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Abstract

This study was conducted to determine the significant influence of Gongronema latifolium leaf meal on the
biochemical indices of the African catfish (Clarias gariepinus) post fingerlings for thirty (30) weeks. Five
treatments were used in all, made up of four levels of G. latifolium leaf meal (2.5, 5.0, 7.5 and 10.0) and the control
diet (Og/kg, in triplicate. The experimental diets were fed to fish in fifteen tarpaulin tanks of 100 by 80 by 100 cm?®
capacity each and stocked randomly with twenty C. gariepinus post fingerlings of mean initial bulk body weight of
2.881+ 0.00 g and mean total length of 5.552 + 0.0cm. The fishes were fed twice daily at 8.00 am and 4.00 pm at 3%
of their body weight. The proximate composition of five experimental diets contained crude protein, crude fibre,
moisture, crude fat, ash and nitrogen-free extract within the recommended range for fish growth. The phytochemical
attributes of G. latifolium evaluated included alkaloids, saponins, tannins, glycosides, flavonoids, polyphenols and
reducing compounds. Biochemical indices of C. gariepinus includes total protein, albumin and globulin increased
significantly (P<0.05), whereas glucose level, cholesterol, triglyceride and urea increased insignificantly (p>0.05).
Water quality parameters such as pH, temperature and dissolved oxygen were maintained at recommended levels for
optimal growth and good health of freshwater fishes. The inclusion of G. latifolium leaf meal in C. gariepinus feed
led to improved and balanced (optimal levels of) biochemical parameters of the experimental fish required for
optimal growth and development of the cultured fishes. Biochemical indices of C. gariepinus fed on G. latifolium
leaf meal produced significant increase in protein, albumin, globulin but insignificant increase in Urea Cholesterol
and Triglyceride levels as significantly influenced by flavonoids, alkaloids, saponins and tannins phytochemicals
contained in G. latifolium leaves.
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INTRODUCTION many factors including increased in

According to Tacon et al (2006) the population  (FMARD,  2015). Also,
introduction of locally available and cheaper acceptability of fish in Nigerian diet as a
plant protein source is proved to be very substitute for meat is due to health and
important for future development of nutritional benefits of fish protein. It is a

aquaculture in Nigeria. Increase demand for
fish protein and consumption is driven by

known fact that fish currently constitutes
41% of total animal protein intake by the
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average Nigerian (FMARD, 2015). This
demands a sustained fish production as well
as a matching increase in fish feed
production. In order to intensify aquaculture
production, locally formulated plant protein
feeds that must satisfy the nutritional
requirements of fish to be cultured and with
minimal cost should be investigated. Efforts
aimed at reducing fish feeds production cost
have resulted in an increased of cheap and
easily affordable plant protein source.

Study of inventory of fish feeds
marketers in Nigeria estimated that 4,000
tons of quality fish feeds were imported into
the country yearly and that contributed to an
increase in the cost of fish (AIFP, 2004). The
experiment on African aquaculture suggested
more research on how best plant production
can be incorporated in fish feed for the
development and management of fish feed as
a major factor that determine the profitability
of aquaculture incentive (Hetch, 2006). The
x-ray of potentials for development of
aquaculture in Africa reported by Jamu and
Ayinla (2003) indicated that low quality of
local fish feed and high cost of commercial
feed were the major factors limiting the
development of aquaculture. These are
attributed to the fact that feed accounts for, at
least, 60% of total cost of fish production in
Africa which, to a large extent, determine the
viability and profitability of fish farming
enterprise (Jamu and Ayinla, 2003).

Gongronema latifolium is used as a
leafy vegetable in Nigeria and a good source
of vitamins, protein, iron and minerals. The
medicinal importance of G. latifolium cannot
be over emphasized. The plant plays a vital
role in the treatment and prevention of varied

health related problems including liver
diseases, diabetes mellitus, high blood
pressure, loss of appetite, dysentery, stomach
pains, worm infectors, cough and malaria
fever” (Agbo et al. 2005);. Medicinal
importance of the plant is further elaborated
by the presence of five bioactive compounds
including alkaloids, saponins, tannins,
flavonoids, and glycosides in leaves, which
was  suggested to  proffer  varied
pharmacological effects on its specie

Biochemical investigations remains
the easiest tools to diagnose the
physiological status of higher animals
including fishes (Joshi, 1979). Olusegun and
Adedayo (2014) analyzed responses on
serum biochemistry of Clarias gariepinus
exposed to sub-lethal concentration of cold
water extracts of plumbago zeylanical
(leadwort) and observed that biochemical
inices were significantly influenced by the
plant treatment.

The African catfish, C. gariepinus,
belonging to the family Clariidae dominates
the cultured fish species in Nigeria. This is
due to several culture characteristics
exhibited by this species. Such culture
characteristics include its ability to tolerate a
varying range of environmental conditions,
high stocking densities under culture
conditions, fast growth rate, disease
resistance, acceptability of artificial feed,
high fecundity, good taste and meat quality,
ease of artificial breeding and high market
value (Eyo et al 2014).

G. latifolium commonly known as
Utazi and Arokeke by the South-South and
South-West inhabitants in Nigeria is found in
Africa, Asia and Oceania. It is a tropical
phyto-protein  that is used as spice
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(Ugochukwu et al 2003). Apart from the
proteinous aspect of this plant, it is also used
as a traditional medicinal plant due to it
phytochemical composition for the treatment
of various gastrointestinal disorders such as
diarrhea, ulcers, dyspepsia and also in the
management of diabetes mellitus (Okafor et
al 1996; Nwing et al 2005). The use of G.
latifolium to enhance fish, and its
biochemical and growth indices value are
particularly important, since fish contributes
to the aquatic resources of socio-economic
importance and sustenance for economic
stability. Therefore, it is essential to study
the growth performance in relation to
gonadal development and biochemical
characteristics through the application of
different inclusion levels of G.latifolium leaf
meal in the diets of C. gariepinus.

The use of G. latifolium to enhance
fish Dbiochemical indices and value are
particularly important, since fish contributes
to the aquatic resources of socio-economic
importance and sustenance for economic
stability. Therefore, it is essential to study
the role of the phytochemistry of G.
latifolium on the optimization of biochemical
parameters which are directly influenced
through the application of different inclusion
levels of G. latifolium leaf meal in the diets
of C. gariepinus.

