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ABSTRACT
Fish farming is a rapidly developing industry globally due to the increasing demand on protein
for feeding the rapidly increasing human population. On the other hand, capture fisheries have
significantly declined. One major impediment to aquaculture is access to affordable fish feeds,
due to the expensive crude protein component. To address this challenge, this study
investigated the potential of two algal species: Arthrospira platensis, and Oocystis sp. as
sources of crude protein in fish feeds. The objectives of this study were to establish the most
appropriate fertilizer regime that would allow for the optimum Oocystis sp. growth to generate
adequate biomass, formulate fish feeds from the two algal species, analyse their proximate
composition, and determine their efficiency in the growth of Oreochromis niloticus. Two
experimental set-ups were made in the study, the first set-up involved the culturing of Oocystis
sp., and determining its biomass and crude protein contents. The growth rate, doubling time,
and divisions per day were determined from the changes in chlorophyll-a concentration.
Proximate analysis was done on subsamples of Oocystis sp. and A. platensis. The second
experimental set-up involved the assessment of the performance of O. niloticus fed on seven
formulated diets namely, diet 1 was the control with Caridina nilotica as the protein source
and the other six diets had 10%, 20%, and 40% replacement of C. nilotica with Oocystis sp.
(diet 2-diet 4), and A. platensis (diet 5-diet 7). To achieve this, a ten-week experiment was
conducted at the Agro-science Fish Park at Egerton University, where 21 hapa nets, each
containing of 30 O. niloticus fry were subjected to the seven diets in triplicates. The results of
the first experiment showed that there were no significant differences in the mean Oocystis sp.
biomass (p> 0.05), growth rate (p> 0.05), divisions per day (p> 0.05), and doubling time (p>
0.05) from the different treatments. The overall body weight of the fish increased significantly
(p < 0.05) from 0.240 g to 8.486 g. There were significant differences (p< 0.001) in the final
body weight between diet 1 (7.778 + 0.498 g) against diet 2 (9.985 £ 0.504 g) and diet 5 (9.937
+ 0.366 g). Therefore, this study showed that inorganic fertilizers can be used as cost-effective
media in the mass scale culture of Oocystis sp. and that 40% substitution of C. nilotica as a
protein source with either A. platensis, or Oocystis sp. enhances the growth of O. niloticus fry
and reduces production cost, while having no adverse effects on the growth performance. In
conclusion, the study revealed that there is great potential in the use of A. platensis, and
Oocystis sp. as protein sources in fish feeds. This study recommends the potential inclusion of
A. platensis or Oocystis sp. to lower the cost of production so that aquaculture not only becomes

more profitable but contributes to increased food and nutritional security.
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CHAPTER ONE
INTRODUCTION

1.1 Background information

Fish is a very important food item, rich in proteins that supports good health while fisheries
offer livelihoods to many households all over the world. There has been a decreasing trend in
the quantity of capture fisheries in most water bodies (Belton et al., 2014), yet the demand for
fish as a protein source continues to rise as the world population increases correspondingly
(Béné et al., 2015). This calls for increase in fish production through aquaculture to match the
increasing demand (Obiero et al., 2019). Aquaculture as a means of enhancing food production,
has been receiving increased attention as it is envisaged to increase the world's fish production
by up to 50% (FAO, 2018).

Aguaculture is the growth of aquatic organisms in a controlled or semi-controlled aquatic
environment, to provide human food, recreational fishing, enhancement of commercially
valuable stocks, recovery of endangered species, bait, and ornamental species (Pillay & Kutty,
2005). Fish production from aquaculture has been on an increasing trend in the world, reaching
an all-time high of 82.1 million tonnes in 2018 (FAO, 2020). On the other hand, aquacultural
fish production in Kenya has been recording a decline from 24,096 tonnes in 2014 to 18,656
tonnes in 2015 and further to 14,952 tonnes in 2016 (KMFRI, 2017; Opiyo et al., 2018). This
decline has been attributed to various challenges with fish feeds standing out as a primary
causal factor depicted by the lack of inexpensive and appropriate fish feeds for different fish
growth stages (Munguti et al., 2014a).

Intensification of aquaculture requires artificial feeding, to enable fish to grow at a faster rate
to maximise productivity. In their natural habitat, fish derive their food from natural sources
such as algae, zooplankton, macroinvertebrates, and some types of organic matter.
Consequently, the source of nutrients for fish in aquaculture cannot be achieved through natural
supply alone, but has to be supplemented through artificial feeds (Howe, 1996). While growth
of natural food in ponds is normally enhanced through pond fertilisation, artificial feeds are
formulated from different ingredients to improve nutritional supply and fish yields (Liti et al.,
2006). They are made by mixing different ingredients to make a balanced diet, consisting of
either simple mixtures or nutritionally complete mixtures (Gatlin, 2010). The feeds need to be
nutritionally complete consisting of crude proteins, carbohydrates, minerals, lipids, vitamins,

and essential fatty acids (Munguti et al., 2014b).



Aquaculture production is highly dependent on the quality of protein in the feeds. The high
protein, fat, and amino acid composition, of Caridina nilotica (Freshwater shrimp) and
Rastrineobola argentea (Silver cyprinid) make them the primary source of protein for fish
feeds in Kenya (Munguti et al., 2014b). However, due to direct consumption as human food of
R. argentea, its application in fortifying foods, and in making animal feeds; resulting to scarcity
and higher prices; has driven scientists to look for other sources of protein for fish feeds to

decrease overdependence on this two.

Several plants have been fronted to provide crude proteins in fish feeds for example corn gluten
meal, rice protein concentrate, wheat gluten and soy protein concentrate (Kaushik & Hemre,
2008). However, the main shortcoming of plant proteins used in fish feeds is that they lack
many essential amino acids such as lysine, methionine, threonine, and tryptophan (Torres-Tiji
et al., 2020). Some species of algae are the base of the aquatic food chains in natural aquatic
habitats on which other aquatic faunal organisms including fish are dependent on either directly
or indirectly. However, analyses of the amino acid content of various species of algae have
shown that while there is considerable variation, they usually have high content of essential

amino acids (Brown et al., 1997).

Arthrospira platensis is a filamentous blue-green micro-algae, found growing in alkaline
aquatic environments and is known to have high protein content, which ranges between 55 and
70% depending on the source (Habib et al., 2008). Oocystis sp. is a genus of planktonic

microalgae widely distributed in freshwater bodies.

This study aimed to assess the nutritional values of the two algal genera to use them to
formulate fish feeds, and determine the growth performance and survival rates of O. niloticus

fed on the formulated feeds of A. platensis and Oocystis sp.

1.2 Statement of the problem

Fish offers a high protein food source and supports livelihood of many people globally through
capture fisheries and fish farming. The demand for fish has been rising due to increase in human
population, while fish production from capture fisheries has been declining. To increase fish
production, promotion of fish farming is pertinent. However, fish farming is an expensive
venture due to the expensive fish feeds resulting from high cost of crude protein component of
fish feeds which is mostly sourced from animal proteins. There is an urgent need to find high
quality, cost-effective, and sustainable alternative protein sources to be used in the formulation

of fish feeds. Such feeds would enhance optimum growth of fish and allow aquaculture
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production to remain economically and environmentally viable. Some algae species have been
identified to have high protein sources that may be used in formulating fish feeds. This study
investigated the possibility of using A. platensis and Oocystis sp. as possible sources of crude
protein that may promote fish farming.

1.3 Objectives

1.3.1 General objective
To contribute to the development of fish feeds that would enhance fish production through

aquaculture.

1.3.2 Specific objectives
i To determine the right nutritional formulation for faster growth of Oocystis sp.
using urea, DAP, and NPK media as cheaper nutrient sources.
ii. To determine the nutritional values of A. platensis and Oocystis sp.
iii. To determine the growth performance of O. niloticus fed on A. platensis and

Oocystis sp. formulated fish feeds.

1.4 Hypotheses
Ho:i.  There is no significant difference in the growth of Oocystis sp. cultured in different
nutritional formulations of urea, DAP, and NPK media.
Hoo.  There is no significant difference between the nutritional values of A. platensis and
Oocystis sp.
Hoz.  There is no significant difference in the growth performance of O. niloticus fed on
A. platensis and Oocystis sp. formulated fish feeds.

1.5 Justification

Kenya's fish production is mostly based on capture fisheries, while fish farming is only
beginning to be adopted strongly. In 2015, projections showed that the fisheries sector could
contribute more than 8% to Kenya's GDP, an improvement compared from 5%. Just 0.014 %
of land (1.4 million ha) in Kenya is reported to be used, with 95% of the nation being
technically ideal for aquaculture. Fish feeds play a key role in aquaculture development and
usually constitute 40-60% of the total production costs, mainly due to the crude protein
components' cost. This is expensive and therefore necessitates the development of sustainable
and cheaper sources of fish feeds. Consequently, there is need for new ingredients to be
included in the formulation of fish feeds that have an equally high percentage of crude protein.



This study is relevant in aquaculture by informing on sustainable A. platensis and Oocystis sp.
production systems and their use as fish feed components to promote profitable fish farming.
As a result, leading towards efficient utilisation of resources, and decreasing dependence on
capture fisheries as the main source of fish proteins and crude proteins for fish feeds.
Aquaculture is part of the agricultural sectors contributing to increase in food security in the
country, which is key in Kenya’s vision 2030. This study will contribute towards the
achievement of this important item. Additionally, this study is in line with the United Nations
Sustainable Development Goal number 3 of ensuring healthy lives to promote well-being for
all at all ages, as growth of aquaculture will provide animal protein for consumption, and goal
number 14 of conserving and sustainably using the oceans, seas, and marine resources for
sustainable development, by allowing conservation, and sustainable use of inland and marine

resources.

1.6 Scope of the study

With the increase in aquaculture production globally, there has been corresponding increase in
the demand of sources of fish feeds of key importance the protein sources especially in a
country like Kenya. In view of this, the present study assessed the possibility of using A.
platensis and Oocystis sp. as possible sources of crude protein that may promote fish farming
via formulation of diets. To, this end the study covered the potential production of Oocystis
sp., using inorganic fertilizers as a cheaper source of nutrients; mainly focusing on the
optimization level of urea to be utilized in the culture of Oocystis sp. However, the study did
not cover the production of A. platensis. Further, the study focused on proximate analysis of
A. platensis, Oocystis sp., and formulated diets. The effects of the formulated diets on O.
niloticus growth were ultimately tackled, via looking at the growth parameters such as body
weight gain, specific growth rate, and the relative condition factor. The researcher limited the

study to the effect on the growth of O. niloticus fries to the juvenile stage.



CHAPTER TWO
LITERATURE REVIEW

2.1 Status and trends of global aquaculture

Aquaculture was defined by Marshall (2017) as the sustainable farming and harvesting of fish
to keep aquatic biodiversity and ecosystems intact. It also broadly refers to the culturing of
aquatic organisms that includes fish, crustaceans, molluscs, and aquatic plants. Aquaculture is
the world's fastest-growing and most diverse food based sector, with approximately 95.6% of
its production being done in developing nations (Tacon, 2020). There has been a trend of
increase in the world fish production through aquaculture, reaching 82.1 million tonnes (FAO,
2020), from 80.0 million tonnes (FAO, 2018). Further algae production through aquaculture
reported 32.4 million tonnes of aquatic algae harvested, and 26,000 tonnes of ornamental

seashells and pearls, bringing the total to an all-time high of 114.5 million tonnes (FAO, 2020).

Aguaculture has recorded the fastest growth, from 25.7% in 2001 to 46.8% of the total fisheries
production by 2016 (FAO, 2018), consequently increasing the gross production from capture
fisheries and aquaculture to a total of 362 billion United Sates Dollars (USD). Smith et al.
(2010) noted that aquaculture's steady growth, while the world capture fisheries stagnated,
maintained the global per capita fish consumption, despite an increase in the global population.
Tacon (2020) stated that aquaculture offers the most diverse food source, with over 277
different species of organisms cultured in 2016, including 20 species of aquatic plants, 59

species of molluscs, 27 species of crustaceans, and over 171 fish species.

The global growth of aquaculture differs among regions with, Asia (89%) leading in production
where China had the highest amount of aquaculture production than the rest of the world
combined since 1991, recording approximately 63.7 million tonnes annually. Africa has
registered the fastest growth rate of the sector, from a low base, currently recording 7.3% and
9.28% increase in annual percentage in aquaculture quantity and value respectively, compared
to the Asia region (Nadarajah & Flaaten, 2017). Aquaculture statistically had a total of 19.3
million people involved in 2016 (FAO, 2018) and this has grown to 20.5 million in 2018 (FAO,
2020), registering an increase of those employed in the sector.

2.1.1 Aquaculture in Kenya
Aquaculture practice in Kenya is reported to have taken root in the early 1900s through
introduction of trout (Oncorhynchus sp.) in rivers for sport fishing (Ngugi et al., 2007). Later,

in the 1920s the sport fishing advanced to static pond culture which involved the culturing of
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tilapia, common carp, and catfish species. Sagana and Kiganjo trout fish farms were the
pioneers of small-scale rural fish farming. The farms focused on rearing the warm water and
cold-water species respectively ( Ngugi & Manyala, 2004; Ngugi et al., 2007). By the year
1960, aquaculture had become popular in most regions around the country with a dramatic
growth of the sector being observed over the last decade. Currently, aquaculture is majorly
practiced in Kakamega, Bungoma, Siaya, Busia, Kisii, Meru, Nyeri, Kisumu, Muranga, and

Embu counties with less practice in Kitui, Lamu, and Elgeyo Marakwet (Opiyo et al., 2018).

