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ABSTRACT

This study evaluated the health status of Clarias gariepinus fingerlings fed graded levels of Moringa oleifera seed
meal. Five isonitrogenous and isocaloric diets were formulated, in which the treated (B90min/S72hrs), seed meal,
replaced fish meal at 0, 20, 40, 60 and 80 %, and fed to the fingerlings for twelve weeks. The highest weight gain
(12.77+1.14g) was observed in the fish fed the control diet but was not significantly different from dietary
treatment T2 in which fish meal was substituted with Moringa seed meal at 20 %. Mean length increase
10.17+0.45, 10.13+0.55, and 10.07+0.42cm was statistically similar in the fish fed diets with 0, 20, and 40%
replacements of fishmeal respectively. Fish haematology, biochemical, liver, and kidney histopathology were
determined. Red blood cells increased while protein, cholesterol, and albumin decreased with increased seed
meal levels. Histopathological analysis revealed normal hepatocytes of the liver and the kidneys presented normal
glomerulus tissue and collecting ducts for all the treatments. The findings on the haematological, biochemical
and histopathology of the fingerlings suggest that Moringa seed meal can replace fish meal up to 40 % substitution

level with no deleterious effect on the health status of the fish
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INTRODUCTION

Blood is useful for assessing the health
status, clinical evaluation for a survey of
physiological/pathological conditions, and
diagnostic and prognostic evaluation of various
types of diseases in animals (Amel et al., 2006). Fish
are very susceptible to many physical and chemical
changes that may be detected in their blood
components (Ayoola et al., 2014). Some workers
have reported that blood parameters are important in
assessing the quality and suitability of feed
ingredients for farm animals (Ayoola, 2011).
Babatunde et al. (1992) also reported that blood
parameters are major indices of physiological,
pathological, and nutritional status of an organism
and changes in the constituent compounds of blood
when compared to normal values could be used to
interpret the metabolic stage of an animal as well as
the quality of feed. Histopathological alterations on
fish liver and kidney are important indicators of
chemical toxicity to know the effects of exposure of
aquatic animals to toxins present in the aquatic
environment (Loganathan et al., 2006). The
objective of this study was to evaluate the health
status of Clarias gariepinus fingerlings fed varying
levels of treated (B90min/S72hrs) Moringa oleifera
seed meal.

STUDY AREA

The experiment was conducted at Teaching
and Research Fish Farm of the Department of
Fisheries and Aquaculture, Usmanu Danfodiyo
University, Sokoto, on latitude 130 07' 47.6"N and
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longitude 050 12'11.3"E at 275m above sea level
(Google MAP, 2015).

MATERIALS AND METHOD
Experimental Fish

A total of 300 fingerlings of C. gariepinus
of 1.53+0.02g and 6.21+0.04cm average weight and
length, respectively, were purchased from the
Hatchery Unit of the National Institute for
Freshwater Fisheries Research (NIFFR), New-
Bussa. Upon arrival, the fish were first conditioned
to the water temperature for proper acclimation for
two weeks. This was achieved by stocking the fish
in concrete nursery tanks (1.0 m x 1.0 m x 1.0 m)
and fed twice daily with a 40% crude protein diet
(control).

Proximate Analysis

Proximate analysis was carried out to
determine the nutrient contents of the cake obtained
as the remnant after oil extraction from the Moringa
seeds from the best processing method
(B90min/S72hrs) which was used to formulate the
experimental diets as described by (AOAC, 2012).
Five isonitrogenous and isocaloric diets were
formulated and test ingredient Moringa oleifera
seed meal (MSM) was incorporated at 20-80%
inclusion levels of fishmeal representing Diet A
(0%), Diet B (20%), Diet C (40%), Diet D (60%)
and Diet E (80%) using Pearson's square method.
They were mixed with other feed ingredients to
produce a 40% crude protein diet. These inclusion
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levels represent treatment diets 1-5 respectively and
each treatment was replicated thrice

Experimental Design and Set-Up

Fifteen concrete tanks (Im x 1m x 1m)
were used for the feeding trial. The experiment
consisted of five treatments (diets) replicated three
times. The fish were stocked in a completely
randomized design at the rate of twenty (20)
fingerlings per experimental unit.

