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Abstract

Atotal of sixteen West African grower bucks of about 7-10 monthswere used in a completely
randomised design to assess the effect of feeding dietswith high levels of water soaked sweet
orange peel meal (WSSOPM) on the performance response and blood profile of West African
dwarf goats. Collected sweet orange peelswere soaked in water and drained after 24 hours.
The peels were then sun-dried on concrete floors for 48hour and afterwards crushed into a
meal using a feed milling machine. The WSSOPM was used to compound four (4)
experimental diets containing 0%, 60%, 80% and 100% WSSOPM, these were designated
treatment T1, T2, T3, and T4, respectively. Each treatment had four (4) replicate. The study
lasted for 11weeks. Results showed that, the mean daily feed intake, mean daily weight gain
and the feed conversion ratio of the goats did not show treatment effect (P>0.05) among the
treatments. The cost analysis showed that profitability increased with increasing levels of
WSSOPM inthe diets. The blood parameter s measured did not show treatment effect, except
thealbuminvaluesinwhich T2 (3.53g/dL) washigher than T1 (2.80g/dL), T3(2.68 g/dL) and
T4(2.55 g/dL).The mineral indices measured showed variations (P<0.05) in only potassium
values, treatment effect was not apparent on the serum calcium, phosphorus, magnesium,
sodiumand zinc values. Water soaked sweet orange peel meal can be used to replace maize
offal at 60%, 80% and 100 % in the diets of West African dwarf goats without negatively
affecting both performanceand blood indices.

Keywor ds: Water soaked sweet orange peels, maize offal, West African dwarf goats, blood
profile, costanalysis.

Introduction _ which leads to marked decreases in
RumlnmtsconstltuteaveryImporta_\nt part voluntary intake and digestibility with
of the livestock sub-sector of the Nigerian subsequent marked weight loss of the
agricultural economy. Recently, more  animal's body. There is thus the need for
attention have been paid to small ruminant supplementation to enhance intake and
production in the tropics as their digestibility. However, the high cost of
advantages are becoming more understood formulating livestock feed hasbeen amajor
than ever before (Yashim et al., 2016).  congraint (Okoruwa et al., 2013) in
Goats are prolific domestic livestock and Nigeria. The shortagein feed supply dueto
they playsgnlflcant roI&smllveIlhoods_of high cost and seasonality has caused
therural populaceinmost of thedeveloping  ryminant livestock farmers to search for
countries. Apart from serving as a vital alternative feed resources that are
protein source, goats also provide income inexpensive and readily available and
for meetinghousehold.neepl_s However, the which are not directly required as a
challenge of feed availability al the year  component of human dietaries and can
round has persisted; thisismainly because  economically supplement the feed
of grass seasondity. Lamidi et al. (2010)  jngredients in rations without adverse
reported that the available foragefor most  effects on the rumen microbial
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animals(Okoruwaet al ., 2013).

InNigeria, agood number of agricultural by
product and crop residues exist and sweet
orange peels are part of these numerous
existing by-products. Citrus is widely
grown in Nigeria and many other tropical
and subtropical regions (Piccinelli et al.,
2008).Most of the citrus fruits produced in
Nigeria are consumed locally (Opeke,
2005), and Benue stateisobserved to beone
of the high producing states for the
commodity. The peels of these sweet
oranges can easily be collected at minimal
or no cost from sweet orange fruit retailers
who peel and sell sweet orange fruits to
consumers. Untreated sweet orange peel
meal has been used in the diets of West
African dwarf goats at up to 50% levels
without adverse effects (Oloche et al.,
2013).

Sweet orange peels contain anti-nutrients
like tannin, saponin, oxalate, limonene,
flavonoid and phenols (Oluremi et al.,
2007). There is thus the need to ascertain
the suitability of these dietsfor WAD goats
at higher levels. Olabanji et al. (2007)
reported that a readily available and fast
means of assessing the clinical and
nutritional status of an animal on afeeding
trial is the use of blood analysis.
Haematological parameters are important
and reliable medium used to monitor and
evaluate health and nutritional status of
animals (Guptaet al., 2007). It istherefore
imperative to evaluate blood parameters
particularly when unconventional feedsare
fed to animals in order to determine the
performance of theexperimental animalsas
well as the suitability of such feed on the
specie of livestock that is been used
(Babatunde et al., 1992). The study was
therefore designed to eval uate the effects of
high levels of water soaked sweet orange
ped meal on the Performance response and
blood profile of West African dwarf goats.
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Materialsand methods