The growth of the sector was slow until the introduction of the economic stimulus programme
in 2009, where the Kenyan government injected a total of 10.5 KES billion into the sector,
which aimed at increasing fish production from aquaculture (Munguti et al., 2014a). The
economic stimulus program resulted in a 55% increase in aquaculture production (Garlock et
al., 2020). As a result of the economic stimulus project, there was an increase in the
aquaculture production for the subsequent three years with a minor decrease to 21,488 tonnes
in 2012 from 22,135 tonnes in 2011. However, there was a steady decrease from 24,096 tonnes
in 2014 to 18,656 tonnes in 2015 and further to 14,952 tonnes in 2016 (KMFRI, 2017) as
illustrated in Figure 2.1.

30,000
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Figure 2.1: Kenya Aquaculture Production Trends (KMFRI, 2017)

Aquaculture in Kenya consists of freshwater aquaculture and mariculture, where most of the
aquaculture production is from freshwater aquaculture (98%) while mariculture (2%) is mostly
underexploited (Munguti et al., 2014a). O. niloticus (80%) and Clarias gariepinus (14%)
account for 94% of the total aquaculture production (Ngugi & Manyala, 2004). Other



freshwater species cultured include Cyprinus carpio, Oncorhynchus mykiss, Micropterus
salmoides, Carassius auratus, Xiphophorus hellerii, Labeo victorianus, Oreochromis jipe, and
Protopterus aethiopicus (KMFRI, 2017). Chanos chanos at 90% and Mugil cephalus at 9%
(Ngugi & Manyala, 2004) are the most produced fish species under mariculture. Other species
include Scylla serrata, Trachnotus blochii, Penaeus monodon, Euchema sp., and Artemia sp.
(KMFRI, 2017).

Aquaculture is further categorised by the cultivation system into extensive, semi-intensive, and
intensive, with each system having its unique features. In Kenya, semi-intensive aquaculture is
the most practised system, which consists of mainly ponds (Opiyo et al., 2018). Intensive
aquaculture is also practised in Kenya; however, due to the massive amount of capital
associated with these systems, it is rare. Its practise consist of using cages, aquaponics, and
recirculating systems (Munguti et al., 2014a). Cage culture is slowly growing, mostly within
the Lake Victoria region depicted by an increase in the number of cages to 3,398 in 2017 from
1,663 in 2016 (KMFRI, 2017).

2.1.2 Challenges facing aquaculture in Kenya

While fish farming is an industry with a promising future due to the ever-increasing demands,
in Kenya it is however faced with a number of challenges. One major challenge is the lack of
cheap fish feeds for different stages of fish (Munguti et al., 2014b). This has resulted into
stagnation in aquaculture growth. Fish feeds are very expensive in the market and their quality
in some cases is wanting. Though standards have been developed to be followed in making fish
feeds (Shitote et al., 2012) lack of enforcement and poor feeding strategies stand out as setbacks
in the development of aquaculture in Kenya (Obwanga et al., 2017). Feeding strategies
positively correlate to fish growth where under- or over-feeding results in bad feed efficiencies
and growth of the fish. Lack of monitoring of fish biomass, and water temperature by many

farmers has resulted in poor feeding strategies (Munguti et al., 2014b).

Locally formulated diets by farmers act as the primary source for fish feeds by many fish
farmers in Kenya (Munguti et al., 2014b). However, lack of knowledge on feed formulation
for specific target species at different stages of growth is a challenge in the sector as the farmers
end up formulating feeds without taking the growth stage aspects into account (Rana & Hasan,
2013). Farmers further lack the techniques and knowledge in transportation, handling, and

storage of feeds, leading to the spoilage or contamination of feeds (Munguti et al., 2014b).



Availability of fish fries to be used in aquaculture is also a significant challenge despite of an
increase in the number of hatcheries in the country from 21 in 2009 to 127 in 2015 (KMFRI,
2017). Fish farmers often end up buying fries of genetically inferior quality since the hatcheries
do not produce quality seeds. The availability of good quality seeds is of significant concern
as it ensures the fish's survival from stocking through the entire growth stages until it is ready

for harvesting. This ensures maximum returns from the venture (Ngugi et al., 2007).

Inadequate extension services, poor husbandry practices, and poor quality of fish farms' inputs
are other challenges facing the sector (Opiyo et al., 2018). The formation of county
governments and subsequent devolving of aquaculture duties from the national government to
the county governments that lacked support services for fish farming, is a major challenge in
the growth of the sector due to poor transition from national to county government. The absence
of a comprehensive policy on aquaculture including legislation have derailed the development
of the sector (Mbugua, 2008). Shitote et al. (2012) summarized the challenges of fish farmers
in western Kenya into high cost, unavailability and low quality of feeds, drying up of ponds
during drought, lack of fingerlings, flooding, siltation of ponds, poor pond maintenance, and
poor security. These identified shortcomings broadly reflect the challenges facing the

aquaculture farming in the country.

2.2 Fish nutrition

The fast growth of feed aquaculture practices has led to an increase in production in fish feeds.
The production from aquaculture practices lacking supplementary feeding decreased from
40.5% in 2000 to 30.5% in 2016; however, the volume produced from aquaculture practices
with supplementary feeding increased to 24.4 million tonnes in 2016 (FAO, 2018).
Consequently, the growth in aquaculture production is directly related to the increase in

nutritionally quality feeds.

Fish feeds constitute 40 to 60% of fish production costs in most intensive and semi-intensive
aquaculture practices. This requires availability of affordable and quality feeds for the farming
to be profitable. Studies carried out reveal that commercially formulated diets are more
economical than locally compounded diets as they provide the fish with all nutrients within the
correct concentrations required for growth, and adhere to the set standards as illustrated in
Table 2.1 (Munguti et al., 2014b).



Table 2.1: The Kenya commercial fish feed standards for fry, fingerlings, growers, and
brooders (Munguti et al., 2014b)

Feed parameters Fry Fingerlings Growers Brooders

Feeding rate % 5% body 6-8% body 3% body 3% body

weight weight weight weight
Crude protein % 40-45% 35-40% 30-34% 40%
Energy >10 >10.5-11 >11.5-12.5 >11.5-12.5
(millijoules/kilogram)

Crude fiber % >4% >4% >6% >6%
Lipids % >8% >8% >10% >10%
Lysine % >12% >12% >12% >12%

Methionine % >5% >5% >5% >5%

Moisture content % <12% <12% <12% <12%
Pellet size Mash 2 2-5 2-5

(millimeters)

Floating pellets N/A >2 >2 >2
(minutes)

2.2.1 Importance of protein in fish feeds

Protein is stated as the most expensive macro-nutrient in fish feeds (Munguti et al., 2014b).
For a fish diet to be complete, it must contain a certain percentage of crude protein depending
on the fish species. Proteins in fish feeds are vital, as they act as transporters of essential amino
acids (Kaushik & Seiliez, 2010). Amino acids are either essential or non-essential, where the
organism produces the non-essential amino acid while essential amino acids are provided for

an organism; hence they need to be included in the diet.

There are twenty-two combinations of amino acids that act as building blocks for proteins in
animals, of which ten are essential amino acids in fish hence need to be included in the fish
feed (Lopez & Mohiuddin, 2020). These are arginine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, and valine. The quality of crude protein
depends on the composition of amino acids; hence a balanced protein; should have the correct

composition of amino acids and thus a higher nutritional value (Miles & Chapman, 2015).



2.2.2 Sources of crude protein

There are various sources of crude proteins; as earlier mentioned C. nilotica and R. argentea
are the most common sources of crude proteins used in fish feed formulation in Kenya (Charo-
Karisa et al., 2012). Apart from the two other familiar sources of crude proteins include fish
meal, soybean meal, animal by-products, and other oilseed meals. The percentage of crude

protein varies with the different sources and further on feed production from raw ingredients.

Fish meal for instance, has crude protein raging between 60 and 70% of the total body weight
(Miles & Chapman, 2015). Fish meal is highly used as a source of crude protein in fish feeds
as it has an excellent amino acid profile. Soybean meal and other oilseed meals though used
their amino acid profile is not as good therefore limiting the provision of amino acids required
(Chou et al., 2004; Ogello et al., 2014). C. nilotica and R. argentea also have a good amino
acid profile, hence their high demand in the production of fish feeds. They further have high
percentages of digestibility and palatability as fish meal. Soybean meal and other oilseed meals,
which are plant protein, have lower digestibility percentages as they contain cellulose and

oligosaccharides, which are absent in animal proteins (Salmean et al., 2015).

2.3 Arthrospira platensis and Oocystis sp. nutrient contents

A. platensis was declared the best food for the future during the United Nations World Food
Conference in 1974 (Jung et al., 2019) this is because it is one of the most nutritious foods by
weight when compared to other food, both plant and animals based. A. platensis has a high
concentration of quality protein ranging between 55 and 70% (Habib et al., 2008; Jung et al.,
2019). In comparison to other standard plant proteins, A. platensis stands out as superior as it
contains all essential amino acids. When compared to animal proteins, it has reduced amounts
of cysteine, lysine, and methionine. Habib et al. (2008) noted that 6 to 6.5% constitutes lipids,
1.3 to 15% consist of unsaturated fatty acids, of which 25 to 60% consists of polyunsaturated
acids. All essential minerals are found in A. platensis, which is of importance as it

bioaccumulates minerals.

Oocystis sp. is reported to have lipid content ranging between 10 and 20%, with an ash range
of 6.3 to 7.7%. The carbohydrate percentage of Oocystis sp. is relatively high, ranging between
25 and 37%, with a notable increase in the carbohydrate with a decrease in the protein

percentage of the Oocystis sp. cells ( Lee & Picard, 1982).
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2.3.1 Arthrospira platensis and Oocystis sp. as possible sources of crude protein for fish
feeds

A. platensis has gained much attention as a source of protein not only for fish feeds but also as
a human food supplement. Though available in specialised natural habitats, A. platensis can be
cultured cost-effectively and then be incorporated in fish feeds as a crude protein source in
these feeds. De Chavez and Bolivar (2018) state that selecting fish feeds should be based on
the suitability as reflected on its nutritional profile, viability, and its growth potential for
sustained supply. A. platensis exhibit a high protein efficiency ratio (Habib et al., 2008). The
absence of cellulose in the structure of A. platensis is of vital importance as it makes it readily
digestible (Habib et al., 2008) unlike other plant sourced proteins in which break down of
cellulose is necessary before digestion. Therefore amino acid assimilation (Salmeéan et al.,
2015) in A. platensis feed occurs very fast.

Polyunsaturated fatty acids found in A. platensis (Habib et al., 2008; Jung et al., 2019) are
important to aquatic organisms as they maintain normal cell-to-cell permeability even in
extreme environments. A. platensis is stated to have higher energy efficiency; therefore, it
requires less amount of energy per kilo of protein produced (Andrade & Costa, 2008; Habib et
al., 2008). High yields coupled with efficient water use (Habib et al., 2008), are more merits
as A. platensis is produced in high yields for feeds with a minimal amount of water use. A.
platensis is stated to increase the growth rate, improve and intensify fish colouration if used

as an ingredient in fish feeds (De Chavez & Bolivar, 2018).

Oocystis sp. has been reported to vary on the percentage of proteins found in the cells, ranging
between 15 and 40% ( Lee & Picard, 1982). The difference in the protein percentage is
attributed to the culture medium of the Oocystis sp. cells. The high percentage of protein found

in the cells, forming a reasonable basis for its use as an ingredient if fish feeds.

2.4 Culturing Arthrospira platensis and Oocystis sp.

There are various ways of culturing A. platensis which include ponds, raceways, and tanks
(Habib et al., 2008). The culture system is often influenced by the scale of production. Oocystis
sp. has been reported to withstand a wide range of changing environmental conditions, cultured
mainly in open concrete ponds with various media. The Oocystis sp. cells are characterised by

a fast growth rate, with the maximum number of cells reported after 12 days (Zhaowei, 2020).
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2.4.1 Growth requirements for Arthrospira platensis and Oocystis sp.

The culturing requirements of A. platensis can be summarised by eight main factors to macro
and micronutrients presence (C, Ca, N, Cl, P, K, S, Na, Mg, and Se, Fe, Co, Zn, Ni, Cu), water
quality, luminosity (photo-period 12/12, 4 lux), temperature (30°C), pH (8.5-10.5), dissolved
solids (10-60 g/litre), inoculation size, and stirring speed (Habib et al., 2008). The culture
media is essential as the dominance of A. platensis in the natural environment is positively
correlated with alkalinity. The higher the alkalinity, the higher the dominance of A. platensis
in natural water bodies. High pH ranging from 8.5 to 11 is the best for growth.

The temperature range required for optimum growth by A. platensis is between 35 °C and 37
OC; however, it can still grow at temperatures between 16 °C and 40 °C. Light photo-period is
also an essential requirement, as Moraes et al. (2013) states that A. platensis has higher
production with higher light photo-period. The light intensity is also a crucial factor, as Soni et
al. (2019) states the suitable range is between 1500 and 4500 lux, where higher intensities may
cause the cells to die. Innoculation size of 15% is stated as the best for cultivation by Moraes
et al. (2013) while, Andrade and Costa (2008) state 20% as the best inoculation size, with both
being harvested after 18 days with other factors at optimum. The culture medium should be in
constant motion to ensure all A. platensis growing to get illumination. However, fast stirring

speeds are stated by Moraes et al. (2013) as harmful as it ends up damaging the cells.

