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Abstract: A study was conducted to evaluate the effects démspinach leaf meal (WSLM) on growth performance,
carcass yield and blood profile of weaner rabiffix. diets were compounded using WSLM to substitute
groundnut cake at 0.00, 2.50, 5.50, 7.50, 10.0012180% which were designated as treatments 1,2, 3
and 6, respectively. Thirty six (36) weanerrabbitse allotted to the six dietary treatments ofrsilzbits per
treatment and replicated three times with 2 raljtsreplicate in a Completely Randomized Design (CRD).
Results showedthat all the growth parameters medsureresignificant (P<0.05) across the dietary
treatments. Average daily Feed intake (ADFI) ranfredn 39.10g to 67.10 g while the total weight gain
(ADWG) ranged from 10.26 g in T1 to 23.73 g in Better feed conversion ratio was observed in T20)2.4
while inferior feed conversion ratio (FCR) was obsehin T1 (3.81). There was significant difference
(P<0.05) in liveweight, carcass weight and dresgimgcent. The results of internal organs were not
significantly affected (P>0.05) across the treatisexcept for the heart and caecum which was saamifly
(P<0.05) influenced by dietary treatments. Whiteohl cell (WBC), MCV and hemoglobin concentration
were significantly affected while all the serum dliemical parameters (cholesterol, total proteibuiain,
globulin, urea and glucose) measured were not taffeby the dietarytreatments. It can be concludied t
WSLM can substitute groundnut cake to 12.50 % witrerlverse effecton the performance and bloodlprofi
of weanerrabbits.
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Introduction Water spinach is the most common plant speciesrgiow
In most developing countries including Nigeria, gfupply  wetlands in terms of aquatic vegetable productibmis
of qualitative animal protein in sufficient quagtiand at  production requires relatively easy growing teches
affordable price has been the major challenge ® thwith lower labour costs compared to other cultidate
livestock industries (Ahemeret al., 2013). This has plants (Saroeun, 2010). In Yola, besides growinintand
affected the per capita consumption of animal pnodeer  waterways, the plant is commonly cultivated allryeaund
the last decades. According to FAO (2006) repdideria  in the surrounding wetlands around Gireoand Ddbkés.
is one of the countries where average protein entsfkthe It is a primary source of nutrients (Khaival., 2007)
people is ranked among the lowest in the worldislt because it has high potential to convert efficieritie
estimated that on the average, Nigerians consunhe onnitrogen in the effluent into edible biomass witigth
about 7 g of animal proteins on a daily basis a@srsgthe protein content (Kean and Preston, 2001).
minimum requirement of 28 g/head/day recommended byVater spinach is a good source of protein and eanskd
Food and Agriculture. Pragmatic approach suchasile  as feed for all kinds of animal and for humans. Tdiage
of mini-livestock (rabbit) for meat production aadaption  contains protein in the range of 23.6 to 36.30%uy¢m
of feeding strategy that maximizes the use of underNhuyXuan Dung 1996; Nguyest al., 2006), and is also a
utilized feed resources and waste will address ethesgood source of trace minerals (mg/kg): Zn, 5.03; Rh2;
challenges. Rabbit, a mini-livestock has the abilty Cu, 1.37 and Fe, 75.3 (NIAH, 1995) and it is alsth fin
bridge this gap. This is because is socially acregg on  vitamin A and C. The nutrients concentrate mainlyha
the combine basis of space requirement, climatideaves. Umaret al. (2007) reported that the mineral
condition, absence of taboos, high fecundity, shortelement contents in the leaves were high, in pdaiche
generation interval as well as its distinctive dije@  concentration of K and Fe. Also the leaves contain
physiology which allows the use of Agro by- produand  moderate concentrations of Na, Ca, Mg and P, with lo
forage (Odeyinkat al., 2008; Ahemesdt al., 2013). Cu, Mn and Zn contents.
Despite all these advantages associated with rabblh rural regions, water spinach is commonly used by
production, it has not been fully explored as ampmein smallholders to feed their scavenging poultry, as a
source in Nigeria. Acute shortage and high cost ofsupplement mixed with rice bran. Using water spintoe
conventional feedstuffs especially theconventigratein  local chickens indicates that it is also the preféifoliage
and energy sources like soybean cake, groundnetaak to provide protein and vitamins for growing chicken
maize has been attributed to this challenge (Fa@5; (Saroeun, 2010).
Yakubiet al., 2013). The nutrition of rabbit in Nigeria is Even though water spinach leaf has a lot of notrdl
also primarily based onfridax procumbens and or advantages, there is little information on the @feof
Centrosemapubescens whose growth and availability in  substituting groundnut cake withwater spinach lesfal
the dry season cannot sustain all-year rabbit mtimlu ~ on growth performance, carcass yields and bloofil@af
(Odeyinkaet al., 2008). weanerrabbits. The objective of this study theeefds
todetermine the effects of quantitative substitutiof
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groundnut cake with waterspinachleaf meal on theAt the beginning of the experiment, all the rabhitsre
performance, carcass and internal organs weighblwdi  weighed to determine their initial weight beforéotiing

