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Abstract

A 12-week study was carried out to examine the effect of substituting dietary maize with
differently processed African star applekernel meal (ASAKM) on growth performance, blood
indices and economic benefits of growing rabbits. Atotal of 60 weaner rabbits (mixed breed,
averageweight, 590 g) wererandomly allocated to five dietary treatments comprising of 10 %
each of boiled, fermented, roasted and soaked African star apple kernel meal assubstitutefor
dietary maize. Diet 1 (0% ASAKM) served asthe control diet. Each of the five treatments was
replicated thrice. Each replicate had four rabbits in a Completely Randomized Design.
Rabbits fed diets containing 10 % boiled and 10 % roasted ASAKM gained weight (P<0.05)
faster than those fed other diets. Feed conversion ratio was significantly better (P<0.05) for
rabbitsfed BASAKM,, and RASAKM,, diets. Therewere no significant (P>0.05) differencesin
theblood parameter smeasured except thewhiteblood cell (WBC), alkaline phosphate (ALP),
aspartateaminotransferase (AST) and alanineaminotransferases(ALT) (P<0.05). Economic
analysis showed significant differences (P<0.05) in all the parameters measured. Cost of
feed/kg was significantly reduced (P<0.05) with inclusion of ASAKM in rabbit diets.
Production cost and revenue (¥) were better (P<0.05) among rabbits fed Boiled ASAKM
diet. It was concluded that either BASAKM or Roasted ASAKM can replace 10 % dietary
maize in the diets of growing rabbits without compromising growth performance, blood
profilesand economic benefits of growing rabbits.
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Introduction al., 2014; Makinde, 2016) and African star
Currently, research efforts in Nigerian appleseed (Jimohetal., 2014).

livestock industry are geared towards  African star apple (Chrysophyllumalbidum)
identifying and exploiting novel feed popularly called “Agbalumo” among the
ingredients which are not in strict Yoruba tribe of Western Nigeria is aso
competition with man's dietary needs. known as “Agwaluma” and “Udara” in
Thesenove feedingredientsinclude: agro- Hausa and Igbo languages respectively. Itis
industrial by-products and leaf meals of primarily cultivated for its sweet fleshy
tropical browse plants such as pawpaw | eaf fruits which had been reported as an
meal (Bitto et al., 2006), Flamboyant tree  excellent source of vitamin C, iron,
seed meal (Alemede et al., 2010), Tallow thickener or jam and flavours to diets, and
(Detarium microcar pum) seed meal (Jiya, raw materials to some manufacturing
2012), Leucaenaleucocephala (Adekojo et industries such as resin (Adisa and Fgjola,
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2000). Star apple belongs to the Sapotacae
family and is believed to have originated
from the low-lands of Central Americaand
West Indian. Itiscommonin both urbanand
rural centers in Nigeria. The ripe fruit is
highly perishable, and deteriorate within
five days of harvest (Adisa and Fgjola,
2000). Several researchers(Adewoyeet al .,
2010; Edem and Miranda, 2011; Agbabiaka
et al., 2013) have reported the nutritional
and medicinal importance of African star
appleseed.

Nutritionally, its seeds have been reported
to contain 14.66 % moisture, 10.13% crude
protein, 1.22 % crude fibre, 9.72 % lipid
and 7.25 % ash (Agbabiaka et al., 2013).
However, the presence of anti-nutritonal
substances such as phytate, oxalate,
saponin, and tannin in the seeds hinder
animals from benefitting from it
nutritionally (El-mahmood et al., 2008;
Agbabiaka et al., 2013). Different
traditional processing methods such as
roasting, cooking, soaking and fermenting
were reported to reduce anti-nutritiona
factorsand raise bioavailability of nutrients
in various seed meal (Ahamaefule et al.,
2008; Alemede et al., 2010; Jiya, 2012).
Apart from thereport of Jimoh et al. (2014)
on haematol ogical changes in the blood of
Clarias gariepinus fed African star apple
seed meal as energy source, thereis dearth
of information on the potential of African
star apple seeds/kernels as aternative feed
source. Therefore, this study is aimed at
evaluating the effect of differently
processed African star apple (C. albidum)
kernel asfeedfor growing rabbits.

