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Abstract. A 56-day feeding trial was conducted to evaluate the effect of processing time, inclusion level and/or their interactions on serum
biochemistry, haematology and histology of the liver and kidney of Clarias gariepinus fed diets containing Luffa cylindrica seedmeal. The five
formulated diets were designated as control (CTR) and tested, replaced at 15 and 30% by 5- and 10-min toasted Luffa cylindrica seedmeal
(D515T, D530T, D1015T and D1030T). The experimental design followed a 2x2 factorial experiment in a completely randomised design; the
processing time of 5- and 10-min toasting and inclusion level of 15 and 30% serves as factors. Triplicate groups of each treatment were made.
Blood sampling, harvesting of organs, serum biochemistry, histology and haematological studies followed standard procedures. The results of
the study showed that the effect of processing time, inclusion level and their interactions had significant impact (p<0.05) on Clarias gariepinus.
A decrease in RBC, PCV and Hb was observed when compared with control for inclusion level, processing time and/or their interaction.
Total protein, albumin and globulin of the blood of fish fed diet CTR was not significantly different (p>0.05) from that of the blood of the fish
fed D1015T. Mild to moderate vacuolation of the hepatocytes were recorded among the livers of fish fed control and test dietary treatments
except those fed D1030T that recorded very severe vacuolation of the hepatocytes. The kidney, being the excretory organ, was also affected.
However, normal cell architecture was recorded in fish fed CTR, D530T and D1030T.
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Introduction
Aquaculture is rapidly growing not only in sub-Saharan
Africa but also in Asia and Latin America (FAO, 2009). Tacon
et al. (2006) reported that aquaculture sector alone uses larger
percentage of the fishmeal produced in the world. This is
unsustainable because harvest from fishery fluctuates year in
year out (Huntington, 2004).
The fish feed production industries that largely depend on
the use of fishmeal find a great challenge its use as a costeffective source of animal protein in their feed (Huntington
et al., 2004). Fagbenro et al. (2003) reported that seed meal
from leguminous plants could serve as a good replacer of ever
expensive and scarce fish meal. Soybean meal have been
largely reported to have the capacity to replace most of the
fishmeal components in fish feed without leaving a detrimental
effect on the animal (Lovell, 1988; Storebakken et al., 2000)
due to its high nutrient profile (Lim and Akiyama, 1992; ElSayed, 1999). However, human beings and other livestock
industries utilize soybean meal as their protein source making
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its use not being sustainable for sustainable aquaculture. Thus
the need to find good alternative to soybean meal used in fish
feed industries especially at the village level by searching for
cheaper and readily available plant proteins with little or no cost
and comparable nutrient profiles to replace soybean meal in
fish feed (Yue and Zhou, 2008). Such use of alternative plant
protein sources must be eco-friendly, nutritionally balanced and
economically sustainable.
Luffa cylindrica is said to have nutrient composition that is
comparable to legumes like soybean meal, groundnut cake
that are commonly used in aqua feed as plant protein sources
(Oshodi et al., 1993; Sanchez-Vioque et al., 1998). Oyetayo
and Ojo (2012) reported that L. cylindrica belongs to the family
cucurbitacea and its seed has a high quantity of amino acid that is
essential to be supplied to the body system. It, however, contains
some phytochemicals such as saponin and alkaloids, etc. It is
commonly found in Nigeria. To the best of our knowledge, there
has been little information on the use of Luffa cylindrica seedmeal
as protein source dietary ingredient for fish (Jimoh et al., 2012).
Jimoh et al. (2013) constituted a first report in journal on the use