Oocystis sp. farming requires the provision of carbon, nitrogen, phosphorus sources, and trace
nutrients. Therefore the culture medium of Oocystis sp. should have the following
concentration components: 1.5-3g/L carbon source, 0.03-0.08g/L phosphorus source, 0.2-0.
5¢/L nitrogen source, 0.03-0.08g/L iron salt, and trace water-soluble vitamins, of which the
carbon source is NaAc, pH:7-8 in the culture system (Zhaowei, 2020).

2.4.2 Challenges in culturing Arthrospira platensis and Oocystis sp.

Arthrospira platensis is an obligate autotroph hence requires light and nutrients for its growth
in the artificial media which must be well formulated for growth. The sedimentation of A.
platensis to the bottom of culture media is also another challenge, mostly in small-scale
production, as the media needs to be in constant motion, and the means of achieving the
constant motion is through use of a shaker resulting in an increase in the cost of production.
Contamination during A. platensis culture is also a challenge as other species may have toxins,

hence not edible as a result, there is a need to ensure the culture remains pure during the entire
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cultivation period (Yu et al., 2019). The culture media used is also a challenge as it determines

the availability of required macro- and micro-nutrients required for growth.

Oocystis sp. culture is limited as with open pond culture systems which are easy to pollute,
they further require a large area for culturing, the system is also affected by the weather (via
influence on the light photoperiod and temperature) as such controlling amount of biomass

produced, and as such not easy to control during production (Zhaowei, 2020).

2.4.3 Summary of literature review and identification of research gaps

Arthrospira platensis has been used in the formulation of fish feeds. The research on its
application on O. niloticus in Kenya, has not yet been conducted in ponds, but in aquariums.
Information on the nutrient profile of Oocystis sp. is not comprehensively mentioned in
literature. Oocystis sp. incorporation in fish feeds has not yet been done, despite reports of it
having high proteins and a fast growth rate (as they are smaller), as such having good potential

for faster culture for incorporation into fish feeds.
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CHAPTER THREE
SUSTAINABLE FISH FEEDS: OPTIMIZATION OF LEVELS OF INORGANIC
FERTILIZERS FOR MASS PRODUCTION OF Oocystis sp. FOR CLIMATE SMART
AQUACULTURE

Abstract

Use of microalgae as a source of food in aquaculture production is gaining recognition due to
their rapid growth rates that promise high biomass generation within a short time. The
challenge faced is getting good and inexpensive nutrients to be used in mass production of the
required microalgae. This study investigated the effect of different nutrient combination in
influencing the growth rate of the green algae Oocystis sp. which has been identified as a
possible protein source for the raising of Oreochromis niloticus fingerlings for fish farming.
Modified Bolds 3N Medium and commercial agricultural fertilisers (urea, NPK and DAP)
media were compared to establish the appropriate combinations that would result in high
biomass generation but at the lowest cost possible. The Modified Bold 3N Medium acted as
the control, at a cost of 11.28 KES per litre, the other media were derived from urea, NPK and
DAP (varying the ratio of each) at a cost of treatment 1 (0.14 KES per litre), treatment 2 (0.18
KES per litre) and treatment 3 (0.22 KES per litre). The algae was cultured for five weeks with
samples taken daily for biomass analyses using chlorophyll-a concentration as the surrogate
for Oocystis sp. biomass for 30 days, from each treatment was determined. The growth rate,
doubling time, and divisions per day were then estimated based on this chlorophyll-a
concentration. The results showed that the mean Oocystis sp. biomass in treatment 1 was
highest (7.715+0.667 pg/ml) while treatment 3 (6.441+0.555 pg/ml) had the lowest. There
were no significant differences in the mean Oocystis sp. biomass in the four treatments
(Kruskal-Wallis H test: p> 0.05). The Oocystis sp. biomass varied significantly in each
treatment with time (Kruskal-Wallis H test: p<0.001). There were no significant differences in
the growth rate (Kruskal-Wallis H test: p> 0.05), divisions per day (Kruskal-Wallis H test: p>
0.05), and doubling time (Kruskal-Wallis H test: p> 0.05) from the different treatments. The
results of this study showed that inorganic fertilizers can be used as cost-effective media in the

mass scale culture of Oocystis sp.

3.1 Introduction
Microalgae are associated with diverse applications such as animal feed sources biodiesel
production due to their faster growth rates that yield high biomass within a short time ( Khan

et al., 2018; Mata et al., 2010). Some species of microalgae have high lipid accumulation in
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their dry cells, ranging between 50 and 60% that makes them good candidates for use as energy
sources (Hu et al., 2008; Mata et al., 2010).

Saadaoui et al. (2021) observed that some microalgae have been used as food in livestock,
poultry, and aquaculture production due to their diverse nutritional properties. For example
Chlorella vulgaris was used as a substitute for fish meal in feed for Clarias gariepinus (Enyidi,
2017). In another study, EI-Sheekh et al. (2014) used Arthrospira platensis as feed for hybrid
red tilapia (Oreochromis niloticus x Oreochromis mossambicus). These studies revealed that
the inclusion of algae in the feeds was beneficial to the cultured fish through an increase in the

feed conversion ratio.

Some other species of such as Oocystis sp. have been reported to have varying amounts of
proteins in the cells, ranging between 15 and 40% ( Lee & Picard, 1982). The differences in
the protein contents have been attributed to the culture medium. However, Oocystis sp.
incorporation in fish feeds has not yet been done investigated comprehensively.

The expansion of microalgae production is critical in any perceived applications, hence the
need for development of cost-effective media for microalgae cultivation. The factors that affect
microalgae growth are namely light, temperature, and nutrients (Chowdury et al., 2020; da
Silva Ferreira & Sant'Anna, 2017; Gani et al., 2019; Kazbar et al., 2019). Their nutrient
requirements varies, with each algal species having a specific requirement to optimize growth
(Ghafari et al., 2018; Khan et al., 2018). Nitrogen and phosphorus are essential as they are
limiting factors to microalgae growth (Yaakob et al., 2021). Consequently, nitrogen and

phosphorus sources are usually emphasized while upscaling the culture of microalgae.

Raising interest in the use of inorganic fertilizers in microalgae culture, as a source of nutrients;
which stands out as a major limitation in large-scale production of algae (Hu et al., 2008; Mata
et al., 2010; Ravindran et al., 2016) is critical. Various studies have been done to assess the
use of inorganic fertilizers (either singly or combined) in microalgae culture (Ashraf et al.,
2011; Michael et al., 2019; Nayak et al., 2016).

The inorganic fertilizers commonly used in mass-scale production are urea, di-ammonium
phosphate (DAP), and nitrogen-phosphorus-potassium (NPK) (Ansari et al., 2017; Arenas et
al., 2017; Renuka et al., 2018; Win et al., 2018). Urea is a nitrogenous fertilizer that consists
of 46% nitrogen (having the highest nitrogen content). DAP is important as it provides both
nitrogen and phosphorus for growth, found having different ratios depending on the fertilizers

end-use. NPK is also an inorganic fertilizer that is wholesome as it provides nitrogen,
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phosphorus, and potassium nutrients for the growth of organisms, with individual
concentrations differing based on the end-use. Different concentrations of the inorganic
fertilizers affect the growth of microalgae; further, a combination of different fertilizers is used

to provide microalgae with all the nutrients required for growth.

The aim of this study was to establish the appropriate concentration of inorganic fertilizers
combination that could be used to generate good production of Oocystis sp. for use in fish

culture.

3.2 Materials and methods

3.2.1 Study area

The study was conducted at Egerton University in the Biological Sciences Department
laboratories. The University is located in Nakuru County, Njoro Sub- County, and is
approximately 25 km south-west of Nakuru city, at an altitude of 1890-2190 m above sea level.
The area's temperature ranges between 17 °C and 27 °C (Waithaka et al., 2017).

3.2.2 Culturing of Oocystis sp.

The algae was cultured using commercial agricultural fertilizers (urea, NPK and DAP) media
for a period of five weeks. The inoculum for culturing Oocystis sp. was obtained from the
University of Texas Culture Collection of Algae (UTEX). Modified Bolds 3N Medium (UTEX,
n.d.) was used as a control. The other treatments were as shown in Table 3.1, which was
derived based on past studies by Nayak et al. (2016) on Scenedesmus sp. and Rahardini et al.
(2018) on Chlorella sp. Pure cultures were raised through isolation and growing the culture in
the incubators in the laboratory to raise suitable biomass before transferring them into 3-liter

plastic bottles as growth chambers or bioreactors containing the culture media.

Table 3.1: Composition of different treatment culture media

Treatments NPK (g/L) UREA (g/L) DAP (g/L)
Treatment 1 0.75 0.25 0.25
Treatment 2 0.75 0.5 0.25
Treatment 3 0.75 0.75 0.25

3.2.3 Sampling and biomass estimation
Samples were taken daily after 24 hours for 30 days, where 20ml was filtered through glass

fibre carbon filters from each treatment bottle. The Oocystis sp. biomass was analysed through

16



the determination of chlorophyll-a concentration which was done according to the standard
method as given in the American Public Health Association (APHA) (2005).

The filters and seston were folded, wrapped in aluminium foil, and kept in the freezer all night
to help the chlorophyll-a cells rupture during the extraction process using acetone. Then, 5 ml
of 90% aqueous acetone was added after the seston and filters had been homogenized in a tissue
grinder (Heidolph, 637 69, Germany) at about 5,000 rpm. The grinder was then rinsed with
90% acetone (the volume used was documented), and the rinsed slurry was added to the
extraction slurry after the samples had been put into a centrifuge tube. For the whole
chlorophyll-a extraction, the volume was then increased to 10 ml with 90% acetone and left
for at least 8 hours at 4 °C in the dark. After incubation, the samples were centrifuged at 3,000
rpm for 10 minutes. Decanting the cleared extract into a clean test tube. A spectrophotometer
(Pharmacia Biotech Novaspec 1, Sweden) was used to determine the light absorbance of the

chlorophyll-a extract at 750 and 663 nm.

Chlorophyll-a concentration was calculated using, the equation according to Talling and Driver
(1963):

11.4x(B—A)+*Ve

Biomass; N =
VfxLp

Where, B= absorbance at 663 nm
A= absorbance at 750 nm
Ve= volume of extract used (ml)
Vf=volume of sample filtered (ml)

Lp= light path length of the cuvette (cm)

After which the chlorophyll-a concentration was used to derive the growth rate, divisions per
day, and the generation time as critical parameters of importance. These were all derived from

the equations developed by Levasseur et al. (1993):

In(N2
Growth rate; K’ = M 2
t2—t1

Where N1 and N2 = biomass at timel (t1) and time2 (t2) respectively.
Divisions per day and the doubling time were calculated based on the specific growth rate.

L. Di K'
Divisions per day; — = — 3
day Ln2
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Where Ln2= Natural logarithm to the base 2

Doubling time; Doub’ t = -5 4

day

3.2.4 Statistical analyses

The biomass, growth rate, divisions per day, and doubling time of Oocystis sp. cultured in the
different treatments were compared using Sigma Plot software (version 14) through Kruskal-
Wallis H test, as the data failed Normality Test (Shapiro-Wilk: p < 0.05).

3.3 Results

3.3.1 Water quality

Mean temperature of the culture during the study ranged from 24.2°C to 27.3°C. Temperature
variations during the study period were not significant among the treatments (Kruskal-Wallis
H test: p> 0.05). The pH for Treatment 1 ranged from 6.8 to 7.7, where there was a steady
increase from the beginning of the study. On the other hand, pH for Treatment 2 ranged from
6.6 to 7.4, and Treatment 3 ranged from 6.4 to 7.2, all showing a trend of temporal increase as
observed for Treatment 1. Finally, the control treatment had a pH ranging from 6.1 to 7.1, also

showing a trend of temporal increase as observed in the other three treatments.

3.3.2 Comparison of Oocystis sp. biomass

The Oocystis sp. biomass in Treatment 1 was highest (7.715+£0.667 pg/ml) followed by the
Control (6.963+£0.788 pg/ml) and Treatment 2(6.862 +0.617 pg/ml), with the lowest in
Treatment 3 (6.441+0.555 pg/ml). There were no statistically significant differences in mean

Oocystis sp. biomass among different treatments (Kruskal-Wallis H test: p> 0.05).

