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ABSTRACT

This study was carried out to determine the Hematology performance of Clarias
gariepinus fed diets supplemented with oyster mushroom (Pleurotus ostreatus) at
different inclusion levels. 300 post juveniles were stocked randomly into five tanks at
a density of 60 fish per tank; (T1 0%, T2 1.0%, T3 1.5%, T4 2.0%, T5 2.5%) and
were fed twice daily to satiation with the prepared diet. Each treatment was replicated
3 times. The experiment lasted for a period of 9 weeks after which blood samples
were randomly collected three per treatment for haematological studies and data was
subjected to analysis of variance. The result of this study showed that WBC had the
highest value of 25.17x10"3uL at T4 and the lowest value at TS5 (16.37x10"3uL),
RBC performed better at T3 (2.23x10"6ul) and lowest at T5 (1.70x10"6uL) and
HCT values were found to be in the normal range for catfish, T3 (1.5%) being the

highest and T5 recorded the lowest 2.5% inclusion level of mushroom.



CHAPTER ONE
1.0 INTRODUCTION
1.1 Background of Study
The African catfish (Clarias gariepinus) is omnivorous, grows fast and tolerate
relatively poor water quality, therefore it is a excellent species for aquaculture (Rad et
al., 2003).
The Fish is important as a valuable source of animal protein in human diets. Its
demand in developing countries is higher than the supply (Ashley-Dejo and Adelaja,
2022). Fish has continued to be the most easily affordable source of animal protein to
millions of people in both developed and developing nation (FAO, 2020). It is a good
source of thiamine, riboflavin, vitamins A and D, phosphorus, calcium and iron (FAO,
2020). In meeting the supply of fish most especially in developing countries there is
need to venture into more productive fish production enterprise (Ashley-Dejo and
Adelaja, 2022). Fish production in Nigeria is adversely affected by spontaneous rise
in cost of production especially fish feed which account for over 65% of cost of
production (Ashley-Dejo et al., 2017). In order to intensify fish production through
aquaculture, adequate nutrition would be required for attaining high fish yields.
Okoye and Sule (2001) stated that the rapid expansion and success of commercial fish
culture depends largely on availability of good quality and cheap feed. To fish farmers,
in order to minimize running cost, it is important to use cheaper alternative feed
ingredients that are locally available to produce good quality, suitable and palatable

fish feeds (Omojowo et al., 2010; Ashley-Dejo et al., 2014).

For the purpose of nutritional and economic benefits, researchers have made attempts
at increasing the use of non-conventional plant and animal materials to replace

conventional feed ingredients such as maize and fish meal in fish feed (Falaye, 1988;



Fagbenro, 1992; Olatunde, 1996; Baruah et al., 2003; Eyo, 2003). The use of cereal
products, especially maize in fish feeds is becoming increasingly unjustified in
economic terms, because of its ever-increasing cost. There is therefore the need to
exploit cheaper energy sources to replace expensive cereals. Also, to relieve the food

competition between man and animal and for-profit maximization.

Two major components (protein and energy) are important in fish feed for growth and
reproduction. They are needed in adequate supply both in quality and quantity to
enable fish reach their full growth potential. Conventionally, fishmeal and cereals
have been used as protein and energy sources respectively (El-Sayed, 1999; Gatlin et

al., 2007).

Supplementary feed has been known to increase the carrying capacity of culture
systems and also enhance fish production (Hepher, 1975; Devaraj et al., 1986),
among natural products with high potential are mushrooms, a viable alternative in
preparing foods that can provide high nutritional value and immunostimulant

properties for fish's good development and growth within the culture (ahmed er az, 2017).

The mushroom Pleurotus species, is most cultivated globally for being edible and
nutritious (Singhal e a2, 2019). Studies have shown that Pleurotus species,contains
polypeptides and has potential in functional foods as a natural and anti-virus agent
with antioxidant and immunostimulatory activities(sun ez a, 2017). The physiological and
metabolic conditions in culture condition can be improved by mushroom (Pleurotus

ostreatus) as it improves the growth of the fish. (knhalafalla and El-Sayed, 2015).

Mushrooms are the fruiting body of micro-organisms, also known as fungi. Like other
plants, mushrooms lack chlorophyll and do not produce through the process of
photosynthesis. It has medicinal values, aside from being good source of carbohydrate,
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vitamins, minerals, antimicrobial and therapeutic qualities (Batool et al., 2020). The
wellbeing of fish is reflected significantly on its blood profile, this have made

haematology major monitoring indicator in fish culture (Jan and Ahmed, 2021)

Blood in fish transports a variety of constituents such as nutrients, hormones, minerals,
immune components, microorganisms, water, gases, toxins, and waste products
(Ciesla, 2007). The most important functions of blood are the supply of oxygen and
nutrients (including glucose, amino acids, and fatty acids) to cell tissues, removal of
wastes (such as carbon dioxide, urea, and lactic acid), immunological functions,
coagulation, and messenger functions (Ciesla, 2007). Given the diverse critical roles
of blood, measuring blood parameters may provide a more reliable picture of fish

metabolism and health status.

1.2 Justification

Pleurotus ostreatus, along with other species of mushroom, has been confirmed to
have medicinal value. The biological functionality of these mushrooms ranges from
antioxidative and immuno-stimulating to antiviral, anti-carcinogenic, anti-
hypercholesterolaemic, and the ability to regulate blood lipid and glucose levels

(Gordon et al., 1998; Wasser and Weis, 1999; Lakhanpal and Rana, 2005).

Hematological studies of cultured fish important in order to monitor the health of fish
during culture. Such studies are particularly useful in assessing fish physiological and
physio-pathological status since morphological and biometric do not always give a

complete picture (Adakole, 2012; Travares-Dias and Morases, 2007).