profile of weaner rabbits. them to their treatments. The rabbits were weigheekly
Materials and M ethods to determine the weight gain.
Study area

The study was carried out at Concordia College farmHaematological and serum biochemical analysis

located at Ngurore in Yola south Local Governmerdad At the end of the experiment (56 days), one rafbin
Adamawa State. Ngurore lies between latitudld 859 each replicate was randomly selected for blood &smp
North and longitude 213 59 East. Temperature is high were collected. 2.0 mis each of blood samples were
in February, March and April because of high radigt collected from the external ear vein into specirbettles
which is evenly distributed throughout the yearxitaum containing an anticoagulant, Ethylene —Diamine-d-etr
temperature reaches about 40°C particularly in April Acetic acid (EDTA) and without anticoagulant using
while minimum temperature can be as low as 18°Csterile hypodermic syringe for haematological paters
betweenDecember and January (Adebayo and Tukugnd serological studies. All the parameters (packeid

1999). volume (PVC), haemoglobin concentration (Hb) andtavhi
blood cell (WBC). Means corpuscular volume (MCV),
Processing of water spinach leaves Mean corpuscular haemoglobin concentration (MCHC)

Waterspinach leaves were harvested from the banikesf ~ and Mean corpuscular hemoglobin (MCH), glucose,| tota
Benue in Yola, Adamawa State.The leaves were removegdrotein, globulin, albumin, urea and cholesterol)
from the stems and later dried in a well ventilatedm  determined were according to the procedures desthly
under room temperature (X5 until they were crispy to  Sirios (1995).

touch, later milled using a hammer miller to obtain

thewater spinachleaf meal (WSLM). Carcass yield and internal organs measurement
One rabbit from each replicate was randomly seliecte
Experimental animals and their management sacrifice. Thereafter, it was evisceratedand alittiernal

Thirty six (36) weaner rabbits aged between 6-7ksexd organs were removed to obtain thecarcass weight.

with an average weight of650g were used for thelystu Dressing percent was calculated bydividing the assc

The rabbits wereobtained from small-scale produders weight by the live weight andmultiplying it by 104ll the

Ngurore.They were randomly divided into six grougds internal organs weightswere measured on a digdales

six animals per treatment with two rabbits pericgié in  (Model Ek-120i) while the length wasmeasured using

a Completely Randomized Design.Metallic Feeders andneasuring tape.

plastic drinkers were provided in each of the cag#s

experimental diets were compoundedusing WSLM &,0.0 Chemical analysis

2.50, 5.50, 7.50, 10.00 and 12.50% which were deségl  The proximate composition of the water spinachleatl

as dietT1, T2, T3, T4, T5 and T6, respectively (&ab). and experimental diets were determined in the Deypant

Dietl served as the control and devoid of WSLM. Theof Animal Science and Fisheries Laboratory, Modibbo

experiment lasted for fifty-six (56) days. Adamawa University of Technology, Yolausing the
procedures described by AOAC (2010).

Table 1. Composition of experimental diets

; Dietary treatments Statistical analysis
Ingredients —3——=7—73 14 75 76 ad i thi : -

e 5700 B 00 E700 £700 2700 5700 Data obtained in this study were subjected to amsdy
aize . . . . . . - : . .
GNC 1250 1000 750 500 250 000 variance (Stgel and Torrie, 1980) using SPPSVetSion
WSLM 0.00 250 500 7.50 10.00 12.50 Duncan Multiple Range Test was used to separate gnean

Maize Offal ~ 25.00 25.00 25.00 25.00 25.00 25.00 (Duncan, 1955).

