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Assessment of the Growth Performance and Feed Utilization of Fingerling
Heterobranchus longifilis Fed Raw and Boiled Jackbean
(Canavalia ensiformis) Seed Meal as Fishmeal Substitute
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Abstract: Fmgerlings of Heterobranchus longifils were fed thirteen 1sonitrogenous (CP30%) and 1socaloric
(ME 2900 Kcal kg ") diets formulated by substituting fishmeal with raw or 60 min. boiled Jack Bean Seed Meal
(IBSM). After 56 days of feeding at 3% body weight, the specific growth rate SGR and apparent protein
efficiency ratio APER values at 10% raw JBSM substitution and up to 40% boiled JBSM substitution were not
significantly different from the controlled diet. The apparent feed conversion ratio AFCR for all the diets except
100% JBSM substituted diets were statistically similar. The fish carcass protein significantly decreased with
increasing JBSM substitution. Similarly the carcass fat values for fish fed boiled TBSM substituted diets
decreased significantly with increasing substitution while those fed raw JTBSM substituted diets showed no
trend. It 1s therefore concluded that raw and boiled IBSM could be successfully used to substitute fishmeal at
10 and 40% levels respectively in diets for Heterobranchus longifilis
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INTRODUCTION

Aquaculture has been the world’s fastest growing
food production system with global production mereasing
from 10.1 million metric tons (mt)in 1984 to 27.8 million mt
in 1995 Kureshy et al., 2000. This corresponds to an
average annual growth rate of 9.6% smce 1984, compared
with a growth rate of 3.1% for terrestrial livestock meat
production and 1.6% for capture fisheries production over
the same period Tacon and Barg, 1998. Currently,
aquaculture feeds use more than 20% of the world’s
supply of fishmeal put at 6 million mt per vear Hardy, 1999.
To reduce long-term dependence upon fishery resources,
Tacon and Barg, 1998. recommended that effort be placed
on use of products arising from the terrestrial agricultural
production sector.

Jackbean (Canavalia ensiformis) an indigenous
legume has shown promise as energy and protein source
for ammal production in view of its high seed yield
(2.5-30t ha™") Okonkwo and Udedibie, 1999. and up to
30% crude protein. However, jackbean contains toxic
antinutritional factors which limit its use as feed for
monogastrics D” Mello et al., 1985. Attempts by earlier
workers have shown that the nutritive value of jackbean
could be sigmificantly improved by heat treatment
Udedibie and Madubuike, 1988. This study investigated
the use of milled raw and 60 min. boiled IBSM as a
substitute for fishmeal in fish diets.

MATERIALS AND METHODS

Two types of TBSM were obtained by milling the raw
seed with hammer mill and subjecting a portion of the
milled bean to boiling for 60 min. The boiled meal was
thereafter dried in an oven at 60°C.

Samples of the meals were assayed for proximate
composition using the A.O.A.C., 1990. procedures.
Micro-Kjeldahl method was employed for Crude Protein
(CP) and soxhlet extraction method for Ether Extract (EE).
The gross energy was determined using adiabatic oxygen
bomb calorimetric technique. The milled raw seeds was
subjected to wet digestion with perchloric and mitric acids
by the Johnson and Ulrich, 1959. method. Following the
digestion, the mineral content was determined by atomic
absorption spectrophotometry. The phosphorus content
was determined on a spectronic 20 spectrophotometer
following the development of colour with ammonium
molybdate. Table 1 shows the composition of jackbean
seed meal.

Thirteen isonitrogenous (CP30%) and isocaloric
{ME 2900Kcal, kg™") diets were formulated using raw and
60min. boiled TBSM (Table 2). Diet T without TBSM served
as the control while diets 2,3,4,5,6 and 7 had the fishmeal
replaced progressively by raw IBSM at 10, 20, 40, 60 and
100% respectively. Diets 8, 9, 10, 11, 12 and 13 had the
fishmeal replaced by 60 min. boiled TBSM at 10, 20, 40 60,
80 and 100, respectively.
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Table 1: Chemical composition of JBSM (g kg™' DM)

Raw Boiled (60 min)

