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Abstract: A 12-week study was conducted to investigate response of growing rabbits to diets containing
graded levels, 0, 5, 10 and 15%, of dietary Detarium microcarpum fruit pulp meal (DFPM) as replacement
for maize. Twenty-four, 5-week-old mixed breed grower rabbits divided into 4 groups of 6 rabbits were
randomly assigned to the four dietary treatments in a completely randomized design. The result of the
phytochemical assay shows that DFPM contained low level of tannins (0.023%), whereas saponins,
phytate, oxalates and hydrogen cyanide were not detected. Feed intake was significantly (P < 0.05) lower
in 15% DFPM than in the control diet. Daily weight gains, nutrient intake, protein to gain ratio and feed
conversion ratio were not (P > 0.05) influenced by the dietary treatments. Similarly, nutrient digestibility
was similar (P > 0.05) among the treatments. Cost of feeding and feed cost per kg body weight gain
(BWG) decreased (P < 0.05) with increasing levels of DFPM in the diets. Cost differential per kg BWG,
savings of feed cost and relative cost benefit per kg BWG significantly (P < 0.05) varied among the diets;
the rank order is: 15% > 10% > 5% > 0% DFPM. The impressive performance, nutrient digestibility and
comparative cost advantage of rabbits fed DFPM suggests that DFPM is an economically viable alternative
basal feedstuff to maize and can be used up to 15% or replace 37.5% of maize in the diets of growing
rabbits.
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INTRODUCTION

One major limiting factor to livestock production
is the high cost of conventional feedstuffs such as
groundnut cake, soybean cake, fish meal and maize,
but many non-conventional feedstuffs, especially
agroindustrial by-products, which are usually of no
feeding value to humans, can alternatively be fed at
cheaper cost to monogastric animals. 

Maize is the main cereal involved in animal
nutrition as the main energy source and can constitute
up to 40 to 60% of monogastrics' diets, especially pigs
and poultry. However, owing to its nutritional value,
there has always been keen competition between man
and animals for maize. This pressure on maize has
resulted in its skyrocketing price with consequential
increased cost of livestock production, which has
further exacerbated animal protein consumption
problem in tropical countries including Nigeria. This
scenario has therefore led to an increasing interest in
search for alternative non-conventional agricultural

products that can substitute for maize in livestock feed.
One of such waste by-products is Detarium
microcarpum fruit pulp (DFPM). 

Detarium microcarpum tree belongs to the family
Caesalpinoideae and is found mostly in savannah forest
of dried type. It is a highly yielding tree, with large
quantities of its fruits being left wasting every year in
the field[1], that  grows up to 9m in height. Currently,
it is of less value as human food rather large numbers
are cut down for fuel wood and charcoal production.
For economic reasons, it is reasonable to cultivate and
conserve this tree with desirable attributes to meet
livestock feed shortage. The fruits, which dropped
naturally when matured (November – May), are
circular and disc-shaped, covered with dark brown
fairly smooth skin and brittle when dry enclosing a
sweet greenish pulp mixed with a tangled network of
fibres surrounding the hard disc-shaped wrinkled stone
containing one seed. The tree has been estimated to
produce between 20 - 25kg of fruits/stand/annum and
can withstand burning with high regeneration interval
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when cut down[2]. Most of the presumed nutritionally
advantageous properties of these seeds wastes (pulp)
have been suggested to be associated with the
carbohydrate fractions. According to Ogundun[3] (2006)
the pulp of the fruit is used as a source of food for
man and livestock as it contains high level of soluble
carbohydrate. The fruit pulp has been reported to
contain 85.9 - 90.0% dry matter, 4.00 - 8.31% crude
protein, 2.55 - 3.50% crude fat, 3.20 - 4.27% ash, 20 -
25% crude fibre and 35 - 40% carbohydrate with  3.2
mg vitamin C and  64.5 g of sugar per  100 g[3,4]. The
main objectives of this study were to investigate the
phytochemical constituents of DFPM and the effect of
replacement of maize with graded levels of DFPM on
the performance, nutrient digestibility and cost
implication of grower rabbits. 

MATERIALS AND METHODS

Experimental Site: This study was carried out at the
rabbit unit of the Teaching and Research Farm of
Federal College of Wildlife Management, New Bussa,
Niger state. It is located between latitude 70 80´ and
100 00´N longitude 40 30´ and 40 33´E. The
temperature and relative humidity averaged 340C and
60% during the period of the study.