Fishmeal 250 250 250 250 250 250

Bone meal 200 200 200 200 200  2.00 . .

Premix| 050 050 050 050 050 050 Results and Discussion .

Methionine 025 025 025 025 025 025 Proximate composition of water spinach leaf meal

Salt 025 025 025 025 025 025 The result of the proximate composition of wateinaph

Determined analysis(%DM) . .
Crude protein 1522 1540 1605 1611 1615 1621 leaf (WSLM) is shownin Table 2. WSLM had crude

Crude fibre 911 1020 1023 10.26 10.30 10.31 protein (CP) content of 30.02% whilethe crude fifEE)
Etherextracts 320 315 310 308 399 278 was 23.67%. The ether extract (EE) and ash converis

Ash 7.21 7.11 6.99 6.82 6.67 6.62 0, i
NFE 65.26 64.14 63.63 63.73 62.89 64.08 6.20 and 9.20%, respectively.

*0.25 kg of Mineral/Vitamin Premix contained thelléwving: Vitamin A . .
1,8001U, Vitamin D 2501U, Vitamin E 8,0001U, VitamiK 750 mg, B1 _ Table 2 Proximate Composition of WSLM (%DM )

750 mg, B 1000 mg, B 800 mg, B, 25mg Folic 300 mg, Niacin 5000 mg, Constituents Percentage composition
Pantothenate 3000 mg, Biotin 25 mg, Choline 16@hyroxine 300 mg,

Copper 0.4 g, Iron 4 g, Manganese 5.5 g, lodineg).Zinc 5 g, Cobalt Dry matter 91.80

0.15 g, Selenium 0.15 g. Crude protein 30.00
Crude Fibre 23.67
Ether extracts 6.20

Data collection Ash 9.20

Growth performance evaluation

The experimental diets were offered libitum every  The CP content of WSLM recorded in this study was
morning at about 08.00am. The quantity of feedreffe higher than the values reported by Nguyen NhuyXuan
daily and leftover were weighed to determine thdyda Dung 1996 and Saroeun, 2010) but lower than theeval
feed intake while FCR was determined by dividing the(Nguyenet al., 2006). The EE and ash content were lower
total feed intake throughout by the total weightnga than the values reported by Saroeun, (2010). \f@niatin
Water was providedd libitumin plastic containers. the nutrient composition could be as a result of
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environmental factors such as season,
location stage of maturity and processing methods.
Performance of weaner rabbits fed water spinach leaf
meal

The performance of weaner rabbits fed diets coimgin
water spinach leaf meal is presented in TableghifiGant
differences (P<0.05) were observed in all the patars
measured for growth performance except initial \weig
The final body weight was significantly (P<0.05yhér in

(Ipomoea aquatica) Leaf Meal on Performance, €ass

geographicé@hcreases in the diet. Yakuletial. (2013) also observed a

significant (P<0.05) difference infeed intake whirey
conducted a 20-week trial. Aduku (1988), Yakudtial.
(2013), Yakubu and Wafar (2014) in their separaidiss
reported higher feed intake with increasing lewsdtsude
fibre in the diets of rabbits. Increased in feedtake
recorded in this study can be explained by thetfeatt leaf
mealscontain relatively high crude fibre which tentd
increasethe total fibre content of the diets arglltein

treatment 5 and there was progressive increase fromilution and absorption of other nutrients.

1225.10 g in T1 to 1979.90 g in T5. The final badsight
however declined to 1851.10 in T6. Average Dailgdfe
intake (ADFI) increased significantly (P<0.05) fr@8.10

g in T1 to 67.10 g T6. The total daily weight gain
(ADWG) also increased from 10.26 g in T1 to 23.7kg
T5 and thereafter it declined to 21.41 g in T6. Sigr
feed conversion ratio (FCR) was (2.40) in T2 while
inferior was observed in T1 (3.81).

The daily feed intake was significantly (P<0.05)
influenced by inclusion level of WSLM. It shows
progressive increase in feed intake as the levéV/8t.M

Table 3.Perfor mance of weaner rabbitsfed WSLM

There was significant (P<0.05) difference in averag
dailyweight gain. The results showed a progressive
increase in ADWG as the level of WSLM increasedhia
diet. The high performance of weaner rabbits on YWSL
diets could confirms the reports ofFasalyal. (2005) and
Yakubu and Wafar (2014) that leafy meals serveaas
source of protein, vitamins and minerals which egak
components diets in improving growth performanée o
rabbits.