MATERIALS AND METHODS

2.1 Determination of phytochemical
attributes of leaf extracts G. latifolium
leaves

Phytochemical analysis was carried
out on the powdered and agqueous extract of
samples of G. latifolium leaves using

standard procedures to identify the
constituents as described by AOAC (2020).
The phytochemical analysis was carried out
to determine the presence of the following
chemicals in the plant extracts: tannins,
saponins, flavonoids and alkaloids.

2.2.1 Determination of Tannins in G.
latifolium leaves

About 0.5g of the dried powered
sample was boiled in 20 .0 millimeters (ml)
of water in test tube and then filtered. A few
drops of 0.1 (%) ferric chloride were then
added. Observation of a brownish green
colour indicated the presence of tannins.

2.2.2 Determination of Saponin in G.
latifolium leaves

A 2.0g of the powdered sample was
boiled in 20.0ml of distilled water in a water
bath and filtered. Ten ml. of the filtrate was
mixed with 5.0ml of distilled water and
shaken vigorously for a stable persistent
froth to occur. The frothing was mixed with
3 drops of olive oil and shaken vigorously.
Formation of emulsion indicated the
presence of saponin.

2.2.3 Determination of Flavonoids in G.
latifolium leaves

A one ml. of 10.0% lead acetate
solution was added to 1.0ml.of aqueous
extract of the plant. The formation of a
yellow precipitate indicated a positive test
for flavonoids.

2.2.4 Determination of Alkaloids in G.
latifolium leaves

A Three ml. of agueous extract was
stirred in 3ml. of 1% Hcl on a steam bath.
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Mayer’s and Wagner’s reagents were added
to the mixture. Turbidity of the resulting
precipitate indicated the presence of
alkaloids.

2.3 Determination of biochemical
parameters/indices of African catfish
2.3.1 Determination of Albumin

Three microlitres (ml) of the test
serum were pipetted into a glass test tube.
That was followed by addition of 1000ml
3,355 — tetrabromo-m- cresol
sulphonephthalein ~ (bromocresol  green,
BCG) indicator reagent to the test tube. Two
tubes were them set up as that of the test
sample, but to one of the tubes were added
3.0ml of de-ionized distilled water (ddH2°)
and 1000ml of BCG to serve as reagent
blank while 3.0ml of Albumin standard
solution of 4.6g/dl and 1000ml of BCG
indicator reagent were added to the second
tube. The test, standard and blank solutions
were mixed and incubated at 20-25°C for 20
minutes or 37°C for 10 minutes. At the end
of the incubation, spectrophotometer of
630nm wavelength was standardized and
zeroed with the reagent blank that was
poured into a cuvette of 1cm light path at
wavelength of Hg578nm or Hg623nm. That
was followed by the pouring of the test and
standard solutions each into the cuvette,
inserted into the spectrophotometer and the
absorbance of the test and standard solutions
recorded and read spectrophotometrically.

Calculation of Albumin concentration (g/l or
g/dl):

Absorbance of test sample

" Absorbance of standard solution

Concentration of standard (g/dl)

2.3.2 Determination of total protein

Three tubes labeled reagent blank,
standard, and sample were set up. To the
corresponding labeled tubes were added
0.02ml of reagent blank, standard solution
and sample. That was followed by addition
of 1.0ml of Biuret reagent to each of the
tubes. The tubes contents were mixed, and
incubated for 30 minutes at 20 — 25°C. The
reagent blank standard and sample solutions
were read spectrophotometrically at the
wavelength of Hg546nm. The absorbance of
the sample and standard solutions were
measured against the absorbance of the
reagent blank.

Calculation of Total Protein concentration
(/1 or g/dI)

Total protein conc. =
Absorbance of test sample

Absorbance of standard solution

Concentration of standard (g/dl)
(Tiertz, 1994)

2.3.2 Determination of urea

Five microlitres (ml) of serum (test
sample), standard serum, and distilled water
were pipetted into respective labeled
cuvettes. That was followed by addition of
50ml of Reagent "1 (EDTA, sodium
nitroprusside and urease) to each of the
cuvettes. They were then mixed and
incubated at 37°C for 10 minutes. Thereafter,
1.25ml of reagent 2 (dilute Phenol
120mmol/L) and Reagent 3 (Sodium
Hypochlorite  (27mmol/L), NaOH:0.14N)
were successively added to each of the
cuvettes. The solutions of each of the
cuvettes were mixed and incubated at 37°C
for 15 minutes. They were inserted into
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MONZA flow cell folder and press read. The
readings were automatically posted on the
screen.

Concentration of standard (mmol/L)
Calculation of urea concentration (mmol/L)

Absorbance of test sample

" Absorbance of standard solution

2.3.4 Determination of cholesterol by
enzymatic Endpoint method

Three cuvettes were labeled Blank, standard
and sample. Ten microlitres of reagent blank
(Distilled H,%) standard, solution and sample
were pipette into corresponding labeled
cuvettes. That was followed by addition of
1000ul of Reagent to each of the cuvettes.
The solutions were mixed and incubated at
20- 25°C for 10minutes or 37°C for 5
minutes. They were inserted into
spectrophotometer and the values read at the
wavelength of Hg546mm within 60 minutes.
The absorbance of the sample was measured
against the reagent blank.

Calculation of cholesterol concentration
(mmol/L):

Absorbance of test sample

Absorbance of standard solution
Concentration of standard (5.33 mmol/L)

Or 206mg/dl)

2.3.5 Determination of triglycerides

concentration by colorimetric method
Three cuvettes were each labeled

Reagent blank, standard and sample. To each

of the corresponding labeled cuvettes was
added 10.0ul of ddH.° 5.0ul of standard
solution and 5.0ul of sample. Thereafter,
500.0pl of Reagent 1 (Enzyme Reagent)
were added to each of the cuvettes. The
contents were mixed and incubated for 10
minutes at 20 — 25°C or 37°C for 5 minutes.
They were then inserted into the RX Monza
flowcell holder and pressed read within 60
minutes. The values were automatically
posted on the screen.