Processing of the Experimental Feedstuff: Dry
Detarium microcarpum fruits were collected from the
College Estate. The fruits were sun-dried consistently
until they were properly dried after which, they were
lightly pounded (to avoid seed breakage) with a pestle
and mortar to separate the seeds from the pulp
(mesocarp). The seeds and pulp were sieved with a
1mm size sieve to separate seeds from the pulp meal. 

Experimental Diets and Animal Management:
Twenty-four, 5-week-old mixed breed grower rabbits
were used for this study which lasted for 12 weeks.
The rabbits were randomly allocated to four dietary
treatments. Each treatment had two replicates of three
rabbits. The four experimental diets had the graded
inclusion levels of 0, 5, 10 and 15% DFPM, which
corresponded to 0, 12.5, 25.0 and 37.5% replacement
of dietary maize (Table 1) in a complete randomized
design. The experimental rabbits, housed in cages, were
fed basal diet of Tridax procumbens. Table 2 shows
the chemical compositions of the test feedstuff, basal
and experimental diets. The rabbits were dewormed
prior to the commencement of the experiment. Feed
and water were supplied ad libitum throughout the
study period. Left-over feed was weighed before next
morning feeding to determine the intake for the
previous day. Live weights of the animals were
recorded weekly. 

Digestibility trial was conducted during the last
week of the experiment by collecting the faecal
samples. Collected faecal samples were pooled together
and sub samples were taken, dried at 60oC to a
constant weight and stored until needed for proximate
analysis. 

Economic Analysis: Cost effectiveness of DFPM
supplementation was assessed using prevailing market
prices at the time of the experiment. The cost of the
DFPM diet was estimated by computing the cost of
labour for collection and processing of the fruit pulp.
Feed consumption was used to multiply cost per kg of
feed to obtain the cost of feeding. The feed cost per kg
of body weight gain (BWG) was calculated by dividing
the cost of feeding by BWG. The cost differential and
relative cost benefit of the diet in relation to the
control diet were calculated as follows: Cost differential
(X) = Cost per kg BWG of control diet less cost per
kg BWG of test diets, whereas relative cost benefit
describes the percentage gain realized by feeding
DFPM at the graded levels in relation to the control. 

Chemical Assay: The proximate composition of the
experimental diets, DFPM, faecal samples and
phytochemical constituents of DFPM were conducted
according to the procedures of AOAC[5].

Statistical Analysis: All data were subjected to one
way analysis of variance using completely randomized
design as described by Steel and Torrie[6]. Significant
treatment means were separated using Duncan's
multiple range tests[7].

RESULTS AND DISCUSSION

The low crude protein and high energy contents of
the DFPM suggest its potentiality as energy feedstuff.
The phytochemical screening of DFPM sample revealed
the presence of a low level of tannins (0.023%) while
saponins, phytate, oxalate and hydrogen cyanide were
not detected. The presence of tannins in DFPM could
be attributable to the fact DFPM is a by-product of a
leguminous browse fodder; browse fodders are known
to contain secondary metabolites, particularly
tannins[8,9], which limit their utilization in livestock
feeding. According to Aganga and Mosase[10] tannins
are widespread in small amounts with large
accumulations found in various plant tissues which are
utilised for food and feed such as browse plants,
legume seeds and forages. However, tannins, which
have been reported to usually give rise to a dry,
pickery, astringent sensation in the mouth[11] and bind
with diet protein and other nutrients thus lowering diet
intake and digestibility in animals[12], were low in the
pulp meal.
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Table 1: Ingredient composition of the experimental diets (%)
Ingredient Inclusion levels of DFPM

------------------------------------------------------------------------------------------------------
0 5 10 15

Maize 40.00 35.00 30.00 25.00
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Detarium fruit pulp meal 0.00 5.00 10.00 15.00
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Maize offal 30.00 30.00 30.00 30.00
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Groundnut cake 20.00 20.00 20.00 20.00
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Palm kernel cake 4.00 4.00 4.00 4.00
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Oyster shell 2.00 2.00 2.00 2.00
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bone meal 3.00 3.00 3.00 3.00
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Premix 0.25 0.25 0.25 0.25
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lysine 0.25 0.25 0.25 0.25
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methionine 0.25 0.25 0.25 0.25
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Salt 0.25 0.25 0.25 0.25

Table 2: Chemical compositions of the test ingredient, basal and the experimental diets 
Inclusion levels of DFPM (%)
------------------------------------------------------------------------------------------------------------------------------------