Dietary treatments

Parameters

T1 T2 T3 T4 T5 T6 SEM
Initial weight (g) 650.00 651.00 650.00 652.00 ©1. 652.00 34.86
Final weight (g) 1225.10 1611.25 176118  1897.36 1979.96 1851.16 87.33
ADFI(g) 39.10 41.2F 54.3% 63.25 65.23 67.10 2.10
TWG () 575.10 960.22 1111.13 1245.36 1328.9 1199.16 12.91
ADWG 10.26 17.14* 19.84 22.23 23.73 21.47F 1.34
FCR 3.81 2.40 2.73 2.84 2.74 3.13 0.25

Means on the same row with different superscniptsagnificantly different * = Significant differénP<0.05 ns = notsignificant different (P>0.05)TWG
Total weight gain, ADWG = Average Daily weight ggiADFI = Average daily feed intake, FCR = Feed aasion ratio, SEM = Standard error of mean

Table4: Effect of WSLM on carcassyield and internal organ characteristics of weaner rabbits

Dietary treatments

Parameters

T1 T2 T3 T4 T5 T6 SEM
live weight (g) 1925.20 2311.23 2511.3%" 2611.36 2722.13 2678.16 87.33
Carcass weight(g) 980.22  1200.1f 1320.06° 1421,06¢ 1690.00 1571.08°  68.20
Dressing % 50.91 51.92 52.56 54.47F 62.08 58.66¢ 2.33
Pelt weight (g) 55.00 60.10 65.22 66.12 70.22 67.21 0.49"
Lion (g) 115.16 130.52 129.26 135.2¢ 138.1¢ 129.2% 12.6
Racks/ribs % 52.13 57.0F 60.55" 63.22" 70.0% 69.06* 3.74

Internal organ ( % live weight)

Heart 5.4% 4.25 4.0 6.05 6.10 5.32 0.13
Caecum 2.01 2.4 2.4F> 2.11° 2.60 2.50" 0.14
Kidney 4.01 4.63 5.01 4.59 4.99 5.00 040
Lungs 9.21 10.20 10.11 9.00 10.12 9.45 0.39
Liver 24.11 23.99 24.22 25.11 23.00 24.00 >78
Spleen 0.69 0.70 0.41 0.31 0.42 0.45 05.34

Means on the same row with different superscriptsgnificantly different * = Significant differer?<0.05 ns = notsignificant different (P>0.05) SEM

Standard error of mean

Carcass yield and internal organs weight
Table 4 shows the
internalorgans of weaner rabbits fed quantitative
substitution of WSLM. All carcass yield parameters
measured weresignificantly (P<0.05) influenced ketaty
level of WSLM except pelt weight. However, rabbiésl
T5 diet hadhigher carcass weight (1690.00 g) ttneset
on the other diets. Similarly, the dressing perceast
higher (62.08%) in rabbits on T5 diet and lowedtiigt T1
(50.91%). Racks/ribs values of rabbits on dietsT&8, T5

respectively werehigher than the values observethase

results of carcass vyield anded diets T1 (52.13 g) and T2 (57.01 g). The weifithe

loin wasalso higher in rabbits fed diet T5 (138¢)land
those on WSLM diets were statistical similar. Theight

of the pelt was not influenced (P>0.05) by dietamels of
WSLM.

The parameters measured for the internal organsnoer
affected by the dietary levels of WSLM, except rght

of the heart, caecum which was significantly (P5).0
influenced. The carcass weight and dressing

and T6 were 60.55 g, 63.22 g, 70.05g and 69.00 gpercentagewere significantly (P<0.05) influenced thg
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substitution levels of WSLM in the diets. Althougtere indication that WSLM is a safe ingredient for rabbi
isvariations in thedressing percent recorded in #tudy  consumption.