Calculation of Triglyceride concentration
(mmol/L or mg/dl) =

Absorbance of test sample

Absorbance of standard solution
Concentration of standard

(ie 2.16mmol/L or 191mg/dl) (Sidel et al,
1981)

3.1 RESULTS
Phytochemical analysis of G.latifolium leaf
meal (Table 1) showed mean alkaloid (2.41 +
0.06%), mean glycoside (2.25 %= 0.01%),
mean saponin (2.08 +0.01%), mean tannin
(1.18 = 0.01%), mean flavonoid (2.52
+0.01%), mean polyphenol (4.61 + 0.01%)
and mean reducing compound (7.91 *
0.01%).

The phytochemical indices of the
least 1.18+ 0.01% and highest 7.91+ 0.01%
were constituted by tannins and reducing
compounds, respectively.

TABLE 1
Phytochemical analysis of G.latifolium leaf meal and the experimental diets
Phytochemical Indices Values
Alkatoids 241X 0.06%
Glycosides 2.25+0.01%
Saponins 2.08 £0.01%
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Tannins 1.18 + 0.01%
Flavonoids 2.54 +0.01%
Polyphenol 4.61 £ 0.01%
Reducing Compounds 7.91 £ 0.01%

Phytochemical attributes of G. latifolium leaf

Reducing sugars
34%

Glycosides
10%

Saponin
9%

Tannins
5%

Mean effects of GLM and phytochemical
attributes on biochemical indices of C.
gariepinus

Table 2 shows the mean effects of
GLM on biochemical indices of C.
gariepinus. The highest glucose value 3.89+
0.026 was record for fishes in Treatment E
(10.0g/kg GLM), followed by 3.69+ 0.146
in Treatment D (7.5g/kg GLM) and least
value 3.63+ 0.048 in Treatment C (5.0g/kg
GLM). The differences in the values
obtained were statistically insignificant
(P>0.05).

The highest, higher and least values
of Cholesterol 3.03+ 0.148, 2.43+ 0.160 and
2.13+ 0.202 were obtained from Treatments
C (5.0g/kg GLM), D (7.5g9/kg GLM) and A
(control) respectively. The different values

obtained were statistically insignificant
(P>0.05).

The highest higher and least values
of Triglyceride 0.78+ 0.05, 0.49.1+ 0.007
and 0.5+ 0.023 were recorded for
Treatments D (7.5g/kg GLM), A (Control)
and C (5.0g/kg GLM) respectively. The
differences in values obtained were
statistically insignificant (P>0.05).

The records of protein values were highest
(64.25+ 3.210) higher (60.6+ 0.427) and
least (53.73+ 0.895) from Treatments C
(5.0g/kg GLM) E (10.0g/kg GLM) and A
(control) respectively. The different values
obtained were statistically significant
(P<0.05). The highest, higher and least
Albumin values of 39.25+ 0.953, 36.77+
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0.593 and 32.8+0.4 were recorded for
Treatments C (5.0g/kg GLM), B (2.50/kg
GLM) and D (7.5g/kg GLM) respectively.
The differences in values obtained
were statistically significant (P<0.05) for
Globulin with highest and least values
31.97+ 0.573, 25.75+ 0.997 and 19.42 +
0.259 for Treatments C (5.0g/kg GLM) E

(10.0g/kg GLM) and B (2.5g/kg GLM). The
value obtained were statistically significant
(P <0.05). For urea values 1.72+ 0.058
1.58+ 0.06 and 1.25+ 0.017 were highest,
higher and least obtained from Treatment D
(7.59/kg GLM), A (control) and C (5.0g/kg
GLM) each. The values obtained were
statistically insignificant (P>0.05).

TABLE 2
Mean effects of Gongronema latifolium leaf meal on biochemical indices of Clarias gariepinus

Treatments Glucose  Cholester  Triglycerid Protein Albumin  Globubin Urea
(mmot) of €S (@)

A —0/gkg 3.67+0.0 2.13+0.20 0.491+0.00 53.73+0.8 32.9+2.6 19.62+0.2 1.58+0.0
6 2 7 95 49 06

B - 3.66+0.0 2.28+0.52 0.48+0.007 55.48+1.3 36.77+0.5 19.42+0.2 1.48+0.0

2.5g/kg(GLM 35 8 85 93 59 07

)

C —5.0g/kg 3.63+0.0 3.03+0.14 0.5+0.023 64.28+3.2 39.25+0.9 31.97+0.5 1.25+0.0

(GLM) 48 8 10 53 73 17

D- 3.69+0.1 2.43+0.16 0.78+0.05 57.37+2.7 32.8+0.4 24.02+0.3 1.72+0.0

7.59/kg(GLM 46 0 56 66 58

)

E- 3.89+0.0 2.28+0.00 0.49+0.007 60.6+0.42 35.23+0.3 25.75+099 1.28+0.0

10.0g/kg(GL 26 0 7 28 7 03

M)

LDS 5.85 2.69 1.79

(P<0.05)

Mean values having the same superscript are insignificant (P>0.05)

Statistical evaluation of the significant
differences in biochemical indices
influenced by  phytochemical
attributes of G. latifolium leaf
meal fed to C. gariepinus

Analysis of variance (ANOVA) for
determination of the significant differences
in biochemical indices of of fish fed on
experimental diets (Table 3) shows Glucose
(p-value 0.131) Cholesterol  (p-value
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0.0002), Triglycerides (p-value 0.008),
Protein (p-value 0.0199), Albumin (p-value
0.0025), Globulin (p-value 0.0000) and Urea
(p-value 0.0002). The differences in values
obtained from Protein, Albumin and

Globulin  were statistically significant
(p<0.05), but the different values obtained
from Glucose Cholesterol, Trigylcerides,
Urea, were insignificant (p>0.05).