3.3.3 Temporal variations in Oocystis sp. biomass

Generally, the biomass increased gradually in all treatments until it reached its peak on different
days for all the treatments. The control treatment (Modified Bolds 3N Medium) achieved the
highest Oocystis sp. biomass on the 25" day (12.977+0.788 pg/ml). Treatment 1 followed,
reaching its highest Oocystis sp. biomass on the 17" day (11.4437+0.667 pg/ml). Treatment 2
achieved its highest biomass on the 21% day (11.3696+0.617 pg/ml), and finally Treatment 3
had the lowest biomass, which was achieved on the 16" day (10.2714+0.555 pg/ml). Overall,
the Oocystis sp. biomass in all the treatments fluctuated once the optimum biomass was
achieved. At the end of the experiment, the Oocystis sp. biomass in the treatments followed a
similar pattern, with the control having the highest (11.2442+0.788 pg/ml) while treatment 3
had the lowest (5.8197+0.555 pg/ml) (Figures 3.1).
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The Oocystis sp. biomass varied significantly in each treatment with time (Kruskal-Wallis H

test: p <0.001) for all the treatments. At the beginning of the study, all the treatments had equal

biomass (where 100 ml of stock Oocystis sp. cultured having a biomass of 10.0719 pg/ml was

introduced into 2.49 litres of respective treatment media).
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Figure 3.1: Temporal variations in biomass of Oocystis sp. in different treatments

3.3.4 Growth rate, divisions per day, and doubling time

The maximum, mean, and least values of the growth rate, divisions per day, and doubling time

in different treatments are shown in Table 3.2. There was no significant difference in the mean

growth rate (Kruskal-Wallis H test: p> 0.05), divisions per day (Kruskal-Wallis H test: p>
0.05), and doubling time (Kruskal-Wallis H test: p> 0.05) for the treatments.

19



Table 3.2: The maximum, mean, and least values of the growth rate, divisions per day,

and doubling time of different treatment culture media

Parameters Treatment

Control Treatment 1 Treatment2 Treatment 3
Growth rate (K”) max 0.376 0.601 0.469 0.545
Growth rates (K”) mean 0.109 £ 0.0262 0.0963 +0.0345  0.0885+0.0293 0.0837 £ 0.0370
Growth rate (K”) jeast -0.215 -0.209 -0.219 -0.213
Divisions per day (Div.day™) max 0.543 0.867 0.676 0.786
Divisions per day (Div.day™) mean  0.157 + 0.0378 0.139 £ 0.0498 0.128 £0.0423  0.121 £ 0.0534
Divisions per day (Div.day™) jeast -0.310 -0.302 -0.316 -0.307
Doubling time (cellS) max 1028.630 70.142 187.374 37.900
Doubling time (cells) mean 49.722 £35.978  -11.267 +19.150  13.352 + 6.659 1.412 £2.192
Doubling time (cells) jeast -124.118 -532.684 -9.929 -39.418

3.3.5 Media cost and biomass

The control (Modified Bold 3N Medium) was produced at a cost of 11.28 KES per litre, the
other media were derived from urea, NPK, and DAP at a cost of 0.14 KES per litre for treatment
1, 0.18 KES per litre for treatment 2 and 0.22 KES per litre for treatment 3. Distilled water was
generated by a distiller in the laboratory for use in generating the control media (Modified Bold
3N Medium) while harvested rainwater was used for the experiment for treatment 1, 2 and 3;

hence, their cost were not captured in the above calculation.

3.4 Discussion

The nature of the culture media is the main determining factor in the growth of microalgae,
their productivity, and ultimately their biomass as long as the pH, light intensity, and
temperature needs have been fulfilled (Chowdury et al., 2020; da Silva Ferreira & Sant'/Anna,
2017; Gani et al., 2019). The light provided to the culture was by white light-emitting diode
tubes (3200K, 9W). Csavina et al. (2011) illustrated that Oocystis sp. requires the optimum
light intensity of 150 umol m=2 s, Latala et al. (1991) found that the growth of Oocystis sp.
was completely inhibited at high light intensities ranging from 270-380 pE/m?s.

pH influences the quantity of free carbon in the culture media and the balance between
carbonate and bicarbonate. In this study, the pH was adjusted to range between 6.0 and 8.0, as
reported by Rao (1963), to suit the growth of Oocystis sp. optimally. Mayo (1997) found similar

20



results while culturing Chlorella sp. with the maximum growth rate at pH ranging from 6.31
to 6.84. Changes in the media pH were attributed to the photosynthetic and decomposition
processes of the cultured Oocystis sp. (Rahardini et al., 2018; Tucker & D'Abramo, 2008).

During the study, the water temperature was in the optimal range as reported by Nalley et al.
(2018), where they found the best temperature for optimum growth of Oocystis sp. ranged from
26.60°C to 27.78°C. Chowdury et al. (2020) state that temperature is critical in microalgae
culture as it affects the algal growth rate, cell size, biochemical composition, and nutrient

requirements.

The temporal Oocystis sp. biomass varied amongst the treatments, mainly due to the different
constituents in the culture treatment media, with the differences being significant with time in
all the treatments. Sutkowy et al. (2019) state that the composition of culture media influences
the growth of micro-algae in vitro. Overall, all treatments followed a similar trend where there
was a decrease in the chlorophyll-a concentration after attaining its highest biomass. The
pattern achieved is similar to that obtained by Rahardini et al. (2018) while assessing the

growth of Chlorella sp., a green algae in the Chlorophyceae class as Oocystis sp.

At the beginning of the experiment, there was a steady increase (exponential phase) in the
Oocystis sp. biomass due to sufficient nutrient concentration in all the treatments. There was
no lag phase observed during the study, which can be attributed to the conditions of the
inoculum (Spencer, 1954). Talling (1966) notes that an inoculum obtained from a healthy
exponentially growing population is unlikely to have a lag phase when transferred to a freshly
prepared media under similar growth conditions (light, temperature, and pH); consequently,
there is no need for physiological adaptations for growth. The lack of a lag phase is crucial as
it reduces the time required for upscaling the culture, allowing the harvesting of cultured cells
sooner. The exponential phase is characterised by the production of materials that are also
capable of growth (Fogg & Thake, 1987), with its length depending on the size of the inoculum,
the growth rate, and the capacity of the medium and culturing conditions to support algal
growth.

The exponential phase was followed by the stationary phase, characterised by a decline in
population growth, resulting from reduced nutrient concentration in the culture media, causing
the number of cells to remain constant. The stationary phase is characterised by zero net
growth, as the rate of the growth of the cells is equal to the rate of cell death (Maier & Pepper,

2015; Nystrom, 2004). Finally, the death phase follows, as nutrients in the culture media run
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out, resulting in the death of cultured algal cells; therefore, a decline in the Oocystis sp. biomass
was witnessed. The death rate of cells in the media became higher than the rate of cell growth
(Maier & Pepper, 2015).

The study demonstrated that the inorganic fertilizers' specific compositions and comparison
between the culture media did not have any significant impact on the growth rate, divisions per
day, and the doubling time of cultured Oocystis sp. Similar results were also obtained by
Rahardini et al. (2018) who also found no significant differences in the growth rate and
doubling time of Chlorella sp. cultured in media with different compositions. The divisions per
day obtained was higher than those from Csavina et al. (2011), which can be attributed to the
continuous agitation of the algal cells during culturing, consequently not allowing the clamping
of cells together, resulting in deaths, and ultimately decline in the growth rate and divisions per
day. Research carried out by Sobczuk et al. (2006) showed an increase in the growth rate of
microalgae with an increase with agitation; it should also be noted that excessive agitation can

result in cell death.

3.5 Conclusion

This study found that inorganic fertilizers can be used as an option of cost-effective media in
the culture of Oocystis sp., with the ratio of 3:1:1 while using NPK, urea, and DAP fertilizers
respectively to achieve the highest biomass within the shortest period. The finding that there
were no significant differences in the Oocystis sp. biomass using either medium is an
encouraging result as it offers opportunities to explore the use of low-cost media which is
equally competitive with the standard media in mass production of Oocystis sp. for potential

use in fish feeds in Aquaculture.
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CHAPTER FOUR
SUSTAINABLE FISH FEEDS: EVALUATION OF THE EFFECT OF PARTIAL
REPLACEMENT OF Caridina nilotica WITH Arthrospira platensis AND Oocystis sp.
ON THE GROWTH PERFORMANCE OF Oreochromis niloticus FOR CLIMATE
SMART AQUACULTURE

Abstract

Aquaculture was introduced in Africa with the intention of enhancing rural nutrition,
generating additional income, diversifying the agricultural sector to lower the risk of crop
failure, and creating rural jobs. However, despite the steady growth globally, and progressive
growth in Africa, there are challenges in the sector, with the sourcing of high-quality cheap
fish feeds being a major impediment. Fish feeds are composed of different ingredients, with
crude proteins being the most expensive, and less diversified. The objective of this study was
to assess the performance of a newly formulated feeds from algal species as alternative sources
of crude protein for O. niloticus feed. Proximate analysis was done on subsamples of A.
platensis, and Oocystis, sp., and the formulated feeds. This was followed by a ten-week
experiment that was conducted at the Agro-science Fish Park at Egerton University, where
seven diets (diet 1-diet 7) were formulated. This consisted of diet 1 (a control with a
commercial feed) and three (diet 2- diet 4) having 10%, 20%, and 40% replacement of C.
nilotica with Oocystis sp. and another three (diet 5-diet 7) with 10%, 20%, and 40%
replacement of C. nilotica with A. platensis respectively. A total of 630 O. niloticus fries were
stocked, 30 in each hapa net, with each of the seven treatments randomly applied in triplicates.
Fish were fed twice daily at 10% body weight. Sampling fish for growth performance (total
and weekly body weight gain, specific growth rate, food conversion factor, relative condition
factor, and survival rate) was done weekly. Selected water quality measurements were done.
There was a significant difference (p < 0.05) in the crude protein content between A. platensis
(53.667 = 1.074 %), and Oocystis, sp. (41.927 £ 0.51 %). The overall body weight of the fish
increased significantly (p < 0.05) from 0.240 g to 8.486 g. Diet 2 (9.985 + 0.504 g) had highest
final body weight followed with diet 5 (9.937 £ 0.366 g), diet 6 (8.380 £ 0.292 g), diet 3 (8.040
+ 0.307 g), diet 7 (7.988 + 0.361 g), diet 4 (7.840 + 0.329 g), and finally diet 1 (7.778 £ 0.498
g) had the lowest. There were significant differences (p< 0.001) in the final body weight
between diet 1 (7.778 + 0.498 g) against diet 2 (9.985 £ 0.504 g) and diet 5 (9.937 £ 0.366 Q).
This study revealed that 40% substitution of C. nilotica as a protein source with A. platensis,

or Oocystis, sp. enhances the growth of O. niloticus fry, while reducing the costs of production.
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4.1 Introduction

Aquaculture broadly refers to the rearing of aquatic animals and plants in fresh, brackish, and
marine environments (Pillay & Kutty, 2005). There has been a rapid growth of the aquaculture
sector to meet the growing population demand of protein source (FAO, 2020). Troell et al.
(2017) states that aquaculture will be the main way of obtaining food from the aquatic
environments in the future. This has been supported with the constant increase in the quantities
of fishes harvested from aquaculture sector as compared to the capture fisheries sector, coupled
with the stagnating phase being experienced from the capture fisheries stocks. FAO (2020)
recorded 82.1 million tonnes of live weight fish from aquaculture in 2018, while capture
fisheries recorded 96.4 million tonnes. The trend of the capture fisheries from the 1980’s has
been fluctuating between 86 and 93 million tonnes. Aquaculture is important as an alternative
source of proteins to human (Hinrichsen et al., 2022).

Globally fish production through aquaculture has been steadily increasing (FAO, 2020), with
Africa also registering a steady growth though at a slower pace despite the large volume of
unexploited area suitable for aquaculture (Hinrichsen et al., 2022; Msangi & Batka, 2015). This
slow growth has kept the contribution from the African continent at a small percentage (2.7%)
(Halwart, 2020), which is still insignificant (Adeleke, 2020). Adeleke (2020) states that
aquaculture was introduced in Africa with the goals of improving rural nutrition,
supplementary income generation, diversification to reduce crop failure risks, and rural
employment creation. The slow growth of the aquaculture sector in Africa is attributed to
various challenges, which are described by Hinrichsen et al. (2022) as a lack of infrastructure
and development capital, inadequate information, limited technological know-how, and poor
governance. Satia (2016) notes that the burgeoning demand for capital, inadequate quantities
and quality of seed and feeds, resource (land/water/feed) competition, requirement to reinforce
aquaculture management, and overall governance of the sector, as the challenges being faced

by the aquaculture sector in Africa.

Fish farming was first introduced in Kenya in the 1900’s by colonialist, via stocking trout in
rivers for sport fishing (Munguti et al., 2014a), with further campaigns aimed towards
diversifying the agricultural sector and enhancing rural nutrition (Adeleke, 2020). Opiyo et al.
(2018) and Adeleke (2020) concur that the first successful aquaculture practise in Kenya was
done in the 1920’s, characterised with production of O. niloticus in ponds. The most widely
used form of aquaculture being practised in Kenya is the earthen pond based semi-intensive

culture system (Opiyo et al., 2018). The other form of aquaculture is mariculture, the
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production of aquatic organisms using marine aquatic ecosystems. However, most of the
aquaculture production in Kenya is from freshwater with the mariculture sector being
underexploited (Munguti et al., 2014a; Opiyo et al., 2018). The uptake of aquaculture in the
country got a major boost through government facilitated projects such as the Economic
Stimulus Program between 2009 and 2014 (Munguti et al., 2014a). Opiyo et al. (2018) notes
that the Economic Stimulus Program supported various aquaculture activities such as
subsidizing fingerlings, feed, and pond construction costs. However, when the program came
to an end there was a reduction in the production which was concurrent with the reduction in

the number of operational ponds in the country.