In recent years, hematological parameters have been used to evaluate the response to
applying additives and products of natural origin and determine tilapia's health status

(Reda et al,, 2016)
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It was found that the supplementation of a mushroom meal in a proportion of 15 to
25% in the diet of the fish can improve the health status, growth, and survival of Nile
tilapia, which is in accordance with what has been reported for the response of tilapia
to the inclusion in the diet of other species of Pleurotus spp. (srichanun er al, 2017, Safari &

Sarkheil 2018)-

In general, the inclusion of mushroom in the diet has increased the hematology and
physiological response, high growth rate and has functioned as immunostimulant
(Hleap-zapata et al, 2021). However, studies of the effect of mushroom on the blood response

and serum biochemical parameters in Clarias gariepinus are limited.

This study is aimed at evaluating the effects of supplementing experimental fish diets
with graded levels of Pleurotus ostreatus in the culture of Clarias gariepinus

hematological parameters.

1.3  Aim and Objectives of Study
The aim of this study is to determine the blood health status of African catfish
(Clarias gariepinus) fed diet supplemented with different levels of oyster mushroom

(Pleurotus ostreatus).

Specific objectives of the study are to determine the:

1. white blood cells (WBC) of fish fed different levels of mushroom
supplemented diets

2. hemoglobin estimation (Hb) of fish fed different levels of mushroom
supplemented diets

3. hematocrit (Ht) of fish fed different levels of mushroom supplemented diets

4. platelets
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5. red blood cells (RBC) and its indices

CHAPTER TWO

2.0 LITERATURE REVIEW

Mushroom is a macro fungus which has distinctive fruiting bodies that can either be
epigeous ( above ground) or hypogenous ( below ground) large enough to be seen
with the naked eye and to be picked by hand (Chang, 1992). Due to lack of
chlorophyll on mushroom it cannot synthesis it’s own food so it depends on dead and
decay matters, therefore they are saprophytic fungi. And it has the potential to solve
many growing global problems like food demand, unemployment, environmental
pollution amongst others.

Among the different types of mushroom, Pleurotus ostreatus is one of the most
cultivated species. Pleurotus ostreatus belongs to the family Agaricaceae and class
Basidiomycetes commonly known as “Dhingri” in India. Oyster mushroom is known
for rich content in Vitamin C and Vitamin B complex and its protein content varies
from 16 to 25 percent along with mineral salt which is essential for human body

(Randive, 2012).

Oyster mushroom is also known for its medicinal value in fighting diabetics and
cancer (Sivrikaya et al., 2002). Due to its high potassium to sodium ratio its is ideal

for people suffering from heart disease and hypertension (Sharma et al., 2013).

Mushroom cultivation depends on many factors such as temperature, humidity and

sterility of the substrate (Bellettini ef al.,2019)

2.1 Common Cultivated Mushrooms



Although there are over 300 genera of mushroom only few of the species are

cultivated commercially. Some of the commonly cultivated mushroom are given

below in Table 1.

Table 1: Different species of cultivated mushroom (Nongthombam et al., 2021)

Common name

Scientific name

Button mushroom
White jelly fungi
Oyster mushroom
Paddy straw mushroom
Velvet stem mushroom
Ear fungus

Reishi mushroom
Nameko mushroom
Shiitake mushroom

Truffle velvet stem mushroom

Agaricus bisporus
Tremella fuciformis
Pleurotus ostreatus
Volvariella volvacea
Tuber aestivum
Auricularia auricila
Ganoderma lucidum
Pholiota nameka
Lentinus edodes

Flammulina velutipes




Plate 1: Button mushroom Plate 2: White jelly fungi

Plate 5: Velvet stem mushroom Plate 6: Ear fungus



Plate 8: Nemako mushroom

Plat 7 Reihi mushroom

Plate 10: Truffle velvet stem mushroom

Plate 9: Shiitake mushroom



2.2 Production of Oyster Mushroom

Mushroom are grown mostly on waste materials like sawdust, composting materials,
straw and garbage (Gbolagade 2006). It is reported that mushroom cultivation started
in France around 1630, to monitor different growth parameters of mushroom a series

of experiments and studies have been conducted since then (Miles et al., 2004)

23 Climatic Requirements

Bano and Rajarathnam (2017) observed maximum yield of oyster mushroom during
season, when the temperature are nearly 20-26°C and relative humidity 70-90%. A

fairly good yield can be obtained up to 30°C.

2.4  Steps in The Production of Oyster Mushroom

2.4.1 Substrate Preparation

Mostly used substrates are organic materials like lingo-cellulosic farm waste on
which growth of mycelium takes place to produce mushroom, substrate used include
sawdust, rice bran, rice straw, wheat bran and wheat straw (Khare et al., 2018).

Oseni et al. (2012) while working on substrate preparation and processing used two
locally available substrates namely: sugarcane base and horse manure compost. To
each of the substrates, 20% of wheat bran supplement was added, thoroughly mixed
and soaked in a clean water for 8-10 hours and allot imbibe the water. The substrates
were separately subjected to short composting procedure using the method of Sinden
and Hauser (1980). The substrates were divided into batches of 500g each and packed
into heat resistant autoclavable bags of 18x14 cm inside, which were fastened at the
end using plastic rings. The substrates were then pre-treated using the following

methods- steam sterilization in autoclave at 121°C for 4 hours, hot water dipping in



steel drum at 60°C (pasteurization) for 2 hours and hot water dipping in steel drum at

60°C ( pasteurization) for 3 hours and allowed to cool.

2.4.2 Spawning of Substrate

Spawning can be prepared from different carriers of grain such as wheat, sorghum,
barley and rice (Khonga ef al.,2013). It is reported that as compared to grains of wheat
and barley, grains of sorghum are better mycelium carrier. The yield and biological
efficiency can be increased by colonization of the spawn and spawning running time

gets reduced (Khare et al., 2004).