TABLE 3

Analysis of variance for determination of the significant differences of biochemical
indices of fish fed on experimental diets

Indices P-value Inference
Glucose 0.130697 Insignificant (p>0.05)
Cholesterol 0.100165 Significant (P<0.05)
Triglycerides 0.100864 Significant (p<0.05)
Protein 0.019982 Significant (p<0.05)
Albumin 0.002508 Significant (p<0.05)
Globulin 0.00000119 Significant (p<0.05)
Urea 0.100165 Insignificant (p>0.05)

3.3 Discussion

Results obtained in this study shows
significant variation in some biochemical
indices of fish fed on diets with varying
levels of G. latifolium leaf meal. Findings of
this study shows that glucose which is a
source of energy was insignificantly higher
(P>0.05) in fish fed feed on E (10.0g/kg
GLM) with value of 3.89+ 0.026 mmol/L
compared to feed B 2.5g/kg (3.66+0.35
mmol/L), Feed C (5.0g9/kg GLM) 3.63+0.48
mmol/L, feed D (7.5g/kg) 3.47+0.09 mmol/L
and feed A (control) 3.67+0.06 mmol/L.
Results obtained in this study were not as
high as values obtained from the findings of
Egwu & Omeodu, (2010);Yekeen & Fawole,
(2011) who recorded highest glucose values

of 46.2+0.13mmol/l and 123.67+
6.49mmol/l respectively for C. gariepinus..
Cholesterol ~ which  is  major
component of bad lipid and culprit in
cardiovascular disease recorded the highest
insignificant value of 3.03+ 0.0148 in fish
fed with 5.0g/kg of G. latifolium leaf meal.
Higher, high and least cholesterol values
were obtained in those of 2.5g/kg, 7.5g/kg,
10.09/kgGLM and control Og/kg. They were
inconsistent insignificant rise in cholesterol
level with variable concentrations of GLM
used. However, statistically decrease in
cholesterol in fish fed on coppens and
10.0g/kg of G. latifolium indicated decrease
in the lipid content in the blood. Therefore,
increase in cholesterol found in fish fed on
5.0g/kg G. latifolium may be indication of
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malmembrane  function and  structure
disruption; thus  affecting fluidity,
permeability and transport system. The value
obtained in this study is not as high as values
reported by Yekeen and Fawole (2011) who
attributed the increase in cholesterol level to
increased lipid content in blood of fish
exposed to heavy stress due to pesticide.

Triglyceride recorded in this study
was insignificantly higher (P>0.05) in fish
fed on control than those of 2.5g/kgn to
10.0g/kg of G. latifolium leaf meal.When
concentration was increased from 7.5g/kg to
10.0g/kg, the higher value 0.78+0.005 was
obtained in fish fed on 7.5g/kgGLM than
2.50/kg, 5.0g/kg and 10.0g/kgGLM. The
values were statistically insignificant
(P>0.05). Statistically ~ decrease in
triglycerides found in GLM maintained
activity of hepatic lipase enzyme responsible
for lipid catabolism, whereas increase
triglyceride level causes alteration of hepatic
lipase.

Total protein which aids in the
maintenance of tissue, growth or formation
of new protein source as enzymes, defense
against disease causing agents, among others
was observed to be 65.67+4008
significantly higher (P>0.05) in fish fed on
feed C (5.0g/kg of G. latifolium leaf meal)
than those of control and other varying
concentrations of 2.5g/kg,7.5g/kg and
10.0g/kgGLM.  Successive increase in
concentration of G. latifolium leaf meal
(GLM) caused significant (p>0.05) increase
in protein of C. gariepinus. Results obtained
from this study were similar to the findings
of Simeon and Madueke (2012) who
reported high protein levels of C. gariepinus

as a result of diminished feed and water
intake

Similarly, albumin which is the most
vital plasma protein produced by the liver
and aids in maintaining pressure for proper
distribution of body fluid between extra
vascular compartments and body tissue in
this study had the highest value of 39.25+
0.953 in 5.0g/kg of G. latifolium leaf meal.
The higher value and irregular different
values obtained from control and other
varying concentrations of GLM were
statistically significant (p.>0.5). The values
obtained in this study are not as low as
values recorded from the findings of Simeon
and Madueke, (2012); Eguwu Omeodu 2010
& Yekeen and Fawole (2011) for C.
gariepinus exposed to different treatments.

In this study fish fed on control 0g/kg
had insignificantly (p>0.05) higher globulin
than those fed on 2.5g/kg of G. latifolium
leaf meal. However, those fed with 5.0g/kg
of G. latifolium leaf meal, had highest value
of 31.97+0.573g. Successive increase in
concentration of G. latitfolium leaf meal
from 2.5g/kg to 10.0g/kg caused significant
(P>0.05) increase in globulin value of C.
gariepinus. These findings were similar to
that of Simeon and Madueke, (2012) who
used 25% diet containing Mytilusedulis shell.

Urea which is the main by- product
of protein metabolism in this study recorded
low level of 1.25+0.017 in fish fed on
5.09/kg GLM. There were no statistically
insignificant differences in those values
obtained (P>0.05). Changes in Urea suggest
serious protein breakdown in animal tissues.

Conclusion
The phytochemical composition of G.
latifolium used in the supplementation of
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different levels of G. latifiolium leaf meal
has shown beneficial effects on the
biochemical indices of C. gariepinus when
compared to the control, Og/kg diet. The
phytochemical attributes has significantly
influenced the optimization and maximum
utilization and enhanced the availability of
total proteins,, albumin, globulin and also
significantly reduced the bioaccumulation of
cholesterol, triglycerides and urea in the
tissues for optimal benefit of the catfish.
Biochemical indices of C. gariepinus fed on
G. latifolium leaf meal produced significant
increase in protein, albumin, globulin but
insignificant increase in Urea Cholesterol
and Triglyceride levels as significantly
influenced by flavonoids, alkaloids, saponins
and tannins phytochemicals contained in G.
latifolium leaves.

REFERENCES

Abelghang, A. E. (2004). Replacement of
herring fishmeal by soyabean flour in
practical diets for red tilapia,
Oreochromis  niloticus &  O.
Mossambicus, grown in concrete
tanks. Journal of Applied Agaculture,
14: 69-87.

Adakalo, J. A. (2000). The effect of
domestic, agricultural and industrial
effluents on the water quality and
Biota of B indare Stream, Zaria-
Nigeria.Unpublished Ph.D. Thesis
Ahmadu Bello University Zaria,
Nigeria.

Adamek, Z. & Sukop, 1. (1995). Summer
outdoor culture of African catfish
Clarias Gariepinus, Tilapias
Orechromus niloticus and O. Aureus.

Aquatic Life Resources, 3(2), 443-
450.

