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Abstract

The maintenance of a good health status in raisbhsged upon appropriate balance between diditarg and
energy level. A 70-day feeding trial was condudieatudy the health status and blood parametergeaher
rabbits fed diets containing varying fibre and diifgle energy (DE) using a total of ninety 4-weeks$rabbits.
There were 9 dietary treatments laid out in a 3facdorial arrangement of 3 levels of dietary filfi@v (249-
258 g/kg NDF and 149-157 g/kg ADF), optimum (349%-38kg NDF and 188-193 g/kg ADF) and high (430-
456 g/kg NDF and 249-253 g/kg)] and digestible gpdevels [low (8-8.5 MJ/kg), optimum (10.5-11 Mdjk
and high (12-12.30 MJ/kg)]. Each of the diet wad te 10 rabbits individually caged in a completely
randomized design. Polynomial contrasts were damelifiear and quadratic effects. Results indicateat
rabbits fed low fibre diets showed high incidenééransitory diarrhoea, total morbidity and sympwaof other
sickness. Interaction effect (fibre x digestiblergy) indicated that irrespective of the digestitergy level of
the diet, mortality, tendency to go off feed andidence of transitory diarrhoea increased as didtare level
increasedRabbits fed low fibre diets had the least packdtvadume (36.00%) and highest serum uric acid
concentration (51.22 mg/dl). Rabbits fed diet conitg high fibre + optimum DE recorded the highpatked
cell volume (44.00%) and serum glutamate oxalodéedtansaminase (29.00 IU/L). Highest haemoglob&1q0
g/dl), total serum protein (66.00 g/L) and serunolekterolconcentration (165.00 mg/dl) were recorded with
rabbits fed diet containing optimum fibre + optim&. It was concluded that feeding low fibre digtsreased
the susceptibility of rabbits to transitory diarda morbidity and tendency to go off feed. Highrdildiets in
rabbit nutrition thus favoured improved health ssat
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1.0 Introduction

Fibrous feedstuffs and agro-industrial by-produ@se been used extensively in rabbit nutrition imals scale
farmers (Garciat al, 1999). However, under commercial production dahits, finished or concentrate feeding
are usually preferred. Rabbits raised solely orcentrate diets (typically low in fibre but high émergy) were
reported to have incidence of non-specific enteritss of appetite (Bennegaditial, 2001) and sometimes
diarrhoea (Gidennet al, 2000). On the other hand, excessive intake obtib feedstuffs has been implicated in
health problems such as impaired digestion and atagopaction (Pinheiro and Gidenne, 1999). The
maintenance of a good health status in rabbitseiefore hinged upon appropriate balance betwesargifibre
and energy level.

Variations in dietary components have measuraliéztsfon blood parameters of animals (Chwethl, 1984).
Blood examination also played a vital role in asse&s the nutritional (Odunsi, 1991), physiologicaid
pathological status of an animal (Schamal, 1975). Blood examination is also used to morétod evaluate
disease prognosis of animals (Karesh and Cook,)1985rmal range of blood parameters in healthy gngw
rabbits have been reported in literature (Ewuold Bgbunike, 2008). This research work was condutded
study the health status and determine the blooahpeters of weaner rabbits fed diets containingimgrgietary
fibre and digestible energy.

2.0 Materialsand M ethods
2.1 Experimental design and diets
Nine experimental diets with three levels of digthbre (low, optimum and high), and in each casththree
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levels of digestible energy (low, medium and high)Pwere formulated in a 3 x 3 factorial arranget{@able

1). Levels of dietary fibre used were low (249 -82j)kg NDF and 149-157 g/kg ADF), optimum (349 138
g/kg NDF and 188-193 g/kg ADF) and high (430 — 4860 NDF and 249-253 g/kg ADF) following previous
reports (Gidennet al, 2004; Chao and Li, 2008; Pinheiebal, 2009). Digestible energy levels used were low
(8 — 8.5 MJ/kg), optimum (10.5 — 11 MJ/kg) and hi{gl2 — 12.30 MJ/Kkg), respectively (INRA, 1989; Leba
1991). The diets were given in mash form addibitumthroughout the trial.

2.2 Animal and health status

A total of 90 four-week old mixed-breed rabbits {(N&ealand white x Chinchilla) were used for thigltr
Rabbits were housed individually in cage units feamasuring 40 mm x 50 mm x 45 mm). The feedirgj tri
lasted 70 days. Rabbits were randomly allottedetady treatments such that there were 10 rabbgigaed to a
treatment. Health status was monitored. Indicebeafith status used included mortality and morbidthich
might include diarrhoea, presence of mucus in é¢aceamples, low or no feed intake and other disease
conditions) expressed as percentage.

2.3 Collection of blood samples

At the end of the feeding trial, five rabbits weselected at random from each treatment and usebidod
sample collection. The rabbits were bled throughehr vein and the blood collected into vaccutatukes for
each animal. Two sets of blood samples (2.5 ml)ea@he collected from each rabbit into separatgleite
diamine tetra acetate (EDTA) bottles and heparihiabes.