Aloo et al. (2017) notes that 300,000 metric tons of fish are required in Kenya per year,
however the national production is below the required level, even though aquaculture is the
fastest growing food sector in the world (Anderson et al., 2017; Subasinghe et al., 2009; Obiero
et al., 2019). The low production when compared to the demand, is attributed to various
challenges that the aquaculture sector faces in Kenya; lack of quality fish feeds and seeds, lack
of enforcement of regulations for proper management of aquatic resources and poor feeding
strategies, inadequate extension services, and poor husbandry practices (KMFRI, 2017;
Munguti et al., 2014b; Obwanga et al., 2017; Opiyo et al., 2018; Shitote et al., 2012).

Fish feeds constitute 40 to 60% of fish production costs in most intensive and semi-intensive
aquaculture practices (Munguti et al., 2021). Fish feeds being the most expensive input in
aquaculture, results in the need of creation of high-quality fish feeds that can be utilized in
aquaculture. In the quest to reduce the cost of fish feeds, small-scale aquaculture farmers often

opt for self-formulation of fish feeds, rather than buying commercial fish feeds.

Fish feeds are often formulated with different components in-order to provide the cultured fish
with the desired nutrition. The most prominent primary source of crude protein in fish feeds in
Kenya are Caridina nilotica (freshwater shrimp) and Rastrineobola argentea (silver cyprinid)
(Munguti et al., 2014b). However, R. argentea is also used as human food, putting fish feed
and human food in conflict. Because of the high protein, fat, and amino acid composition, they
are the industry's key drivers of success. However, because of overexploitation, excessive
pesticide usage, deforestation, and the climate change phenomena, their catches are reducing
(Rana et al., 2009). The scarcity of C. nilotica and R. argentea has a direct influence on
commaodity prices, resulting in higher fish farming production costs (Ayoola, 2010). This has
led researchers to look for other protein sources for fish feed composition, such as black soldier
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fly larvae, cotton and sunflower seed cakes, blood meal, meat and bone meal, and algae of high

quality which could be less costly crude protein (Schiavone et al., 2017).

This study assessed the nutritional values of two algal species A. platensis, and Oocystis, sp.,
and used them to formulate fish feeds for raising O. niloticus fingerlings. The growth
performance and survival rates of O. niloticus fed on the formulated feeds of A. platensis, and

Oocystis sp. was determined and compared with the commercially formulated feeds.

4.2 Materials and methods

4.2.1 Study area
The study was conducted at the Agro-science Fish Park at Egerton University located in

Nakuru County, Njoro Sub- County, (described in chapter 3, see figure 4.1).
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Figure 4.1: A map of the study area showing the Agro-science Fish Park (Modified from:

Akidiva et al., 2020)
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4.2.2 Nutritional analyses and formulation of fish feeds with the algae

4.2.2.1 Nutritional analyses of Arthrospira platensis and Oocystis sp.

The A. platensis and Oocystis sp. were dried and weighed. The proximate analysis of individual
algae was done. These consisted of determining the moisture content, crude protein, crude
fibre, crude lipids, ash, and nitrogen-free extract content of the samples. Moisture was
determined through drying in the oven (AOAC, 1995). 5 grams of sample was placed in
crucibles in an oven and dried for six hours to constant weight at 105°C. The samples were
cooled in a desiccator at room temperature and weighed. The moisture content was worked out

using the Formula 5.

Moisture (%) = X 100 5

[weight of initial sample (g)— weight of dried sample (g)
initial sample weight

Crude protein was determined based on the Micro Kjeldahl method (Chow et al., 1980), using
a sample size of 0.4 grams, a Behroset InKje M digestion apparatus and a Behr S 1 steam
distillation. The ammonia distillate was trapped in 4 % boric acid solution prior to titration with
0.1N Hcl.

Crude protein was estimated by:

[(ml standard acid — ml blank)x N of acid x 1.4007]
weight of sample in grams

6

% Nitrogen =

Crude Protien = (% total nitrogen x 6.25) 7
Crude lipids were determined based on Soxhelet's method (AOAC, 1995), using a sample
weight of 2 grams in a Soxhlet extractor with petroleum ether at a boiling point of 40 — 60°C.

To calculate for crude lipid, Formula 8 was used.

weight of dry flask - weight of empty flask

Crude lipid (%) = ] x 100 8

weight of the sample
Crude fibre was determined by boiling 1 gram of the sample in a standard solution of 3.13 %
H2SO4 for 10 minutes. The remaining sample was rinsed with hot water followed by boiling in
3.13 % NaOH for another 10 minutes. Thereafter, the remaining sample was rinsed repeatedly
with water followed by acetone. The residue was then oven dried at 60°C for 4 hours, cooled
in a desiccator and weighed. After which the residue was ashed at 550°C in a muffle furnace

overnight. Crude fibre was quantified as shown in Formula 9:

dried sample -ashed sample
ple (g) ple (g) % 100 9

CF (%) = |

initial sample weight
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Ash content of the sample was determined based on the incineration method (Joslyn, 2012), by
heating the samples in a muffle furnace set at 600°C for three hours. The nitrogen-free extract

was determined as illustrated in Formula 10:

NFE (%) = 100 — (A+ B+ C + D + E) 10
Where:
A = moisture content (%)
B = crude protein content (%)
C = crude lipid content (%)
D = crude fibre content (%)

E = ash content (%)

4.2.2.2 Formulation of fish feeds with the algae

Two different sets of treatments, predetermined with the percentage of A. platensis and
Oocystis sp. were in-cooperated to the diet where the first to the fourth had 0%, 10%, 20%, and
40% of A. platensis and Oocystis sp. in the diets respectively. This consisted of diet 1(a control
with a commercial feed) and three (diet 2- diet 4) having 10%, 20%, and 40% replacement of
C. nilotica with Oocystis sp. and another three (diet 5-diet 7) with 10%, 20%, and 40%
replacement of C. nilotica with A. platensis respectively. A total of 630 O. niloticus fries
(sourced from the Agro-science Fish Park at Egerton University) were stocked, 30 in each hapa
net, with each of the seven treatments randomly applied in triplicates.

Table 4.1: The composition of the formulated diets used in this study

Ingredients (grams) 0% 10% 20% 40%
C. nilotica 88 79.2 70.4 52.8
A. platensis or Oocystis sp. - 8.8 17.6 35.2
Wheat Bran 11 11 11 11
Premix 1 1 1 1

The fish were placed in acclimatisation hapa nets (4 x 3 m) mounted in one 800 m? earthen
ponds for one week before commencing the experiment. During the acclimatisation period, the
fish were fed at 09:00 and 16:00hrs with commercial feeds. Which was followed by the actual
study where feeding was carried out twice at 09:00hrs and 16:00hrs. The fish feeds were fed

10% of their body weight for a period of 9 weeks (28" March to 30" May), and the quantity of
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feed was recorded throughout the experimental period. The feeding rate was adjusted after each
sampling based on mortality and the weight of sampled fish. Feeding rings were used for each

hapa to avoid drifting of feeds outside of the hapa.

4.2.3 Fish sampling

Fish sampling was done weekly, where the total length and weight of fish was measured to
determine their growth rate. The growth of O. niloticus was measured alongside the physico-
chemical parameters of the water in the fishponds for two months. Ten fish were randomly
sampled from each hapa in the pond using a seine net of 10mm mesh size. The fish were
transported using a bucket of 25mm/100Itr of water before taking measurements to avoid
stressing them. Total length in centimetres and weight in grams was taken immediately using
a measuring board and an electric weighing scale. After that, fish were transferred into a bucket
containing clean water for stabilisation before releasing them back to their respective hapas in

the pond.

4.2.4 Determination of routine pond limnological parameters

4.2.4.1 In situ determination of selected physico-chemical variables

Water temperature, electrical conductivity, pH, and dissolved oxygen (DO) concentration were
measured in situ using a portable multi-sensor probe (HACH HQ-40d meter [USA]). Triplicate
water samples (500 ml) were collected from the pond using acid-washed bottles for nutrient
analyses. The collected water samples were transported in ice-cool boxes to the laboratory. In
the laboratory, the samples were filtered using 0.45um Whatman glass fibre carbon filters for
the analyses of dissolved nutrients such as ammonium (NH4*), nitrate (NO3"), nitrite (NO2 )
and soluble reactive phosphorus (SRP). Unfiltered samples were used to measure total

phosphorus (TP) concentrations.

4.2.4.2 Nutrient analyses

The concentrations of nutrients were determined using conventional calorimetric techniques
(APHA, 2005). The ammonium-nitrogen concentration was evaluated using the sodium
salicylate technique using a hypochlorite solution as a catalyst, as specified in APHA (2005).
The sodium-salicylate technique was used to determine nitrate-nitrogen using the APHA
(2005) procedures. Nitrite-nitrogen was detected by forming a reddish-purple azo dye at pH
2.0-25 by coupling diazotized sulfanilamide with N-(1-naphthyl) ethylenediamine
dihydrochloride (NED dihydrochloride), as outlined in APHA (2005).
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Soluble reactive phosphorous (SRP) was evaluated spectrophotometrically using the
molybdenum blue technique, as described in APHA (2005), whereas Total Phosphorus was
measured by first digesting the sample with potassium persulphate, followed by SRP analysis
using the molybdenum blue method.

4.2.5 Data collection on the performance of the feeds

4.2.5.1 Determination of the total and weekly body weight gain of Oreochromis niloticus
The total and weekly body weight gain of the O. niloticus was determined by taking a census
of the cultured fish in different culturing units during the 10 weeks. Their current weights were

taken, and the mean derived.

The total and weekly body weight gain were calculated using equations 11 and 12 (Ricker,
1979):

WBW = L= 11

WBW= Weekly body weight gain
Wt = Mean Final weight after sampling
Wi = Mean Initial weight

t =time

TBW = Wy — W, 12
Where:
TBW-= Total body weight gain
Ws = Mean Final weight after sampling
Wi = Mean Initial weight
4.2.5.2 Determination of the specific growth rate of Oreochromis niloticus
The specific growth rates of the O. niloticus was determined by taking weights of the cultured
fish in different culturing units during the 10 weeks. Their weights were taken, and the mean

derived. The initial mean was subtracted from the weight obtained after sampling.

The growth rates were calculated using equation 13 (Ricker, 1979):

LNW j—LNW

GR = 100 » (——=) 13

Where:
GR= Growth rate
LN= Natural logarithm
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Wt = Mean Final weight after sampling
Wi = Mean Initial weight

t =time

4.2.5.3 Determination of the feed conversion ratio of Oreochromis niloticus
The feed conversion ratios were determined by the feeds provided to the fish weekly and
divided by the live weight gain of the fish.

The feed conversion ratios were calculated using equation 14:

FCR = ;—p 14

g

Where:

FCR= Feed conversion ratio

Fp = Feed provided

Wy = Mean weight gain
4.2.5.4 Determination of the survival rate of Oreochromis niloticus
Survival rates of the fish was determined by comparing the number of O. niloticus that were
still alive to the initial number of fish stocked. Formula 15 was used to calculate the survival
rate.

SR = (5%) 100 15

Where:
SR= Survival rate
Si = Initial stocked a number

Sq = Dead fish in the culturing units

4.2.5.5 Determination of the relative condition factor of Oreochromis niloticus

The relative condition factor for the fish was determined based on the regression coefficient,
with the equations for obtaining the relative condition factor are illustrated in the formulae 16,
17 and 18 (Gayanilo, 1997):

The length-weight relationship was estimated as:
W =al? 16
Where:
W= The weight (g) of fish in grams
L = The Total length of fish in centimetres
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a = Exponent describing the rate of change of weight with length (= the
intercept of the regression line on the Y-axis)
b = The slope of the regression line (also referred to as the Allometric
coefficient)
The log-transformed data gave regression equation 17:
logw =loga + bloglL 17
Where:
a = Constant
b = The regression co-efficient
Relative condition Factor: The relative condition factor (k) of the experimental fish was

estimated from the relationship in equation 18.

100w

K= b

18

Where:
W = Weight of the fish in grams
L = The total length of the fish in centimetres
b = The value obtained from the length-weight equation formula.

4.2.6 Statistical analyses

Descriptive statistics was used to present variations in physico-chemical water quality
parameters, length, and weight of fish from different treatments. Before inferential statistical
analysis, data was tested for normality using Shapiro-Wilk test and Levene's test of
homogeneity of variance. One -way Multivariate ANOVA was used to determine if there were
significant differences between the water quality, proximate analysis and growth parameters
results of the different treatments, with group means being compared using the Tukey’s HSD
test. All statistical analyses were performed with Sigma Plot, Minitab and Microsoft Excel

software at a significance level of p < 0.05.

4.3 Results

4.3.1 Variations in in-situ measurements

The mean dissolved oxygen concentration varied significantly temporally (Kruskal-Wallis H
test: p< 0.001) in the pond. The dissolved oxygen during the period ranged from 3.93 mg/I to
6.39 mg/l, with a mean 5.047 £ 0.149 mg/l. The temperature of the pond during the study
period had a range between 20.0 % and 26.2 % with a mean of 23.153 + 0.407 °c, where it
varied significantly temporally (Kruskal-Wallis H test: p< 0.001). Conductivity varied
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significantly temporally (Kruskal-Wallis H test: p< 0.001); where it had a range between 360
uS/cm and 500 puS/cm, with a mean of 411.50 + 9.030 uS/cm. pH on the other hand ranged
from 6.97 to 8.39. The values of selected physico-chemical parameters during the study period
are presented in table 4.2.

