

2. Pseudomonas
fluroscens

Fin and tail rot disease.

Erosions, discolorations,
disintegration of fins and

tails.

(Declercq et al.,
2013)

3. Spironucleus,

Skinny disease/ chronic

Lethargy, anorexia, skin

(Matthews et al.

Mycobacterium wasting syndrome inflammation, ulceration, 2001)
edema.
4. Ichthyophthirius Ich, white spots on body. | (Terud& Hastein,
multifiliis Ich or white spots 2008)
syndrome (Durborow et al.,
1988).

2.4 Immunostimulants

Bricknell and Dalmo (2005) stated “An immunostimulant is a naturally occurring compound

that modulates the immune system by increasing the hosts resistance against diseases that in

most circumstances are caused by pathogens”.

Immunostimulants comprise a group of biological and synthetic compounds that improve both

specific (antibody and agglutination titre) and non-specific immunity (lysozyme, phagocytic,

bactericidal activity, respiratory burst activity) against the infectious diseases in different fish

and shellfish species (Robertsen et al, 1994; Anderson and Siwycki et al.,1995; Amar et al.,

2004; Ai et al., 2006; Andrzej et al., 2006; Behera et al., 2011; Kaleeswaran et al., 2011;

Safarpour et al., 2011; Chakrabarti et al., 2012; Srivastava and Chakrabarti et al., 2012; Ambas

et al., 2013).
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Natural immunostimulants are economical, biodegradable and biocompatible. Many natural
sources of immunostimulants have been discovered for its various potentials as an immunity
enhancer, colour enhancer and for improved growth. Plant, animal and bacterial sources were
recorded as natural immunity boosters in fish and shell fish immunology in the past few

decades.

2.5 Natural feed additives

2.5.1 Ulva seaweed

Seaweeds are excellent dietary source of vitamins, minerals, proteins, carbohydrates and other
bioactive compounds. Green macroalgae exhibit rapid growth, higher amino acids, vitamins,
proteins (kumar et al.,2008). Ulva species are potential sources of aqua feeds (Valente et al.,
2006). They have low protein content of 5-30 % of dry weight but have been reported to have
other high nutritional values (Anh et al., 2013). Improved growth up to 5 % Ulva diet was
reported in Oreochromis niloticus by (Guroy et al., 2007). Improved growth performance, feed
utilization efficiency, digestibility with digestive enzyme activities, intestinal development,
innate immunity and disease resistance by Ulva was reported in Paralichthys olivaceus

(Tharaka et al., 2020)

The supplemented level of Ulva in diets depend on the fish species, age, sex, size. Seaweeds
are a potential source of immunostimulants due to its various bioactive components. Many
brown and green seaweed extracts are known to enhance growth and immune response in many
fish species. Many researchers also focused on the delivery of seaweeds as an
immunostimulant, some using whole seaweeds (Satoh et al.,1987) and others using various
extracts e.g. methanol (Peixoto et al., 2019). Ulva is a polysaccharide derived from green
seaweed species of family Ulvaceae. It is a potent anticancer, antidiabetic, anti-inflammatory

properties through antioxidant modulations.
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2.5.2 Crustacean shells

Chitin is the most abundant polysaccharide found on the exoskeletons of insects and
crustaceans. They are reported to stimulate a defence mechanism by enhancing the macrophage
activities, haemolytic complement activity, leukocyte respiratory burst activity and
cytotoxicity. Chitin supplementation had stimulating effect on the growth and survival of
Macrobrachium rosenbergii. In shrimps, chitin has been used as an immunostimulant and was
known to improve the disease resistance against V. alginolyticus. Crustacean wastes like
shrimp head and crab offal also yield considerable amounts of carotenoids and astaxanthin, and
are thereby finding increasing use in fish feed for colour enhancement and immunostimulant

activity.

Crab and shrimp exoskeletons are used to recover high value-added products like chitin,
chitosan, glucosamine, and astaxanthin. Crustacean shells (blue crab, tiger prawns) stimulate
macrophage activity, antioxidant and immunostimulant properties (Kawakami et al., 2008).

Crustacean shells have been used as components in fish meal due to its high nutritive values.

2.5.3 Pigment producing bacteria

Ornamental fishes like gold fish, swordtails lose their natural glow and skin colour under
captivity. Microorganisms produce different types of pigments including carotenoids, flavins,
indigo etc based on the environmental factors (Duffose et al., 2006). These pigments act as
antioxidants, antimicrobials and antibacterials (Scolnik and Bartley et al., 1995). Researchers
have reported probiotics such as Streptococcus faecium which was reported to improve growth,
protein and lipid content of Nile tilapia. (Flores et al., 2003). Bacillus cereus 0.5 g/kg improved

growth performance of juvenile common dentex (Hidalgo et al., 2006).
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2.5.4 Feed Block

Feed blocks or holiday feed blocks are long lasting, slow releasing nutritive particles in a well
aerated tank. This block is prepared to slowly release the feed particle over a period of 7, 14 or

15 days depending on the size of tank and number of fishes in the tank (Herzog et al., 2021).

This is an alternative solution to feed the fish without a regular manual feeding and also

maintains the water quality without making the water turbid.




MATERIALS

Chemicals:

1.

2.

10.

11

12.

13.

14.