Study location

The study was carried out at the Teaching
and Research Farm, University of
Agriculture Makurdi, Nigeria. The sitelies
between latitude 70 43' N and longitude
803 E (Microsoft Encarta, 2008).
Collection of test ingredient and diet
preparation

Sweet orange peels were collected from
sweet orange sdllers who peel and retail
oranges for direct consumption at
Wurukum, Wadataand North-bank markets
within Markurdi metropolis. The peels
were soaked using water in plastic drums
for 24 hours after which, it was turned into
palm frond baskets and allowed to drain.
After draining the peels were sun-dried on
concrete floors for 48hrs, and when it
became crispy it was packed and crushed
into a meal using a feed milling machine
and stored in synthetic bags for use. Four
experimental diets were formulated and
compounded to contain 0%, 60%, 80% and
100% WSSOPM and designated T1, T2, T3
and T4 respectively.

Experimental animalsand management
Sixteen grower WAD bucks aged 5-7
months and having an average weight of
7.692 kg were bought from Namu in
Quampan Loca Government Area of
Plateau state. On arrival the bucks were
weighed and randomly distributed into four
treatment groups of four replicates each,
and each animal was areplicate. The goats
were daily fed 200g of the concentrate diets
at 8:00hours and the grasses were fed ad
libitum at 10:00hours and 14:00hours. The
grasses were tied with light ropes and
suspended from the roof of each pen down
to the animals. This was done to enhance
feed intake and minimize feed wastage.
They were also provided daily with fresh
cool and clean water. Two weeks were
allowed for animals to acclimatize to the
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environment and feed before data
collection commenced.

Datacollection andlaboratoryanalysis
Daily records of feed served and feed
remnants were kept, and feed intake was
calculated by subtracting the quantity of
remnant feed from the quantity of the feed
that was given. The animals were weighed
weekly to ascertain their weekly weight
changes. Onthelast day of the experiment,
before morning feeding, blood samples
were collected from all the animals viathe
jugular vein for assay. The blood was
collected into two sets of sample bottles,
the bottles for haematological indices
contained ethylene diamine tetra acetic
acid (EDTA) an anti-coagulant, while the
sample bottles for serum biochemical
indices did not contain EDTA to enhance
the harvest of the serum for analysis of its
constituents. The feed samples were oven
dried at atemperature of 100°C to constant
weight and ground using the hammer mill
to passthrough Imm sieve; these werethen
sealedinair tight containersfor theanalysis
of their proximate congtituentsaccording to
standard procedures described by AOAC
(1996).

The cost incurred from the study was used
to calcul ate the economic indices. The cost
per kilogram feed and the cost of preparing
each experimental diet were determined
based on the current prices of feed
ingredientsin Makurdi. The cost of feeding
the bucks on each treatment for the period
of the study was also caculated as the
product of the cost per kilogram of the diet
and feed intake. Feed cost/kg weight gain
was calculated by dividing the cost of feed
intake/buck (3¥) by the average total weight
gain (kg). The net profit was calculated as
the selling price of live weight of mature
buck lessthetotal cost of production.
Statistical analysis

Data generated from the study was subject
toanalysisof variance usingthe Minitab 14
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(1991) of statistical software.