The quality of carriers and moisture (60-70%) greatly affect the quality of spawn as it
determine the growth and colonization of the mycelium on the substrate. The
spawned substrate requires a certain temperature ranging from 25- 30% and a dark

room which satisfy the mycelia for proper growth and to colonise the substrate

2.43 Source of Substrate

Common substrates for growing mushroom involve straw or hardwood sawdust.

The mushroom substrate needs to be properly prepared by adding water, potentially
adding additional nutrient and further processed by sterilization or pasteurization.
When ready it can be inoculated wherein broken up pieces of mycelium- covered

grain also known as grain spawn are evenly mixed into the substrate.

2.4.4 Incubation and Fruiting

During the incubation period temperature is optimised to 20-25°C in order to get best
results and kept in the incubation room without disturbance for 15-25days also
depends on size and conditions of the bags (Saurab Dulal, 2019). At the time of

fruiting, the relative humidity should be maintained at 80-85% by spraying and

10



sprinkling water to the gunny bags or in the sand spread on the floor with a nozzled

bottle 2-3 times daily.

2.4.5 Harvesting and Yielding

The procedure for mushroom harvesting involves grasping each mushroom stalk
individually and twisting the mushroom until it pull out of the substrate. As it begins
fruiting it is important to keep humidity high and temperature and constant spray of
water it may be harvested in numbers of flushes (cropping cycle) (Asmama et al.,

2015).

2.5 Blood Parameters

2.5.1 White blood cells (WBC) Leukocyte count

Leukocyte count (WBC) is an important parameter in the assessment of the immune
status in vertebrates. As previously reported by different authors, a manual method is
commonly used to determine the number of white blood cells (Svobodova et al.,
1991; Svobodova et al.,, 2012; Lugowska et al, 2017; Bojarski et al., 2018a). Fish
white blood cells are counted in diluted blood using a hemocytometer and microscope,
similarly as erythrocytes. According to Witeska er al. (2016), Natt-Herrick's,
Prochazka-Skrobak's or Dacie's solutions were most often applied by various authors
to assess the number of WBC. Sometimes an indirect method is applied that involves
calculation of WBC using RBC value and the ratio of leukocytes to erythrocytes in
the blood smear (Tavares-Dias et al., 2002). Identification of leukocytes in a stained
smear may be easier than in hemocytometer but lymphocytes are sometimes similar to
round forms of thrombocytes. Lugowska et al. (2017) result showed that the
leukocyte count was significantly affected by the rater (the influence of the person
who performed the procedure) and the type of method (direct vs. indirect) — WBC
values obtained using the indirect method were higher compared to direct
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hemocytometer counting. Faggio ef al. (2013) revealed that there was no significant
difference between manually and automatically obtained WBC, although automatic
analysers are not often used for fish leukocyte determination. WBC values in fish
show wide ranges and are very variable even within the same species. According
to Svobodova et al. (2012) WBC in C. carpio was 10-80 x 10°/uL. Review of WBC
values in the blood of juvenile C. carpio obtained by various authors was 1.4 to
197.3 x 103/uL (Witeska et al., 2016). Fazio et al. (2019) reported that WBC
determined automatically in different fish species ranged from 9.41 to
829.33 x 10°/uL. Moreover, many intrinsic and environmental factors may affect
leukocyte count in fish such as sex, season, feeding habits, stress, aquatic pollution

and diseases (Ahmed et al., 2020).

2.5.2 Erythrocyte Count (Red Blood Cell)

According to Fange (1994), erythrocytes are the most abundant blood cells in fish.
They usually constitute 98-99% of all blood cells in these animals. Erythrocyte
count (RBC), an important diagnostic parameter, depends on various environmental
factors like water temperature (Paul et al., 2019). It can also be modulated by many
biological factors, such as fish activity, age, sex, nutritional state, and reproductive
status, and can differ among various populations of the same species. RBC usually
ranges from 0.5-1.5 x 10%uL in less active species to 3.0-4.2 x 10%uL in more active
ones (Witeska, 2013). According to Fazio et al (2019), RBC determined
automatically in different fish species ranged between 0.81 to 3.73 x 10%uL. RBC
measured in the blood of C. carpio was found to be 0.33 to 2.95 x 10%uL (Witeska et
al., 2016). It is also worth mentioning that erythrocyte count can show seasonal
variability, even if fish are kept under laboratory conditions (Kondera et al., 2019).
For RBC determination both manual and automatic counting methods can be used

12
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(Faggio et al., 2013), although in the case of fish, majority of researchers choose
manual analyses (Bojarski et al, 2015, Witeska et al, 2017a, Witeska et al.,
2017b, Bojarski et al., 2018a, Kondera et al., 2020). Faggio et al. (2013) revealed that
manually obtained RBC was similar to the automatically measured values. The
manual determination of RBC values usually uses the Biirker, Neubauer or Thoma
haemocytometer (Acar et al., 2018; Fazio, 2019). For manual calculation of
erythrocyte count blood should be diluted 1:100 with a diluent in a plastic Eppendorf
tube and gently mixed. The use of glass blood diluting pipettes (Malassez-Potain) for
fish blood may result in formation of micro clots and thus in considerable calculation
error. Immediately before erythrocyte counting in a hemocytometer diluted blood
must be thoroughly and gently mixed (very vigorous mixing may result in bubble
formation and cell damage). Transfer of diluted blood into a hemocytometer chamber
covered with a cover glass may be done using hematocrit capillary tube or a
micropipette. First drops should be rejected and then capillary or pipette opening
should touch the edge of the cover glass so as diluted blood could fill the
hemocytometer chamber by itself, using fluid capillary force, without air bubbles.
Cell counting should be done under x 400 magnification, after the cells settle on the
chamber bottom. Correct counting of cells in a hemocytometer grid involves “the rule
of two edges”: cells that are on or touching the top and left lines are counted, but the
ones on or touching the right or bottom lines are ignored. Calculation of RBC is
performed using the number of counted cells, number of squares in which they were

counted, square volume and blood dilution.