DPPH (2,2- diphenyl-1-picrylhydrazyl)
DNSA (Dinitro salicylic acid)

FCR (Folin Ciocalteau reagent)
Ascorbic acid

Gallic acid

Glucose

Beta carotene

70% ethanol

Methanol

Chloroform

. Petroleum ether

Glutaraldehyde
DMSO (Dimethyl sulfoxide)

DMF (N, N-Dimethylformamide)
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8.

9.

APPARATUS

. Weighing balance

Laminar Air flow

Autoclave

Centrifuge

Lyohilizer (ScanVac, coolsafe)

Refractometer

pH meter (pH 700, Eutech instruments, Thermo Fischer Scientific, India)
Spectrophotometer (UV-Vis, Shimadzu, US)

Hot air oven

10. -80 °C freezer (Blue star ultra-low temperature freezer)

11. Refrigerator

12. Water bath

14
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CHAPTER 3: METHODOLOGY

3.1 Preparation of natural feed additives.
3.1.1 Ulva species
It was collected from Anjuna Beach, Goa, latitude 15.584534 ° and longitude 73.736489 ° It

was washed with seawater and dried in an oven at 55 °C. The dried Ulva was ground into fine
powder and sieved. To obtain a crude extract, the seaweed was washed with tap water to
remove all mud and epiphytes and was dried at 60 °C in an oven. The dried seaweeds were
milled using a blender, sieved (<0.5 mm), and stored in plastic bags until extraction. The
crude polysaccharides were extracted via the hot water extraction method (Klaew et al., 2021)
Briefly, 10 g of a dry seaweed sample was boiled in 1000 mL of distilled water (1:100 w/v) for
90 minutes at 110 °C in an autoclave. The solid residue was filtered from the hot water extract.

The supernatant was then freeze-dried until further use.

3.1.2 Crustacean shells

Blue crab (Callinectes sapidus) and Tiger prawn shells (Penaeus monodon) were procured
from Magson supermarket, Goa. The shells were washed with tap water, cleaned from all dirt
and dried in an oven at 55 °C overnight. The dried shells were then ground into fine powder,

sieved (<0.5 mm) and stored in glass containers (Klomklao et al., 2009).

3.1.3 Pigment producing bacteria

The pigment producing bacteria used in the study were obtained from Prof. Savita Kerkar’s
culture collection. The bacteria were sub-cultured on Nutrient agar and incubated at room
temperature for 48 hours (Wei et al., 2005). For mass culturing, the orange bacteria RK03 and
the yellow bacteria RKO1 was individually inoculated in LB broth and kept in a rotary shaker
for 2 days. The broth was centrifuged at 6,000 rpm for 10 minutes. The supernatant was

discarded and the pellet was washed twice with 1X PBS buffer. The pellet was dissolved in 10
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% sterile sucrose solution and kept at -80 °C. The bacteria were lyophilized for further process
(Fernandes et al., 2021).

3.1.4 Lyophilisation

The vial containing bacterial pellets with cryoprotectant and crude Ulva extract was removed
from the -80 °C freezer and kept for freeze drying. (lyophilizer, Scanvac, America). After a
period of 5 to 6 hours, the powdered bacterial biomass and crude Ulva was weighed and added

to the basal diet for feed formulation.

Figure 1: (A) Oven dried crab shells (B) Oven dried shrimp shells (C) Dried powdered crab and

shrimp shells.

Figure 2: (A) Collection of Ulva sp. from Anjuna beach, Goa (B) Powdered Ulva sp. (C) Crude

extract.




17

Figure 3: (A) Orange pigment producing bacteria subcultured on NA plates. (B) Yellow pigment
producing bacteria subcultured on NA plates. (C) Broth inoculated with yellow and orange pigment

producing bacteria. (D) Lyophilised samples.

3.2 Screening the potentials of natural feed additives

3.2.1 Estimation of proteins

Protein estimation was carried out by Bradford assay (Bradford et al., 1976). Bovine Serum
Albumin (BSA) was used as the standard while 1 mg feed additives were dissolved in distilled
water and used as the unknown/ test samples. 5 mL Bradford reagent was added to all the tubes
and mixed thoroughly by vortexing. The absorbance was taken after 10 minutes at 595 nm. 1

mL distilled water and Bradford reagent was taken as the blank.
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3.2.2 Estimation of carbohydrates
Carbohydrate estimation was carried out by DNSA method (Miller et al., 1959). Glucose was

used as a standard solution (1 mg/mL). The feed additives (1 mg) were dissolved in 1 ml
distilled water as diluent and used. DNSA reagent (0.5 ml) was added to all the tubes and mixed
thoroughly. The set of tubes were then placed in a boiling water bath for 15-20 minutes. The

optical density of all the sample tubes were measured at 540 nm spectrophotometrically.

3.2.3 Screening of antioxidant properties or scavenging activity

The scavenging activity was calculated by using DPPH method (Blois et al., 1958). This is
used to measure the antioxidant properties that includes use of free radicals for assessing the
potentials of substances that serves as a hydrogen or free radical scavengers (Ichikawa et al.,
2019). Antioxidants are neutralizing chemicals that minimize oxidative damages by giving free
radicals electrons. Ascorbic acid (1 mg/ml) was taken as the standard. The feed additives (1
mg) were taken into test tubes with ethanol as the diluent. 1 ml DPPH reagent were added to
all the tubes and incubated in the dark for 30 minutes. The optical density of the samples was

recorded spectrophotometrically at 517 nm.