of L. cylindrica in fish feed; 15% level of inclusion of cooked L.
cylidrica seedmeal in Clarias gariepinus diet had a comparable
growth and nutrient utilization results with that of control.
Processing time and inclusion level are two major factors that
could affect nutrient utilization by fish (Adeparusi and Jimoh, 2002).
Excessive heating time may denature protein in feed ingredient
while too low heating time might not be effective to remove antimetabolite in feed ingredients. Effective thermal treatment must
be able to degrade anti-metabolites in plant feed ingredients
without destroying its amino acid profile. Thermal treatments have
been reported to inactivate some anti-metabolites in plant feed
ingredients (Fagbenro et al., 2010; Jimoh et al., 2011). Francis et al.
(2001) postulated that inclusion of plant feed ingredients containing
some form of anti-nutrients or the other could be tolerated by
fish up to certain inclusion level beyond which the physiological
mechanism of the fish may malfunction. Hence, it could be said
that thermal treatment and/or inclusion level jointly determine the
success of using plant feed ingredients in fish feed and feeding.
Till date paucity of information exists on the use of processing time
and/or inclusion level of L. cylidrica seedmeal in Clarias gariepinus
diets, especially the effect it has on haematological, histological
alterations and biochemical parameters which are good pointers to
health status of not only farmed fish but also farmed animals and
even humans (Bahmani et al., 2001; Ferreira et al., 2007) because
they supply a dependable information on metabolic disroders and
deficiency. It is against this background that an attempt was made
in this study to examine the effect of processing time, inclusion
level and their interaction on the histology, haematology and serum
biochemistry of Clarias gariepinus fed diets containing dry heattreated Luffa cylindrica meal.
Material and methods
Seed collection and processing
Luffa cylindrica seeds, 1.5 kg were obtained from Institute
of Agricultural Research and Training Moor plantation Ibadan,
Nigeria. The seeds were divided into two parts. The first part
was toasted in an oven (Emel Electric Oven-20L) at 150ºC for
5 min and the other part at the same temperature for 10 min.
The two processed samples were allowed to cool and were
ground to a powdery form. Representative parts of each of
these samples and other practical feedstuffs were analyzed for
their proximate composition (AOAC, 1990).
The results of the proximate composition depicted in
Table 1 were used to formulate five diets; a control diet which
consists of soybean meal replacing 50% fishmeal and four test
diets which consist of 5- and 10-minute toasted Luffa cylindrica
seedmeal replacing soybean meal at 15 and 30% level (Table
2). The five formulated diets were designated as CTR, D515T,
D530T, D1015T and D1030T. All the feed ingredients in each
dietary treatment were blended and sieved to a powdery form.
They were thoroughly mixed with hot water to facilitate cohesion
among the dietary ingredients. The mixed dietary ingredients
were pelleted into 2mm pellets and oven dried at 55ºC for 24h.
They were thereafter kept frozen in a refrigerator at -20ºC.

Table 1. Proximate composition (g/100g Dry Matter) of some
feed ingredients

Ingredients
(g/100g DM)
Moisture
Crude protein
Crude lipid
Crude fibre
Ash
NFE
Total

SBM
9.23
38.04
18.13
2.46
6.13
26.01
100.00

5-min
TLCM
8.00
32.00
26.50
2.38
3.62
27.53
100.00

10-min
TLCM
9.44
30.50
28.00
2.47
3.94
25.65
100.00

Maize
10.19
9.87
4.28
3.67
2.73
69.26
100.00

*SBM: Soybean Meal; TLCM- Toasted Luffa cylindrica Meal.