Experimental Management

Fish were fed at 5% body weight daily.
Feed was administered twice daily in two equal
rations at 9.00 and 17.00hrs (Marinmuthu et al.,
2010). The quantity of feed was adjusted weekly
based on the new weight of fish on the day of weight
measurement, and this was done weekly throughout
the 12 weeks duration of the feeding trial.

Fish Growth Measurements

The length and weight of each fish in each
tank were measured at the commencement of the
experiment. Subsequently, 10 fish were taken
randomly from each tank once a week and weighed
with a digital beam balance to determine weight
increase. At the end of the experiment, weight and
total length of all fish in each tank were measured.

Blood Collection and Haematological Analysis
Blood samples were collected at the end of
the feeding trial to determine haematological
parameters. Five (5) ml blood sample was collected
in triplicate from the caudal peduncle as described
by Joshi et al. (2011). The haematological
parameters were determined using the method
described by Blaxhall and Daisely (1973).

Serum Collection and Biochemical Analysis
Ten (10) ml blood sample was collected in
triplicate from the caudal peduncle as described by

Klontz and Smith (1968). Total protein was
determined according to the method of Tietz (1995),
total albumin by the colorimetric method of
Sherlock (1951), and total bilirubin by the
colorimetric method of Doumas et al. (1971).

Histopathological Examination

On completion of the feeding trial, fish
were starved for 48:00 hrs to empty the digestive
tract and 5 fish from each tank were killed by a blow
to the head and weighed. The fish were dissected to
remove the liver and kidney and fixed in 10%
formalin for three days after which the tissues were
dehydrated in periodic acid Schiff's reagent
following the method of Hughes and Perry (1976),
in graded levels of alcohol for three days, to allow
paraffin wax to penetrate the tissue during
embedding in preparation for other stages of the
examination.

Statistical Analysis

Data obtained on growth performance,
proximate analysis, hematological and biochemical
indices were subjected to analysis of variance
(ANOVA). Means were separated using Duncan's
multiple range test (Duncan, 1955) using the SPSS
computer software, version 20.0. A significant
difference between mean values was accepted at the
0.05 level of probability.

RESULTS
Histology of the Liver and Kidney of C.
gariepinus fingerlings Fed Diets Containing
Varying Levels of Moringa oleifera Seed Meal
The photomicrographs of C. gariepinus
liver tissue fed the experimental diets are shown in
Plates 1 to 5. The liver showed the central veins and
normal distribution of hepatocyte for all the fish fed
the experimental diets.

arrow) and normally distributed hepatocyte (black arrow) arranged in cords. H & EX100
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Plate 2: Photomicrograph of C. gariepinus liver fed Moringa oleifera based diet (T2) showing centralvein
white arrow) and normally distributed hepatocyte arranged in cords (black arrow). H & EX 100

- -~

Plate 3: Photomicrograph of C. gariepinus ver fed Moringa oleifera based diet () showing central vein
white arrow) and normally distributed hepatocyte arranged in cords (black arrow). H & EX 100
- : - 1 - -

Plate 4: Photomicrograph of C. gariepinus liver fed Moringa oleifera based diet (T4) showing central vein

arrow) and normally distributed hepatocyte arranged in cords (black arrow). H & EX100
- - ~— - - - - - - -

Plate 5: Photomicrograph of C. gariepinus liver fed Moringa oleifera based diet ZTS) showing central vein
(white arrow) and normally distributed hepatocyte arranged in cords (black arrow). H & EX 100
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The photomicrographs of kidney of the fingerlings fed the different levels of the diets are shown in Plate
6-10.

-

Plate 6: Photomicrograph of Clarias gariebihus kidney fed fish meal based diet (T1) showing normal
glomerulus (green arrow) with normal collecting ducts (red arrow) and normally arranged collagen
connective tissue H&E x150

Plate 7: Photomicrograph of Clarias gariepinus kidney fed Moringa oleifera based diet (T2) showing
normal glomerulus (green arrow) with normal collecting ducts (CT) and normally arranged collagen
connective tissue H&E x150

Plate 8: Photomicoraph of Clarias garipinus kidney fed Moringa oleifera based diet (T3) showing
normal glomerulus (yellow arrow) with normal collecting ducts (CT) and normally arranged collagen
connective tissue H&E x150