3.2.4 Estimation of Phenol

The total phenolic compound was estimated using Folin Ciocalteau (FC) reagent as described
by (Singleton et al., 1965). Gallic acid (1 mg/ml) was used as the standard for the test. The
feed additives were added to individual test tubes with 3 mL of deionized water, and 250 pL of
FC reagent, shaken, and allowed to stand protected from light for eight minutes. Then, 750 uLL
ofa 7.5 % sodium carbonate solution was added and made up to a volume of 5 mL with distilled
water. The solution was mixed manually until homogenized and kept in the dark at room

temperature. The absorbance of the mixture was taken after 2 hours interval at 765 nm.
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3.3 Preparation Of Feed

The screened feed additives (Ulva sp., crustacean shells, orange bacteria, yellow bacteria) were
added to the Basal diets as 5 % immunostimulants (Menaga et al., 2021). The basal diet (20 g)
was weighed according to 5 % body weight of fish initially. The Basal diet was into fine powder
and 0.1 g of each feed additive was added. The feed was mixed with distilled water, kneaded
into a dough, extruded using an extruding machine and kept for drying in the oven overnight

at 50 °C.

The dried feed was crushed using a mortar and pestle according to the fish mouth size. The

stability, floatation and disintegration were standardised before the onset of the feeding trials.

For the consortium, initially 25 mg of each feed additives (Ulva sp., shells, orange and yellow

bacteria) was measured and added to 20 g of basal diet. (James et al., 20006).

As the experimental trial continued, the percentage of feed additives added was substantially

increased i.e. 1 g in 20 g of basal feed based on the body weight of the fish.
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Figure 4: (A) Feed extruder machine (B) Extruded fish feed (C) Feed after crushing into floating

micropellets.
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3.3.1 Formulation of feed block

The formulated feed with feed additive for 20 days (4 g) was mixed with 2 g gelatin powder
and made into a paste by addition of hot water. The paste was allowed to stand at 4 °C for 4

hours in a siliconized ice tray.

Figure 5: (A) Siliconized ice tray to solidify feed (B) Feed block after solidification.

3.3.2 Feed and feed block quality evaluation

The feed stability, colour, size and floatation rate of formulated feed and sinking rate of feed
block was analysed for a period of 7 days. The prepared feed was evaluated for various
parameters like protein estimation (Bradford et al., 1976), carbohydrates estimation (Miller et
al., 1959), antioxidant properties by DPPH method (Blois et al., 1958), phenol estimation

(Singleton et al.,1965) as described in section 3.2.

3.4 In-vivo assessment of the formulated feed additive and feed block on X. helleri
3.4.1 Maintenance and in-vivo assessment of formulated feed

X. helleri was bought from, Kannur, Kerala. 60 experimental fingerlings were randomly
distributed into 6 tanks after acclimatizing them for 2 days at 26 °C temperature, pH 7.4-8.9
and 0 psu salinity. The water quality was maintained throughout the experiment. The feeding
was done twice a day at 9:30 am and 5:30 pm. The weight and length of the fish were recorded

every month (Menega et al., 2023).




Figure 6: (A) Tank set up (B) Initial length of sword tail (C) Final length of sword tail at day 90

(D)initial weight of sword tail at day 0 (E) final weight at day 90.
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3.4.2 Effect of feed additives on growth performance

The effect of feed additives (Ulva, crustacean shells, orange bacteria, yellow bacteria) on

swordtail was recorded every month (Fernandes et al.,2021; Menega et al.,2023).

Weight gain (g) = Final weight (g) — Initial weight (g)

(Final weight (g) — Initial weight(g))
Total feed intake

Feed efficiency =

) __[In (Final weight in grams)—In (Initial weight)]

Specific Growth Rate(SGR% x 100

Time

3.5 Analysis of Water Quality

The physical and chemical parameters of the water quality were measured on monthly basis.
The temperature of the fish tanks was recorded using a digital thermometer and the salinity was
measured using a hand-held refractometer. The pH was recorded using a pH meter (pH 700,

Eutech instruments, Thermo Fisher Scientific, India).

3.5.1 Nitrite test (APHA, 2012)

Nitrite concentration was determined spectrophotometrically according to APHA (2012).
Briefly, 25 ml of water from different tanks was added to individual tubes, followed by the
addition of 0.5 mL Sulphanilamide reagent. It was mixed and incubated at room temperature
for 5 minutes, followed by addition of 0.5 mL N-( N-(1-napthyl) ethelene diamine
hydrochloride solution. The samples were vortexed and kept for incubation at room

temperature for 15-20 minutes. The absorbance was recorded at 543nm.

3.5.2 D.O. test (Winkler, 1888)
The Dissolved oxygen of the tanks was estimated by Winkler (1888), method. 1 mL of

Winkler’s B followed by Winkler’s A was added to 250 mL test water sample from different
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tanks, collected in amber coloured DO bottles to fix the samples The samples were mixed
thoroughly and the precipitate was allowed to settle down for 30 minutes. 3 ml of 50 % dilute
HCI was used to dissolve the precipitate completely. 50 ml of each sample was taken in a
conical flask and titrated against Na2S203 (Sodium thiosulphate) until pale yellow colour was
developed, using 5 — 6 drops of starch as an indicator. The blue colour was titrated until

colourless.