2.5 2.1 Erythrocytes indices (MCV, MCH and MCHC)
The hematological examination also includes the analysis of additional erythrocyte

indices which describe the morphology and properties of red blood cells like the
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MCV (mean corpuscular volume), MCH (mean corpuscular hemoglobin) and MCHC
(mean corpuscular hemoglobin concentration). They can be calculated using Ht, RBC
and Hb values, according to the formulas: MCV = (Ht x 10)/RBC, MCH=Hb/RBC,
and MCHC = (Hb x 100)/Ht or determined automatically. Faggio et al
(2013) showed that manually obtained MCV, MCH and MCHC did not differ from
automatically obtained results. The data summarized by Witeska et al. (2016) indicate
that MCV for C. carpio was in the range of 130.9-367.3 fL, MCH 31.8-139.0 and
MCHC 150-446 g/L. The analysis of these parameters may be useful in diagnostics of
some fish diseases, like anemia. The increase in MCV is a “low cost” response to
anaemic state in some fish species. However, fish suffering with anemia can exhibit
decreased values of all red blood cell parameters (Witeska, 2015). Lay and Baldwin
(1999) analysed MCV values in many fish species and demonstrated that erythrocyte
volume is highly correlated with oxygen delivery, however, many of the analysed
MCV changes could not be explained. Increased values of MCV and MCH were

observed in fish suffering from ichthyophthiriasis (Witeska et al., 2010a).

2.5.3 Hematocrit (Ht) or Packed cell volume (PCYV)

Hematocrit (or packed cell volume) is the simplest measure of erythrocyte content in
blood as a percentage of erythrocytes in blood volume. For hematocrit (Ht)
determination in fish blood analysis, microhematocrit method is a standard, although
automated analyzers to determine this parameter are also used (e.g. Harabawy and
Ibrahim, 2014; Velmurugan et al, 2016; Ghayyur et al, 2019). According
to Gebretsadkan et al. (2015), in the case of human blood analysis, the manual Ht and
automated Ht were significantly different. Furthermore, the results showed higher
coefficient of variation in manual method as compared to automated procedure, which
indicated that the precision was higher in the case of automated method. However, the
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results obtained by Faggio et al. (2013) showed no statistically significant difference
between Ht values obtained for fish blood using manual and automated methods.
Nevertheless, hematocrit value determined by microhematocrit method can be
obtained with different centrifugation parameters, for example 3000 rpm for 30 min
(David et al., 2015), 10,000 rpm for 5 min (Girén-Perez et al., 2008), 12,000 rpm for
5 min (Witeska et al, 2017a), 16,000 g for 5 min (Gul et al, 2012), which may
probably affect the results. According to data summarized by Grant (2015), Ht values
for different fish species (including various teleosts and elasmobranchs) range from
9.4 to 33.53%. According to Fazio et al. (2019) Ht measured automatically in
different fish species was from 17.80 to 53.33%. In the case of C. carpio the range
obtained by different authors was 14.0-44.0% as reviewed by Witeska et al. (2016).
Hematocrit value depends on erythrocyte number and size and can be affected by
various factors, such as water quality parameters, drugs and some infectious diseases

(e.g. McBeath et al., 2015; Witeska et al., 2015).

2.5.4 Hemoglobin concentration (Hb)

Measurement of haemoglobin concentration in fish blood is routinely performed using
spectrophotometric cyanmethemoglobin method. It involves mixing the whole blood
with Drabkin reagent to convert blood hemoglobin to stable methemoglobin and next
reading extinction at 540 nm wavelength. Hemoglobin concentration can be
calculated on the basis of the relationship between standard hemoglobin solutions and
their extinction. The results obtained with manual spectrophotometric method and the
values obtained with automatic method did not differ statistically (Faggio et al., 2013).
According to Fazio et al. (2019) Hb determined automatically in different fish species
was from 4.70 to 16.6 g/dL. The study performed by Witeska et al. (2016) exhibited
that blood Hb level in clinically healthy 5—8 month old Cyprunis carpio was 62.4—
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69.6 g/L. The literature data revised by Witeska et al. (2016) show that Hb in C.
carpio is in the range of 34.1-114.3 g/L. Suljevic et al. (2016) showed that
hemoglobin concentration in C. carpio (56.80—

87.50 g/L) was significantly lower than Carassius carassius Hb level (60.42—
97.66 g/L). Hemoglobin concentration in the blood of Solea senegalensis juveniles

kept under intensive aquaculture conditions was 26—63 g/L. (Peres et al., 2015).

2.5.5 Thrombocyte count (TC) / Platelets

Thrombocytes are described as the most abundant blood cells after erythrocytes, is
frequently used as an indicator of health status because they are mainly involved in
forming defensive barriers (Magnadéttir, 2006).

According to Stosik et al. (2002) and Stosik et al. (2019), fish thrombocytes
participate in haemostatic processes and in the immune response. Thrombocytes count
may change in relation to various biotic factors (age, sex, season, maturity status) and
abiotic conditions ( water temperature, pH, dissolved oxygen level) and stress
(Tavares-Dias and Oliveira, 2009), feeding habits (Ahmed and Sheikh, 2020) or
infection (Parrino et al., 2018). Thrombocythemia was observed in fish suffering from
acute form of branchiomycosis and erythrodermatitis while thrombocytosis was noted
in fish diagnosed with chronic form of these diseases (Stosik et al., 2001). Martins et
al. (2008) reported an increase in thrombocyte count in O. niloticus infected
with Enterococcus sp.