Plate 9: Photomicrograph of Clarias gariepinus kidney fed Mdringa oleifera based diet (T4) showing
normal glomerulus (yellow arrow) with normal collecting ducts (red arrow) and normally arranged
collagen connective tissue. H&E x150
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Plate 10: Photomlcrograph of Clarias gari eplnus kldney fed Moringa oleifera based diet (T5) showing
normal glomerulus (yellow arrow) with normal collecting ducts (green arrow) and normally arranged
collagen connective tissue H&E x150

Haematological Parameters of C. gariepinus
Fingerlings Fed Diets Containing Varying Levels
of Moringa oleifera Seed Meal

Table 1 contained the haematological
indices of fishes fed moringa seed meal. White
blood cells showed highest value 61.05+3.64 (10° L)
in fish fed the control diet but this was not
significantly different from the values obtained in
fish fed diets containing various levels of the seed
meal. The red blood cell (RBC) increased as the
level of the seed meal increased in the diet with
values ranging from 1.73+0.07 (10™2L) in the control
to the highest value 2.30+0.35 (10*2L) in the fish fed
diet T5 that contained the highest level of the seed
meal. However, the values recorded for all the four
diets that contained the moringa seed meal were not
significantly (p>0.05) different.

Lowest haemoglobin (5.53+0.25¢/L) was
recorded in the fish fed the control diet and this was
significantly lower than the dietary treatments
containing various levels of the seed meal.
Lymphocyte count showed no significant difference
(p>0.05) between all the treatments. The
haematocrit (HCT) results showed that fishes fed the
control diet had lowest value of 22.70+0.76% while
the highest level of 29.43+0.84% was recorded in
fish fed T4 in which 60% fish meal was substituted
with the seed meal.

The highest value of 30.63+1.36g/L for
MCHC was recorded in fish fed T2 diet that
contained 20% substitution level moringa seed meal
for fish meal and the lowest value (24.40+0.369/L)
was obtained in fish fed the control diet. The results
obtained for MCH showed that the fishes fed diet T2
had the highest value of 38.43+4.68pg while the
least value of 30.70+2.04pg was recorded in fish fed
diet T5 that contained the highest level of moringa
seed meal. The haematocrit (HCT) results showed
that fishes fed the control diet had lowest value of
22.70£0.76% while the highest level of
29.43+0.84% was recorded in fish fed diet T4 (60%
substitution level).
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Biochemical parameters C. gariepinus fingerlings
fed different levels of Moringa oleifera seed meal
diets

The biochemical indices are shown in
Table 2. The results indicate significant reduction
(p<0.05) in total protein, total cholesterol and
albumin in all the dietary treatments containing
various levels of the seed meal than the control.
However, the total protein, total cholesterol and
albumin decreased with increasing level of moringa
seed meal in the diets. On the other hand, fish fed
the two diets (T4 and T5) that contained the highest
levels of the seed meal had significantly (p<0.05)
higher levels of bilirubin than the other three dietary
treatments including the control that recorded the
lowest value.

Growth indices of Clarias gariepinus fed diets
substituted with Moringa oleifera seed meal

The results of the growth response
parameters of fish fed the different diets are
presented in Table 3. The result revealed the highest
mean weight gain of 12.77+1.14 and 10.87+0.40
were observed in 0% and 20% inclusion levels of
moringa seed meal respectively, while the lowest
6.97+2.25 and 6.70+0.35 were recorded in
experimental fish fed 60% and 80% diets
respectively. Growth parameters (mean weight gain,
specific growth rate and percent weight gain)
significantly (p<0.05) reduced as level of seed meal
increased in the diets

Proximate composition of treated (BS90/72
hours) Moringa oleifera seed meal after oil
extraction

Table 4 presents the proximate
composition of the treated (B90/S72hrs) and
untreated seed meal after oil extraction. The results
revealed a significant (p<0.05) increase in the crude
protein (55.05+0.17) and ash (6.01+0.10) contents
of the treated seed meal and significantly (p<0.05)
lower fat (9.39+0.11), moisture (1.50£0.07) and
crude fibre (3.93+0.05) contents after oil extraction.
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DISCUSSION