3.6 Immunological assays to assess cellular innate immune response

3.6.1 Microscopic characterisation of blood cells

The determination of blood parameters and characterisation will help diagnose fish disease and
reflect alterations of the physiological status according to exogenous and endogenous factors.
(Lehmann and Sturenberg 1981; Rowley et al., 1988; Goerlich and Hamers 1994; Hamers

1995).

Blood parameters and blood cell morphology was observed under panoptical staining, samples
were stained using May-Griin- wald-Giemsa, slightly modified by Hamers (1995). 100 uL of
blood was extracted using heparinized 26-gauge needle from the caudal vein of sword tail. A
drop of blood was smeared on a glass slide, the sample was air dried, and fixed with methanol
for 2 minutes. The non- adherent cells were washed using distilled water and the sample was
kept in Giemsa stain for 30 minutes. The stain was washed with distilled water and air dried

before observing under the microscope at 1000 magnification.

3.6.2 Total plasma protein

Plasma protein is the most clinically used sample to diagnose disease as it contains not only

blood proteins but also proteins from all fish tissues (Li et al., 2016).

The total plasma protein was estimated by Bradford method (Bradford et al., 1976). BSA was

used as a standard. 200ul of fish blood with anticoagulant was taken in a test tube with 3ml
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Folin Ciocalteau reagent. The samples were allowed to stand for 10 minutes at room

temperature and the optical density was recorded spectrophotometrically at 517nm.

3.6.3 Phagocytosis assay

Phagocytosis is a non-specific immune function involving the cellular uptake and intracellular

processing of pathogens, foreign substance, cellular wastes and macromolecules (Koelner et

al.,2004).

The phagocytic activity assay was performed using latex bead agglutination test (Anderson and
Siwiski, 1995; Fernandes et al., 2019) The phagocytic activity and the phagocytic index were
determined using 1.1 um size latex beads, (Sigma Aldrich, USA). Fish blood suspended in
anticoagulant solution of 100 uLL was mixed with 100 pL of latex beads on a clean grease free
glass slide. The mixture was incubated for 30 minutes at RT, followed by fixation with 2.5 %
glutaraldehyde. The slides were washed with Phosphate buffered saline (1X) to remove non-
adherent blood cells, dried and stained with Giemsa stain (Himedia). The number of

phagocytising cells were counted from 50 randomly observed cells at 100X magnification lens.

Phagocytosis was calculated as:

number of cells ingesting beads

Percentage phagocytosis = ( numberof cells observed

) X 100

3.6.4 Respiratory burst

The interaction of neutrophils with microbes leads to activation of oxygen dependent
respiratory burst following release of NADPH oxidase in plasma membrane of phagocytic
vacuole. This is an important defence mechanism seen in fish. Thus, an increase in respiratory

burst indicates an improved health status of fish (Ortuno et al. 2000).
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The reduction of Nitroblue tetrazolium (NBT) by fish blood cells was recorded using Secombes
and subsequently modified by Stasiack and Bauman method to determine the quantity of
superoxide free radicals (Anderson et al., 1992). Anticoagulant mixed fish blood (100 pL) was
placed in a 96 well microtiter plate and incubated at 27°C for 1 hour. After 1 hour, the
supernatant was discarded and 0.2 % NBT (100 uL) was added and incubated at 27 ‘C for 1
hour. The supernatant was again discarded and fixed using absolute ethanol for 2 minutes
followed by three washing steps using 70 % ethanol (200 pL) and dried. The formazan deposits
were dissolved in 2 mol/L KOH (120 pL) and DMSO (140 pL). The absorbance was read at

620 nm using ELISA plate reader (Fernandes et al.,2021).

3.7 Carotenoid estimation

Certain fish belongs to astaxanthin converting group, they obtain and sustain their body colour
through diet. To assess the impact of the diet on the body colour of X. helleri, the carotenoid

content in fish supplemented with feed additives was estimated and compared to the control.

After 90 days of supplementing with carotenoid enriched feed, the skin of the fish was
removed, pre weighed and capped in a 10 mL glass vial. 2.5 g of Anhydrous sodium sulphate
was added. The sample was gently meshed with a glass rod against the side of a vial. 5 ml of

chloroform was added and incubated overnight at 4°C.

Chloroform forms a clear 1-2 cm layer above the caked residue. The optical density of sample
was recorded at 452 nm with a blank of chloroform diluted to 3ml with absolute ethanol. (Rana

et al.,2023).

Absorbance
0.25 X sample weight (g) x 10)

Total carotenoid (ng/weight of tissue) =
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3.8 Cytotoxicity evaluation

The feed safety assessment in fish blood cells was assessed by trypan blue dye exclusion test
after feeding the fish for 2 months. 200 pL of fish blood was extracted from caudal vein in
anticoagulant using 1 mL 26-gauge syringe. The blood was mixed with 0.4 % trypan blue for
2 minutes at RT. The viable cells have intact plasma membrane hence, they appear colourless
under the microscope whereas the non-viable cells take up the stain due to disintegrated plasma

membrane and appear blue under the microscope.