According to various authors, Thrombocyte count values show high inter- and
intraspecific variability, e.g. in C. carpio 0.9-115 x 10°/uL (Witeska et al., 2016),
in C. gariepinus 106-458 x 10°/uL and in Chrysichthys nigrodigitatus 106—
362 x 10°%/uL (Adedeji and Adegbile, 2011), in Sorubim lima 9.0-19.9 x 10°/uL
(Bianchi et al.,
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2014), in Rhamdia quelen, O. niloticus, Brycon orbignyanus and P. mesopotamicus 2
1.9-75.9, 10.3-66.8, 22.8-54.1 and 16.1-41.6 x 10%/uL, respectively (Dal'Bo et al.,
2015), in Schizopyge plagiostomus 22.8-34.4 x 103/uL or in Schizopyge niger 24.67—
36.54 x 10°/uL (Ahmed and Sheikh, 2020), and in various fish species 2.0—
78.9 x 10°/uL (Tavares-Dias and Oliveira, 2009).

2.6  Factors that may affect hematological values.

2.6.1 Stress

Stress in fish may be caused by various factors, like chasing and harvesting (Fagundes
and Urbinati, 2008; Aguirre-Guzman et al., 2016), crowding (Barcellos et al., 2004),
transportation (Dobsikova et al., 2009; Pilinkovskij et al., 2017; Oliveira et al.,
2018), hypoxia (Pollock et al, 2007; McBryan et al., 2013), change in water
temperature (Del Rio Zaragoza et al., 2008; Ji et al., 2016; Simide et al., 2016), air
exposure (Grzelak et al., 2017), disease (Fazio, 2019), aquatic pollution (Zutshi et al.,
2010; Bojarski and Witeska, 2020) or in case of experimental conditions like

starvation (Hernandez et al., 2019).

Stress may change the values of red blood parameters (Ht, Hb, RBC, MCV) and
various biochemical indices ( glucose, catecholamine and cortisol levels). Increase in
the values of red blood parameters often occurs due to stress since stress reaction
involves higher energy expenditure (fight or flight) and increase in oxygen transport is
one of stress-related adaptive mechanisms. In fish it may involve erythrocyte swelling
(increase in MCV and Ht), release of splenic erythrocyte reserve or in a longer period
of time increased erythropoiesis (increase in Ht, Hb and RBC). Stress-induced
increase in red
blood indices were reported by Dobsikova ef al. (2009), Fazio et al. (2015) and Aguir

re-Guzman et al. (2016). Stress may also affect white blood parameters. Short-term
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stress sometimes results in an increase in WBC but chronic and/or strong stress

usually causes leukopenia (Tort, 2011).

2.6.2 Anaesthesia

Blood collection is a fast and little invasive procedure if the fish are big enough to
make a puncture. In such a case, if the procedure is performed by a skilled and
experienced person, anaesthesia usually is not necessary and may be even more
stressful to fish than blood collection itself (Witeska et al., 2017b; Soldatov, 2021).
On the other hand, if the fish are very small so as blood sampling involves severance
of the caudal peduncle or other invasive technique to access blood vessels,
anaesthesia must be applied. Also, in case of blood sampling from very big fish or

species susceptible to management, anaesthesia may be necessary to handle them.

Common anaesthesia used are MS-222, benzocaine, quinaldine, eugenol (clove oil),
etomidate or 2-phenoxyethanol, or the fish are anesthetized with ice, stunned or killed
before blood sampling. However, one should be aware that anaesthetics may affect
hematological parameters. Rozynski et al. (2018) observed transient but significant
hematological and biochemical alterations in Perca fluviatilis anesthetized with

etomidate compared to the unanesthetized fish.

Alterations in blood biochemical values were also reported by Lepic et al.
(2014) in Vimba vimba treated with 2-phenoxyethanol and etomidate, while clove
oil showed no effect. According to Witeska et al. (2015) and Witeska et al. (2017b),

2-phenoxyethanol, etomidate and tricaine induced hematological changes in Cyprinus
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carpio. Therefore, anaesthesia should be used only when necessary and pilot trials
should be performed to choose an anaesthetic, dose and time appropriate for a

particular fish species and size.

19


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mirror-carp

2.6.3 Blood sampling

A review by Lawrence ef al. (2020) provides recommendations of caudal puncture
optimization to make it quick, easy and relatively non-invasive method for obtaining a
blood sample. Method and site of blood collection may affect the results of analyses
(Bojarski et al., 2018a; Bojarski et al., 2021). Bojarski et al. (2021) demonstrated that
RBC count was higher in caudal vein blood, while Ht value, MCV and MCH were

higher in cardiac blood samples.

In the case of very small fish such as Danio rerio, most methods of blood collection
are lethal, such as lateral incision, decapitation or tail ablation. Therefore, alternative
methods were developed to obtain blood from live fish, as puncture of dorsal
aorta or posterior cardinal vein using a needle or glass capillary tube (Zang et al.,
2013; Zang et al., 2014, Argungu et al., 2017).

Sampling should be done using a heparinized needle into a chilled heparinized plastic
Eppendorf tube. Blood should be gently mixed immediately after sampling to prevent
clot formation and then kept refrigerated (for later analyses) or placed in a blood roller
mixer if analyses are performed immediately (Svobodova ef al., 1991; Svobodova et

al., 2012; Witeska et al., 2016).

2 6.4 Anticoagulant

Blood coagulation in fish follows a similar pattern as observed in other vertebrates
(Jiang and Doolittle, 2003). However, clot formation in fish is faster than in mammals
and, according to Tavares-Dias and Oliveira (2009) lasts from 10.8 to 530 seconds in
various species. Rapid decline of whole blood clotting time takes place when the
number of thrombocytes increases (Casillas and Smith, 1977). Li et al. (2006) found

that water initiated blood clotting in C. carpio.
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Hattingh (1975) observed that EDTA caused haemolysis of blood from 5 fish species

(C. carpio, Labeo umbratus, L. capensis, Clarias gariepinus and Barbus holubi)

within 1-48hours and always increased cell volume. Similar observation was reported

by Korcock et al. (1988) for Oncorhynchus mykiss. Increases in Ht, MCV and

haemolysis in EDTA stored blood of Piaractus mesopotamicus were observed by Vaz

Farias et al. (2016). However, Tavares-Dias and Silva Sandrim (1998) found that

EDTA reduced Ht and Hb values in blood of Colossoma macropomum compared to

heparin.
According to Adeyemo et al. (2009), both heparin and EDTA can be used for

hematological evaluation of C. gariepinus blood.