Table 4.2:Values of selected physico-chemical parameters in the pond (minimum,

maximum, and mean + standard error)

Parameter Minimum Maximum Mean
Dissolved Oxygen (mg/l) 3.93 6.39 5.047 £ 0.149
Temperature (°c) 20.00 26.20 23.153 + 0.407
Conductivity (uS/cm) 360.00 500.00 411.50 + 9.030
pH 6.97 8.39 pH< 7 pH>7
6.98 8.03

4.3.2 Variation in nutrient concentrations

The nitrite concentrations during the study were minimal having a range from 0.000 mg/I to
0.002 mg/I. Nitrite had a mean concentration of 0.00067 £ 0.00002 mg/l. Nitrate on the other
hand, had a mean of 0.107 £ 0.007 mg/l, with a range between 0.052 mg/l and 0.156 mg/I.
Ammonia concentration recorded was also low having a range between 0.003 mg/l and 0.042
mg/l with a mean of 0.0148 + 0.00294 mg/l. Soluble reactive phosphorus had a mean of 0.0622
+ 0.00572 mg/l during the research with a range from 0.0233 mg/l to 0.0900 mg/l. Total
phosphorus had the highest concentration ranging from 1.9280 mg/I to 8.2480 mg/l with a mean
0f 4.2968 + 0.637 mg/l. The minimum, maximum, and mean * standard error values of selected

nutrients during the study period are presented in table 4.3.

Table 4.3:Nutrients concentrations in the pond (minimum, maximum, and mean +

standard error)

Parameter Minimum Maximum Mean
Nitrite (mg/l) 0.000 0.002 0.00067 + 0.00002
Nitrate (mg/l) 0.052 0.156 0.107 £ 0.007
Ammonia (mg/l) 0.003 0.042 0.0148 + 0.00294
Soluble Reactive Phosphorus (mg/l) 0.0233 0.0900 0.0622 £ 0.00572
Total Phosphorus (mg/l) 1.9280 8.2480 4.2968 + 0.637
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4.3.3 Temporal variation in nutrient concentrations

The nitrite values recorded were less variable, at a constant level with no significant differences
(One Way ANOVA, F = 1.200, df (5, 12), p> 0.05) observed temporally. The lowest nitrite
concentration was found in week 7 (0.000 £ 0.000 mg/l) whereas the highest was recorded in
week 9 (0.013 £ 0.012 mg/l). The highest nitrate concentration of 0.130 = 0.009 mg/l was
recorded in week 7 while the lowest was recorded at week 5 (0.072 + 0.011 mg/l), however
there were no significant differences in the nitrate concentration temporally (One Way
ANOVA, F = 2.079, df (5, 12), p> 0.05). Ammonia on the other hand was recorded highest at
week 9 (0.038 £ 0.002 mg/l), while it was lowest at week 1 (0.004 = 0.001 mg/l).

There was a significant difference in the ammonia concentration recorded temporally (One
Way ANOVA, F = 21.049, df (5, 12), p< 0.001). Tukey’s HSD Test for multiple comparisons
found that the mean value of ammonia concentration at week 9 was significantly different from
week 1 (t-value = 8.94, p< 0.001), initial (t-value = 7.82, p< 0.001), week 5 (t-value = 7.65, p<
0.001), week 3 (t-value = 6.963, p< 0.001), and at week 7 (t-value = 4.99, p< 0.001). Tukey’s
HSD Test for multiple comparisons also found significant differences in the mean value of
ammonia concentration between week 7 and week 1 (t-value = 3.95, p< 0.001).

The soluble reactive phosphorus had no significant differences in the concentrations temporally
(One Way ANOVA, F =2.091, df (5, 12), p> 0.05) recorded, notably the highest concentration
was found at week 9 (0.09000 + 0.000 mg/l), while the lowest at week 3 (0.0400 £+ 0.0098
mg/l). Total phosphorus was the only nutrient that was found in high concentrations during the
study, with the highest value recorded at week 3 (7.4947 + 0.374 mg/l), while the least was
recorded at week 1 (2.8147 £ 0.489 mg/l). There was no significant difference found in the
total phosphorus value recorded temporally (One Way ANOVA, F =1.058, df (5, 12), p>0.05).

The temporal mean + standard error values of selected nutrients are presented in table 4.4.
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Table 4.4: The temporal variation of selected nutrients in the pond

Time Nitrite Nitrate Ammonia Soluble Reactive Total Phosphorus
(mg/l) (mg/l) (mg/l) Phosphorus (mg/l)
(mg/l)

Initial 0.0007 +£0.0003 0.119+0.025 0.008 +0.004 0.0567 +0.0167 4.248 +1.930

Week 1  0.0007 +£0.0007 0.107 £0.017 0.004 £0.001 0.0510 £0.0147 2.8147 +0.489

Week 3 0.0003 +0.0003 0.088+0.017 0.011+0.001 0.0400 + 0.0098 7.4947 +0.374

Week 5 0.0010 £ 0.0000 0.072+0.011 0.009+£0.001 0.0623 +0.0147 4.1347 +2.058

Week 7 0.0000 + 0.0000 0.130+0.009 0.019+0.006 0.0733 +0.0095 5.5280 +1.641

Week 9  0.0013+0.0012 0.124 +£0.007 0.038+0.002 0.09000 + 0.000 5.3413 +1.828

4.3.4 Proximate analysis of Arthrospira platensis, Oocystis sp., and formulated feeds

The proximate analysis for A. platensis, Oocystis sp., and the formulated diets was done with
the mean + standard error values illustrated in table 4.5. The moisture content was less variable,
having no significant difference between A. platensis, Oocystis sp., and the formulated diets
(One Way ANOVA, F = 1.341, df (8, 18), p> 0.05), Oocystis sp. had the highest moisture
content (5.878 + 0.584 %) as a protein source. The moisture content for the formulated diets
recorded were diet 1 with the lowest (3.997 + 0.382 %), while diet 3 had the highest (5.183
0.314 %). The ash content was also less variable, as there was no significance found between
A. platensis, Oocystis sp., and the formulated diets (One Way ANOVA, F = 2.088, df (8, 18),
p>0.05), A. platensis had the highest ash content (11.505 £ 0.576 %) as a protein source. Diet
4 recorded the highest ash content (9.935 £ 1.181 %) for the formulated diets, while diet 1
recorded the lowest ash content (7.466 + 0.0876 %).

A. platensis had the highest crude protein content (53.667 + 1.074 %) for the protein sources
while Oocystis sp. had the lowest (41.927 + 0.51 %). The formulated diets crude protein was
less variable with diet 1 having the highest (49.875 £ 0.334 %) while diet 7 had the lowest
(46.813 £ 1.079 %). There was a significant difference in the crude protein content between A.
platensis, Oocystis sp., and the formulated diets (One Way ANOVA, F = 15.463, df (8, 18),
p<0.001). Tukey’s HSD Test for multiple comparisons found that the mean value of crude

protein content of A. platensis was significantly different from Oocystis sp. (t-value = 10.46,
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p< 0.001), diet 7 (t-value = 6.10, p< 0.001), diet 6 (t-value = 5.78, p< 0.001), diet 5 (t-value =
5.78, p< 0.001), diet 2 (t-value = 4.55, p< 0.001), diet 4 (t-value = 4.09, p< 0.001), and diet 3
(t-value = 3.96, p< 0.001). Tukey’s HSD Test for multiple comparisons also found significant
differences between Oocystis sp. and diet 1 (t-value = -7.08, p< 0.001), diet 3 (t-value = -6.49,
p< 0.001), diet 4 (t-value = -6.36, p< 0.001), diet 2 (t-value = -5.91, p< 0.001), diet 5 (t-value
=-4.68, p< 0.001), diet 6 (t-value = -4.68, p< 0.001), and diet 7 (t-value = -4.35, p< 0.001).

Oocystis sp. had the highest crude lipid content (13.627 £ 0.722 %) for the protein sources.
Diet 2 had the highest crude lipid content (7.455 * 0.32 %), while diet 5 had the lowest (6.938
+ 0.186 %). There was a significant difference in the crude lipid content between A. platensis,
Oocystis sp., and the formulated diets (One Way ANOVA, F = 20.921, df (8, 18), p<0.001).
Tukey’s HSD Test for multiple comparisons found that the mean value of crude protein content
of Oocystis sp. was significantly different from diet 5 (t-value = 2.40, p< 0.001), diet 6 (t-value
=2.27,p< 0.001), diet 1 (t-value = 2.18, p< 0.001), diet 7 (t-value = 1.99, p< 0.001), diet 4 (t-
value = 1.78, p< 0.001), diet 3 (t-value = 1.70, p< 0.001), diet 2 (t-value = 1.62, p< 0.001), and
A. platensis (t-value = -7.73, p< 0.001).

Oocystis sp. had the highest crude fibre content (0.813 + 0.0836 %) for the protein sources
while A. platensis had the lowest (0.7 + 0.0896 %). The formulated diets crude fibre content
was less variable with diet 3 having the highest (8.948 + 0.65 %) while diet 7 had the lowest
(8.197 + 1.275 %). There was a significant difference in the crude fibre content between A.
platensis, Oocystis sp., and the formulated diets (One Way ANOVA, F = 18.893, df (8, 18),
p<0.001). Tukey’s HSD Test for multiple comparisons found that the mean value of crude fibre
content of A. platensis was significantly different from diet 3 (t-value = -7.33, p< 0.001), diet
1 (t-value = -7.15, p< 0.001), diet 2 (t-value = -7.14, p< 0.001), diet 4 (t-value = -7.00, p<
0.001), diet 6 (t-value = -6.99, p< 0.001), diet 5 (t-value = -6.76, p< 0.001), and diet 7 (t-value
= -6.66, p< 0.001). Tukey’s HSD Test for multiple comparisons also found significant
differences between Oocystis sp. versus diet 3 (t-value = -7.23, p< 0.001), diet 1 (t-value = -
7.05, p< 0.001), diet 2 (t-value = -7.04, p< 0.001), diet 4 (t-value = -6.90, p< 0.001), diet 6 (t-
value = -6.89, p< 0.001), diet 5 (t-value = -6.66, p< 0.001), and diet 7 (t-value = -6.56, p<
0.001).

Oocystis sp. had the highest nitrogen free extract content (28.919 + 0.723 %) for the protein
sources. Diet 5 had the highest nitrogen free extract content (24.776 £ 1.337 %), while diet 4
had the lowest (20.133 = 1.603 %). There was a significant difference in the nitrogen free
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extract content between A. platensis, Oocystis sp., and the formulated diets (One Way
ANOVA, F = 3.562, df (8, 18), p<0.001). Tukey’s HSD Test for multiple comparisons found
that the mean value of nitrogen free extract content of Oocystis sp. was significantly different
from A. platensis (t-value = 4.05, p< 0.001), diet 4 (t-value = 4.05, p< 0.001), and diet 3 (t-
value = 3.71, p< 0.001).

Oocystis sp. had the highest metabolizable energy content (3936.501 + 23.889 kcal/Kg) for the
protein sources while A. platensis had the lowest (3588.337 £ 14.779 kcal/Kg). The formulated
diets metabolizable energy content was less variable with diet 7 having the highest (3454.474
+ 48.067 kcal/Kg) while diet 4 had the lowest (3333.013 + 11.445 kcal/Kg). There was a
significant difference in the metabolizable energy content between A. platensis, Oocystis sp.,
and the formulated diets (One Way ANOVA, F =10.918, df (8, 18), p<0.001). Tukey’s HSD
Test for multiple comparisons found significant differences between Oocystis sp. and diet 4 (t-
value = 7.76, p< 0.001), diet 3 (t-value = 7.26, p< 0.001), diet 2 (t-value = 6.66, p< 0.001), diet
5 (t-value = 6.62, p< 0.001), diet 6 (t-value = 6.54, p< 0.001), diet 1 (t-value = 6.26, p< 0.001),
diet 7 (t-value = 6.20, p< 0.001), and A. platensis (t-value = 4.48, p< 0.001).
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Table 4.5: Nutritive contents for A. platensis, Oocystis sp. and the formulated diets (mean + standard error)

Diet Moisture (%) Ash (%) Crude Proteins  Crude Lipids Crude Fibre Nitrogen Free Metabolizable
(%) (%) (%) Extract (%) Energy (kcal/Kg)

Diet 1 (0% 3.997+0.382 7.466+0.0876 49.875+0.334  7.083+0.196 8.749 £ 0.631 22.83+£1.135 3449.62 + 23.102

Control)

Diet 2 (10% 4.563+0.714 8.213+2.04 48.563 + 0.455 7.455 +0.32 8.737 £ 0.849 22.469 £ 3.02 3418.194 + 137.878

Oocystis sp.)

Diet 3 (20% 5.183+0.314 8.386+0.583  49.219+0.455  7.398 +0.676 8.948 + 0.65 20.866 + 1.356 3371.69 + 54.685

Oocystis sp.)

Diet 4 (30% 4.924+0.533 9.935+1.181  49.073+0.193 7.35+0.618 8.584 +1.001 20.133 £ 1.603 3333.013 £ 11.445

Oocystis sp.)