Experimental design, system and feeding trial
The experimental design followed a two-factor factorial
experiment in a completely randomized design wherein the first
factor; Inclusion level of 15 and 30% of Luffa cylindrica and the
second factor; processing time of 5 and 10 min toasting were
adopted. The experimental system consists of a set of rectangular
plastic tanks each with a capacity of 70 L of water. Triplicate groups
of each treatment were made consisting of 15 fish per tank. Clarias
gariepinus juveniles were gotten from the Department of Fisheries
Technology, Federal College of Animal Health and Production
Technology, Ibadan Oyo state, Nigeria. Acclimation of the fish for
two weeks was done while being fed on commercial diet. All the
fish were starved for 24h prior to the commencement of the feeding
trial to create appetite and prepare the fish for good acceptance
of the experimental diet. The feeding trial was conducted in the
wet laboratory of Federal College of Animal Health and Production
Technology, Ibadan. All fish were group fed twice daily at a fixed
feeding rate of 5% of their body weight per day. Feeding to apparent
satiation was generally done in the morning at 09:00 am and 05:00
pm in the evening for 56 days.
Blood sampling
At the end of the experiment, 3 ml blood per replicate was
obtained by caudal vein puncture using a 25G needle and 1 ml
disposable syringe. 1 ml blood sample was collected in ethyline
diamine tetraacetic acid (EDTA) treated bottle for haematological
examination while the 2 ml blood sample was collected in
untreated sampling bottle. Blood samples untreated bottles were
centrifuged at 8.000 rpm for 10 min after allowing it 30 min to clot
and the serum was collected following the procedure of Tomlinson
et al. (2013) for onward serum biochemistry determination.
Haematological test
Packed cell volume (PCV) was determined by the
microhaematocrit method, while haemoglobin concentration (Hb)
was estimated by the cyanmethaemoglobin method (Schalm et al.,
1975; Coles, 1986). Red blood cell (RBC) count and total white blood
cell (WBC) counts were analysed by the use of haemocytometer. The
mean corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH) and mean corpuscular haemoglobin concentration (MCHC)
were calculated using the standard formulae (Schalm et al., 1975;
Coles, 1986). Serum cholesterol was measured by colourimetric
method (Allain et al., 1974).
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Table 2. Gross and nutrient composition (g/100g Dry Matter) of experimental diets containing differently timed dry heat
treated Luffa cylindrica seedmeal fed to Clarias gariepinus

Gross composition
(g/100g DM)
Fishmeal
Soybean
5-min toasted LCM
10-min toasted LCM
Cornmeal
Fish premix
Fish oil
Starch

CTR
27.78
50.00
10.00
2.50
5.00
4.72

D515T
27.78
42.50
8.91
10.00
2.50
5.00
3.31

Proximate composition (%)
Moisture
Crude protein

7.91
40.19

7.97
40.22

Crude lipid
Crude fibre
Ash
NFE
Amino acid composition (%)
Arginine
Histidine
Isoleucine
Leucine

19.69
2.13
6.57
23.51

Lysine
Methionine
M+C
Phenylalanine
P+T
Threonine
Tryptophan
Valine
Fatty acid composition (%)
LOA (18:2n-6)
LNA (18:3n-3)
ARA (20:4n-6)
EPA (20:5n-3)
DHA (22:6n-3)
Total n-3
Total n-6
n3:n6
Total phospholipid, %