2.6.5 Blood storage

Korcock et al. (1988) reported an increase in MCV and changes in plasma and cell Na
and K content in Salmo gairdneri blood stored for 24 hours at room temperature,
while no alterations were observed in refrigerated samples. According to Tavares-
Dias and Silva Sandrim (1998), 10 hours storage at room temperature did not affect
Ht, Hb and MCHC values in C. macropomum. The results obtained by Witeska et al.
(2017a) showed that storage of C. carpio blood for 2 hours at 22 °C resulted in a
decrease in RBC, WBC and TC, while at 4 °C an increase in MCH and MCHC, and

WBC decrease occurred after 24 hours.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Description of Study Area

The study was carried out at the Department of Fisheries and Aquaculture, University
of Benin, Ugbowo, Benin City and analysis of blood samples was carried out at the

University of Benin Teaching hospital, Ugbowo, Benin City.

3.2 Experimental Design

The experiment was laid out as a Randomised Complete Block Design (RCBD).

33 Experimental Fish Culture and Management

Before commencement of this experiment, 300 post juveniles of Clarias gariepinus
was procured from a reputable hatchery in Benin city and then acclimatised before
transferring to the experimental tanks.

The experiment made use of 5 tanks with 3 replicates, making a total of 15 tanks.
Each tank will be properly washed and disinfected, after which water was impounded
before use and labelled appropriately according to the different experimental diet used.
Each tank was stocked with 20 post juveniles of Clarias gariepinus. The experiment

lasted for a period of 9weeks.++

3.4  Preparation of Diets Supplemented with Pleurotus ostreatus

Freshly harvested oyster mushroom (Pleurotus ostreatus) to be used in the feed
formulation was obtained from MYCO Farm, rinsed severally before been oven dried
at 60°C for 48 hours in the laboratory, subsequently grounded to obtain a smooth
mushroom powder (MP), to be used in the preparation of ration. The proximate

composition of the mushroom was determined and was used to supplement the regular
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diet at different inclusion levels on a dry matter based (0%, 1.0%, 1.5%, 2.0% and

2.5%)

Five Iso-nitrogenous diets of 40% crude protein was compounded, formulation of fish
feed was calculated using Pearson square method (Hardy, 2000). The calculation was
based on protein and energy requirements at different stages of growth. Protein source
include fish meal, soybean, energy source include maize, sorghum. Other ingredients
such as palm oil, bone meal, vitamin premix and starch which served as binder before
being extruded into pellets. These ingredients as procured from a local market in
Benin city. The formulation was done based on 40% crude protein for post juvenile
and 30% crude protein for semi adult size. Fish was fed to satiation 2 times (8am, and

Spm) daily.

The mushroom was then used to supplement the feed at 0%, 1.0%, 1.5%, 2.0% and 2
5% as shown in Table 2. The feed was pelletized into three sizes; 2mm, 3mm and

4mm to fit the fish gape as they grow throughout the culture period.
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Table 2: Ingredients and their different inclusion levels in percentages

Ingredients Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Fishmeal  20.0 19.8 19.7 19.6 19.5
Rice bran 7.0 6.92 6.88 6.84 6.8
Maize 20.0 19.76 16.64 19.54 19.4
Groundnut  25.5 25.26 25.14 25.02 24.6
cake

Soybean 20.0 19 84 19.76 19.68 19.6
meal

Blood 5.0 4.92 4.88 4.84 4.8
meal

Oyster 0.0 1.0 1.5 2.0 2.5
mushroom

Starch 1.2 1.2 1.2 1.2 1.2
Palm oil 1.0 1.0 1.0 1.0 1.0
Vitamin 0.3 0.3 03 0.3 0.3
premix

Total 100 100 100 100 100
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3.5 Hematological and serum protein evaluation of Clarias gariepinus.
Hematological evaluation of fishes includes:

e determination of total erythrocyte count (RBC),

hematocrit (PCV),

e hemoglobin concentration (Hb),

e crythrocyte indexes (Mean corpuscular volume MCV, Mean corpuscular
haemoglobin MCH, Mean corpuscular hemoglobin concentration MCHC),

e white blood cell count (WBC)

e platelets concentration

3.5.1 Blood sample collection

Blood sample for haematology studies was collected from fifteen randomly selected
fish per treatment at the end of the experiment.

The fish was sacrificed and 2ml of blood samples was collected with a sterile syringe

and kept in a bottle containing ethylenediamine tetra acetate (EDTA) as anticoagulant.

3.6  Blood Analysis

3.6.1 PCV/Hematocrit

Anticoagulated blood was taken in a wintrobe tube using the wintrobe method. The
wintrobe tube was filled from the bottom up to 100 mark using a pasteur pipette. After

which the blood sample was centrifuged using an hematocrit centrifuge.

3.6 2 Red blood cell count
Fish blood was diluted with Neubauer pipette with citrate buffer fluid at 1:200. The
diluted blood will be introduced into a Neubauer counter and white blood cells was

counted under the microscope (Shah and Altindag, 2004).
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3.6.3 Red blood cell indices
3.6.3.1 Mean corpuscular volume ( MCYV)
MCYV was calculated from the hematocrit values ( PCV and the RBC count)

MVC= Hematocrit (%)x10
RBC (million/L blood)

3.6.3.2 Mean corpuscular hemoglobin concentration (MCHC)
MCHC was calculated using Heamoglobin concentration and hematocrit

MCHC (%) =Hb concentration (g/dl) x 100
Ht(%)

3.6.4 White blood cell count
Fish blood was diluted with Neubauer pipette with citrate buffer fluid at 1:20. The
diluted blood was introduced into a Neubauer counter and white blood cells was

counted under the microscope at a magnification of x40 (Shah and Altindag, 2004).