Diet 5 (10% 4.86 +0.425 7.941+0.495  47.177+1271  6.938+0.186 8.308 + 1.007 24.776 + 1.337 3421.823 + 25.624

A. platensis)

Diet 6 (20% 4.623+0.345 7.846+0.522  47.177 +0.956 7.02 +0.241 8.564 + 0.709 24.769 £ 1.007 3428.097 + 28.316

A. platensis)

Diet 7 (40% 4.788+0.447 7.628+0.204  46.813 +1.079 7.21 £ 0.549 8.197 £ 1.275 25.364 + 1.141 3454.474 + 48.067

A. platensis)

A. platensis 5474+0.349 11505+0.576 53.667 +1.074  8.523 +0.263 0.7 £ 0.0896 20.131+1.314 3588.337 £ 14.779

Oocystis sp. 5.878+0.584  8.836 +0.763 41.927 +0.51 13.627 £0.722  0.813 +0.0836 28.919 +0.723 3936.501 + 23.889
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4.3.5 Growth performance parameters

The growth parameters analysis for the cultured O. niloticus was done with the mean + standard
error values illustrated in table 4.6. There was no significant difference in the initial body
weight (One Way ANOVA, F = 4.474, df (6, 203), p>0.05). The final body weight of the
cultured O. niloticus varied, with the highest recorded in diet 2 (9.985 + 0.504 g), while the
lowest was recorded in diet 1 (7.778 £ 0.498 g). A significant difference (One Way ANOVA,
F = 5.878, df (6, 163), p<0.001) was observed in the final body weights of the cultured O.
niloticus. Tukey’s HSD Test for multiple comparisons found significant differences between

diet 2 versus diet 1 (t-value = 3.12, p< 0.001) and diet 5 versus diet 1 (t-value = 4.09, p< 0.001).

The total body weight gain of the cultured O. niloticus varied, diet 2 (9.753 £ 0.179 g) having
the highest while diet 1 (7.540 + 0.111 g) had the least. However, there was no significant
difference in the weekly body weight gain (One Way ANOVA, F =0.522, df (6, 56), p> 0.05).
Diet 2 had the highest weekly body weight gain (1.084 + 0.179 g) while diet 1 had the lowest
(0.838 £ 0.111 g). The specific growth rate of the O. niloticus showed no significant difference
(One Way ANOVA, F =0.0104, df (6, 56), p> 0.05), with diet 2 registering the highest (5.969
+ 2.127), while diet 7 registered the lowest (5.379 + 2.069).

The feed conversion ratio was not significantly different among the different diet treatments
(One Way ANOVA, F = 0.186, df (6, 56), p> 0.05). The highest feed conversion ratio was
found in diet 1 (1.734 + 0.308), while the lowest was found in diet 2 (1.251 + 0.274). The
relative condition factor for the cultured O. niloticus showed no significant difference (One
Way ANOVA, F = 0.579, df (6, 56), p> 0.05), diet 7 recording the highest (1.032 £+ 0.0214),
while diet 2 recorded the lowest (1.005 + 0.00723). There were no mortalities recorded during
the study, thus survival rate (100.00 + 0.000) for all the diets was the same.
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Table 4.6: The growth parameters of Oreochromis niloticus fed on the formulated diets (mean + standard error)

Parameter Diet 1 (0% Diet 2 (10% Diet 3 (20% Diet 4 (40% Diet 5 (10% Diet 6 (20% Diet 7 (40%
Control) Oocystis sp.) Oocystis sp.) Oocystis sp.) A. platensis) A. platensis) A. platensis)

Initial Body Weight (g)  0.237 £0.00516 0.232+0.0119  0.256 +0.0113  0.226 £0.0126 = 0.237 £0.0116  0.207 +£0.00969  0.282 + 0.0140

Final Body Weight (Q) 7.778 £ 0.498 9.985 + 0.504 8.040 £ 0.307 7.840 £ 0.329 9.937 +0.366 8.380 £ 0.292 7.988 £ 0.361

Total Body Weight Gain  7.540 + 0.111 9.753 £ 0.179 7.784+0.171 7.614 £0.131 9.700 £ 0.154 8.682 £ 0.111 8.073£0.151

(9)

Weekly Body Weight 0.838 £ 0.111 1.084 £0.179 0.865+0.171 0.846 £ 0.131 1.078 £0.154 0.965 +0.111 0.897 £ 0.151

Gain ()

Specific Growth Rate 5.539 +2.844 5.969 + 2.127 5.471 + 1.686 5.627 +£2.705 5.930 + 2.945 5.968 + 2.697 5.379 £ 2.069

Feed Conversion Ratio ~ 1.734+0.308  1251+0274  1479+0443  1476+0.385  1459+0.248  1426+0.310  1.460+0.317

Relative Condition 1.008 £ 0.00867 1.005+0.00723 1.010+0.00832 1.009 +0.00818 1.011+0.00832 1.015+0.00974 1.032+0.0214

Factor (k)

Survival Rate (%0) 100.00 £0.000  100.00 £0.000  100.00 £0.000  100.00 £0.000  100.00 £0.000  100.00 £0.000  100.00 + 0.000
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All cultured O. niloticus exhibited a steady increase in weight following their exposure to feed,
as illustrated in figure 4.2. Immediately in the first week of sampling the fish in different
treatments varied, with diet 3 recording the least growth, while diet 6 had the most. The
subsequent weeks were characterised by overlaps in the growth curves. At the end of the

experiment diet 5 had the most weight recorded while diet 3 still had the least weight registered.

12 -

Weight (g)

Period (weeks)

Figure 4.2: Growth curves of Oreochromis niloticus fed on formulated diets
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4.4 Discussion

4.4.1 Water quality parameters

Water is a critical component of aquaculture since fish are fully vulnerable to shifts in water
quality as they live, breathe, eat, develop, reproduce, and excrete waste in water (Akhter et al.,
2021; Boyd & Tucker, 1998; Little & Bunting, 2016). Consequently, the water quality needs
to be monitored and managed, so that the fish prevent stress and diseases to maintain an optimal
level of health (Segner et al., 2012; Van Wyk & Scarpa, 1999). There are various parameters
used to assess water quality in aquatic ecosystems. This study narrowed down to monitoring
dissolved oxygen concentration, temperature, conductivity, and pH for physico-chemical
parameters. Nitrite, nitrate, ammonia, soluble reactive phosphorus, and total phosphorus sum

up the nutrients that were monitored in this study.

The concentration of dissolved oxygen in aquacultural ponds is often dependent on the oxygen
diffused from the atmosphere and the one produced inside the system as a by-product of
photosynthesis by algae (Boyd et al., 2018; Francis-Floyd, 1997). Mallya (2007) states that
the recommended dissolved oxygen concentration for tropical freshwater fish is a minimum of
5 mg/l at 80% saturation. The recommended dissolved oxygen level for O. niloticus is at a
range of between 5 and 7.5 mg/l (DeLong et al., 2009). The dissolved oxygen during this study
was above 3 mg/l with a mean that was within the recommended range. The recorded dissolved
oxygen concentration in this study were similar to those found by Makori et al. (2017) who
recorded dissolved oxygen range from 4.86 to 10.53 mg/l in earthen ponds in Busia County in
Kenya, and Keremah et al. (2014) who found a range of 2.8 to 6.6 mg/l in earthen ponds in
Nigeria. However, they differed with those found by Akidiva et al. (2020) in Egerton
University ponds, which can be attributed to the seasonal changes during the period which the
data was collected and/or the time when sampling was done. Ojwala et al. (2018) recorded a
higher mean of dissolved oxygen concentration (15.80 mg/l) at the fish ponds in Egerton
University, contrasting those found in this study, but it is important to note the difference in
sampling time. During their study sampling was done mostly at mid-day, while in this study

sampling was done at dawn.

Temperature is an important factor, as it influences the growth and survival of cultured fish, as
they are poikilothermic (Adhikari et al., 2018; Maulu et al., 2021; Ngoan, 2018). Ngugi et al.
(2007) states that the recommended temperature range for O. niloticus is 20-35°C. Qiang et al.
(2018) noted that O. niloticus stopped eating when the temperature dropped to 18°C, while at

higher temperatures, Ngugi et al. (2007) notes that death may also occur due to increased
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metabolic activities. The temperature range recorded during this study was within the
acceptable range for optimum growth, because the pond was in a greenhouse. The temperature
recordings in this study were similar to those obtained by Akidiva et al. (2020) who recorded
a temperature range of 22-28 °C. Jesse et al. (2018) recorded temperature of similar range to

this study, in a study also carried out in a greenhouse.

Conductivity is an important parameter as it gives an idea of the concentration of dissolved
ions in a particular aquatic system. The conductivity in this study was within the desirable
range of 100-2000 uS/cm as recommended by Syed et al. (2022) and Stone et al. (2013). Ogello
et al. (2017), recorded similar conductivity values, in a study carried out in earthen ponds at
Kegati Aquaculture Research Station in Kisii, Kenya.

pH is an important parameter, that requires continuous monitoring in aquaculture. Stone et al.
(2013), notes that pH below 6.0 can results in fish death, and high pH above 9.0, results in
increased unionized ammonia from ionized ammonia as such increasing toxicity of ammonia.
Both Keremah et al. (2014) and Stone et al. (2013), note that the desirable range of pH is

between 6.5 and 9, which consequently includes the values recorded in this study.

Kuhn et al. (2010) states that ammonia and nitrite are toxic to aquatic fauna and that they should
not be allowed to accumulate in the culturing system as they can impair the growth, health, and
survival rates of the organisms. Ammonia is important depending on the form (ionized or
unionized) found in the system. Gogoi et al. (2021) states that aquaculture systems are very
sensitive to ammonia concentrations and the recommended level of ammonia is at < 0.5 mg/I.
The ammonia concentration in this study was within the recommended range. The significance
difference in the ammonia concentration temporally, can be attributed to the accumulation of

wastes in the system but at very minimal levels.

Stone and Thomforde (2004) noted that the desired concentration of nitrite should be from 0-
1mg/l, with the nitrite concentration recorded in this study falling in the desirable range. The
ammonia and nitrite levels were like those found by Niyotwambaza et al. (2010), in a study at
Rwasave Fish Farm and Research Station, Rwanda. Syed et al. (2022) notes that a
concentration of up to 0.3 mg/l of nitrates is suitable for the culture of O. niloticus, the

concentrations of this study consequently were within the desirable range.

Boyd and Tucker (1998) recommended up to a maximum of 0.2 mg/l of soluble reactive
phosphorus in aquaculture, with the values recorded in this study being in this range. Elnady

et al. (2010) found soluble reactive phosphorus ranging from 0.061 mg/l to 0.093 mg/I, similar
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to the values recorded in this study only that the minimum values were lower. The total
phosphorus levels recorded in this study were higher than those observed by Akidiva et al.
(2020), which can be attributed to the accumulation of sediments in the pond where the study
was carried out. Total phosphorus and soluble reactive phosphorus are important water quality
parameters in aquaculture, as they stimulate algal growth (Stone et al., 2013); however, when
in excess concentrations they can result to algal blooms in the pond, which in turn can cause

fish death due to oxygen depletion in the system.

4.4.2 Proximate composition

4.4.2.1 Moisture content

The moisture content of A. platensis and Oocystis sp. were similar with very little difference.
Patwary et al. (2013) notes that moisture is an important parameter in fish feeds as it dictates
the shelf-life of the feed. Craig et al. (2017) stated that mould development and feed
degradation are accelerated by high moisture content in the feeds. Russo and Yanong (2010)
noted that high moisture levels of above 14% are among the factors that contribute to aflatoxin
production in fish feeds. The moisture content of the formulated feeds in this study was at <
5%, which was within the recommended range of < 12% by Munguti et al. (2014b), implying
the feeds will have a high shelf-life. Similar results were obtained by Appler (1985), in a study
involving the use of Hydrodictyon reticulatum as a protein source for O. niloticus where the

moisture content for the formulated feeds was < 5%.

4.4.2.2 Ash content

Divakaran and Duerr (1987) stated that the ash content of algae, is dependent on the culture
medium used during culturing. De Souza et al. (2020) points out that the mineral content of
algae can depend on several factors such as the cultivation temperature, salinity, physiological
state of the strain, and geographic distribution. A. platensis had higher ash content than Oocystis
sp., which can be as result of the culture medium. A. platensis are usually cultured in high
alkaline media to promote growth as compared to Oocystis sp. which requires less alkaline
environment. Mobin et al. (2019) stated that more than 6.7% dry eight of microalgae is ash,
which is similar to the results found in this study. Shearer et al. (1992) noted that high ash
content in fish feeds resulted to increased mortality, reduced growth and increased in
susceptibility to diseases and parasites in cultured fish; consequently, the desired ash content
in fish feeds should be low. Terpstra (2015) stated that fish feeds usually have an ash content
ranging from 6 to 10%, with the ash content of the formulated diets used in this study falling

within this range.
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4.4.2.3 Crude protein content

Protein sources economically are important in fish feeds owing to the fact that they are the
most expensive component. Jeong et al. (2019) stated that A. platensis has a protein content
range of 60 to 70%, this value is slightly higher than the one obtained in this study. Falquet &
Hurni (1997) gives a possible explanation of this difference, by stating that the crude protein
of A. platensis often ranges between 50 and 70% depending on the time of harvesting in relation
to daylight similar to the crude protein measured in this study. In a study carried out by Na et
al. (2021) involving the culture of Oocystis sp., it was found that the harvested biomass had a
protein content of 43.9% of the wet weight. This is similar to the findings in this study. The
crude protein during the study was formulated to meet the nutritional requirements of O.
niloticus fry, as they require a range of 40-50% (El-Sayed & Teshima, 1992; Mungulti et al.,
2014b). Craig et al. (2017) points that it is critical to determine the protein requirements for
each species and life stage of cultured fish, as it is the most expensive component of fish feeds.
Terpstra (2015) states that proteins are important in fish feeds as they are used for primarily

tissue accretion and growth; they can also be utilized as a source of energy.