Diet treatment
D530T
27.78
35.00
17.81
0
10.00
2.50
5.00
1.91

D1015T
27.78
42.50
9.34
10.00
2.50
5.00
2.88

D1030T
27.78
35.00
18.69
10.00
2.50
5.00
1.03

8.04
40.25

8.09
40.22

8.27
40.25

19.59
2.68
6.90
22.64

19.48
3.23
7.24
21.76

19.80
2.79
7.06
22.04

19.91
3.46
7.55
20.56

3.16
1.00
1.95
3.21

3.83
1.13
2.13
3.48

4.50
1.26
2.32
3.74

3.87
1.14
2.15
3.50

4.59
1.28
2.35
3.79

2.95
0.90
1.46
1.88
3.26
1.88
0.50
2.12

3.24
1.05
1.69
2.12
3.56
1.97
0.55
2.35

3.52
1.20
1.92
2.36
3.87
2.06
0.60
2.59

3.26
1.06
1.70
2.14
3.59
1.98
0.55
2.37

3.57
1.22
1.95
2.40
3.92
2.08
0.61
2.63

5.63
0.80
0.09
0.54
1.06
2.41
5.72
0.42
3.08

4.85
0.69
0.09
0.54
1.06
2.30
4.94
0.46
2.93

4.07
0.58
0.09
0.54
1.06
2.19
4.16
0.53
2.78

4.85
0.69
0.09
0.54
1.06
2.30
4.94
0.46
2.93

4.07
0.58
0.09
0.54
1.06
2.19
4.16
0.53
2.78

Specification: each kg contains: Vitamin A - 4.000.000IU; Vitamin B - 800.000IU; Vitamin E - 40.000IU, Vitamin K3 - 1.600mg;
Vitamin B1 - 4.000mg; Vitamin B2 - 3.000mg; Vitamin B6 - 3.800mg, Vitamin B12 - 3 mcg; Nicotinic Acid - 18000mg; Pantothenic
Acid - 8.000mg; Folic Acid - 800mg; Biotin - 100 mcg; Choline Chloride - 120.000mg; Iron - 8,000mg; Copper - 800mg;
Manganese - 6.000mg; Zinc - 8.000mg; Iodine - 400mg; Selenium - 40mcg; Vit. C - Coated 60.000mg, Inositol - 10.000mg;
Cobalt - 150m, Lysine - 10.000mg; Methionine - 10.000 mg, Antioxidant - 25.000mg manufactured by Bi-mix Brrand, Corporate
head office/factory: 1, Odo-Olowu Street, Ijesatedo, Lagos, Nigeria.
LOA - Linoleic Acid; LNA - Linolenic Acid; ARA - Arachidonic Acid; EPA - Eicosapentanoic Acid; DHA - Docosahexanoic Acid
Proximate, fatty acid and amino acid profiles of the experimental diets were calculated using a program (excel) developed by
NACA (2008).
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Biochemical tests
The serum total protein was analyzed by the use of a
commercial kit (Randox Laboratories Ltd, U.K) following Biuret
method (Reinhold, 1953; Doumas et al., 1971; Doumas and
Peters, 1997) while bromocresol green method was used to
obtain albumin value (Doumas et al., 1971). Serum globulin
value was obtained by the difference between the serum total
protein and serum albumin (Colville, 2002). The method of Toro
and Ackermann (1975) was used to determine blood glucose.
Histological examination of the test organs
The liver and kidney of three fish (n=3) from each replicate
tank were removed and fixed in phosphate buffered 10%
formalin after they had been previously anaethesised with 100
ml/L clove oil. Dehydration of the tissue was done in graded
levels of alcohol. The organs were then cleared in xylene and
embedded in paraffin wax following the method of (Huges and
Perry, 1976). Sectioning of the tissues (5-7 µm) and eventual
staining with Harris haematoxyllin-eosin (H&E) stain were
done according to the methods of Bancroft and Cook (1994).
The stained slides were observed under a light microscope at
varying magnification (x40) and photographed with a minimum
of 7 photomicrographs taken per replicate slide.
Data analysis
Data were subjected to two-way analysis of variance

(ANOVA) using SPSS 16.0 version for the source and level
effect. The interactive effect was subjected to one-way ANOVA.
Duncan multiple range test was used to compare differences
among individual treatment means where the ANOVA reveals
significant difference (p<0.05).
Results and discussion
Effect of processing time, inclusion level and their
interactions on the haematological profiles of Clarias gariepinus
Table 3 shows the effect of processing time, inclusion level
and their interactions on the haematological profiles of Clarias
gariepinus fed diets containing dry heat-treated Luffa cylindrica
seedmeal. Processing time had significant impact (p<0.05) on
the haematology of C. gariepinus exposed to different dietary
treatments. In the haematology parameters examined, the
blood of fish fed diet CTR had the highest values of Hb, PCV
and RBC which was significantly different (p<0.05) from the
values recorded for the blood of fish exposed to other dietary
treatments. The blood of fish fed diets containing 15-min
toasted L. cylindrica seedmeal had the lowest values of Hb,
PCV and RBC. A contrast was the trends of results recorded
for WBC, MCV and MCH, the highest values were found in the
blood of fish fed diets containing 15-min toasted L. cylindrica
seedmeal while the lowest value of these parameters were
found in the blood of fish fed diet CTR.