Materialsand methods

Experimental site

The experiment was conducted at the
Rabbitry Unit of the Teaching and Research
Farm of the School of Agriculture and
Agricultural Technology of the Federa
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University of Technology, Gidan Kwano
Campus (Permanent site), Minna, Niger
State. Minnaislocated within latitudes 4°30'
09°30" and 09°45'N and longitudes 06° 30'
and 06°45 'E with an altitude of 1475 m
abovesealevel (13). Theareafalswithinthe
southern guinea savannah vegetation zone
of Nigeria with average annual rainfall of
between 1100 and 1600 mm and a mean
temperature of between 21°C and 36.5°C
(Climatemp, 2017). Minna experiences two
distinct seasons; dry season (November to
March) and wet or rainy season (April to
October).

Samplecollection and preparation

The seeds of African star apple used for this
research were collected from African star
apple fruit farmers in Osogbo, Osun State,
Nigeria. The seeds were washed thoroughly
with water, sundried and dehulled to expose
the mesocarp (kernel). The mesocarp was
dividedinto4 batchesasfollow:
Fermentation

One kilogram of African star apple kernel
was fermented in water for 72 h at therate 1
kilogram kernel to 5 litres of water as
described by (Agbabiakaet al., 2013).
Roasting

One kg of African star apple kernel was
roasted at 70 °C for 30 minutes using fire
wood with iron pot mixed with sand
according to the method described by (Sola
Ojoetal., 2013).

Soaking

One kilogram of African star apple kernel
wassoakedincoldwater for 24 hat therate 1
kilogramkernel

to5litreof water asdescribed by (Saulawaet
al., 2014).

Boiling

One kilogram of African star apple kernel
was subjected to boiling at 100 °C for 15
minutesat therate 1 kilogramkernel to5litre
of water as described by (Ahamaefule et al.,
2008; Jimoh et al. 2014) after which water
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was drained off by means of 10 mm sieve
and the boiled kernels were air dried for
threedays.

Experimental design and management of
experimental animals

A total of 60 weaner rabbits of composite
breeds and mixed sexes, aged between 5
and 6 weeks were procured from the rabbit
section of National Animal Production
Research Institute (NAPRI), Shika — Zaria,
Kaduna State, Nigeria. They were
randomly divided intofivegroupsof twelve
(12) rabbits per treatment. Within each
treatment, there were 3 groups of 4 rabbits
for triple repetition. The rabbits were
housed according to treatments in a well-
ventilated room in hutches. The hutches

Table 1: Gross composition of experimental diets

were fitted with drinkers and feeders. The
rabbitswere pre-conditioned for two weeks,
during whichthey weretreated twice (oncea
week) against parasitic infestation with
Ivermectin subcutaneously. They had access
to feed and fresh water ad libitum over 12
weeksexperimental period.

Experimental diets

Five experimental diets were formulated.
Diet 1 served ascontrol diet whileDiets 2, 3,
4 and 5 contained 10 % Boiled ASAKM, 10
% Fermented ASAKM, 10 % Roasted
ASAKM and 10 % Soaked ASAKM
respectively as substitute for maizein rabbit
dietsasshownin Table 1. A known quantity
of thedietswas served twice daily at 8.00am
and 4.00pm and supplemented with 10 g of
Groundnut haulmper animal thriceaweek.

Ingredients (%) 0% BASAKM1y FASAKMyo RASAKM1y SASAKMyg
Maize 40.00 36.00 36.00 36.00 36.00
BASAKM 4.00
FASAKM 4.00
RASAKM 4.00
SASAKM 4.00
Maize offd 25.00 25.00 25.00 25.00 25.00
Rice offal 18.00 18.00 18.00 18.00 18.00
Soyabean meal 2.00 2.00 2.00 2.00 2.00
Fish meal 1.20 1.20 1.20 1.20 1.20
Groundnut cake 10.00 10.00 10.00 10.00 10.00
Limestone 1.00 1.00 1.00 1.00 1.00
Bonemeal 2.00 2.00 2.00 2.00 2.00
Salt 0.20 0.20 0.20 0.20 0.20
*Premix 0.30 0.30 0.30 0.30 0.30
Methionine 0.20 0.20 0.20 0.20 0.20
Lysine 0.10 0.10 0.10 0.10 0.10
Total 100 100 100 100 100
Calculated Nutrients
Crude protein (%) 16.41 16.85 16.85 16.85 16.85
Energy (Kcal/kg ME) 2647.50 2604.03 2604.03 2604.03 2604.03
Crudefibre (%) 10.35 10.05 10.05 10.05 10.05
Ether extract (%) 4.08 411 411 411 411
Ca (%) 1.05 112 112 112 112
Avall. P 0.69 0.51 0.51 0.51 0.51

*Premix in diets provided per kg: Vit. A 10000 1U, Vit. B 2000 IU, Vit. E 13000 |