4.4.2.4 Crude lipid content

Sajjadi et al. (2018) notes that algae have varying levels (2-23% dry weight) of lipids and
composition influenced by various individual or a combination factor such as geographical
region, salinity, and sunlight intensity. Oocystis sp. had significantly higher crude lipid content
in this study; similar to that found by Na et al. (2021). Yang et al. (2020) states that the lipid
content of A. platensis ranges between 5 and 10% of its dry weight; consequently, placing the
value observed in this study within this range. Kim et al. (2012) states that the lack of dietary
lipids may lead to an increased reliance on protein for energy, which would increase ammonia
excretion and cause water pollution in aguaculture. Consequently, for fish to develop normally
and expand to their full potential, lipids are necessary to perform crucial physiological roles in
supplying energy, essential fatty acids, and fat-soluble nutrients (Oliva-Teles, 2012). Munguti
et al. (2014b) recommends a provision of > 8% crude lipids for O. niloticus fry’s, with all the

formulated diets providing the required level of crude lipids during the study.

4.4.2.5 Crude fibre content

Crude fibre contents of A. platensis and Oocystis sp. were significantly lower compared to the
ones in the formulated diets. The high crude fibre in the formulated diets was mainly from the
contribution of other ingredients, which assisted to meet the required crude fibre levels for O.

niloticus fries of > 4% (Munguti et al., 2014b). The right amount of fibre in fish feeds is
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important as it assists in moderating passage of food in the alimentary canal. However, too
much or > 13% fibre is not recommended as it decreases the digestibility of feeds and growth
of fish (Adewolu et al., 2010; Agbabiaka et al., 2013). Metabolizable energy was within the
recommended range by Orlando et al. (2017). Metabolizable energy is important in sustaining

the growth, reproduction, and health of the cultured fish.

4.4.3 Growth performance of Oreochromis niloticus from the different treatments

There were significant differences in the final body weight of fries in diets 2 and 5 from diet 1,
which suggests that partial replacement of C. nilotica with either A. platensis or Oocystis sp.
improves the growth performance of O. niloticus fries. The highest body weight gain of the
fries was observed in diets 2 and 5; however, there was no significant difference. These results
agree with those found by Badwy et al. (2008), who noted that partial substitution of fishmeal
with Chlorella sp. and Scenedesmus sp. in fish feeds resulted in improved growth performance
of O. niloticus. Mustafa et al. (1994) observed that supplementation of fish meal with A.
platensis resulted in increase in growth and better protein digestibility in the red sea bream
(Pagrus major). Similarly, Roy and Pal (2015) point out that algae-based feeds result in
improved growth performance and better carcass quality of O. niloticus. In contrast, Walker &
Berlinsky (2011) noted a proportional decrease in the growth of the Atlantic cod when
Nannochloropsis sp. and Isochrysis sp. replaced fishmeal as sources of crude protein. However,
according to this study, partial replacement of C. nilotica with either A. platensis or Oocystis
sp. at 10%, 20% and 40%, all resulted in an increase in the body weight gain of the O. niloticus,
but the highest body weight gain was at 10% replacement of C. nilotica with either A. platensis

or Oocystis sp.

Specific growth rate in this study was a bit higher in the diets 2 to diet 6 pointing out that partial
replacement of C. nilotica with either A. platensis or Oocystis sp. resulted in increase in the
growth of O. niloticus. Kim et al. (2013), also found that there was increase in the specific
growth rate of parrot fish (Oplegnathus fasciatus) when fish meal was partially replaced with
A. platensis in their diets. Similar results were also found by Sarker et al. (2020), in a study
utilizing Nannochloropsis oculata substitution for fish meal on the growth performance of O.
niloticus. Vizcaino et al. (2014) found similar results with the use of Scenedesmus almeriensis
as fishmeal alternative in diets for gilthead sea bream (Sparus aurata) juveniles, with partial

replacement at 25% having highest specific growth rate.
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The feed conversion ratio is an important parameter during the assessment of the impact of
feed on the growth of cultured organisms as it indicates the efficiency of the feed in the
production of cultured organisms (Luo et al., 2021). Fry et al. (2018) points out that the feed
conversion ratio in aquaculture range from 1.0 to 2.4, with a lower value indicating a higher
efficiency of the feed. The values obtained in this study were within this range, with diet 2
being the most efficient feed. Mengistu et al. (2020) states that a feed conversion factor below
2.0, is considered as acceptable in the culture of O. niloticus; consequently, all the diets in this
study had an acceptable ratio. Kim et al. (2013) obtained similar results as they noted a
reduction in the feed conversion ratio of cultured parrot fish (Oplegnathus fasciatus) at 5% and

10% replacement of fishmeal with A. platensis.

Gubiani et al. (2020) states that body condition of an organism is an important indicator of the
health of that individual or population. Relative condition factor is an example of an index
amongst various indices that are utilized to assess the body condition and indicate the
nutritional and physiological status of fishes (Labocha et al., 2014; Le Cren, 1951; Gubiani et
al., 2020). The values of the relative condition factor in this study were all above 1.0, indicating
that the fish were in good condition (Ayoade, 2011), as such they were in good health during
the study and there was isometric growth, which is desired for aquaculture. The relative
condition factor results were similar to those obtained by Ighwela et al. (2011) while assessing
the growth of O. niloticus fingerlings. The survival rate across all diets was 100%, implying
that the replacement of C. nilotica with either A. platensis or Oocystis sp. had no effect on the
survival rate of the fish, and optimum conditions were provided for the growth and survival of
the fish. These results are in agreement with those obtained by Sarker et al. (2018) where the
substitution of fishmeal with Nannochloropsis oculata had no significant effect on the survival

of O. niloticus juveniles.

4.5 Conclusion

This study revealed that 40% substitution of C. nilotica as a protein source in fish feeds with
either A. platensis or Oocystis sp. enhances the growth of O. niloticus fry at the same time
lowering the cost. The finding that there was no significant difference in the body weight gain,
specific growth rate, feed conversion factor, and relative condition factor, implies that partial
replacement of C. nilotica with either A. platensis or Oocystis sp. is encouraged at 40% to

optimize the growth of O. niloticus fry at a lower cost.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Summary

This study was conducted in the Biological Sciences Department and Agro-science Fish Park
at Egerton University from October 2021 to May 2022. Oocystis sp. was first cultured and,
subsequently diets were formulated incorporating partial substitution of C. nilotica with
Oocystis sp. and A. platensis, which was fed to O. niloticus fries. The objective was to assess
the nutritive value of A. platensis, and Oocystis sp. ingredients as potential crude protein
sources, and the growth performance of O. niloticus fed on these alternative sources of protein.
The growth rate, divisions per day, and doubling time for Oocystis sp. was determined. The
nutritive values of A. platensis, Oocystis sp., and the formulated diets, and the growth
performances of the formulated diets on O. niloticus were determined. The major findings from
the study are as follows: the research showed that the inorganic fertilizers' specific
compositions and comparison between the culture media had no impact on the growth rate,
divisions per day, and the doubling time of cultured Oocystis sp. However, the time required
to attain optimum growth differed based on fertilizer combination. A. platensis had higher
percentage of crude protein than Oocystis sp., with the vice versa occurring for the crude lipids’
percentage. The highest growth rate was achieved in diet 2 and 6, the feed conversion ratio was
within the recommended range for all the diets, there was isometric growth of fish fries in all
the diets with the relative condition factor being above 1 and the feed conversion ratio were

within the acceptable range for O. niloticus culture.

5.2 Conclusions

I. For specific objective 1, it was determined that inorganic fertilizers can be used as
an option of cost-effective media in the culture of Oocystis sp., with the ratio of
3:1:1 while using NPK, urea, and DAP fertilizers respectively to achieve the highest
biomass within the shortest period.

ii. For specific objective 2, A. platensis had higher crude protein content, while
Oocystis sp. had higher crude lipids and nitrogen free extract content. The moisture,
ash, and crude fibre content were all similar for the two algae species.

iii. For specific objective 3, 40% substitution of C. nilotica as a protein source in fish
feeds with either A. platensis or Oocystis sp. enhances the growth of O. niloticus
fry, at the same time lowering the cost of production, while the water quality
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parameters were within the optimum range for the growth and survival of the fish.
The relative condition factor indicated all fish were healthy and in good conditions.
5.3 Recommendations

I.  This study recommends the culture of Oocystis sp. using inorganic fertilizers as a cost-
effective media, for the formulation of Nile tilapia feeds.

ii.  This study recommends the partial replacement of C. nilotica with either 40% of: A.
platensis or Oocystis sp. in Nile tilapia feeds to lower the cost of production and to
make aquaculture more profitable.

iii.  This study recommends further studies on the applicability of the A. platensis or

Oocystis sp. for the formulation of feeds for other species of fish.
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Appendix B: Key data analysis outputs

B.1 One Way Analysis of Variance for the crude protein content in the formulated diets
and algae

One Way Analyziz of Variance Wednesday, June 22, 2022, 16:11:51

Diata source: Crude protiens m Proximate analysis TNB

Normahiy Test (Shapiro-Wilk): Passed (P=10.832)

Equal Variance Test (Brown-Forsythe): Passed (P=0380)

Group Name N Missing Mean Std Dev SEM

Spimahna 3 0 53.667 1.860 1.074
Orocystis 3 0 41.%27 0.584 0510

Dhet 1 3 0 49 875 0.579 0334

Dhet 2 3 0 48.563 0.789 0435

Dhet 3 3 0 43219 0.78% 0435

Dhat 4 3 0 49,073 0.334 0.193

Dhet 5 3 0 47177 2202 1271

Dhet & 3 0 47177 1.656 0956

Dhet 7 3 0 46.813 1.5369 1.079

Source of Variation DF S5 AlS F P
Between Groups 3 233934 29242 15465  <0.001
Fesidual 18 34038 1.891

Total 26 2674972

The differences m the mean values among the treztment proups are greater than would be expected by
chance; there 15 a statistically sigmificant difference (P ==0.001).

Power of performed test with alpha = 0.050: 1.000

B.2 One Way Analysis of Variance for the final bodyweight of the Oreochromis niloticus
subjected to the different treatments

One Way Analvsiz of Variance Thursday, June 30, 2022, 21:07-53
Data zource: Final bodyweight 1n Fish Growth JTNEB

Normality Test (Shapiro-Wilk): Passed (P=10.198)

Equal Variance Test (Brown-Forsythe): Passed (P=0.678)

Group Name N Mizsing  Mean  5td Der SEAI

Dhet 1 20 0 7.778 22128 0.498

Thet 2 10 0 9985 1.595 0.504

Dhet 3 ki) 0 2.040 1.683 0.307

Dhet 4 20 0 T.840 1.470 0.329

Dhet 5 30 0 9937 2.002 0.366

Dhet & ki 0 B380 1.600 0.292

Thet 7 30 0 TH88 1.977 0.361

Source of Variation DF 55 AlS F P
Between Groups & 117.732 19622 5878 =0.001
Residual 163 544172 3338

Total 169 661905

The differences in the mean vahies among the treatment groups are greater than would be expected by
chanee; there 15 a statistically significant difference (P =-=0.001).

Power of performed test with alpha = 0.050: 0.990
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Abstract

Use of microalgae as a source of food in aguaculture production is gaining recognition due to
their rapid growth rate that promises high biomass generation within a short time. The chal-
lenge faced is getting good and inexpensive nutrients source to be used in mass production of
the required microalgae. This study investigated the effect of different nutrient combination in
influencing the growth rate of the of the green algae Oocysris sp. which has been identified as
a possible protein source for the raising of Qrechromis niloricus fingerlings for fish farming.
Muodified Bolds 3 N Medium and commercial agricultural fertilizers (urea, NPK and DAP)
media were compared to establish the appropriate combinations that would result into high
biomass generation but at the lowest cost possible. The Modified Bold 3 N Medium acted as
the control, at a cost of 11.28 KSh per litre; the other media were derived from urea, NPK, and
DAP (varying the ratio of each) at a cost of treatment 1 (0.14 KSh per litre), treatment 2 (0.18
KSh per litre), and treatment 3 (0.22 KSh per litre). The algae was cultured for 5 weeks with
samples taken daily for biomass analyses using chloropyhll-a concentration as the surrogate
for Qocysris sp. biomass for 30 days, from each treatment was determined. The growth rate,
doubling time, and divisions per day were then estimated based on this chlorophyll-a concen-
tration. The results showed that the mean concentrations of chlorophyll-a in treatment | was
highest (7.71520.667 pg'ml), while treatment 3 (6.441 £ 0.555 pg/ml) had the least. There
were no significant differences in the mean concentrations of chlorophyll-a in the four treat-
ments (Kruskal-Wallis H test: P> 0.05). The chlorophyll-a concentration varied significantly
in each treatment with time (Kruskal-Wallis H test: P<0001). There was no significant dif-
ference in the growth rate (Kruskal-Wallis H est: P> 0.05), divisions per day (Kruskal-Wallis
H test: P=0.05), and doubling time (Kruskal-Wallis H test: P> 0.03) from the different treat-
ments. The results of this study showed that inorganic fertilizers can be used as cost-effective
media in the mass scale culture of Oocysis sp.
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