Table 3. Effect of processing time, inclusion level and their interactions on the haematological profiles of Clarias gariepinus fed
diets containing dry heat treated Luffa cylindrica seedmeal

Parameter
Sources (PT)
CTR
5-min PT
10-min PT
Level (IL)
0%
15%
30%
PT*IL
CTR
D515T
D530T
D1015T
D1030T
SEM

Hb

PCV

RBC

WBC

MCV

MCH

MCHC

9.95a
9.28c
9.56b

24.33a
21.41c
23.59b

3.12a
2.42c
2.64b

14.57c
17.10a
15.38b

77.94b
88.87a
89.50a

31.89b
38.35a
36.21a

40.91a
46.02b
40.57c

9.95a
9.82b
9.02c

24.33a
23.50b
21.50c

3.12a
2.75b
2.38c

14.57c
15.54b
16.94a

77.94c
84.85b
92.88a

31.89b
35.71a
40.31a

40.91a
41.79a
44.75b

9.95a
9.81b
8.76d
9.83b
9.28c
0.12

24.33a
23.20c
19.62d
23.80b
23.38bc
0.45

3.12a
2.73b
2.25d
2.77b
2.51c
0.08

14.57c
16.42b
17.78a
14.65c
16.11b
0.32

77.94c
85.04b
92.71a
85.95b
93.04a
1.60

31.89b
35.94a
39.20a
35.50a
36.96a
0.21

40.91a
42.28a
44.67b
41.30a
39.72c
0.25

Hb - Haemoglobin content (gm/100ml); PCV - Packed Cell Volume (%); WBC - White Blood Cell Count (109mm3); RBC - Red
Blood Cell Count (106mm3 ); MCHC - Mean Corpuscular Haemoglobin Concentration (%); MCV - Mean Corpuscular Volume (u3);
MCH - Mean Corpuscular Haemoglobin (pg); PT*IL - Interaction effect of processing time (PT) and Inclusion Level (IL); Means
with different superscripts in the same column are significantly different (p<0.05) from each other.

Inclusion level also had significant impact (p<0.05) on
the haematology of Clarias gariepinus fed diets containing
dry heat-treated Luffa cylindrica seedmeal. The same trends
of results as observed for effect of processing time on the
Hb, PCV and RBC values were also observed for effect of
inclusion level. However, the blood of fish fed 30% inclusion

level had the highest values of WBC, MCV and MCH. The
MCH of the blood of fish fed diets containing 30% inclusion
of toasted L. cylindrica seedmeal was not significantly
different (p>0.05) from the MCH of the blood of fish fed
diets containing 30% inclusion level of toasted L. cylindrica
seedmeal. The trends in Hb, RBC and PCV showed superior
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performance of 10-min processing time and 15% inclusion
level but not comparable to control giving higher values
of these parameters. The interaction of processing time
and inclusion level impacted significantly (p<0.05) on the
haematology of Clarias gariepinus fed diets containing dry
heat treated Luffa cylindrica seedmeal. The Hb, PCV and
RBC values of the blood of fish fed diet CTR were the highest,
which is significantly different from the Hb, PCV and RBC of
the blood of those of other dietary treatments. WBC, MCV
and MCH values of the blood of fish fed D530T were the
highest while the lowest values were found in fish fed diets
CTR. There was no significant difference (p>0.05) in the
MCH of the blood of fish fed all the dietary treatment except
control. A contrasting trend was noted of RBC and WBC.
The interactive effect of processing time and inclusion level
revealed that irrespective of processing time, inclusion level
yielded a blood profile that has level to level comparison,
hence the non-significant difference recorded in the blood
profile of fish fed D515T and D1015T. A divergent trend
of RBC and WBC recorded in this study in which as RBC
increases, WBC decreases, was also established by Zhou
et al. (2009). Francesco et al. (2012) and Fazio et al. (2013)
reported inverse relationship between RBC and WBC.
Satheeshkumar et al. (2011) explained this that high RBC
amount reduces the need for large quantity of WBC.
The results of this study indicated that processing time,
inclusion level and/or their interactions had significant
impact on the blood profiles, metabolic and excretory organs
of Clarias gariepinus. A decrease in RBC, PCV and Hb was
observed when compared with control for inclusion level,
processing time and/or their interaction. For processing
time effect, fish exposed to 10 min processing time had
significantly higher RBC, PCV and Hb. Although the values
of haematological parameters obtained in this study were
within the reference intervals reported in Adeyemo et al.
(2014) for Clarias gariepinus, the effectiveness of higher
processing time indicated that some of the anti-metabolites
in the feed ingredients were destroyed.
Effect of processing time, inclusion level and their
interactions on the serum biochemistry of Clarias gariepinus
Table 4 shows the effect of processing time, inclusion
level and their interactions on the serum biochemistry of
Clarias gariepinus fed diets containing dry heat-treated
Luffa cylindrica seedmeal. Processing time had effect which
is significant (p<0.05) on the serum biochemistry. Fish fed
diet CTR had the highest values in all the parameters of
serum biochemistry measured which is not significantly
different (p>0.05) from the values recorded for blood of
fish fed diets containing 10-min toasted Luffa cylindrica
seedmeal. The blood of fish fed diets containing 5-min
toasted Luffa cylindrica seedmeal had the lowest values
of the parameters of serum biochemistry measured except
blood glucose.