Crude protein N x 6.25 282.50 254.00
Ether extract 29.00 28.00
Crude fibre 67.30 62.10
Ash 34.40 29.20
NFE! 586.80 626.70
Phosphors 6.20 -
Calcium 0.90 -
Magnesium 0.80 -
Gross energy (Kcal 100 g1 459.32 456.52
'NFE = nitrogen free extract (100-[(%protein+% ether extract+% crude fibre+26 ash)]
Table 2: Composition of experimental duties

Diet No. /26 fishmeal substituted with JBS™M

1 2 3 4 5 6 7 8 9 10 11 12 13

Control ~ 10% 200 40% 60% 80% 100%% 10% 20% 40% 60% 80% 100%0
Fishmeal 22.00 1980  17.60 1320  8.80 4.40 0.00 1980 1760 1320 8.80 440 0.00
IBSM" 0.00 436 8.72 1744 2617 38.80 4361  4.93 9.86 1271 2957 3942 4928
Maize 35.00 3284 3068 2636 22.03 1521 1239 3227 2054 2409 1763 1218 672
Groundnut 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20,00  20.00 20.00 20.00
Meal
Saybean meal 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 1500  15.00 15.00 15.00
Wheat bran 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Palm oil 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Bone 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Premix"" 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
2% crude 30.27 30.15 29.93 29.50 29.07 28.39 28.11 30.10 29.83 2028 28.63 28.09 27.54
Protein
ME (Kcal. kgy™' 2986 2975 2964 2943 2920 2903 2933 2973 2916 2937 2967 2943 2918
"IBSM: diets 2-7 = raw JBSM; 8-13 = 60min. boiled JBSM : ™" Vitamin and mineral premix : " ME calculated

The fingerlings of Heterobranchus longifilis used for specificgrowthrate = logeW, —logeW, )

the experiment were procured from Green Lake Farms
Mgbahin near Owerri. Individuals of fairly umform size of
initial average body weight 1.89g that had been acclimated
1 20 L square plastic aquaria for seven days were used.

The test diets were assigned randomly to duplicate
groups of ten fingerlings in the aquaria. The experimental
fish were fed the assigned diets once daily for fifty-six
days at 3% body weight per day in order to stimulate food
consumption (Cruz and Laudencia, 1977). After the
mitial weight records the fish in each aquarium was
batch-weighed fortmghtly and from the data, the
quantity of feed to be dispensed was adjusted to reflect
the new weight. During this period, water was replaced
from each aquarium every 3 days by siphoning. The water
temperature, PH and dissolved oxygen were also
monitored daily.

Four fish were sacrificed at the commencement of the
study and two fish from each aquarium at the end of the
experiment for fish proximate body composition analysis.

From the data collected, the following growth indices
and nutrient utilization parameter were calculated for each
treatment. Specific Growth Rate (SGR), Apparent Feed
Conversion Ratio (APER), Crude Protein (CP) and ether
extract (fat) of fish carcass.

The indices were calculated using the following
formulae:
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T

W,=Fmal body weight: W, = Initial
T = Duration of study in days.

body weight:

Appaerent feed conversionratioAFCR =

WYof dryfeed dispensed (2)
live weught gain
Apparent protein efticiencyratio Aper =
WTgain(g) (3)
Apparent proteinintake

Statistical analyses: One-way Analysis of Variance
(ANOVA) was used in determiming any statistical
variation among the treatment groups. The Duncan’s
multiple range test was used i separating the means.

RESULTS

The crude protein, either extracts and crude fibre
decreased in boiled JBSM (Table 1) while the NFE
increased. The mean values of some physico-chemical
parameter of the culture water monitored were:
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Table 3: Effect of test diets on the SGR, AFCR, APER Carcass Protein and fat of H. longifilis

% Fishmeal Substitution (Diet type)