The cell viability (%) was calculated according to (Strober ,2015) by counting the number of

stained (dead cells) and unstained (live cells) separately.

number ofviable cells

cell viability (%) = 100

X
Total number of cells counted

3.8.1 LCs¢Analysis

This is a toxicity test to determine the lethal concentration at which 50 % of the test organism
experience lethal effects. The fingerlings were set up into 4 tanks fed with consortium of 0.1,
0.3, 0.5, and 0.7 g. The maximum dosage was 0.7 g and the survival rate was observed for 7

days (Fernandes et al., 2021).

3.9 Statistical analysis of data
Statistical analysis was performed by using IBM© SPSS version 23.0 statistical software (IBM

Corporation, USA, 2021). The results were expressed as mean with their corresponding

standard deviation (S.D.). The results were analysed statistically using one-way analysis of
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variance (ANOVA). Subsequently, post-hoc multiple comparisons with Duncan’s test were

used to assess the significant difference between the different treatments/ feed additives

CHAPTER 4: ANALYSIS AND CONCLUSIONS

4.1 Screening of natural feed additives for nutrients

4.1.1 Estimation of carbohydrates of different feed additives and formulated feed

The carbohydrate content was significantly (p< 0.001) higher in Ulva sp. with 32.04 + 1.83 %,

followed by C+ S with 27.46 = 1.3 %. (Figure 7 (A)).

Among the formulated feeds, Ulva-based feed had the highest carbohydrate content of 33.6 +

0.11 %, followed by orange bacteria with 22.7 + 10.68 %. (Figure 7 (B)).

The result is in accordance to the study reported by Postama et al., that the carbohydrate
concentration ranged from 20 — 51 %. The same study also reported that, the carbohydrate
content range depends on the extraction methodology. Another study by Mohan et al., reported

that, the dry weight of crustacean shells ranged from 17.50 % to 23.75 % (Mohan et al.,2015).
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Figure 7(A): Estimation of carbohydrates from different feed additives.
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Figure 7 (B): Estimation of Carbohydrates in the formulated feed

Each value is the mean + Standard Deviation of three replicates (n = 3). Within each bar, means with different

superscript letters are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison

with Duncan's test).

4.1.2 Estimation of Protein concentration in feed additives and formulated feed

The Protein content in the feed additives were estimated to be, 13.80 = 5.9 % (Ulva sp.), 13.50
+2.2% (C+8),12.40 £ 1.4 % (shrimp shell), 11.20 + 2 % (crab shell). There was no significant
(p>0.05) difference in protein content of different feed additives (Fig. 8 (A)). Among the
formulated feed, the Protein concentration was significantly (p<0.001) higher in crustacean

shells by 22.6 &+ 3.09 mg/mL followed by the consortium 18.8 £ 5.92 mg/mL. (Fig. 8 (B)).

Natify et al., reported 14.2 % crude protein in Ulva lactuca feed additive fed to mottled rabbit

fish (Natify et al.,2015).
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Figure 8 (A): Estimated protein concentration of feed additives.
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Figure 8 (B): Estimated protein concentration of feed formulated.
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Each value is the mean + Standard deviation of three replicates (n = 2). Within each bar, means with different

superscript letters are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison

with Duncan's test).
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4.1.3 Estimation of Antioxidant activity of formulated feed

Yellow bacteria containing feed showed significantly (p<0.01) higher scavenging activity
using DPPH method by 25 + 1.3 mg/mL, followed by crustacean shells 18 + 0.54 mg/mL and

orange bacteria 15 + 1.83 mg/mL.
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Figure 9: Estimated antioxidant activity shown by formulated feed.

Each value is the mean + SD of three replicates (n = 3). Within each bar, means with different superscript letters

are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison with Duncan's test).
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4.1.4 Estimation of phenolic compounds in feed additives and formulated feed

Phenol content of crustacean shells (C + S) was significantly (p<0.001) higher concentration
(233.611 £ 3.917 mg/mL) than crab shells (177.84 + 5.1 mg/mL), and shrimp shells (117.36 £

4.34 mg/mL) individually.

Consortium showed significantly (p<0.001) higher phenolic compounds 349.85 £+ 1.08 mg/mL
compared to crustacean shells 183.99 + 3.31 mg/mL and yellow bacteria containing feed

181.82 + 3.13 mg/mL.

Maia et al., reported the total phenol content of shrimp shell waste from Palaemon serratus

and Palemon varians ranged between 4.7 and 10.4 mg GAE/g (Maia et al.,2023).
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Figure 10 (A): Estimated phenol contents in feed additives.

Each value is the mean + SD of three replicates (n = 3). Within each bar, means with different superscript letters

are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison with Duncan's test).
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Figure 10 (B): Estimated phenol content in formulated feed.
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Each value is the mean £+ SD of three replicates (n = 3). Within each bar, means with different superscript letters

are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison with Duncan's test).

Table 2 (A): Summary of the biochemical analysis of natural feed additives.