Parameter (%) DFPM TP 0 5 10 15
Dry matter 87.50 20.0 90.21 91.00 91.53 91.77
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude protein 6.61 15.31 17.00 16.77 16.54 16.26
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fat 2.00 4.33 5.65 5.69 5.73 5.87
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude fibre 2.59 27.67 5.87 5.62 5.35 5.30
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ash 3.40 14.0 5.10 4.97 5.00 5.12
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NFE 62.80 38.69 55.59 57.75 57.61 57.72
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Organic matter 84.10 86.0 85.11 86.03 86.53 86.65
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ME (Kcal/kg) 3920 2272 2738 2763 2787 2811
DFPM = Detarium fruit pulp meal
TP = Tridax procumbens

Table 3 shows the performance of rabbits fed diets
with graded levels of DFPM. To our knowledge, there
are no literature data on the performance of rabbits or
other livestock fed DFPM. Therefore, the discussion in
the present essay relies on previous studies on other
alternative non-conventional feed resources in rabbit’s
diets. The non-significant differences (P > 0.05) in the
final body weight, body weight gains and daily weight
gains are in consonance with the previous studies
involving other alternative feedstuffs such as processed
cassava peel meal, different combinations of soybean-
cheese waste meal, Rhodes grass, groundnut haulms,
sweet potato forage and soybean forage, and graded
levels of blood-wild sunflower leaf meal mixture fed to
rabbits[13,14,15], respectively. Furthermore, these weight
gain values agree with what were reported previously
in concentrate plus forage diets[16]. Good weight gain
response of animals is an indication of feed utilization

and thus implies the DFPM contains save level of toxic
factors that could impede feed utilization. Although
daily feed intake declined with increasing levels of
replacement of maize with DFPM, there were no
significant differences among the diets except at 15%
DFPM when intake was markedly (P < 0.05) lower
compared to the control diet. The decreased daily feed
intake of rabbit fed 15% DFPM compared to the
control may probably be due to the higher dietary
energy content of this diet. It appears that feed intake
is a logical consequence of the energy content of the
diets. Lebas et al[17] asserted that rabbit adjusts its feed
intake according to the energy concentration of the
feeds offered to it where the proteins and other dietary
components are balanced. Parallel observations were
reported[18] when graded levels of mulberry leaves were
fed in combination with a concentrate diet to grower
rabbits.  Although  the  presence of tannins in DFPM 
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Table 3: Intake and growth of rabbits fed Detarium fruit pulp meal 
Item Detarium fruit pulp meal (%)

-----------------------------------------------------------------------------------------------------------
0 5 10 15 SEM

Initial body weight (g) 330 328 329 331 4.90
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Final body weight (g) 1259 1250 1247 1245 7.98
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Weight gain (g) 929 922 918 914 6.89
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Daily weight gain (g/day) 16.59 16.46 16.39 16.32 0.32
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Daily feed intake (g/day) 62.00a 61.12ab 60.76ab 60.05b 0.71
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude protein intake (g/day) 10.54 10.24 10.05 9.76 0.30
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude fibre intake (g/day) 3.64 3.43 3.25 3.18 0.22
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NFE intake (g/day) 34.47 35.30 35.00 34.66 0.53
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Organic matter intake(g/day) 52.77 52.58 52.58 52.03 0.57
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Protein intake: gain ratio 0.64 0.62 0.61 0.60 0.02
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Feed conversion ratio 3.73 3.71 3.71 3.68 0.18
Means on the same row with different superscripts differ significantly (P < 0.05)

could, as well, have been implicated because tannins in
feed have been reported to act as toxin and/or digestion
inhibitions with resultant depression in feed intake[10],
the concentration of tannins in the DFPM is, however,
very low and much lower than the range of 1 - 20%
reported to have been commonly found in cereals and
legumes and implicated for depressed feed intake and
growth rate resulting in a poor feed efficiency and an
increase in the amount of feed required per unit weight
gain[19]. Intakes of nutrients, like the feed intake,
declined progressively from the control to 15% DFPM,
though not significant (P > 0.05) among the treatments.
This suggests that all the animals consumed enough
nutrients for their growth. The insignificant (P > 0.05)
differences in the protein intake to gain ratio and FCR
suggest that inclusion of DFPM up to 15% did not
affect protein utilization and efficiency of conversion
feed to meat. The results corroborate the findings of
other workers[13,15,20] who noted that inclusion of non-
conventional alternative feedstuffs in rabbits’ diets did
not affect the protein utilization and FCR.     