U, Vit. K 1500mg, Vit. B12 10mg, Riboflavin 5000mg,

Pyridoxine 1300mg, Thiamine 1300mg, Panthothenic acid 8000mg, Nicotinic acid 28000mg, Folic acid 500mg, Biotin 40mg, Copper
7000mg, M anganese 48000mg, | ron 58000mg, Zinc58000mg, Selenium 120mg, | odine 60mg, Cobalt 300mg, Choline 27500mg
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Table 2: Proximate composition of raw and differently processed African star applekernels

Nutrients,% *RASAK BASAK FASAK RASAK SASAK
Dry matter 9321 92.83 93.07 93.09 92.40
Crude Protein 12.03 13.26 8.08 10.81 7.95
Crudefibre 5.10 5.20 6.20 5.10 6.00
Ether extract 1.45 155 138 1.70 197
Ash 1.85 125 2.60 155 3
Nitrogen free extract 72.78 71.57 74.82 73.93 73.38
Gross energy (Kcal/100 g) 400.10 401.20 401.19 401.21 400.11
Metabolizable energy 3147.23 3157.96 3067.36 3163.37 3059.70
(Kcal/kg)

*RASAK = Raw African star apple kernel, BASAK = Boiled African star apple kernel, FASAK = Fermented African star apple kernel,
RASAK = Roasted African star apple kernel, SASAK= Soaked African star apple kernel

Table 3: Anti-nutrient composition of raw and differently processed African star applekernels

Antinutrients, mg/100g *RASAK BASAK FASAK RASAK SASAK
Saponin 5.00 0.33 2.02 0.35 133
Tannin 7.33 0.61 4.02 1.08 3.10
Oxalate 12.41 154 5.00 2.00 4.67
Phytate 10.06 0.17 3.33 0.17 1.67

*RASAK= Raw African star applekernel, BASAK = Boiled African star apple kernel, FASAK = Fermented African star applekernel,
RASAK = Roasted African star apple kernel, SASAK = Soaked African star apple kernel

Datacollection

Growth performancestudy

Rabbits were weighed individually at the
beginning of the experiment and weekly
thereafter for the duration of the
experiment before morning feeding, with
accuracy to 1 g. To evaluate growth
performance, initial weight, average
weight gain, average feed intake and feed
conversionratiowere cal cul ated.

Blood collection

At theend of the study period, blood (5mL )
was collected from six rabbits per
treatment through the jugular vein of each
dlaughtered rabbit and put into bottles
containing Ethylene Diaminetetra- acetic
Acid (EDTA) for haematological analysis.
Similarly, blood samples meant for serum
biochemica studies were collected into
plain bottles (without anticoagulant) to
enhance serum separation. Serum was
obtained by centrifugation and the
harvested serum samples were used for
anaysis. All the analysis was done at the
Genera hospital, Minna according to the
methods described by Kohn and Allen
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(1995).

Economicanalysis

The cost/kg feed was obtained by adding the
cost of procuring the various feed
ingredients in a particular treatment and
dividing with the total feed consumed in
various treatment groups. Cost of total feed
consumed was calculated by multiplying
total feed consumed in each treatment with
the cost/kg feed. The cost/kg weight gain
wasobtained by multiplying the cost/kg feed
with feed conversionratio (feed / gain). The
net benefit or profitindex wasmeasured as:
Difference between revenue and production
cost per 1 kg rabbit meat.

Chemical analysis

Proximate composition of roasted African
star apple kernel and experimental diets
were analysed using the methods described
by AOAC (2006).

Statistical analysis

Data collected were subjected to analysis of
Variance using SAS software (SAS, 2008)
while significant meanswere separated with
Duncan multiple range test at 5% level of
significance.
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Results

Tables 2 and 3 show the proximate and anti-
nutrient compositions of raw and
differently processed African star apple
kernel used for the study. Table 4 and
Figure 1 show the result of the effect of
differently processed African star apple
kernel meal on growth performance of
growing rabbits. There were significant
(P<0.05) differences in the daily weight
gain and feed conversion ratio of the
rabbits. Daily weight gain and feed
conversion ratio of rabbits fed Control,
BASAKM,, and RASAKM,, diets were
similar (P>0.05). The lowest daily weight
gain was observed among rabbitsfed 10 %
SASAKM diet. There was no significant
(P>0.05) differencein the daily feed intake
of all rabbits.

Table 5 shows the result of the effect of
differently processed African star apple
kernel meal on blood profiles of growing
rabbits. There were no significant (P>0.05)
differences in the blood parameters
measured except the WBC, ALP, AST and
ALT (P<0.05).