134

Table 4. Effect of processing time, inclusion level and their
interactions on the serum biochemistry of Clarias gariepinus
fed diets containing dry heat treated Luffa cylindrica seedmeal

Sources (PT)
CTR
5-min PT
10-min PT
Level (IL)
0%
15%
30%
PT*IL
CTR
D515T
D530T
D1015T
D1030T
SEM

TP

Alb.

Glob.

Pl. Chol.,

Bld. Gluc.

3.73a
3.29b
3.66a

1.58a
1.21b
1.46a

2.15a
2.08a
2.20a

142.79a
119.3b
135.3a

115.30c
131.69a
122.30b

3.73a
3.62a
4.02b

1.58a
1.43a
1.24b

2.15a
2.19a
2.09a

142.79a
137.30a
117.30b

115.30c
122.30b
131.69a

3.73a
3.53b
3.04c
3.70a
3.62ab
0.07

1.58a
1.24b
1.18b
1.63a
1.30b
0.05

2.15a
2.30a
1.86b
2.08ab
2.33a
0.06

142.79a
127.30b
111.34c
147.37a
123.17b
3.68

115.30c
126.97b
136.29a
117.61c
127.00b
2.12

TP- Total protein (g/dL); Alb- Albumin (g/dL); Glob– Globulin
(g/dL); Pl. Chol.- Plasma cholesterol (mg/dL); Bld Gluc.- Blood
glucose (g/dL); PT*IL- Interaction effect of processing time (PT)
and Inclusion Level (IL); Means with different superscripts in the
same column are significantly different (p<0.05) from each other.