Variable Proc method 0 10 20 40 60 80 100
SGR 1 1.71%(1) - - - - - -
- 1.62%(2) 1.35%%(3) 1.11 %54 0.96%(5) 0.55%&) 0.31(7)
3 - 1.67*(8) 1.57%(9) 1.51*(10) 1.24°%(11) 0.91%(12) 0.39713)
AFCR 1 1.69*1) - - - - - -
- 1.89%(2) 2.23%(3) 2.58%4) 3.05%5) 3.05%6) 10.24%(7)
3 - 1.72%(8) 1.83%(9) 1.89%(10) 2.35%11) 3.15%12) 7.69%(13)
APER 1 1.95%1) - - - - - -
- 1.75%(2) 1.53%(3) 1.29°49() 1.12%5) 0.37¢(6) 0.37%7)
3 - 1.92%(8) 1.82%(9) 1.78®(10) 1.49%(11) 0.49:¢12) 0.49:(13)
Protein 1 62.22%1) - - - -
- 61.48°%2) 61.43°%(3) 60.82(4) 60.3622(5) 59.88i(6) 59.555T)
3 - 61.78%(8) 61.34%(9) 60.85%10) 60.20%(11) 60.20%(12) 59.97(13)
Fat 1 9.41%(1) - - - - R -
2 - 9.30%2) 2.495(3) 9.63%4) 9.31°%5) 9.45%(6) 9.47%(T)
3 - 9.28%8) 9179 8.985(10) 8.76M(11) 8.441(12) 8.261(13)

All means in the same cell with different superscripts are significantly different (p< 0.05), * Processing method: 1 = control; 2 = diets containing raw jackbean

seed meal;,3 = diets containing #0min boiled jackbean seed meal

Temperature 28.5 £1°C; PH 6.8 £ 02 and dissolved oxygen

(DO) 6.4£0.5mg L. The water quality during the period
1s thus considered suitable for fish production.

The performance of H. longifilis under the different
diet treatments presented in Table 3. The results show
significant differences among treatments for SGR. The
SGR values recorded for H. longifilis fed 10% raw IBSM
substituted diet (2) and up to 40% boiled TBSM
substituted diets (8,9 and 10) were statically (p< 0.05)
similar with those fed the central diet (1) but significantly
different from diets 4, 5, 6, 7, 12 and 13.

The walues recorded for the Apparent Feed
Conversion Ratio (AFCR) showed that all the treatments
were statistically (p< 0.05) similar except for fish fed 100%
IBSM substituted diets (7 and 13).

The data obtamned from the Apparent Protein
Efficiency Ratio (APER) gave a trend that 1s similar to that
obtained for SGR. Fish fed diets 2,8,9 and 10 were
statistically (p<t 0.05) similar to those fed the control diet
(1), but significantly different from those fed 80% and
100% TBSM substituted diets (6, 7, 12 and 13). However,
fish fed diets 2, 3, 9, 10 and 11 had statistically similar
values.

The fish carcass protein values for the various
treatments showed significant (p<0.05)
variation. The general trend showed decreasing protein
values with increasing JBSM substitution. The values
obtained for fish fed the control diet (1) was ligher and
significantly different from those obtained for other
treatments.

The fish carcass fat values for the various treatments
also showed significant (p<<0.03) statistical variation. Fish

statistical
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fed diet 4 had fat content that was highest and
significantly different from others. The values from diets
3, 6 and 7 were higher than that of the control diet (1),
they were statistically (p<0.0) sunilar. Generally fish fed
raw JBSM substituted diets had higher carcass fat than
those fed boiled JBSM substituted diets.

DISCUSSION

The decrease in the protein and ether extract of
boiled JBSM may have been caused by some form of
leaching. The decrease in the crude fibre is a positive
development since high fibre feed ingredients are
generally poorly digested by fish. Similar decrease in
values of crude protein, ether extract and crude fibre for
jackbean seed meal had also been reported earlier by
Udedibie et al. (1996).

The general decrease in the SGR of H. longifilis fed
increasing dietary levels of JBSM (Table 3) may be
attributed to the presence of antinutritional factors in
jackbean seed Belmar and Morris, 1994, which are known
to cause growth reduction in fish. Al-Owafeir, 1999.
similarly observed significant reduction in growth of fish
fed low levels of tamnic acid. Dabrowski et al, 1989.
reported that replacement of fishmeal with soybean meal
by 50% only led to growth reduction while total
replacement of fishmeal mn the diet by soybean meal
resulted in growth arrestment.

In this study, replacement of fishmeal in the diet with
raw IBSM beyond 10% led to sigmficant (p<0.05)
reduction 1s SGR. But boiling IBSM improved the quality
to the extent that H. Iongifilis fed with up to 40% boiled
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IJBSM substituted diets had similar SGR to those fed the
control diet. Wee and Shu cited in Ogunji, 2004. noted
that boiling not only reduced the trypsin inhibitor level in
fullfat soybear, it alse enhance viability of carbohydrate
to Nile tilapia, hence increased the digestibility.