3.6.5 Platelets concentration

Platelet counts are usually performed using blood collected with EDTA as the
anticoagulant. Stained blood films will be examined each time platelet counts are
done to verify that low platelet counts determined manually or by machine are valid

(John and Harvey, 2012).

Number of platelet = Number of cells counted X dilution
Area counted xDepth of fluid.

3.8 Statistical analysis
Data collected was subjected to analysis of variance (ANOVA). Comparison of
difference among individual means was carried out using the New Duncan Multiple

Range Test (DMRT) at 5% probability level (Snedecor and Cochran, 1988)
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CHAPTER FOUR
4.0 HEMATOLOGY
The result of the mean hematological parameters of Clarias gariepinus post juveniles
fed oyster mushroom based diets at different inclusion levels is as presented in Table
3.
4.1 White blood cell (10*3/uL))
The values obtained for WBC is shown in Table 3. T1 and T2 was not significantly
different (p>0.05) but increased gradually with T4 having the highest value and T5

having the lowest value.

4.2 Red blood cell (10”6/uL))
The RBC highest recorded value was T3 and this was significantly different (p<0.05)
from other treatments. T1, T2 and T4 were not significantly different (p>0.05), while

T5 recorded the lowest.

4.3 Hematocrit (%)
The values obtained for HCT in T1-T4 were not significantly (p>0.05), only
T5(18.67%) was significantly different (p<0.05) from all the other treatments with T3

having the highest value of 26.90% and T5 had the lowest value (18.67%).

4.4 Mean corpuscular hemoglobin (pg)

The result of MCH value between the control (T1) and T2 were not significantly
different (p>0.05) but were significantly different (p<0.05) from the others. These
other treatments did not differ significantly amongst themselves, although T2

(36.83pg) at 1% inclusion mushroom level resulted to higher MCH.
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4.5  Mean corpuscular hemoglobin concentration (g/dL)
The MCHC value did not differ significantly amongst the treatments but

T5(29.07g/dL) ranked lowest during the period of this study.

4.6 Mean corpuscular volume (fL)

T3 recorded the highest value (120.90fL) and this was significantly different (p<0.05)
from TI1(118.10fL) and T2(117.53fL) which showed no significant differences
(p>0.05), T4 (106.03fL) and T5 (110.17fL) recorded the lowest with no significant

differences.

4.7  Hemoglobin (g/dL)

The hemoglobin value during the period of this study showed no significant
differences (p>0.05) T1, T2 and T4, but T3 recorded the highest value (8.57g/dL) and

T5 recorded the lowest value at (5.43g/dL).

4.8 Platelets (10"3/ul.)

The platelet value recorded in the period of study showed that T2 the highest value,
followed by T3 and T1 which had no significant differences (p>0.05) among
themselves while T4 and T5 recorded the lowest with no significant differences

(p>0.05)
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Table 3: Hematological profile of Clarias gariepinus fed experimental diets supplemented with graded levels of mushroom.

Parameters TO (0%) T1 (1.0%) T2 (1.5%) T3 (2.0%) T4 (2.5%) F p

WBC (10"3/uL) 20.53+1.532 20.13+£2.312 24.37+4.902 25.17+14.822 16.37+2.562 0.737 0.588
RBC (10"6/uL) 2.03+0.04° 2.02+0.18% 2.23+0.20% 2.05+0.60° 1.70+0.12% 1.221 0.361
HCT (%) 23.90+£2.012 23.77+2.872 26.90+2.522 21.30+4.682 18.67+1.062 3.439 0.051
MCH(pg) 35.97+2.152 36.83+2.86° 31.63+£15.46% 32.30£1.402 31.93+0.702 0.358 0.833
MCHC(g/dL) 30.57£1.122 31.50+3.122 31.67+2.062 30.67£2.002 29.07+£1.032 0.788 0.559
MCV(fL) 118.10+11.112 117.53+£7.90% 120.90+10.692 106.03+9.66° 110.17+£3.932 1.408 0.300
HGB(g/dL) 7.30+0.36%¢ 7.43+0.25b¢ 8.57+1.36° 6.57+1.66% 5.43+0.292 4.122 0.032
PLT (10"3/uL) 63.00+£19.97% 74.33£16.50 63.67£17.04% 38.00+£11.532 36.67+15.042 3.230 0.060
LYM (%) 97.47+0.552 97.00+£0.722 96.07+1.702 92.90+7.80? 97.37+0.512 0.839 0.531
MID (%) 1.73+£0.322 2.07+0.55% 3.00£1.562 3.83+3.792 1.67+£0.40% 0.753 0.578
GRAN (%) 0.80+£0.262 0.93+0.21% 0.93+0.21% 3.27+4.01% 0.97+0.122 1.029 0.439
LYM (10"3/uL) 20.00+£1.392 19.53+£2.20° 23.374+4.352 22.67+11.23% 15.93+2.41° 0.826 0.538
MID (10"3/uL) 0.37+0.122 0.43+£0.15% 0.77+£0.55% 1.37+1.85% 0.30+£0.102 0.772 0.568
GRAN (1073/uL) 0.17+£0.06 2 0.17+0.062 0.23+0.062 1.13+£1.79% 0.13+0.062 0.863 0.518
RDW-SD(fL) 57.73£2.152 59.17+£9.622 53.4349.782 60.60+£5.382 59.17+7.532 0.410 0.798
RDW-CV (%) 14.43+£1.272 14.83+2.53° 13.03+2.42° 16.83+0.722 15.80+2.31° 1.561 0.258
MPV (fL) 9.4340.15° 9.47+0.32% 9.17+0.602 0.87+0.84% 8.80+0.722 1.365 0.313
PDW (%) 7.83+0.812 9.03+0.762 7.93+£0.68 2 9.03+2.942 7.07+0.57% 1.011 0.446
PCT (%) 0.05+0 022 0.07+0.022 0.06+0.022 0.03+£0.022 0.03+£0.022 2.593 0.101

NB: Means with same superscript along rows are not significantly different (p > 0.05).