Resultsand discussions

The proximate composition of the
experimental dietsis presented in Table 1.
Thedry matter valueswere between 93.66 -
94.02%, thiswasappreciableandindicative
that thedietswould havelong shelf life. The
crude protein values were between 14.62%
- 20.40%, thiswas within 14.55% - 30.96%
reported by Fajemisin et al. (2015) for West
African dwarf sheep fed differently
processed corncob meal based diets but
higher than 14.33% - 15.27%reported by
Olocheet al. (2015) for West African dwarf
goats fed treated and untreated sweet
orange peels. The nitrogen free extract
values were 53.55%, 55.97%, 52.23% and
43.74%, and this decreased dlightly with
increasing level of the WSSOPM. These
values suggest appreciable fermentable
carbohydrate for energy production for
goatsinall thetreatments. Observed values
were higher than 30.24 - 34.21% NFE
reported by Aderinboye et al. (2014) for
WAD sheep fed supplemental concentrate
diets containing raw, wood ash treated and
oil extracted cashew nut shell, while
Odemelam et al. (2014)reported higher
NFE values of 58.54 - 66.53% for WAD
bucks fed Panicum maximum and bambara
nut seed mea supplemented diets. Ether
extract values ranged from 2.80% - 4.10%
and this was adequate as too much of oil
leadsto quick spoilage of animal feedsasa
result of rancidity (Arigbede et al., 2010).
Theash valueswereranged between 9.35%
- 13.70%, and the values seemed to increase
from T2 - T4 as the level of WSSOPM
increased in the treatment diets.
Appreciable ash values implied that
replacing maize offa with WSSOPM
would improve the mineral availability in
the diets with increasing levels of the
WSSOPM and this also means adequate
minerals supply to the animals in the
respectivetreatments.
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The growth performance of the
experimental goats is presented in Table
2.There were no significant differences
(P>0.05) among thetreatmentsin any of the
parametersmeasured. Themean feedintake
valueswere between 500.78 - 553.12 g/day,
and these valueswere similar, meaning that
the presence of the WSSOPM in the diets
did not depressfeed intakeand that the diets
containing the test ingredients were all
accepted by the goats. Observed vaues
were higher than 334.94 - 365.97g/day
reported by Sanwo et al. (2011) for goats
fed melon husk and palm oil durry at 30%
inclusionlevel, but comparablewith 525.14
- 546.26 g/day reported by (Oloche et al.,
2013) for WAD goats fed diets containing
graded levels sweet orange peel meal. The
mean daily weight gain of the goats ranged
between 28.98-36.04g/day. Although
values were similar (P>0.05) among the
treatments, there seemed to be dight
increases from T2 - T4 as the level of
WSSOPM increased. Similarities in the
mean daily weights of the animals implies
that thetreatment dietswith WSSOPM also

for provided adequate nutrients for the
growth of theanimalsand thesedietscan be
used for profitable goat production.
Observed values were higher than 19.42 -
31.57g/day reported by Sanwo et al. (201)
for goatsfed melon husk and palm il Surry
at 30% inclusion level, but similar with
24.27 — 39.78g/day reported by Yashim et
al. (2016) for WAD rams. Fasae and
Owodunni  (2015) reported comparable
values of 23.21 - 44.64 for WAD sheep
grazing natural pasture and supplemented
with cassava leaves and peels. The feed
conversion ratio values were 19.60, 16.68,
15.29 and 14.70 for T1, T2, T3 and T4
respectively, although significant
differences (P>0.05) were not observed,
FCR seemedtoimprovefromT1- T4 asthe
level of WSSOPM increased in the diets.
This showed that replacing maize offal
WSSOPM in the diets of the experimental
animals had a positive impact on the feed
conversion ratio. Observed vaues were
comparable with those of Sanwo et al.
(2011) whoreported 11.59 - 17.24 for goats
fed melon husk and palm oil slurry at 30%
inclusionlevel.

Table 1. Composition of experimental dietsfed to the goats

Experimental Diets

Feed Ingredients (%) Tl T2 T3 T4
(0%) (60%) (80%) (100%)
Rice Offal 10.000 10.000 10.000 10.000
Maize Offal 67.170 26.864 13.430 0.000
WSOPM 0.000 40.300 53.730 67.160
Soybean Meal 19.840 19.840 19.840 19.840
BoneAsh 2.000 2.000 2.000 2.000
Common Salt 1.000 1.000 1.000 1.000
Total 100.000 100.000 100.000 100.000
Determined Analysis (%)
Dry matter 93.84 93.64 94.02 93.66
Crude protein 17.42 14.62 16.46 20.40
Crude fiber 14.96 15.96 15.66 19.36
Nitrogen free Extract 53.52 55.97 52.23 43.74
Either extract 4.10 4.10 3.30 2.80
Ash 1050 9.35 12.35 13.70

WSSOPM =Water soaked sweet orange peel meal,
T1=0% WSSOPM, T2 = 60% WSSOPM, T3 =80 % WSSOPM, T4= 100%

292

WSSOPM



Oloche, Anum and Adanebi

Table 2: Performance of the WAD goatsfed the experimental diets

Experimental diets

Parameters T1 T2 T3 T4 SEM
(0%) (60%) (80%) (100%)