Table 6 shows the result of the effect of
differently processed African star apple
kernel mea on economic benefits of
growing rabbits. Significant differences
(P<0.05) were observed in all the
parameters measured. Cost of feed/kg
reduced (P<0.05) withinclusion of ASAKM
in rabbit diets. Lower production cost and
higher revenue (¥) were obtained (P<0.05)
among rabbitsfedBASAKM , diet.

Table 4: Effect of differently processed African star apple kernel meal on growth performance of

growing rabbits
Initial Final Total weight  Daily weight Dailyfeed FCR PER
weight,g  weight,g gain, g gain, g intake, g
Control 584.39 1948.60¢  1364.21° 16.24? 59.93 369 184
BASAKMyp  589.58 1963.23*  1373.65° 16.35° 59.62 365 1.9
FASAKMyp  585.82 1545.28°  959.46° 11.42° 62.05 550° 1.3%°
RASAKMy  587.94 1899.20¢  1311.26% 15.612 60.95 3918 169
SASAKMyp  593.01 1428.68°  835.67° 9.95° 60.25 6.07°¢ 127
SEM 7.05 49.93 46.05 1.66 153 026 011
P-value 0.229 0.001 0.001 0.001 0.699 0.001 0.001
LOS NS * % * % ** NS ** **

abc= meanswith different super scripts on the same column are significantly different (P<0.05*, P<0.01**), SEM= Standard error of mean,
P = Probability value. LOS = Level of significant. NS = Not significant. FCR= feed conversion ratio. PER = Protein efficiencyratio.
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Figure 17 Effect of differently processed African star apple Kernel meal on growth

perfor mance of growing rabbits
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Table 5: Effect of differently processed African star apple ker nel meal on blood profiles of growing

rabbits

Parameters Control BASAKMj3z FASAKMix RASAKMiz SASAKMyz SEM  P-val
Whiteblood cell, 8.37° 11.60? 12,507 8.09° 13.272 110 0.001
X10%/mm?

Red blood céll, 495 5.08 6.06 6.44 6.06 103 0.75
X10%/mm?

Haemoglobin, 11.14 11.02 11.62 11.78 9.67 202 0641
g/dl

Packed cell 38.44 4231 4467 43.60 40.86 581 0.890
volume, %

Albumin, g/d| 2.54 2.72 2.62 2.58 2.48 034 0.091
Globulin, g/di 3.76 321 381 3.95 3.23 0.79 0477
Tota protein, g/dl  6.30 5.93 6.42 6.53 5.69 069 0.697
ALP iu/lL 51.74° 7348 66.25° 74.78° 74772 905 0.044
AST, iu/L 6282 7452 68.95> 84.31° 103.38% 11.06 0.001
ALT, iu/L 4948  67.04 67.04° 62.26° 58.67% 8.86  0.006

abc=mean with different superscriptson the samerow are significantly different (P<0.05), SEM = Standard error of mean, P £robability
value. alkaline phosphate (AL P), aspartate aminotransferase (AST) and alanine aminotr ansferases (ALT)

Table 6: Effect of differently processed African star apple kernel meal on economic benefits of

growing rabbits

Parameters Control BASAKMlo FASAKM 10 RASAKMlo SASAKMlo SEM P-
value

Cost/kg feed, N 98.64% 93.71° 93.84° 93.17° 93.08"° 041 0.001

Cost/kg gain, N 317.48*  298.27° 430.93 368.53° 472,38 2472  0.001

Production Cost, ¥ 1818.55* 1791.33° 1810.45* 1801.74% 1803.13% 1325 0.010

Revenue, ¥ 1877.05° 1888.38* 1365.92° 157351° 1222.56™ 83.79  0.001

abc=mean with different superscripts on the samerow are significantly different (P<0.05), SEM= Standard error of mean, P Probability

value. (means expressed as % of dressed weight)