Feed additives test Crab Shrimp Ulva C+S
Carbohydrate (mg/mL) | 21.11 £1.83 1572 £3.1 32.04 +1.3 27.46 +1.83
Protein (mg/mL) 11.20 £ 2 1240+ 1.4 13.80 +£5.9 13.50+2.2
Phenol (mg/mL) 177.84+5.13 11736 £4.34 | 46.75+6.78 | 233.61 £3.91
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Table 2(B): Summary of the Biochemical analysis of formulated feed using natural feed additives

Formulated Control Crustacean Ulva Yellow Orange | Consortium
feed bacteria bacteria
constituents
Carbohydrate | 8.4+ 1.07 147+1.75 | 26+0.11 | 14.1 £1.53 22,7+ 12.6 £2.25
(mg/mL) 10.68
Protein 129+ 1.41 | 22.6+3.09 | 123+2.28 | 6.4+1.83 157+2.2 | 18.8+5.92
(mg/mL)
Phenol 117.04 £ 183.99 + 60.87 £ 181.82 + 1043+ | 349.8+1.08
(mg/mL) 3.31 3.31 3.25 3.13 543
Antioxidants 11+0.39 18 £0.54 5+0.45 25+1.3 15+1.83 4+ 0.37
(%)

Table 3: Biochemical analysis of gelatin-based feed block

Tests Test Feed block
(5 days)
Carbohydrate 149+1.9
(mg/mL)
Protein 18.8+5.9
(mg/mL)
Phenol 526.78 £23.4
(mg/mL)
Antioxidants 6+0.15
(%)

Commercial feed block like Tetra holiday feed for (14 days) has reported a protein content of

40.5 %, fat 5.5 % and crude fibre 4.5 %. (Tetra holiday). This shows that test feed has required

protein content for 5 days.

The Holiday Feed Block, patented under CA1325129C in Canada and invented by Klaus-

Jurgen V. Poeppinghausen, was assigned later to Tetra Werke Dr Rer Nat. The patent
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application was approved on December 14, 1993. However, the patent for the product has

expired since December 12, 2010.
4.2 In-vivo assessment of formulated feed additive and feed block on X. helleri.

4.2.1 Feed stability and acceptability.

As per the observation, the formulated feed had a floatation rate of 13 minutes as compared to
the control feed (16 mins) which is an ideal parameter for surface feeders. Since the feed blocks
were made in an ice cube shape, they sink to the bottom of the tank within seconds. The initial
dry weight of block was found to be 2.36 g and after adding to the fish tank the weight was
observed as 1.773 g on day 3. The sword tails were observed pecking on the gelatin-based feed

block and it lasted for 5 days without disintegrating.

The Percentage floatation rate was calculated by (Solomon et al.,2011). The % floating rate of
consortium was observed to be 70% at 20™ minute and stayed till 30™ minute. While, control

feed, % floating rate was 100% till 30™ minute.
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Figure 11: Formulated feed floatation rate compared to control feed.




Figure 13: (A) Feed floatation rate assessment (B) Initial weight of Feed block

4.2.2 Effect of feed additives on growth performance

36

The effect of formulated feed on Sword tails was measured on a monthly basis by weighing

their size and measuring the length.

The weight gain ranged from 0.154 + 0.042 to 0.718 = 0.07 g in control group and consortium

shows a range of 0.142 + 0.052 g to 0.741 £ 0.105 g over a period of 90 days. There is no

significant (p> 0.05) weight gain difference between the treatment groups.

The specific growth rate (SGR) shows no significant (p>0.05) difference within each treatment

groups. The SGR ranged from 3.22 + 0.57 % to 2.18 = 0.13 % in control and 4.53 + 0.68 % to

2.55 + 0.47 % in consortium over a period of 90 days. The feed efficiency ratio after 90 days

of experimental trial was recorded as 7.54 + 1.46 % in crustacean and 7.5 £ 1.05 % in

consortium tank.
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There is an overall growth of sword tails over a period of 90 days but no significant (p>0.05)

difference within the treatment groups was observed.

A similar growth performance was observed by Menega et al., (2023) in swordtails

supplemented with dietary pigment (50 mg/kg) isolated from the bacteria Exiguobacterium

profundum (T1),

Chryseobacterium  joostei

Staphylococcus arlettae (T4) served as treatments.

(T2),

Staphylococcus  pasteuri

Table 4 (A): Graph showing weight gain of fish over a period of 90 days in gram

(T3),

Treatments 30 60 90
Control (g) 0.277£0.170 0.448 +0.116 0.718 £0.07
Crustacean shell (g) 0.301 £0.118 0.530 £0.175 0.754+0.14
Orange Bacteria (g) 0.306 £0.168 0.582 + 0.202 0.610£0.18
Yellow Bacteria (g) 0.360 + 0.185 0.582 +0.224 0.643 £0.23
Ulva (g) 0.254+0.114 0.564 + 0.243 0.658 £0.19
Consortium (g) 0.282 £0.091 0.395+0.213 0.741 £ 0.10

Table 4 (B): Graph representing the length of fish in cm over 90 days of experimental trial

Treatments 0 30 60 90
Control (cm) 1.8 £0.25 34+045 4.7+0.321 5.7+0.152
Crustacean shell (cm) | 1.5+ 0.26 3.6 £1.20 5.3+0.472 6.4 £ 0.404
Orange Bacteria (cm) | 1.8 £0.15 3.2+0.642 5.1£0.321 6.1 £0.208
Yellow Bacteria (cm) | 1.9+ 0.10 3.5+£1.66 5.1+£0.264 6.2 £0.450
Ulva (cm) 1.8 £0.058 2.9+£0.950 5.1+£0.153 6.1 +£0.230
Consortium (cm) 2.2+£0.75 3.2+0.585 5.0+ 0.360 6.1 +£0.305