In the present study, the fish fed with
control and Moringa oleifera seed meal based diets
showed normal histological structures of the liver
with regular distribution of hepatocytes (Plates 4.1-
4.5). The liver is an organ most associated with
detoxification, biotransformation process and its
ability to function is determined by its blood supply
(Camargo, 2007). The finding in this study differs
from the report of Rapatsa and Moyo (2014) who
observed vacuolation in fish livers fed M. oleifera
diet treatment and the control. This is also in
agreement with the finding of Farah et al. (2012)
who revealed that liver of fish fed 30% untreated
ginger peel had a severe fatty change. The presence
of diffuse vacuolar degeneration of hepatocytes in
fish fed varying levels of ginger root-powder may be
as a result of excessive work required by the fish’s
liver to get rid of the plant toxicant from its body
during the process of detoxification. This is
corroborated by the work of Bamidele et al. (2015)
who revealed similar effect on the fish liver.
However, the treatment method
(B90mins/S72:00hrs) employed in handling the
anti-nutritional factors in this study might have
contributed to the harmless utilization of the test
ingredient by the experimental fish.

The absence of visible changes in the
histological sections of the kidney of the fish in this
study (Plates 4.6-4.10) could be as a result of
tolerability of the experimental diet to the fish
kidneys. This is in agreement with the observation
of Bamidele et al. (2015) who found similar result
on the kidney of C. gariepinus fed M. oleifera seed
meal. The kidney is a vital organ of body and proper
kidney function is to maintain the homeostasis. It is
not only responsible for selective reabsorption,
which helps in maintaining volume and pH of blood
and body fluids and erythropoiesis (Igbal et al.,
2004). The kidney is one of the first organs to be
affected by contaminants in the water (Thophon et
al., 2003).

Haematological components of blood are
important in monitoring feed toxicity especially
with feed constituents that affect the formation of
blood in culture fisheries (Oyawoye and Ogunkunle,
1998). The present study indicates that C. gariepinus
fed Moringa seed meal indicated little increase in
haematocrit (PCV), haemoglobin (HGB) and red
blood cell (RBC) in comparison to the control. This
is in agreement with the work of Haghighi and
Rohani (2013) who observed similar increase in the
haematological parameters in rainbow trout fed
ginger powder. This is corroborated by the findings
of Isidahomen (2016) who indicated that inclusion
of ginger root powder in cock diet at level of 1%
improved haematological profile of the cork. These
are also similar to the findings of Abou-zeid (2002)
who reported significant enhancement (higher
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values) of WBC and PCV in diet supplemented with
Mellisa officinalis and aloe vera.

There was no significant (p>0.05)

difference in the WBC level with increased
substitution level of Moringa seed meal recorded in
this study and this probably signifies that the
Moringa seed meal diet was not toxic to C.
gariepinus fingerlings and did not have any
influence on its health status. This could also be
attributed to processing technique adopted which
reduced the levels of the anti-nutritional factors to
safe limits. An increase in white blood cells (WBC)
and lymphocytes (LYM) is usually associated with
microbial infection or the presence of foreign body
or antigen in the circulating system as reported by
Maheswaran et al. (2008).
There was no significant (p>0.05) difference in
MCV observed in fish fed (0-60%) substitution
levels of Moringa seed meal for fish meal in this
study. This is in correlation with Haghighi and
Rohani (2013) who observed no significant
difference in MCV value in ginger powder fed C.
gariepinus diet and control.

Hematological  parameters such  as
haematocrit, hemoglobin, number of erythrocytes
and white blood cells are indicators of toxicity with
a wide potential for application in environmental
monitoring and toxicity studies in aquatic animals
(Barcellos et al., 2003). The haematological results
in this study indicated the safety of the diets on the
health status of the fish fed the dietary treatments.

Reduction in  blood  biochemical
parameters were observed for the concentrations of
total protein, total cholesterol and albumin in this
study. The ranges of serum biochemistry are known
to vary from species to species and can be influenced
by many biotic and abiotic factors such as water
temperature, seasonal pattern, food, age and sex of
the fish (Jawad et al., 2004).

An increased blood glucose and protein
level was recorded in L. calcarifer and this was
attributed to increased depletion of liver glycogen
(Ojolick et al., 1995). In the present study the
decreased total protein level with increased
substitution of Moringa seed meal diets indicates no
depletion of liver glycogen. However, the increased
plasma protein concentration could be an indication
of structural liver alternations that reduce
aminotransferase activity, with concurrent reduction
in deamination capacity (Kavadias et al., 2004).