WBC- white blood cell, RBC- red blood cell, HCT- Hematocrit, MCV- mean corpuscular volume, MCH- mean corpuscular hemoglobin,
MCHC- mean corpuscular hemoglobin concentration, PLT- platelets, HGB- hemoglobin, RDR-SD- red cell distribution width (standard
deviation), RDW-CV- red cell distribution width (co-efficient of variance), LYM- lymphocytes, GRAN- granulocytes
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CHAPTER FIVE
5.0  DISCUSSION
5.1 White blood cell
The result showed that there was an increase in value from T1 to T4 as the inclusion
level of mushroom increases, but experienced a decrease at the highest inclusion level
T5. This is in agreement with Eyiwunwi ef al (2018) who used moringa leaf meal as a
replacement of vitamin premix. This indicates that the higher the inclusion level the
higher the WBC resulting to a higher survival rate.
The decreased value of WBC may be due to stress stimulus (Rehulka 2002, Chen et

al.,2004) or food composition (Secombes et al., 1994).

5.2 Red blood cell

RBC was not significantly different (p>0.05) at T1 to T4 but recorded the highest
value at 1.5% (T3) inclusion level of mushroom meal and the lowest value at 2.5%
(TS) inclusion level. The high value of RBC in this study is as a result of sufficient
oxygen molecules required in the production of more red blood cells. This was also
observed by Doncan et al (2010) who recorded the highest RBC count of

21.2x10”6uL in increasing density of European catfish Silrus glanis.

The decrease in RBC count may be as a result of the increased rate of erythrocyte
destruction in the hematopoietic organ or due to the inhibition of erythropoietic,

haemosynthesis or osmoregulatory dysfunction (Vani et a/ 2011).

5.3 Hematocrit
The result of Hematocrit shows that there was decrease in value in T5 (18.67%) while
other treatments did better as they fell within the ideal range of hematocrit (20-30%)

as reported by Esmaeili 2021.
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5.4 Red blood cell indice: (MCHC, MCH, MCYV)

The MCHC value in this study were insignificant (p>0.05). Higher result of
31.67g/dL was observed in fish fed 1.5% (T3) inclusion level of mushroom compared
to lower of 29.07g/dL (T5). The reduction in MCHC is attributable to the loss of HGB

and damaged RBC ( Bojarski and Witeska 2020).

The increase of the MCH value in this study is an indication of an increase of

regularly shaped erythrocyte in circulation and swelling ( Bojarski and Witeska 2020).

The mean corpuscular volume MCYV in this study showed that T3 (120.90fL) had the
highest value  This increase might indicate that the fish under study had high
immunity or resistance to disease. Akinwande et al. (2004) opined that a measurable
increase in white blood count of fish or any animal is a function of immunity and

animals’ resistance to some vulnerable illness or disease.

5.5 Hemoglobin

The HGB values obtained in this study showed that 1.5% inclusion of mushroom
meal had the highest value of 8.57g/dL and 2.5% inclusion of mushroom meal had the
lowest at 5.43g/dL.This is not in agreement with Yanuhar et al., (2021) who reported

that the normal range of HGB in catfish is 10-14g/dL).

This decrease in HGB value in this indicates abnormality in fish health.

5.6  Platelets

The result of PLT in this study shows that there was an increase from T1 to T3 with
T2 ranking the highest at 74.33x10"3/ul. T4 and T5 recorded the lowest value. This
change could be in relation to various biotic factors (age, sex, season, maturity status)
and abiotic conditions ( water temperature, pH, dissolved oxygen level) and stress

(Tavares-Dias and Oliveira, 2009).
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5.7 White blood cell subtypes (LYM, MID and GRAN)

The increased Lymphocytes (LYM) value aa observed in this study may be associated
with enhanced release of LYM from Lymphoid stress. This could be an adaptive
mechanism to boost the immune system of the fish and give it a positive survival
value needed in the sub-lethal toxic environment pr possibility of leukaemia due to

prolonged toxic assault (Akinrotimi et al., 2015).

The monocytes (MID) value in this study showed significant differences. Witeska et
al., 2016 reported that monocytes values ranges from 0.1 — 13.6% in C. Carpio. This

study agrees to this statement as values obtained are within this range.

Increased granulocytes (GRAN) as observed in this study may be associated with
invasion of the system by pathogenic microorganisms, viruses and debris which may

have been occasioned by tissue and organ damage (Bouck and Ball 2006)

32



CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATIONS
6.1 Conclusion
The study has shown that mushroom can be used as a supplement in the diet of
Clarias gariepinus without having any negative effect on the hematological
parameters. Hematological parameters are tools used in monitoring health status in
farmed fishes in order to prevent the outbreak of disease.
The results obtained in this study supports the statement that Hematology can be used
as an indicator of fish health in catfish. It has been proven that mushroom aids
immunostimulatory activities and helps to fight diseases, this was also confirmed in
this study. Treatment 4 at 2.0% inclusion level of mushroom had an increase in WBC
which suggests that higher inclusion level of mushroom helps in the survival rate of
fish. RBC and HCT produced better results at 1.5% inclusion level. The HCT value
in this study had good performances as it was found to be in the range recorded by

previous authors.

6.2 Recommendations
I Therefore recommend that:
1. Oyster mushroom should be added to fish diets for its immunostimulatory
properties and the ability to fight disease.
2. Further studies should be done on mushroom supplemented diets on Clarias

gariepinus as there are limited studies on this topic.
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