Figure 4 (C): Feed efficiency ratio of fish fed with formulated feeds

Treatments 30 60 90
Control 2.8+ 1.70 48+ 1.16 59+4.06
Crustacean shell 3.0+£1.18 49+1.93 7.5+1.46
Orange Bacteria 3.1+1.76 5.2+2.86 6.5 +1.81
Yellow Bacteria 29+2.07 5.4 +2.38 6.4 +£2.34
Ulva 2.0+1.31 34+334 6.6 +1.95
Consortium 2.8+091 3.9+£2.13 7.5+1.05
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Table 4 (D): Specific growth rate of sword tail over 90 days of experimental trials.

Treatments 30 60 90
Control 57+£4.4 3.8+£23 25+1.5
Crustacean shell 41+0.8 2.6+0.9 22+0.3
Orange Bacteria 48+34 25+1.0 20+0.3
Yellow Bacteria 3.6+2.1 2.7+0.8 20+0.3
Ulva 3.0£1.8 1.7+ 1.8 2.1+0.2
Consortium 3.7+£1.3 25+0.6 23+0.2

Each value is the mean £ SD of three replicates (n = 3). Within each bar, means with different superscript letters

are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison with Duncan's test).




4.3 Water quality assessment
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Water quality parameters were assessed according to section 3.5 and maintained throughout

the experimental trial.

The ideal water quality parameters for ornamental fish reported by (Menega et al.,2023)

temperature (26 -30 °C), pH (6.78 — 8.46), nitrite (0.1 — 0.2 mg/mL) and dissolved oxygen

ranging from (4.2 — 5.3 mg/mL).

Table 5: Water quality tests of experimental tanks fed with various feed additives.

water
quality Control Crustacean Ulva Yellow Orange Consortium
tests bacteria bacteria
pH 8.29 8.11 8.14 8.05 7.99 8.34
Temperatu | 26 - 28°C 26 - 28°C 26 - 26 - 28°C 26 - 28°C 26 - 28°C
re 28°C
Salinity 0 0 0 0 0 0
(psu)
D.O 45+0.15 4+0.10 4+0.06 | 3.9+0.20 49+0.15 3.8+0.20
(mg/mL)
Nitrite 0.26+0.08 | 0.23+0.07 0.28 + 0.24 + 0.30 +0.05 0.21 £0.07
(mg/mL) 0.06 0.04
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4.4 Immunological assays to assess cellular innate immune response

4.4.1 Microscopic analysis of fish blood cells

The fish blood cells were stained using Giemsa stain and viewed under microscope at 1000 X

magnification to observe fish blood cells. (Schiitt et al., 1997).

Figure 14 (A) (B): Blood cells observed under microscope at 100 X magnification lens.

4.4.2 Total plasma protein analysis.

Total plasma protein was estimated to be higher in crustacean shells fed fish by 18.6 + 0.9 %
and in yellow bacteria 16.8 + 0.25 % compared to other treatments. There is no significant

(p>0.05) difference in the plasma protein content within treatment groups.

In a study by Haque et al., the total plasma protein content in discus fish (Symphysodon
aequifasciatus) treated with shrimp shell waste derived natural astaxanthin was 3.89 + 0.05
mg/mL (Haque et al.,2020). This shows that crustacean shells (Tiger prawns shell and blue crab

shell) contribute highly to the plasma protein content.
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Figure 15: Graph representing total plasma protein in fish fed with different feed additives.

Each value is the mean £+ SD of three replicates (n = 3). Within each bar, means with different superscript letters

are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison with Duncan's test).

4.5.3 Phagocytosis

The percentage phagocytosis activity was observed to be high in crustacean, Ulva and orange
bacteria by 30 £ 1.1 %, 30 + 2.8 %, 30 + 1.6 %, respectively. There was no significant (p>0.05)

difference between the treatments.

Fernandes et al., reported an increase in phagocytic activity treated with the probiotic
consortium comprising (salt pan bacteria Bacillus licheniformis, Bacillus amyloliquefaciens,
Bacillus subtilis, Pseudomonas sp.) by 46.15 + 5.33 % as compared to control (36.74 + 6.21
%) highest at day 120. (Fernandes et al., 2021). This is in accordance to percentage

phagocytosis activity of sword tail fed with orange bacteria at day 90.

Another study by (Rodriguez & Avila, 2016) reported an increase in phagocytosis content of
tilapia (Oreochromis niloticus) fed with Ulva dietary feed at day 150 was reported to be 23.202

(p < 0.001).
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Figure 16: Graph depicting phagocytic activity in swordtail fish

Each value is the mean £ SD of three replicates (n = 3). Within each bar, means with different superscript letters

are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison with Duncan's test).