Inclusion level also had significant effect (p<0.05) on the
serum biochemistry of Clarias gariepinus fed diets containing
dry heat-treated Luffa cylindrica seedmeal. The highest values
of serum biochemistry parameters were recorded in the blood of
fish fed 0% inclusion level of Luffa cylindrica seedmeal which is
not significantly different (p>0.05) from the values recorded for
the blood of fish fed diets containing 15% inclusion level of Luffa
cylindrica seedmeal. Fish fed diets containing 30% inclusion
level had the lowest values of serum biochemistry parameters
except total protein and blood glucose. The values reported for
parameters of serum biochemistry agrees with the normal range
for Clarias gariepinus reported in the work of Okorie-kanu and
Unakalamba (2015). Age difference could be attributed to the
variations that were recorded in our haematological results with
that of Okorie-kanu and Unakalamba (2015). Another pointer
could be the environment in which fish is sampled. Ellsaesser
and Clem (1987) reported that variation is always exhibited in the
serum parameters of laboratory acclimatized fish when compared
to that of production pond or those in the wild. Stress could also
be a contributory factor to the variations recorded between the
laboratory cultured fish and wild fish (Myburgh et al., 2008).
The interaction of processing time and inclusion level effected
a significant (p<0.05) impact on the serum biochemistry of fish fed
dietary treatments containing toasted Luffa cylindrica seedmeal.
Fish fed CTR has the highest values of total protein and the
lowest values of blood glucose, while the rest parameters values
were in the ranges for the other tested diets. However, total
protein, albumin and globulin of the blood of fish fed diet CTR
was not significantly different (p>0.05) from that of the blood of
fish fed D1015T. Total cholesterol of the blood of fish fed D530T
was the lowest and its blood glucose was the highest. The serum
biochemistry parameters of the blood of fish fed D515T and
D1030T were not statistically different (p>0.05).

The serum biochemistry values in this study are within the
normal range. Higher than normal serum total proteins are
indices of liver damage (Coz-Rakovac et al., 2005) decimating
its deamination capacity by reducing its aminotransferase
ability. Barcellos et al. (2003) reported that higher than normal
serum protein could mean that some protein has been mobilized
as substrate for hepatic glyconeogenesis. The values of total
proteins in this study fall within the normal range of 20-40 g l-1
reported by Svobodova and Vykusova (1991). Excess blood
glucose than normal was also noted among the fish exposed
to test dietary treatments when compared to that of control.
This was also found by Kikuchi et al. (1994), Kikuchi (1999)
and Kumar et al. (2010). Aggregate plant ingredients in the test
dietary treatments were more than control which consequently
increases the carbohydrate contents of the diets explaining why
serum glucose was more in the test dietary treatment group
than the control group. Artacho et al. (2007) established that
serum glucose is a metabolite of carbohydrate metabolism.
Though, Yang and Chen (2003) reported that excessive than
normal serum glucose could be related to renal and/or liver
damage. Hypoxic condition could increase plasma glucose
(Svoboda et al., 2001; Lermen et al., 2004). The level of serum
glucose is considered to be a specific indicator of sympathetic
activation during stress condition. The serum cholesterol
reduces among test dietary treatment groups when compared

with control. The processing time of 10 min and inclusion level
of 30% and the interactive effect of 5 min and 30% inclusion
gave the lowest values of blood cholesterol. Reduction in blood
cholesterol was also found by Jimoh et al. (2015a) that it was
due to it being used in the manufacture of cortisol arising from
stress created by consumption of diets containing higher plant
ingredients. De Schrijver (1990) reported that plant ingredients
possess hypercholesteremic effect. Kaushik et al. (1995) and
Yamamoto et al. (2007) also found serum cholesterol of fish
being reduced by plant feed ingredients in their diets.
Effect of the dietary treatments on liver histology of Clarias
gariepinus
Photomicrographs of the liver of Clarias gariepinus exposed to
different dietary treatments containing differently processed Luffa
cylindrica seedmeal included at different levels are presented in
Figure 1. There was moderate diffuse vacuolation of hepatocytes
in the liver of fish fed diet CTR, though many normal hepatocytes
without vacuolations were also present; Fish exposed to diet
D515T had a mild diffuse vacuolation of hepatocytes. A moderate
diffuse vacuolation of hepatocytes,with many normal hepatocytes
without vacuolation, was observed in the liver of fish fed diet D530T.
Fish fed diet D1015T had mild periportal cellular infiltration in its
liver; while a moderate to severe diffuse vacuolar degeneration of
hepatocytes was found in fish exposed to diet D1030T.