when compared to other studies, the values arénwitte =~ Haematological parameters

range of 50 to 57% reportedbyAduku and Olukosi @99 Table 5 present the result of haematological profif
for rabbits fed under tropical condition. rabbits fed varying levels of WSLM as substitute fo
The weight of the caecum whichwas significantly@®86)  groundnut cake. The PCV, MCH and MCHC were not
affected by dietary levels of WSLM could be as suie  significantly (P>0.05) affected by the diets. Other
ofrelatively higher crude fibre content of WSLM. parameters studied showed significant difference (#5)
Ahamefuleet al. (2006) reportedthat the weights of some among the dietary treatments. The WBC values ranged
organs like kidney and liverof animals may be used from9.11ind T5to 12 in T1 and PCV values ranfyech
animal feedingexperiments as evidence of toxith'aLM 31.22 to 39.22. The MCHC, MCV and MCH were 31.55
substitution in the diets did not affect the siZthe liver  to 36.22, 60.32 to 63.11 and 31.32 to 34.23, rds@dy

and kidney which are involved in detoxification.i$t an

Table5 Effect of WSLM on hematology and biochemistry ofweaner rabbits
Dietary treatments

Parameters T1 T2 T3 T4 T5 T6 SEM
PCV (m/%) 34.21 32.11 36.00 39.22 31.22 33.24 .44
Haemoglobin (g/dl) 15.71 15.27F 15.99¢ 16.1F 18.1F 17.2% 0.86
MCV(fl) 61.22% 60.32 62.1F 63.1F 61.58¢ 62.16¢ 1.78
MCH (Pq) 33.11 32.00 31.32 33.45 34.23 33.15 .75
MCHC (%) 36.22 33.11 35.22 3155 32.50 35.00 .80
WBC (x10/mnt) 12.16 9.1F 9.13 10.1F 9.23 11.5F 0.51

Biochemical indices

Cholesterol (mg/dl) 48.21 47.21 45.16 49.21 46.11 997 2.4
Total protein (g/dl) 7.20 7.40 7.50 7.30 7.00 750 0.18°
Albumin (g/dI) 40.32 41.22 40.11 42.11 40.99 4222 2.9¢
Globulin (g/dI) 19.20 18.22 19.33 20.11 19.18 1853 2.2¢
Urea (mg/dl) 6.61 6.32 6.22 6.56 6.00 6.17 017
Glucose (mg/dl) 63.33 60.99 61.22 64.22 63.22 60.22 1.27°

Means on the same row with different superscriptsagnificantly different; * = Significant differériP<0.05; ns = notsignificant different (P>0.05)\6E
Standard error of mean; PCV= Packed cell volumeZRRed blood cells; MCH= Mean corpuscular haemagtowBC= While blood cell; MCHC= Mean
corpuscular haemoglobin concentration

Haematological and biochemical profile of animals meal and sunflower meal diets for weanling rabbit

suggest their physiological disposition to nutntio J. Appl. Rabbit Res.,11(5): 264-265.

(Madubuike and Ekenyen, 2006). Though there wereAduku, AO. & Olukosi, JO. 1990Rabbit Management in

variations in the values of the parameters recordedis the Tropics. GU Publishers, Zaria Nigeria, pp. 34- 45.

study, they are still within the normal physiolaglicanges Ahamefula FO, Eduok GO, Usman A, Amaefula KU,

for rabbits as reported by Jenkins (1993). WSLM lod Obua BE & Ogunike SA 2006. Blood biochemistry

affect the biochemical indices of rabbits. All the and haematology of weaner rabbits fed ensiled and

parameters measured for serum biochemistry (cleotdst fermented cassava peel based di€@k. J. Nutr.,

total protein, albumin, globulin, urea and glucosere 5(3): 248-253.

within the normal physiological range for rabbits a AhemenT & Abu AF 2013. Sperm quality ant testicular

reported by Jenkins (1993). This also suggests ttat Morphometry of rabbits fed dietary levels of water

WSLM is safe for weaner rabbit consumption. spinach (Ipomoea aquatic ) leaf mefdric. & Bio. J.
North Ame., 4(3):352-357.

Conclusion AOAC 2010.Official Methods of Analysis of the Official

It can be concluded that WSLM possess a dietarjitgua Analytical Chemists. 19th Edn. Horwitz W Ed),

and can substitute groundnut cake up to 12.5% witho Association of Official Analytical Chemists,

any detrimental effect on growth performance, css@nd Washington DC.

internal organs characteristics and blood profieréfore, Duncan DB 1955. Multiple Range Tests and Multiple F.

rabbit farmers are encouraged to use water spiteath TestsBiometrics, 11K: 1-42.

meal in the diets of growing rabbits. Fasuyi AO 2005. Nutritional evaluation of cassava
(Manihotesculenta crantz) leaf protein concentrates
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