Initial weight (Kg) 7.665 7.675 7.775 7.662 041
Fina weight (Kg) 9.887 9.988 10.487 10.512 0.51m
Total weight gain (Kg) 2231 2.313 2.712 2.850 0.49m™
Mean weight gain (g) 28.98 30.03 3523 36.04 6.44"
Total forage intake (Kq) 32.40 29.16 28.86 30.87 149"
Total concentrate intake (Kg) 10.19 9.40 12,61 9.94 0.96"™
Total feed intake (K g) 4259 38.56 4147 40.82 221™
Mean feed intake (g) 553.12 500.78 538.57 530.13 7.82"
Feed conversion ratio 19.09 16.68 15.29 14.70 4.43™

ns=not significantly different (P> 0.05), SEM = Standard Error of the Mean

WSSOPM = Water soaked sweet orange peel meal,

T1=0% WSSOPM, T2 =60% WSSOPM, T3=80% WSSOPM, T4=100% WSSOPM

The cost analysis of the experimental
animal is presented on Table 3. Results
show that the cost of production per goat
() for T1 (5165.44), which was the control
was higher than T2 (4992.98), T3
(5126.33), and T4 (4941.07) which had the
WSSOPM. Treatment 4 (100%WSSOPM)
which was total replacement of the maize
offal had the least cost value (4941.07) for

Table 3: Cost analysis of the experimental goats

cost of production. The profit per buck (¥N)
was least for T1 (2244.56) and highest for
T4 (2941.43). Profit margin per buck
increasedfrom T2 - T4withincreasing level
of the WSSOPM in the diets. Although all
the treatments had profit, T4 showed the
highest profit thismay havebeen so because
the energy source of the concentrate
supplements (WSSOPM) was at very
minimal cost butitwasviable.

Experimenta diets
Parameters T1 T2 T3 T4 SEM

(0%) (60%) (80%) (100%)
Concentrate feed cost/kg (¥) 69.69 57.20 53.00 48.87
Total conc. feed intake/buck (kg) 10.19 9.40 12,61 9.94
Cost of feed intake/buck (¥¥) (conc) 710.14 537.68 668.33 485.77
Cost of buying/young buck (¥) 3935.00 3935.00 3035.00  3935.00
Miscellaneous (¥¥) 520.30 520.30 520.30 520.30
Cost of production/goat () 5165.44 4992.98 5126.33 494107
Selling price/kg live weight/buck (¥) 750 750 750 750
Cost of Selling/buck (%) 7410.00 7492.50 786750 788250
Profit/buck (N) 2244.56 2499.52 274387 294143

Theblood profile of the experimental goats
is presented in Table 4. Apart from the
albumin values, treatment effects were not
apparent ( P>0.05) among the
treatmentsfor all the parameters measured.
The packed cell volume and the white
blood cells values which were 26.00 -
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28.00% and 6.30 - 10.15¢g/dL respectively,
and these were normal and within reference
values for clinically healthy
goats(Daramola et al., 2005). The
similarities (P>0.05) in the total protein
values was an indication that there was no
protein-energy malnutrition (Fasina et al.,
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2010) as a result of replacement of maize
offal with WSSOPM even up to 100%
replacement, it also means that the crude
protein level of the experimental diets
which contained the test ingredient were
adequate. The abumin values of T2
(3.53g/dL) were significantly higher
(P<0.05) than those of T1 (2.80g/dL), T3
(2.68g/dL) andT4 (2.55g¢/dL). Albumin
values reflect the health status of animals,
Kaslow (2009) reported that albumin is a
very strong predictor of health; a low
abumin is a sign of poor hedth and a
predictor of bad outcome. Observed values
in this study were norma and within
reference range of 2.40 - 4.40 g/dl reported
by Plumb (1999) for heathy goats.
Observed values were higher than 1.28 -
2.65g/dl reported by Odemelam et al.
(2014) for WAD bucks fed Panicum
maximum and bambara nut seed med
supplemented diets. Oloche et al. (2015)
reported comparable albumin values of
285 - 3.33g/dL for WAD goats fed
complete diets containing graded levels of
sweet orange pedl mea. The SGOT, SGPT
and ALT are al liver enzymes and these
were similar (P>0.05) across the treatment