The reduction in the values of cholesterol
in this study may suggest that substitution of
Moringa seed meal for fish meal in the diets
produced cholesterol reducing activity in the serum.
This suggests the safety of substituting fish meal
with Moringa seed meal in the diet of Clarias
gariepinus fingerlings. Since bilirubin is a metabolic
waste product from the destruction of red blood cells
the decreasing level in this study may be an
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indication that the Moringa seed meal diets were free
of any toxic substance.

The least weight gain was recorded in fish
fed diets T4 and T5 in which fish meal was
substituted with Moringa seed meal at 60% and 80%
respectively. The weight gain decreased with
increasing levels of the Moringa seed meal in the
diet. The growth performance (MWG, SGR, and
PWG) of fish decreased as Moringa seed meal
increased in the diets. This observation supports the
findings of Richter et al. (2003), who reported that
higher substitution of M. oleifera leaf meal with fish
meal had an impact on lowering the growth
performance.

CONCLUSION

The haematological results in this study
showed that C. gariepinus fingerlings could utilize
up to 80% replacement level of fishmeal with
Moringa seed meal without negative influence on
the blood and biochemical parameters. Also, the
cholesterol reducing activity of the Moringa seed
meal may suggest a health benefit in the
consumption of fish fed with Moringa seed meal
based diets. This could be attributed to the
processing technique adopted which reduced the
levels of the anti-nutritional factors to safe limits.

The results of the histology of liver and
kidney investigated in this study suggest that the fish
fed the control and treated Moringa oleifera seed
meal based diets showed normal histological
structures. This indicates that Moringa seed meal
can replace fish meal up to 40% substitution level
with no deleterious effect to the fish liver and
kidney. This further confirms the effectiveness of
the processing method (B9Omins/S72hrs) adopted in
this study.

REFERENCES

Abou-zeid, S.M. (2002). The effect of some medical
plant on reproductive and productive
performance of Nile tilapia, Oreochronis
niloticus. Ph.D. Thesis Cairo, Faculty of
Agriculture, Cairo University. pp. 212.

Amel, O.B., Mariam, S.A., Ehsan, A.S., EI-Badwi,
M.A.S. (2006). Some biochemical values
in the young and adult sundaneese geese,
Anser anser. J. Anim. Vet. Adv., 5: 24-26.

AOAC (2012). Association of Analytical Chemists.
Official Methods of Analysis 0f the AOAC
International No. 994.12. 19" Chapter 4,
18-19. Official Journal of the European
Communities, 19.9.98,  Gaithersburg,
Maryland, USA.

Ayoola, S. (2011). Hematological characteristics of
Clarias gariepinus (Burchell, 1822)
juveniles fed with poultry hatchery waste.
Iranica  Journal of Energy and
Environment, 2 (1): 18-23.

OFisheries Society of Nigeria

Ayoola, S.0., Adejumobi, K.O. and Adamson, O.H.
(2014). Haematological indices and
enzymatic biomarker of black jaw tilapia
(Sarotherodon melanotheron) from Lagos
lagoon. Agrosearch, 14(1): 62-75.

Babatunde, G. Fajimi, A. and Oyejide, A. (1992).
“Rubber seed oil versus palm oil in broiler
chicken diets. Effects on performance,
nutrient  digestibility, hematology and
carcass characteristics. Animal Feed
Science and Technology, 35, 133-146.

Bamidele, N.A., Obasa, S.O., lkeiwenwe, N.B.,
Abdulraheem, 1., Adeoye, A.A. and
Odebiyi, O.C. (2015). Effect of dried
Moringa (Moringa oleifera) seed meal
based diet on the growth, haematological,
biochemical parameter and histopathology
of African catfish, Clarias gariepinus
fingerlings. International Journal of
Fisheries and Aquatic Studies, 2: 27-34.

Barcellos, L.J.G., Kreutz, L.C., Rodrigues, L.B.,
Fioreze, 1., Quevedo, R., Cevicato, L.,
Conrad, J., Soso, A.B., Fagundez, M.,
Lacerda, L.A. and Terra, S. (2003).
Hematological and biochemical
characteristics of male Jundia (Rhamdia
quelen, Quoy and Gaima RDT,
Pimelodidae): Changes after acute stress.
Aquacul. Res., 34: 1465-1469.