Same reason may have warranted the improvement
experienced m this study. Fish fed diets (11,12 and 13)
containing boiled TBSM above 40% fishmeal substitution
had poor SGR values that are significantly different from
the control diet. This reflects the inadequacy of boiling to
transform IBSM to the quality of fishineal. Heat treatment
markedly reduces protein digestibility and biological value
due to the destruction of amino acids or through the
formation of linkages between individual amino acids
which are resistant to digestion (Bressam et af., 1987,
McCallum and Higgs, 1989, Pike et al., 1990).

Though the Apparent Feed Conversion Ratio
(AFCR) values of H. longifilis generally increased with
mcreasing dietary JBSM, the very high AFCR values for
fish fed diets (7 and 13) with 100% substitution of
fishmeal by IBSM relative to other diets caused distortion
in the ranking (Table 3) such that only two groups
emerged (1e diets similar to the control and diets with
100% substitution). The high AFCR observed at high
dietary JBSM level may have been ceased by growth
arrestment and even emaciation in some of the fish.

The trend m Apparent Protein Efficiency Ratio
(APER) of H. longifilis fed the test diets is similar to what
obtained in SGR (Table 3). It is obvious that the essential
amino acid composition of jackbean seed is not
comparable to that of fishmeal. Though jackbean seed 1s
rich in lysine, it is deficient in tryptophan and
methionine/cysteine Kessler ef al., 1990. The deficiency,
coupled with the presence of antinutritional factors may
be responsible for the very poor APER values obtammed in
H. longifilis fed diets containing raw JTBSM (with the
exception of diet 2). Rosenthal and Dalman, 1982. reported
that canavanine in jackbean causes reduction of protein
and glyco-protein synthesis and inlubition of RNA
synthesis by incorporating into proteins in place of
arginine resulting in aberrant macromolecules with
reduced activity and change of function. Though soluble
in water, canavanine 1s considered thermostable and has
been suggested as one of the main causes of poor
performance of chicks given diet contaming either
autoclaved or cooked jackbean D’Mello et al, 1985.
Chymotrypsin and amylase inhibitors implicated in
reducing protein digestibility were reported by Gomez-
sotillo et al, 1993, in jackbean. Though boiling
significantly improved TBSM quality such that up to 40%
substitution level (diet 10) had similar APER to the control
diet (1), the presence of these antinutritional factors even
mn boiled TBSM may have been partly responsible for the
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poor protein utilization efficiency at high (= 40%
substitution) levels of boiled TBSM. This observation
agrees with the report by Kissil et «l, 1997. that
cyanogenic glycosides 1n rapeseed protein caused
reduction in protein utilization efficiency in gilthead
seabream. De la Higuera ef al., 1988. equally reported that
saponin in lupin seed meal adversely affected dietary
protein utilization in rainbow trout.

The general decrease in fish carcass protein with
increasing dietary level of JBSM (Table 3) in this study
agrees with the findings of Dalorowski and Kozlowska
(1981) for carp fed rapseed meal. This may not be
unrelated to the poor nutrient utilization associated with
increased level of dietary jackbean seed meal earlier
mentioned. On the other hand, the fish carcass fat content
showed a decreasing tendency only with mcreasing
dietary boiled JBSM. Fish fed diets containing raw TBSM
did not display any marked change. This is contrary to an
earlier report by Hossamn and Januncey, 1989. for common
carp. Phosphorus deficiency 1s known to cause such
effect Sakamoto and Yone, 1980. The presence of
antinutritional factors in raw TBSM may have caused
unavailability of phosphorus for utilization as a result of
complexing with other compounds.

Tt is believed that compounding feeds with 10% or
40% of the fishmeal substituted with raw IBSM or
60 min-boiled TBSM respectively will ensure optiunum
growth mn semi-mtensive production systems for .
longifilis. The result of this study is therefore envisaged
to have practical applications particularly in terms of
ready availability of essential protein feed ingredient
(JBSM) that 1s considerably cheaper than fishmeal.
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