Adebayo O. T. & Quadri, K. (2005). Dietary
protein level and feeding rate for
hybrid  clarid catfish, Clarias
gariepinuus &  Heterobranchus
bidorasalis, in homestead tanks.
Journal of Applied Aquaculture,
17(1): 97-106.

Ademek, Z. & Sukop, I. (1995). Summer
outdoor culture of African catfish
Clarias gariepinus, Tilapias
Orechromis niloticus and O. Aureus.
Aquatic Life Resources, 8 (4), 445-
448.

Ademolu, K. O., Idowu, A. B., Mapiana C.
F. & Osinowo O. A. (2004).
Performance proximate and mineral
analysis of African gaint land small
(Archachatina maginata) fed
different nitrogen sources. Journal of

Genetic and Environmental
Resources Conservation, 1(2): 109-
126.

Adeniji., H. A. & Ovie, S. I. (1990). A
simple guide to water quatilty
management in fish ponds. Technical
report series No. 23 National Institute
for Fresh Water Fishes Research
(NIFFR), New Bussa 1-10.

Adeniji., H. A. (1986). Some Limnolgical
precaution for fish farmers. Kanji
Lake Research.

Aderoumi, A. A. (2005). The effects of
healing time of soybean for
broadstock  nutrition on  the
reproductive performance of C.

1070



Journal of Survey in Fisheries Sciences

10(4S) 1061-1078 2023

gariepinus (Burchell
1822).Unpublished Ph.D. Thesis,
Obafemi Awolow University, lle Ife
Nigeria, 162p.

Adewolu, M. A. & Aro, 0. 0. (2009).
Growth, feed utilization and
haematology of Clarias gariepinus
(Burchell 1822) fingerlings fed diets
containing different level of vitamin.
Clinical American Journal of Applied
Science, 6(9): 1675-1681.

Adeyemo, O. K. (2005). Haematological and
histo pathological effect to cassava
mill effluent in Clarias gariepinus.
African  Journal of Biomedical
Research, 8(3), 79-183.

Adeyemo, O. K. (2005). Haematological and
histo pathological effect of cassava
mill effluent in Claris gariepinus.
African Journal of Biology Medical
Research, 8(3): 79-183.

Afolabi, F. E. (2007). Chemical composition
and  antibacterial  activity  of
Gongronema latifolium. Journal of
Zhejiang University, 8(5): 252-358.

Agbo, C. U., Baiyeri, K. P. & Obi, U. B.
(2003). Indigenous knowledge and
utilization of Gongronema latilofium
of Nigeria, Nsukka. Biology-
Research Journal, 3(2): 66-69.

AIFP (2004).Farming Nigerian water. News
letter of the Aquaculture and Inland
Fisheries Project of National Special
Programme for Food Security in
Nigeria (F.A.O Office). Abuja,
Nigeria.

Ajani, E. K., Nwana, L. C. & Musa, B. O.
(2004). Replacement of fish meal
with maggot meal in the diets of Nile
tilapia,  Orechronmics  niloticus.
World Aquaculture, 35: 52-54.

Ajayi, A. |, Oderinde, R. A., Kajogbola, D.
O. & Ukponi, J. U. (2006). Oil
content and fatty acid composition of
some underutilized legumes from
Nigeria. Food Chemical, 99(1): 115-
120.

Akinwande, A. A., Alatise, P. S. &
Ayanlude, F. V. (2006). Evaluation
of pawpaw leaf-based carica papaya,
on fingerlings reared n plastic bowes.
Proceeding of the 21 and Annual
Conference of the Fisheries Society
of Nigeria (FISON), Calabar, 13-17
November, 320-324.

Akwaowo, E. U., Ndon, B. A. & Etuk E. U.
(2007). Minerals and antinutrients in
fluted pumpkin. Food Chemical,
70(2): 235-240.

Al-faragi, S. K. H & Al-saphar, S. A. A.
(2013). Effect of local probiotic on
common earp cyprinus carpio growth
performance and survival rate.
Journal of Genetic and
Environmental Resources
Conservation, 1(2): 89-96.

Amisah, S., Oteng, M. A. Ofori, J. K. (2009).
Growth performance of the African
Catfish  Clarias gariepinus fed
varying inclusion levels of Leucaena
leucocephale leaf meal. Journal of
Applied  Science  Environmental
Management, 13(1): 21-26.

1071



Harnessing the Phytochemical Attributes and Potentials of Gongrenema latifolium Leaf Meal Supplement
in the Optimization of biochemical indices in Cultured African catfish (Clarias garipinus)

Ani, A. O., Ogbu, C. C., Abakasanga, I. U.
& Ugwuowo, L. C. (2013). Response
of broiler birds to varying dietary
levels of Gongronema latifolium leaf
meal. Journal of Biology, Agriculture
and Health Care, 3(14): 2224-3208.

Antai, A. B. (2009). Physiochemistry and
some hematological changes
following oral administration of
ethanolic root extract of Gongronema
Latifolium in rats. Nigerian Journal
Physiological Science, 24(1): 79-83.

AOAC, (2000). Association of official
analysis ~ chemist international
(AOAC). (17th ed.). USA: AOAC
International, Gaitherburg, M.

AOAC. (2000). Association of official
analytical chemist official method of
analysis. (18th ed.). Washington, DC:
AOAC International, Gaitherburg, M.

Argyropoulou, V. N., Kalogeropoulos, M. 1.
& Alex, M. N. (1992). Effect of
dietary lipids on growth and tissues
fatty acid composition off grey
Mullet Mugil Cephalus. Biochemistry
and Physiology, 101, 129-135.

Auta, J. (1993). Water quality management
in fish ponds. Proceeding of National
Workshop on Fisheries Extension
Delivery, 2.

Ayanda, J. O. & Tafida, A. A. (2006). In
land fisheries in Nigerian economy:
Issues and challenges in Fisheries
Society of Nigeira (FISON)
Conference Proceedings, Calabar,
Nigeria 13" — 17" November, 2016.
Pp.174-177.

Ayoola, S. O., Ajani, E. K. & Fashae, O. F.

(2013).  Effect of  probiotics
(Lactobacillus and Bifidobacterium)
on Growth  performance and
haematological profile of Clarias
gariepinus Juveniles. Journal of Fish
and Marine Sciences, 5(1): 01-08.