Blaxhall, P.C., Daisley, K.W. (1973). Routine
haematological methods for use with fish
blood. J. fish Bid., 5: 771-781.

Camargo, M.M. and Martinez, C.B. (2007).
Histopathology of gills, kidney and liver of
a Neotropical fish caged in an urban
stream. Neotrop Ichthyol., 5, 327-336.
http://dx.doi.org/10.1590/S1679-
62252007000300013.

Doumas, B.T., Watson, W.A. and Biggs, H.G.
(1971). Albumin standards and the
measurement of serum albumin with
bromcresol green. Clin Chim Acta, 31:87-
96.

Duncan, D.B. (1955). Multiple range and multiple F-
test. Biometrics, 11:1-42.

Farah, A., Kasiri, M., Sudager, M., Soleiman, .M.
and Zorrieh-Zahra, S.M.J. (2012). Effect of
dietary  supplementation of Mellisa
officinalis and Aloe vera on haematological
traits, lipid oxidation of carcass and
performance in rainbow trout
(Oncorhynchus mykiss). Journal of Animal
and Feed Research, 2(1): 01-05.

Google MAP (2015). http://maps.google.com/maps:
15/07/17: 20:36.

Haghighi, M. and Rohani, M.S. (2013). The effect
of powered ginger (Zingiberofficinale) on
the haematological and immunological
parameters of rainbow trout
Oncorrrhychus mykiss. IMPHTR., 1: 8-12.

1889


http://maps.google.com/maps

HARUNA, M. A,, J.K. IPINJOLU, AND M. UMAR

Hughes, G.M. and Perry, S.F. (1976). Morphometric
study of trout gills: a light microscopic
method for the evaluation of pollutant
action. Journal of Experimental Biology,
63: 447-460.

Igbal, F., Qureshi, 1.Z. and Ali, M. (2004).
Histopathological changes in the kidney of
common carp, Cyprinus carpio following
nitrate exposure. J. Res. Sci., 15: 411-418.

Isidahomen, C.E. (2016). Effect of diets containing
supplements of ginger (zingiber officinale)
and vitamin ¢ on body weight,
haematology and blood serum components
in cocks, Nigerian Journal of Agriculture,
Food and Environment, 12(2):162-165.

Jawad, L.A., Al-Mukhtar, M.A. and Ahmed, H.K.
(2004).  The relationship  between
haematocrit and  some  biological
parameters of the Indian shad, Tenualosa
ilisha (Family Clupidae). Anim Biodivers
Conserv 27: 478-483.

Joshi, C., Mathur, P. and Khare, S.K. (2011).
Degradation of phorbol esters by
Pseudomonas aeruginosa during solid-
state fermentation of deoiled Jatropha
curcas  seed cake. Bioresources
Technology, 102: 4815 — 48109.

Kavadias, S., Castritsi-Catharios. J. and Dessypris,
A. (2004). Annual cycles of growth rate,
feeding rate, food conversion, plasma
glucose and plasma lipids in the population
of European sea bass (Dicentrarchus
labrax) farmed in floating marine cages. J
Appl Ichthyol 19:29-34.

Klontz, G.W. and Smith, L.S. (1968). Method of
using fish as biological research subjects.
In: methods of animal experimentation
volume iii (ed. W.l. Grey), 323- 383.
Academic press, New York.

Loganathan, K., Velmurugan, B., Hongray. H.J.,
Selvanayagam, M. and Bhusan, P.B.
(2006). Zinc induced histological changes
in brain and liver of Labeo rohita (Ham.).
Journal of Environment Biology, 27:107-
10.

Maheswaram, R.A., Devapaul, S. and Muralidharan,
B. (2008). Hematological studies of fresh
water fish, Clarias batrachus (L) exposed
to mercuric chloride. International Journal
of Integrated Biology. 2(1): 49-54.

Marinmuthu, K., Muralikrishnan, S. and Kumar, D.
(2010). Effect of different feeding
frequency on the growth and survival of
African catfish (Clarias gariepinus)
Fingerlings. Advances in Environmental
Biology, 4: 187-193.