Table4: Blood profile of the experimental goats

means. The similarities in the means of
these enzymes means that dietary
treatments containing WSSOPM were safe
and did not hamper with the levels of these
enzymes nor their normal functioning asto
give deleterious effects on the liver. The
creatinine values were between 0.63 - 1.60
mg/dl this was similar with0.70 - 1.50
mg/dL reported MVM (2015) for goats,
suggesting that there were no adverse
effects on the lean muscle tissues of the
experimental goats. Observed values were
comparable with 0.90 - 1.5mg/dl creatinine
values reported by Saka et al. (2016) for
goats.Cholesterol levels were normal,
meaning that diets containing WSSOPM
did not impair normal heart functioning
through narrowing of coronary arteries.
Alabi (2012) reported that continuous
deposition of cholesterol may lead to
narrowing of the coronary arteries which
can lead to cases of cardiac arrest, heart
failure and heart attack. Observed values
were higher than 72.77 - 106.97mg/dL
reported by Oloche et al. (2017) for WAD
goats, but withinthe normal rangeof 64.60 -
136.40 mg/dL reported by Plumb (1999) for
healthy goats.

Experimental Diets

Parameters T1 T2 T3 T4 SEM
(0%) (60%) (80%) (100%)

Packed cell volume (%) 26.00 26.25 28.00 26.75 0.97™
Haemoglobin (g/dL) 8.75 8.73 9.33 8.83 0.33™
White blood cells (x10%L) 10.15 6.30 8.40 8.70 1.27
Total protein (g/dL) 4.50 4.28 4.93 4.93 0.48™
Albumin (g/dL) 2.80° 3532 2.68° 2.55 0.17*
SGOT (U/L) 44.30 71.30 53.10 47.10 18.35™
SGPT (U/L) 45.07 64.40 42.20 34.00 11.89"
ALP(U/L) 64.75 58.60 56.10 47.90 13.17
Creatinine (mg/dL) 1.60 0.75 0.75 0.63 0.33™
Cholesterol (mg/dL) 144.90 176.18 178.80 184.65 12.90™

a,b = Meanson the samerow with different superscripts are significantly different

The mineral composition of the
experimental goatsis presented in Table 5.
Theexperimental dietsdid not significantly
vary the Ca, mg, Naand Zn composition of
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the serum of the goats. Treatment effect was
apparent on the potassium values.
Potassium is a major cation of the
intracellular fluid and functions as sodium
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does by influencing acid base baance
(Adedegji, 1992). Although potassium
values were different (P<0.05) among the
treatments, observed valueswerewithin the
normal range of 3.0 - 6.0mmol/Lasreported
by Daramola et al. (2005) for goats. There
was no effect of treatment (P>0.05) on
phosphorus values. Whitten (1971)
reported that ruminants by their character
endeavor to uphold phosphorus at a
relatively constant concentration in the

blood plasma, thisis possible by absorption
of phosphorus from the digestive tract and
release of phasphorus from the bones to
balancetheloss of phosphorusfrom plasma
in the course of metabolic processes.
Sodium values showed no apparent
variations between treatments values, this
agrees with the report of Mansten and
Rowland (1973) that K and Na
concentrationsin theblood are constant and
may not be affected by diets.

Table 5: Mineral composition of the experimental diets

Experimental diets

Parameters T1 T2 T3 T4 SEM
(0%) (60%) (80%) (100%)

Calcium (Ca) (mg/dL) 5.65 6.88 5.10 7.23 1.02%
Phosphorus (P) (mg/dL) 315 3.00 3.60 3.40 0.59™
Potasium (K) (MEg/L) 3.15% 3.00° 4.88° 3.40® 0.59*
Magnesium (Mg) (mg/dL) 1.70 1.48 1.68 148 0.11™
Sodium (Na) (mEg/!) 102.25 18353 171.35 17057  46.97™
Zinc (Zn) (mmol/L) 136.13 135.97 117.25 12825 147

* = Significant, ns= Not significant, SEM = Sum of error mean

ab =Meanswith difference superscript lettersalong the rows differ s significantly at p<0.05.

Conclusion

From the study, replacing maize offa with
WSSOPM up to 100% level did not have
negative effects on the performance and
blood profile of thegoats, thereforefarmers
can replace maize offal with WSSOPM in
the diets of their goats. Thiswill improved
productivity at lower cost, while
profitability will beenhanced.
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