Babatunde, G. M., Fajimi, A. O. & Oyejide,
A. O. (1992). Rubber seed oil versus
palm oil in brother chicken diet,
effect on performance nutrient
digestibility haematology and carcass
characteristics. Animal Feed Science
and Technology, 35, 133-146.

Bagenal, T. B. (1978). Method of assessment
of fish production in fresh water.
Oxford: IBP Blackwell Science
Publication. Handbook No. 3.

Bajerjee, S. K., Pcitra, B. C,
Bamdoyopahyay, P & teway, A.
(2002). Change of blood parameters
in carp, catla. Journal of Aquatic
Biology, 17: 79-84.

Baker, F. J., Silverton, R. E. & Pallister, C. J.
(1980).Introduction  to  medical
laboratory technology. (7th ed).
London: Butter Worths.

Banjerjee, S. S., Pcitra, B. C,
Bandoyopahyay, P. & Teway, A.
(2002). Change of blood parameters
in carp, catla. Journal of Aquatic
Biology, 17: 79-84.

Bardach, J. J., Ryther, H. & Mclarney, W. O.
(1972). Aquaculture farming and
husbandry of fresh water and marine
organisms. London: Prentice Hall.

1072



Journal of Survey in Fisheries Sciences

10(4S) 1061-1078

2023

Barker, F.J. & Silverton, R.E (1985). Visual

red cell count. In F. J. Baker, R.E.
Silverton and C. J. pallister (Eds),
Introduction to medical laboratory
technology. London: Butter Worth.

Barker, J. (1988). Simply fish London: Faver

& Faber, 36-39 J. G. Bell, McEvoy,
D. R. Tocher, F. Mcahee & P. J.
Campbell. Diets of Atlantic Salman
(salmo salar) affects tissue lipid
compositions and hepatocyte fatty
acid metabolism. Journal Nutrition,
4(1): 126-131.

Berjerano, I. (1984). Detection and control of

Bichi,

stress conditions in warm water
aquaculture. Research on
Aquaculture, 2(1): 56-68.

A. H. & Ahmad, M. K. (2010).
Growth performance and nutrient
utilization of Africa catfish (Clarias
gariepinus) fed varying dietary levels
of processed cassava leaves. Bagero.
Journal of Pure and Applied Scence,
3(1), 118-122.

Blaxhall, P. C. (1992). The haematological

assessment of assessment of health of
fresh water fish. Journal of Fish
Biology, 4593-605.

Bolger, S. R. & Connolloy, P. L. (1989). The

selection of suitable indices for the
measured and analysis of fish
conduction. Journal of Fish Biology,
34171-182.

Bond, C. E. (1996). Biology of fishes. (2nd

ed.). New York: Soundness College
Publisher.

Bovisova, T. A., G. E. Souza, D. Miller W.

Boyd,

Boyd,

C. Labys, (2007). Remaining
competitive at the regional level
developing a local aquaculture
industry. | of aquaculture economics
& Mg; (Il) vol, Las vegas. USA:
Nevada.

C. E. (1979). Water quality in
warmwater fish ponds. Alabama
Auburn:  University  Agriculture
Experiment Station, Auburn.

C. E. & Lickotocoper, F. (1990).
Water quality in  pond for
aquaculture, Alabama agriculture.
Alabama, Auburn:  Experimental
Station Auburn  University.British
Standard of measurement for packed
cell  volume, (1968).  British
Standard, 4316.

Bromage, N. R. & Roberts, R. J. (1995).

Brood stock management and egg
and larval quality. Osmead, Oxford,
UK: Blackwell Science.

Bruton, M. N. (1979a). The food and feeding

behaviour of Clarias gariepinus
(pisce, claridae) in lak sibaya, South
Africa with species. It emphasises on
its role a predator of chlids. London:
Transaction of Zoological Society.

Changadeya, W. L., Malekano, B. & Ambau,

A. J. D. (2003). Potential of genetics
for aquaculture development in
Africa in NAGA. World Fish Center
Quarterly, 26(3): 31-35.

1073



Harnessing the Phytochemical Attributes and Potentials of Gongrenema latifolium Leaf Meal Supplement
in the Optimization of biochemical indices in Cultured African catfish (Clarias garipinus)

Chude, L. A. (2001). Identifying lkwnano
catchment area and fish production
aquaculture perspective. Proceedings
of the 16th Annual Conference NAAS,
Nigeria. Pp. 172.

Clark, S., Whiltemore, D. H. J. & McMahon,
R. F. (1979). Consideration of blood
parameters of large mouth bass
(Micropterus salmides). Journal of
Fish Biology, 14 (2): 147-154.

Clay, D. (1979). Population biology, growth
and feeding the African catfish,
Clarias  gariepinus.With  special
reference to juveniles and their
importance in fish culture. Archive of
Hydrobiology, 87(4): 453-482.

Cowey, C. B. & Roberts, R. J. (1978).
Nutritional ~ pathology.  London:
Billier Tindall.

Cowey, C. B., Mackie, A. M. & Belll J. G.
(1985). Nutrition and feeding in fish.
London, Academic Press.

Dasgupta, S., Davis, K. J. & Wirth, F. F.
(2004). Selling freshwater prawn in
food  festivals: A  marketing
experiment in Kentucky. Journal of
Aquaculture Economic and
Managment (11), 5(4): 3-16.

Davis, O. A., Inko, M. B., Tariah, D. &
Amache, E. (2006). Growth response
and surviual of heterobranchus
longifiis fingerlings fed at different
feeding frequencies. African Journal
of Biotechnology, 5, 778-780.

De Graof, G. J., Galemon, F. & Banzoussi,
B. (1995). The artificial reproduction

and fingerling production of catfish
clarias gariepinus (Burchell 1988) in
protected and unprotected ponds.
Aquaculture Research, 26, 233-242.

De Silva, S. S. & Anderson, T. A. (1995).
Fish  nutrition in  aquaculture.
London: Chapman and Hall.

Demma, J., Gebre-Mariam, T., Asres, K.,
Evgetie, W. & Engindawork, E.
(2006). Toxicologicalk study on
Glinus lotoides, a traditionally used
technical herb in Ethiopia. Journal of
Ethnopharmaacology, 111: 451-457.