a

b

c

d

e

Figure 1. Photomicrographs (H&E Stained) of the Liver of Clarias gariepinus fed; a) diet CTR- there is a moderate diffuse
vacuolation of hepatocytes, many normal hepatocytes without vacuolations are also present; b) diet D515T- there is a mild
diffuse vacuolation of hepatocytes; c) diet D530T- there is a moderate diffuse vacuolation of hepatocytes (arrows), many
normal hepatocytes without vacuolation are also present, there is mild periportal cellular infiltration; d) diet D1015T- there is
a moderate to severe diffuse vacuolar degeneration of hepatocytes (arrows); e) diet D1030T- there is also a moderate diffuse
vacuolation of hepatocytes X400.
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Effect of the dietary treatments on kidney histology of
Clarias gariepinus
Figure 2 shows the effect of feeding diets containing
differently processed Luffa cylindrica meal at different inclusion
levels on the histology of the kidney of Clarias gariepinus.

Fish fed D515T had areas of glomerular degeneration (black
arrows), and mild hemorrhage in the renal parenchyma
(white arrow); there was massive haemorrhage of the entire
parenchyma (arrows) in the kidney of fish fed diet D1015T. No
visible lesions were seen in the micrographs of fish fed CTR,
D530T and D1030T.
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Figure 2. Photomicrographs (H&E Stained) of the kidney of Clarias gariepinus fed; a) diet CTR - no visible lesions seen; b)
diet D515T - there are areas of glomerular degeneration (black arrows), and mild hemorrhage in the renal parenchyma (white
arrow); c) diet D530T - no visible lesions seen; d) diet D1015T - there is a massive haemorrhage of the entire parenchyma
(arrows);e) diet D1030T - no visible lesions seenx400.

Mild to moderate vacuolation of the hepatocytes recorded
among the livers of fish fed control and test dietary treatments
except those fed D1030T that recorded very severe vacuolation
of the hepatocytes was due to the fact that liver is the centre
of metabolism; regulating the various nutritional substances
consumed by the fish. Cabot (2000) and Nero et al. (2006)
reported that liver is predisposed to damage by different
xenobiotic substances in food substances consumed by fish.
Moderate to severe vacuolation observed in this study were in
consonance with the reports of Pereira et al. (2002); Hansen
et al. (2006); Martins et al. (2007); Mérida et al. (2010) and
Valente et al. (2011) that recorded the presence of numerous
vacuolation in the liver. Jimoh et al. (2015b) recorded marked
vacuolation of hepatocytes of the liver of the fish exposed to
different dietary treatments containing soybean meal that is
replaced by watermelon seedmeal. Livers of the fish exposed
to different dietary treatments under this study could be said
to belong to intermediate condition based on semi-quantitative
analysis of histological alteration in the liver developed by
Martínez-Llorens et al. (2012). The same authors categorized
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the extent of liver damage into three; for the livers, healthy livers
with normally shaped and sized hepatocytes with uncongested
vessels and normal sinusoid organization referred to as grade
1 liver. Grade 2 liver is the intermediate condition characterized
with displaced nuclei and/or lipofuscin-like material. Grade 3
is referred to as degraded liver with necrosis, pyknotic nuclei,
hyaline cytoplasm and/or large sinusoid spaces. The kidneys,
being the excretory organ, were also affected. However, normal
cell architecture was recorded in fish fed CTR, D530T and
D1030T.
Conclusion
From the foregoing, it could be concluded that processing
time (5 and 10 min), inclusion level of toasted Luffa cylindrica
seedmeal (15 and 30%) in diets and their interactions had
significant impact (p<0.05) on the hematology and serum
biochemistry of Clarias gariepinus. A decrease in RBC, PCV
and Hb was observed when compared with control for inclusion
level, processing time and/or their interaction. Total protein,

albumin and globulin of the blood of fish fed diet CTR was not
significantly different (p>0.05) from that of the blood of fish fed
D1015T. Mild to moderate vacuolation of the hepatocytes were
recorded among the livers of fish fed control and test dietary
treatments except those fed D1030T that recorded very severe
vacuolation of the hepatocytes. The kidney, being the excretory
organ, was also affected. However, normal cell architecture
was recorded in fish fed CTR, D530T and D1030T.
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