Ojolick, E.J., Cusack, R, Benfey, T.J. and Kerr, S.R.
(1995). Survival and growth of all female
diploid and triploid Clarias
macrocephalus. Fish Genetics Biotr., 52:
79-86.

Oyawoye, E.O. and Ogunkunle, M. (1998).
Physiological and biochemical effects of
raw Jack beans on broilers, Proceedings of
Annual Conference, Nigeria Society of
Animal Production. 23:141-142.

Rapatsa, M.M. and Moyo, N.A.G. (2014). Effect of
Moringer oleiferaon the histology,
haematology and growth of Oreochromis
mossambicusin aquadams fertilized with
chicken manure in South Africa. African
Journal of Aquatic Science, 39(3):295-303.

Richter, N., Siddhruraju, A. and Becker, K. (2003).
Evaluation of nutritional quality of
moringa (Moringa oleifera Lam.) leaves as
alternative protein source for Tilapia
(Oreochromis niloticus L.). Aquaculture,
217:599-611.

Sherlock, S. (1951). Liver disease (determination of
total and direct bilirubin, colorimetric
method). Churchill, London, 204p.

Thophon, S., Kruatrachuc, M., Upathau, E.,
Pokcthitiyook, P., Sahaphong, S. and
Jarikhuan, S. (2003). Histopathological
alterations of white seabass, Lates
calcarifer in acute and subchronic
cadmium exposure. Environ. Pollut., 121:
307-320.

Tietz, N.W. (1995). Clinical guide to laboratory
tests. 3rd Edition. WB Saunders Company.
Philadelphia, PA, 518-519.

Table 1: Haematological parameters of C. gariepinus fingerlings fed diets containing varying levels of

Moringa oleifera seed meal

Treatment
Parameters T1 (0%) T2 (20%) T3 (40%) T4 (60%) T5 (80%)
WBC (10%L) 61.05+3.64*  60.06+7.92° 56.11+3.71° 58.75+4.51° 54.59+10.022
LYM# (10%L) 57.52+3.468 57.08+7.33% 54.18+3.322 56.56+3.83? 52.78+9.31°
MID# (10%/L) 3.13+0.282 2.67+0.61% 1.81+0.38° 2.08+0.62° 1.72+0.72°
GRA # (10%L) 0.40+0.232 0.32+0.18% 0.11+0.04° 0.11+0.06° 0.09+0.05°
LYM (%) 94.20+0.72°  95.07+0.83% 96.60+0.567 96.33+0.81% 95.79+1.262
MID (%) 5.13+0.462 4.43+0.64%® 3.23+£0.45° 3.53+0.76% 3.07+0.74°
GRA (%) 0.67+0.312 0.50+0.202 0.17+0.12° 0.13+0.06° 0.17+0.06°
RBC (10%?/L) 1.73+0.07° 2.03+0.36% 2.15+0.14% 2.28+0.02? 2.30+0.35?
HGB (g/L) 5.53+0.25°¢ 7.70+1.06% 7.73+0.75% 8.70+0.172 7.00+0.70°
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MCHC (g/L)
MCH (pg)
MCV (fL)
RDW-CV (%)
RDW-SD (fL)
HCT (%)

PLT (10%L)
MPV (fL)
PDW (%)
PCT (%)
P-LCR (%)
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24.40+0.36°
32.07+1.25%
131.27+4.00%
11.93+0.50?
56.60+1.55%
22.70£0.76°
11.43+2.08?
8.17+0.21°
11.23+1.15°
0.01+0.00?
12.57+£2.50%

30.63+1.36%
38.43+4.68°
125.23+11.20%
12.00+0.40?
53.53+6.16%
25.30+4.16%
35.77+35.35?
8.5+1.21°
10.83+1.75%
0.03+0.03%
17.07+12.33%

29.77+0.15%
35.83+2.11%
120.40+7.44%
11.80+0.722
49.87+4.28%
25.90+2.60%
28.77+40.13%
8.6+1.21°
10.27+2.46%
0.03+0.042
16.27+13.20%

29.50+0.172
38.07+0.997
129.27+4.19%
12.33+0.40°
55.97+4.47%
29.43+0.842
9.10+5.29°
7.87+0.322
7.9+0.62°
0.01+0.012
10.97+4.512