Docan, A., Cristea, V., Grecu, |. & Dediv, L.
(2010). Haematological response of
the European catfish, solidrus mans
reared at different densities in flow-
through production system. Archiva
Zootechnica, 13, 263-270.

Edwin, H. R., Menghe, H. L. & Bree, B. M.
(2006). Catfish nutrition nutrients
requirements. London: Msu
Publications and Information.

Ekanem, A. P. & Ekanem, I. E. (2010).
Effects of photo-protein and normal
diet on the growth and Gonadal
development of Clarias
gariepinus.Tropical  Environmental
Research, 9: 556 -559.

Ekanem, A. P., Eteng, S. U. Nwosu, F. M. &
Eyo, V. O. (2012). Comparative
study of the Growth and Gonad
development of Clarias gariepinus
(Burchell 1822) fed diet, with plant
and animal —based ingredient in
concrete tanks. Journal of

1074



Journal of Survey in Fisheries Sciences

10(4S) 1061-1078 2023

Agricultural Science and Technology,
2:1203-1210.

Ekanem, A. P., Eyo, V. O., James, P. U &
Udo, N. E. (2013). Effect of Unical
feed on fecundity and gonad
development of Clarias gariepinus:
A comparative study with coppens
commercial feed in earthen pond.
International Journal of Science and
Research, 2 (10) 8-14.

Ekanem, A. P., Victor, O. E., Austin, I. O.
Udeme, I. E. & Udo, P. J. (2012).
Growth  performance and food
utilization of the African catfish
(Claris gariepinus) fed uncial. Aqua
feed and coppens commercial feed.
Journal of Marine Biology and
Oceanography, 1: 2.

Ekprikpo-Wilfred, P. C. (1992)
Hematological parameters of healthy
catfishes Hetrobranchus bidorsalis,
University of Calabar Nigeria

El-sayed, A. F. M. (1994). Evaluation of
soya bean meal, spirulina meal and
chicken offal meal as protein sources
for silver sea bream fingerlings.
Aquaculture 127: 169-176.

England, J. M. Walford, D. M & waters, D.
A. N. (1972).Re-assessment of the
reliability of haematocrit
(MCHC).British. Journal of
Haematology, 23, 242-247.

Erondu, E. S., Nnubia, S. & Nwadukwe, F.
0. (1993). Hematological studies on
four catfish species raised in fresh
water pond in Nigeria. Journal of
Applied Icthyology, 9(3-4), 250-256.

Essien. J. P. Ebong. G. A & Akpan, E. J.
(2007) Antioxidant and Antitussive
properties of Gongronema latifolium.
Applied  Science  Environmental
Management, 11(4): 47-50.

Eyo, A. A. (2003). Fundamentals of fish
nutrition and diet development. An
overview” National workshop on fish
feed development and feeding
practices in Aquaculture organized
by fisheries society of Nigeria
(FISON) in collaboration with
institute of freshwater fisheries
research (NSPFS) and FAO National
Special Programme for food security
(NSPFS): 1-33.

Eyo, V. O. & Ekanem, A. P. (2011). Effect
or feeding frequency on growth, food
utilization and survival of (clarias
gariepnus) using locally formulated
diet. African journal of
environmental pollution and health
9(2): 11-17.

Eyo, V.O., Ekanem, A. P. & Jimmy, U. U.
(2004). A comparative study of the
gonadosomatic index (GSI) and
Gonad gross morphology of African
catfish (Clarias gariepinus) fed
Unical aqua feed and coppens
commercial feed. Crotian Journal of
Fisheries, 72: 63-69.

Ezemot Nwadiaro, R. 1. (2009). A guide to
biostatistics and health research
method. Hypothesis Testing, 6: 142-
147.

1075



Harnessing the Phytochemical Attributes and Potentials of Gongrenema latifolium Leaf Meal Supplement
in the Optimization of biochemical indices in Cultured African catfish (Clarias garipinus)

Ezenwa, B. 1. O. (1994). Aquaculture
development in Nigeria, 41-80. In A.
Coche, (Ed). Aquaculture
development and research in sub-
Saharan Africa. National Reviews
CIFA Technical Paper No. 23. Suppl.
Rome. FAOQ. 397.

Fafioye, O.0., Falade, S. O., Adebisi A. A,
Jonyo-oni & Omoyinmi G. A. K.
(2005). Effects of dietary soybeans
(alycine max) on growth and body
composition of African catfish
(clarias gariepinus, Burchell)
Fishgerlings. Turkey Journal of
Aquatic Science, 5: 11-15.

Fagbenro, O. A. & Davis, S. J. (2003) Use of
high percentage soybean protein
concentrate as fishmeal gariepinus
(Burchell  1882). Growth feed
utilization and digestibility. Journal
of Applied Aquaculture, 16.

Fagbenro, O. A., (1992) Utilization of cocoa
Pod husk in low cost diets by the
clarrid catfish, clarius isheriensis
(sdenham). Aquaculture and
Fisheries Management, (22): 175-
181.

Fagbenro, O.A & Davis, S.J (2001). Use of
soybean floler dehuklled solvent
extracted soybean as fish meal
substitute in practical diet for clarias
gariepinus (Burchell 1822); Growth,
feed utilization and digestibility
Journal of Applied Aquatic, 16.

Fagberno, O. A., Adedire, C. O., Ayotunde,
E. O. & Faminll, E. O. (2000).
Haematological Profile, food

decomposition and digestive enzyme
assay in the qut of African bony
tonque fish  Heterotis niloticus
(Cuvier  1829) (Osteoglosidae)
Journal of Tropical zoology, 13, 1-9.

Fahey, J. W. (2005). Moringa oleifera: A
renew of the medical evidence for its
nutritional therapeutitic and
prophylactic properties. Tree for life
Journal Part 1:5.

Falaye, A. E (1992). Utilization of agro-
industrial waters as fish feedstuffs in
Nigeria proceedings of the 10th
annual conference of the fisheries
society of Nigeria (FISON) Nov. 0-
20" 1992, A. A. Eyo and A. M.
Balogun (eds) Published by the
fisheries society of Nigeria FISON.
47-57.