Discussion

The crude protein value ranged from 8.08%
(DM) for fermented kernel to 13.26% (DM)
for boiled kernel. Thecrude protein val ue of
12.03% observed in this study was higher
than that reported by Agbabiaka et al.
(2013) for raw star apple kernel. Also, the
value of 8.08 % CP observed for fermented
star apple was lower compared to 14.49 %
CPreported by Agbabiakaet al. (2013). The
value of 10.81 % CP observed in this study
for roasted star apple kernel was similar to
the 10.95 % CP reported by Jimoh et al.
(2014) for roasted star apple seed. The
differences in these values may be
atributed to variation in soil, climate,
variety, storage and processing methods.
The crude fibre value ranged from 5.10%
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for raw to 6.20% for fermented kernels.
Fermentation significantly (P<0.05)
increased the crude fibre content compared
to other processing methods. The NFE
values ranged from 71.57 % for boiled
kernels to 74.82 % for fermented kernels.
These values were higher than the range of
51.04 to 69.45% recorded for fermented and
raw kernels respectively (Agbabiaka et al.,
2013). Abdullahi (2012) reported arange of
76.37- 79.85% NFE for differently
processed mango seed kernels. This
observation isan indication that African star
apple kernel contained a moderately high
level of calorie compared to some
conventional feedstuff. There was no
significant (P>0.05) difference in the daily
feed intake of rabbits across the treatment
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groups. This indicates that there was no
inhibition in the consumption of any of the
diets. Any differences observed in other
performance parameters could therefore
only arise from the utilization of the diets.
The growth rates of rabbits fed control,
BASAKM,, and RASAKM,, diets were
better compared to rabbits fed other diets.
Theseresultsshowed the superiority of heat
treatments (boiling and roasting) in
reducing the anti-nutrients inherent in
African star apple kernel and making the
nutrients available over water treatments
(fermentation and soaking) as observed in
the results of proximate and anti-nutrient
compositions(Tables2 and 3). Shaahu et al.
(2014) reported that rabbits fed boiled
lablab seed meal had better performance
compared to those fed other treatment
methods (decorticated, toasted). The
authors observed that heat treatment results
in the destruction of some anti nutritional
factors such as trypsin inhibitors,
haemagglutinins, phytic acids and
hydrogen cyanide. This improves nutrient
availability and utilization of the seed for
better performancein monogastric animals.
Also, Nsa et al. (2013) reported the
superiority of boiled castor seed meal over
soaked castor seed meal in layersdiet. The
authors observed that boiled castor seed
meal increased egg production and can
totally replace soybean meal in diets for
laying hens compared to soaked castor seed
meal .

The depressed daily weight gain and FCR
observed among rabbits fed FASAKM,,
and SASAKM,, could bedueto theeffect of
anti-nutritiona factorsin thefermented and
soaked kernels. It could be recalled that of
all thefour treatment methods(Table3), the
level of anti-nutrients (oxalate, saponin,
phytate and tannins) were highest in the
fermented and soaked samples. Oxalates
have been reported to form complexes with
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mineral particularly calciumthereby making
themunavailableto thebody, causeirritation
of the gut and resulting in low feed intake,
inhibit protein and energy utilisation in
broilers (Agwunobi, 2002; Ndimantang et
al., 2006; Okereke, 2012). Phytate impairs
the utilisation of protein and some minerals
resulting in poor performance while tannins
inhibits digestive enzymes and causes
irritation of the gut. Not only does oxaate
interfere with calcium absorption in the
digestive tract, it aso limits nitrogen
retention (Hang and Preston, 2009; Hang
andBinh, 2013).

The blood parameters analyzed in this study
were within the normal range established by
RAR (2009) for growing rabbits. Total
protein and albumin are good indices of the
quality of dietary proteins (Lewis, 1977).
The serum enzymes were within the normal
range for all treatments although rabbits fed
SASAKM,, diet recorded the highest value
of 103iuw/L inAST content of theblood. This
could be as aresult of the extraload on the
liver due to anti-nutritional factors in
African star applekernels. Moreso, theliver
does not only secrete these enzymes, there
are other sitesin thebody for such secretions
and soit could not be concluded as being the
reasonfor itsel evation asexplained by (Voss
et al., 1993). The serum enzyme activities
above the normal ranges indicate that the
animals might have suffered liver and/or
kidney damage, as reported by PGCV
(1990).

The cost per kg feed decreased among
rabbitsfed differently processed African star
apple kernel meal diets. This is due to the
cheaper cost of African star apple kernel (¥
5.04) compared to maize (}¥ 10.00/kg). The
best feed cost/kg gain and revenue were
observed among rabbitsfed BASAKM ,, diet
while the poorest cost/kg gain was recorded
among rabbits fed SASAKM,, diet. This
may be attributed to the lower weight gain
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recorded among rabbitsfed thisdiet.

Conclusion

Thisstudy showed that either BASAKM or
RASAKM can replace 10 % dietary maize
in the diets of growing rabbits without
deleterious effect on growth performance
of rabbits. The lower cost per kg gain and
higher revenue observed among rabbitsfed
BASAKM,, diet indicate that it is more
economical to subgtitute 10 %  boiled
ASAKMfor dietary maizeinrabbit diet.
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