26.57+0.70°
30.70+2.04°
115.43+4.60°
12.40+0.30?
50.63+2.75%
26.40+3.18%
7.10+3.61°
8.23+0.23?
10.33+1.01%
0.01+0.01°
11.67+£1.692

Mean values having same letter in the same row are not significantly different (p>0.05). WBC=White blood cell,
LYM#=Lymphocyte count, MID#=Intermediate cell count, GRA #=Granulocyte cell count, LYM
(%)=Lymphocyte percentage, MID (%)=Intermediate cells percentage, GRA (%)=Granulocyte cells percentage,
RBC=Red blood cell count, HGB=Haemoglobin content, HCT= haematocrit, MCV=Mean corpuscular volume,
MCHC=Mean corpuscular haemoglobin concentration, MCV=Mean corpuscular volume, RDW-SD=Red cell
distribution width SD, RCW-CV=Red cell distribution width CV, PLT=Platelets count, MPVV=Mean platelet
volume, PDW=Platelet distribution width, PCT=Plateletcrit, P-LCR=Platelet-large cell ratio, WBC
Histogram=White blood cell histogram, RBC Histogram=Red blood cell histogram, PLT Histogram=Platelet
histogram

Table 2: Biochemical parameters of C. gariepinus fingerlings fed different levels of Moringa oleifera seed

meal diets
Parameters T1 (0%) T2 (20%) T3 (40%) T4 (60%) T5 (80%)
Total protein (g/dl) 4.46+0.082 4.08+0.06° 3.88+0.04¢ 3.45+0.08¢  3.22+0.05¢
Total cholesterol (g/dl) 54.54+0.54%  50.15+0.25°  47.31+0.29° 44.11+0.19¢ 40.00+0.23°
Albumin (g/dl) 1.71+0.022 1.51+0.04° 1.32+0.02¢ 1.23+0.03¢  0.97+0.05°
Bilirubin (g/dl) 0.01+0.01¢ 0.02+0.01% 0.02+0.00%¢  0.03+0.01*  0.03%0.00?

Mean values having same letter in the same row are not significantly different (p>0.05)

Table3. Growth indices of Clarias gariepinus fingerlings fed diets containing varying levels of Moringa
oleifera seed meal.

Treatments
Parameters T1 (0%) T2 (20%) T3 (40%) T4 (60%) T5 (80%)
No of fish stocked 20 20 20 20 20
Mean initial weight () 1.50+0.00 1.50+0.00 1.5040.00 1.50+0.00 1.50+0.00
Mean initial length (cm) 6.17+0.06° 6.17+0.062 6.13+0.062 6.17+0.06° 6.17+0.062
Survival rate (%) 78.33+2.89%  78.33+2.89? 73.33+5.77¢  70.00+13.23*  75.00+0.00?
Mortality rate (%) 21.67+2.89% 21.67+2.89° 26.67+5.77¢  30.00+13.23*  25.00+0.00?
Mean final weight (g) 14.29+1.12%  12.35+0.43®®  11.08+0.13°  8.48+2.27¢ 8.21+0.36°
Weight gain (g) 12.77+1.14*  10.87+0.40%  9.57+0.12° 6.97+2.25° 6.700.35°
Percentage weight gain (%) 849.13+72.06% 720.39+27.85® 636.71+10.24° 463.72+151.55¢ 446.03+24.56¢
Specific growth rate (%/day) 2.26+0.08%  2.12+0.03%* 2.01+0.01° 1.7440.26¢ 1.7340.04¢
Mean final length (cm) 10.1740.45*  10.13+0.55% 10.07+0.42*  9.20+0.56" 9.20+0.17°
Condition factor (K) 1.36+0.11° 1.20+0.15% 1.09+1.14% 1.14+0.49% 1.05+0.01°

Mean values in row having same letter are not significantly different (p>0.05)

Table 4: Proximate composition of processed (BS90/S72hrs) and raw Moringa oleifera seed after oil
extraction

Treatments

Composition Untreated Treated
Crude protein 37.63+0.17° 55.05+0.162
Fat 18.78+0.112 9.39+0.11°
Ash 4.22+0.10° 6.01+0.10?
Crude fibre 4.05+0.05° 3.93+0.07°
Moisture 2.65+0.672 1.50+0.06°
NFE 32.68+0.252 24.13+0.25°

Mean with same letter in row are not significantly different (p>0.05).
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