FAO, (2002) culture Aquatic species,
information programme fisheries and
Aquaculture of Oreochromis
niloticus Italy, Rome, 10.

FAO, (2003) Opportunities for Aquaculture
Development in Nigeria. Food and
Aquaculture  Organization, Rome,
Italy, Newsletter No. 17:28

FAO, (2012). The state of world fisheries
and Aquaculture 2012. ROME.209.

FAO, (2013) Edible insects: future prospects
for food and feed security,

FAO, (Food and Agricultural Organization
of the United Nations), (2014). The
state of the world fisheries and
aquaculture. Pp 27-106.

1076



Journal of Survey in Fisheries Sciences

10(4S) 1061-1078 2023

Soivio, Y. & Oikari, A. (1976).
Haematological effects of stress on a
telost, Esox lucius (L). Journal of
Fish Biology, 8: 39-411.

Sotolu, A. O. (2010). Feed utilization and
biochemical characteristics
containing fish oil and vegetable oil
as total replacements world. Journal
Fish Marine Science, 2: 93-98.

Suleiman, E. (2016). Influence of sex on
haematological and  biochemical
profiles of pond reared
Heterobranchus longifilis. Nigerian
Journal of Fisheries and
Aquaculture, 4(1): 28-33.

Summerfelt, R. C., Lewis, W. M. & Ulrich,
M. G. (1967). Measurement of some
haematological characteristics of the
goldfish. The Progressive Cultural,
29: 13-20.

Swann, L. (1997). A4 fish farmer’s guide to
understanding water quality. Illinois-
Indiana Sea grant programme.As-
503. West Latyette W.7: Produce
University.

Tacon, A. G. J., Hasan, M. R. & Subasinghe,
R. P. (2006). Use of fishery resources
as feed inputs for aquaculture
development: Trends and policy
implications. FAO Fisheries Circular
No. 1018.99. Rome, Italy: FAO.

Tacon, A. G. (1990). Standard method of the
nutrition and feeding of farmed fish
and shrimp argent laboratories press.
USA: Redmond.

Tequia, A., Mpoame, M. & Okourou, M. J.
A. (2002). The production
performance of broiler birds as
affected by the replacement of fish
meal by maggot meal in the starter
and finisher diets. Tropicultura,
20(4): 187-192.

Teugel, G. G. (1982a). Preliminary results of
a morphological study of five normal
species of the subgenus clarias
(Pisces:  clariidae). Journal of
National History, 16(3): 349-464.

Teugel, G. G. (1982b). Preliminary data of
systematic outline of the genus
clarias (Pisces, clariidae). Africa
Review of Zoology, 96(4): 731-748.

Teugel, G. G. (1984). The nonmenclature of
African Clarias species used in
aquaculture.  Africa Review of
Zoology, 38: 373-374.

Tiamiyu, L. O., Solomon, G. S. & Sham, A.
R. (2006). Growth breed fruit
(Artocarpus alticis) seed meal as
replacement for Maize in outdoor
harpas. Fisheries Society of Nigeria
(FISON) Conference Proceedings,
Calabar, Nigeria. Pp. 292-295.

Tisa, M. & Olutaegba, S. O. (2004). An
expansion on filed identification tool
in fish breeding and genetics.
Fisheries Society of Nigeria (FISON)
Conference  Proceedings, Lagos
Nigeria, Pp. 185-190.

Tisa, M. & Olutaegba, S. O. (2004). An
expansion on field identification
Clarias catfishes as an important
tool in fish breeding and genetics.

1077



Harnessing the Phytochemical Attributes and Potentials of Gongrenema latifolium Leaf Meal Supplement
in the Optimization of biochemical indices in Cultured African catfish (Clarias garipinus)

Fisheries Society of Nigeria (FISON)
Conference  Proceedings, Lagos,
Nigeria. Pp. 185-190.

Ugochukwu, N. H., Babady, N. E. &
Coboune, M. (2003).The effect of
Gongronema latifolium leaf extracts
on serum lipid and toxidative stress
of hepatocytes of diabetic rats.
Journal of Biological Science, 28(1):
1-3.

Uys, W. & Hacht, T. (1988).Chapter 6.
Production and grow out. In T.
Hecht, W. Uys & P. J. Brits
(Eds).The culture of charp-tooth in
Southern African. Boston: McGraw
Hill.

Veehklang, K., Boonanuntanasarn, S.,
Pounchunchoovong, S., Pirarat, N. &
Wanapu, C., (2011). The potential
for rice wine residual as an
alternative protein source in a
practical diet for Nile Tilapa
(Orechromis niloticus) at the juvenile
stage. Aquaculture Nutrition, 17:
685-694.

Wahramann, K. & Worker, H. (1982).
Experiment understanding of cage
fishery. Schwtz Hydrd, 11:210-244.
Research Journal of Fisheries and
Hydrobiology, 4(2): 65-72.

Watson, M. E., Guenther, R. W. & Royce, R.
D. (1956). Haematogical of health
and virus-diseased sickeye salmon,
Onchorhynchus NERKA. New York
Zoological Society Journal, 14(5):
27-37.

Wegwu, M. O. & Omeodu, S. I. (2010)
Evaluation of selected biochemical
indice in Clarias gariepinus Exposed
to Aqueous extract of Niger crude oil
(Bony light). Journal of Science
Environment Management, 14(1): 77-
81.

Wilson, R. P. & Moreau, Y. (1996). Nutrient
requirement of catfish (siluroidle)
Cambridge. Journal of Fisheries and
Aquaculture, 10(2): 1-2.

Wooton, R. J. (1992). Fish ecology, wales:
Prelimary phytochemical and
antimicrobial ~ screening of 50
medicinal plants from Nigeria.
Africab  Journal  Biotechnology,
6(14): 1690-1696.

Xue, M., Luo, L., Wu, X,, Pen, Z., Gao, P.,
Yu, Y. & Gary. P. G. (2006.) Effects
of six alternative lipid sources on
growth and tissue fatty acid
composition in Japanese sea bass
claterlabrax japonicus. Aquaculture,
260:206-214.

Yekeen, T. A. & Fawole, O. O. (2011).
Toxic effects of endosulfan on
haematological and  biochemical
indices of Clarias gariepinus. African
Journal of Biotechnology, 10(64):
14070 -14096.

1078