: 'ﬁ—\— Cells ingesting latex beads

Figure 17: Cells ingesting latex beads observed at 100 X magnification lens.
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4.4.4 Respiratory burst

Consortium (0.274 + 0.018), orange bacteria (0.266 = 0.077) and crustacean shells (0.247 +
0.012) fed group showed significantly high (p<0.001) respiratory burst activity of optical
density, respectively at 630 nm compared to 0.134 + 0.024 (control), 0.126 + 0.019 (yellow

bacteria) and 0.112 + 0.009 (Ulva species) group.
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Figure 18: Respiratory burst (OD at 630 nm)

Each value is the mean £ SD of three replicates (n = 3). Within each bar, means with different superscript letters

are statistically significant (ANOVA; p < 0.01 and subsequent post hoc multiple comparison with Duncan's test).

4.5 Estimation of carotene of fish skin and fish tail.

Swordtails belong to group I based on their carotenoid biosynthetic capability i.e., they can
convert lutein, zeaxanthin, or intermediates to astaxanthin but beta carotene is not the major
precursor of astaxanthin. Hence, store astaxanthin directly from the diet into their body.
Carotene estimation was done as a part of the colour maintenance in captivity. There is no

significant difference in the carotenoid content in the fish between different treatments.
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However, the consortium exhibited the capacity to increase the carotene content by 0.111 +

0.011 mg/g compared to the control 0.091 + 0.003 mg/g.

The mean carotenoid content of X. helleri treated with various plant derived bio- resources as
dietary feed reported by Rana et al., shows 0.1742 + 0.0851 mg/10 kg in commercial fed fish.
While, China rose, marigold and carrot fed groups showed the following carotene content as
0.2053 + 0.0955 mg/g, 0.3524 + 0.2054 mg/g and 0.2341 + 0.1128 mg/g respectively (Rana et
al.,2023). This shows that the consortium comprising (Crustacean shells, Ulva, orange and

yellow pigment producing bacteria) has lower carotenoid content compared to the study.

Our study reports a minor increase in the carotene content in the fish fed with consortium,

however, the results were not significant as compared to the control.

Table 6: Estimated carotenoid content of fish fed with different feed additives

Beta

carotene | Control Crustacean Ulva Yellow Orange Consortium
test Shell bacteria bacteria

Fish skin | 0.091 £0.003 | 0.107=0.003 | 0.103 £0.011 | 0.101 + 0.096 0.111 +0.011
(mg/g) 0.006 +0.007

4.6 Cytotoxicity evaluation in sword tails fed with feed additives.

The cytotoxicity test by trypan blue dye exclusion was performed to analyse the percentage
cell viability after feeding trials to determine the toxicity of the incorporated feed additives in

the fish diet.

The test revealed higher cell viability in fish fed with crustacean shell 87 + 2.828 %, similar to
85.5 £ 2.121(Ulva) and (85.5 + 3.536) consortium compared to the control basal feed

(commercially available) that has 72.2 + 3.11 % cell viability. All experimental feed additives
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showed significantly higher cell viability compared to the control feed except, orange bacteria

fed fish that shows 49 + 2.31 % which is much less compared to the control.

Orange bacteria tanks also showed high mortality compared to other experimental tanks
indicating toxicity. While, all other feed additives showed comparatively higher viable count

than control feed indicating no cytotoxicity.

Figure 19(A): Blood extracted from caudal vein Fig.19 (B): Viable cell count using trypan blue
dye exclusion test observed under 100 X magnification lens

Table 7: Cell viability counts of fish fed with different feed additives

Feed Formulated Cell Viability In %
Control 72.2+3.111
Crustacean Shell 87 +2.828
Ulva 85.5+2.121
Yellow Bacteria 76 +1.414
Orange Bacteria 63 +£2.828
Consortium 85.5+3.536
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4.7 LCsp evaluation

The LCso test was conducted to determine the concentration of the consortium that would lead
to a lethal effect on 50% of the fingerlings. In this experiment, six young fish aged between six
and seven days were fed varying concentrations of the consortium (0.1 g, 0.3 g, 0.5 g, 0.7 g).
Results showed that the group fed 0.5 g experienced an 80% mortality rate, while the group
fed 0.7 g experienced 100% mortality within one day. The concentrations of 0.1 g and 0.3 g
did not exhibit any harmful effects on the fish. However, at a dosage of 0.5 g, >50% mortality

was observed, indicating LCso to be 0.5 g.
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CONCLUSION

The study resulted in the formulation of an ecofriendly economical feed additive comprising
of crustacean shells, Ulva and bacteria with immunostimulatory activity in X. helleri.

The feed additives used in the study exhibited no cytotoxicity when tested in-vivo.

Furthermore, the analysis also emphasised on formulating a gelatin- based feed block which

showed higher nutrient content than the commercial blocks available in the market.
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FUTURE PROSPECTS

Analysis of carotenoid content after prolonged feeding trials with consortium excluding
orange bacteria, under dark and light conditions.

Proteomic analysis to study the differential expression of fish proteins expressed after
treatments.

Development of holiday feed block of 14 days.
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APPENDIX I

CHEMICAL PREPARATION

1. Bradford reagent

Coomassie brilliant blue G-250 (100 mg) dissolved in 50 ml 95% ethanol. 100ml 85%

phosphoric acid added to this solution, the solution diluted to final 1 L volume.
2. DPPH reagent

Dissolve 1 mg of DPPH powder in 13 ml ethanol.
3. DNSA reagent

Mix 3 g of sodium potassium tartrate in 50 mL distilled water and mix 1 g of DNSA powder
in 20 mL of 2 M NaOH. Mix the solutions together.