The insignificant (P > 0.05) variations in apparent
digestibility of the dry matter and nutrients (Table 4) 
explicitly demonstrated that DFPM can adequately
partially replace maize in the diets of grower rabbits
without adverse effect on nutrient digestibility. This
again led credence to the non-toxic level of tannins in
the DFPM because it is well known that tannins inhibit
digestive enzymes and increase endogenous and faecal
nitrogen excretion that strongly depress protein
digestibility as well as the digestibility of other
nutrients in ruminants and monogastrics[21].

The cost analysis of the experimental diets is
presented in Table 5. Cost per kg of diets declined
with increasing levels of DFPM. Cost of feed
consumed and cost per (BWG) showed the same trend
and were significantly (P < 0.05) higher in the control
diet than the DFPM diets; even among the DFPM
diets, it was outstandingly lower (P < 0.05) in 15%
DFPM than in 5% DFPM. Cost differential, savings of
cost of feeding and relative cost benefit per kg BWG
significantly (P < 0.05) varied among the DFPM diets;
the rank order is: 15% DFPM > 10% DFPM > 5%
DFPM. Increasing the inclusion levels of DFPM led to
reduction in feed cost obviously due to non demand for
the pulp unlike the highly priced and demanded maize.
Generally, as the level of inclusion of DFPM in the
diet increases, the economic efficiency of the diets
increases. The findings concur with that of Ajayi et
al.[15] who observed reduction in both feed and
production costs of the treatment groups relative to the
control. The increasing cost per kg BWG differential,
savings on the cost of feeding and relative cost benefit
per kg BWG with increasing levels of DFPM (all P <
0.05) further confirms the economic efficiency of
partial replacement of maize with DFPM, which
implies that in terms of benefits accruable to farmers,
15% DFPM gave the best result. The results are
consistent with previous findings[22] who reported that
savings in feed cost was achievable as a result of the
use of another non-conventional alternative ingredient
(dried cassava peel) in rabbits’ diets. Since there is
abundant availability of Detarium microcarpum plant
and  their  fruits,  which  are allowed to rotten in the 
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Table 4: Apparent nutrient digestibility in rabbit fed experimental diets (%)
Item Detarium fruit pulp meal (%)

-----------------------------------------------------------------------------------------------------------------
0 5 10 15 SEM

Dry matter 82.21 81.60 83.44 78.53 1.96
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude protein 78.56 77.54 74.83 77.67 1.65
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude fibre 62.24 63.51 59.36 58.00 2.44
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ether extract 84.00 82.42 81.37 79.15 2.08
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nitrogen free extract 79.86 80.10 81.33 78.00 1.57
Means on the same row without superscripts are not significantly different (P > 0.05)

Table 5: Economics of feed conversion of rabbits fed the experimental diets
Item Detarium fruit pulp meal (%)

----------------------------------------------------------------------------------------------------------
0 5 10 15 SEM

Cost/kg feed, x * 45.00 38.30 33.12 28.30 -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total weight gain, kg 0.929 0.922 0.918 0.914 0.01
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total fed consumed, kg 3.47a 3.42ab 3.40ab 3.36b 0.04
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cost of feed consumed, x 156.15a 130.99b 112.61c 95.09d 5.34
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cost of feed/kg BWG, N 168.08a 142.07b 122.67c 104.04d 5.46
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cost  of feed/kg BWG differential, N - 17.88c 25.36b 28.32a 1.50
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saving on feeding cost, % - 16.11c 27.88b 39.10a 2.87
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Relative cost benefit/kg BW gain, % - 15.47c 27.02b 38.10a 2.96
Means on the same row with different superscripts differ significantly (P < 0.05)
* Determined using the market price at the time of the experiment (April 2008) $ 1.00 =  N130
 N = Nigerian’s unit of currency

field, especially in the Northern Nigeria, a farmer can
harvest, process and store at a very minimal cost for
use in livestock feeding.

Conclusions: Based on the impressive performance,
reduced cost of production and increased economic
benefits of the animals fed DFPM relative to the
control diet, it is concluded that DPFM is a good
economically viable energy feedstuff for rabbit and can
be used up to 15% and therefore replaced 37.5% of
dietary maize in practical rabbit ration. However,
further research on higher inclusion levels of DFPM in
the diets of rabbits is suggested. 
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