2.4 Haematological indices and serum biochemistry

Haemoglobin concentration (Hb) was measured inhfl@BTA anti-coagulant samples using the Sahl'sd(aci
haematin) method (Benjamin, 1978). The packedvmlime (PCV) and red blood cell (RBC) were deteedin
using the improved Neubauer haemocytometer asidedcby Baker and Silverton (1985). White bloodl cel
(WBC) was measured using the blood smears (TaRigeset al, 2008).

Total serum protein (Kohn and Allen, 1995), serdbumin (Peteret al.,1982), serum creatinine (Bousnes and
Taussky, 1945) and serum uric acid (Wootton, 1962re determined according to standard procedurrsin®
glutamate pyruvate transaminase and serum glutamati®-transaminase were analysed using commeyciall
available diagnostic kits (Randox® Test Kits). Alka phosphatase (ALP) activity was measured
colorimetrically with absorbance measurement at A06using specific commercial clinical diagnostidts
(ELlItech, France). The serum cholesterol was estichasing the commercial diagnostic kits (Qualigbmka.
Pvt. Ltd., Catalogue number 72201-04).

2.5 Satistical Analysis

Data obtained were laid out in a 3 x 3 factorimhagement of treatments having three dietary fie three
digestible energy levels. Data obtained were apdlysy the general linear model of SPSS (1997). ysimlwas

done to determine separately the main effects etlady fibre, digestible energy levels and theieiattion.

Polynomial contrast (linear and quadratic) was i@dplto determine the main effect of dietary fibneda
digestible energy levels. A probability of P<0.08sxconsidered to be statistically significant.

3.0 Results

3.1 Health status

Main effect of varying fibre and digestible enemy health status of growing rabbits is as showetainie 2.
Mortality of rabbits and tendency to go off feedlueed (L.Q.P < 0.05) with increasing level of digtéibre.
Increased (L.Q. P < 0.05) incidence of transitagrnthoea and other signs of sickness were notigédnabbits
fed with low fibre diet. Rabbits fed high DE dietxorded the least mortality (1.07%) and tendencgad off
feed (2.22%).

Interaction effect of DE and fibre level as shownTable 3 revealed that rabbits fed low fibre digtsspective
of the DE level resulted in increased mortalitycidence of transitory diarrhoea, tendency to gofedd and
highest total morbidity. Highest transitory diareao(15.4%) and total morbidity (30.80%) were natiegth
rabbits fed low fibre + low energy diets.

3.2 Haematological indices and serum metabolites
Main effect of varying dietary fibre and digestitdaergy on haematological indices and serum meatabaf
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rabbits is shown in Table 4. Rabbits fed diets aimihg optimum fibre had the highest PCV (42.00%d &BC
(7.63 x1@/L) count. Digestible energy level of the diet sklno influence (P > 0.05) on Hb, RBC and WBC
values. Rabbit fed with optimum DE level recordld highest PCV (43.33%). Rabbit fed with low fildliets
had the lowest total serum protein (50.67 g/L) aedum globulin (10.67 g/L). Highest serum uric acid
concentration was obtained with rabbits fed wittv fiibre diets. Rabbits fed with optimum fibre reded the
highest cholesterol concentration (115.3 mg/dl).

Interaction effect of DE and fibre level on haenhagical indices and serum metabolites of rabbitshiswn in
Table 5. Rabbits fed with high fibre + optimum DEetdhad the highest PCV (44.00%) while rabbits fath
low fibre + low DE diet recorded the least PCV (BBx%) and Hb (11.00 g/dl). Rabbits fed with optimfibre +
optimum DE had the highest total serum proteinqB6&y/L) and serum cholesterol (165.00 mg/dI).

4.0 Discussion

High mortality obtained with rabbits fed low fibdiets agreed with previous findings that a fibréotae300
g/kg NDF in rabbits increases mortality (Nicodenatsal., 2004). High incidence of transitory diarrhoea and
total morbidity obtained in this study with rabbiési low fibre + low DE diets could be implicatioé digestive
disturbances in the gut (Bennegaeial, 2001). This agreed with Bennegadi-Lauretl. (2004) who reported
that dietary fibre deficiency favored the occurremt digestive problems in the growing rabbit. $&mhealth
problems have been reported in rabbits fed with fibwe diets (Gidennet al.,2000; Bennagadiet al., 2001).
Dietary fibre regulates intestinal transit, gut roftora, intestinal mucosa integrity and digestivalth of rabbits
(Fortun-Lamothe and Boullier, 2007). The findingsthlis study agreed with Gidenne and Licois (20@&)p
reported that immunity of the growing rabbit topeesific enteropathy was improved by a high fibrizke.

The Hb and PCV values obtained in the current stigalywithin the normal range (9-15g/dL and 35-45%)
healthy growing rabbits (Anon 1980; Fraser and Md@86). This implied that the dietary treatmert feas
capable of supporting high oxygen carrying capasftyhe blood. High dietary fibre intake favourettieased
PCV while rabbits fed with low fibre + low DE shodidow PCV and Hb concentration. Anaemia has been
diagnosed when there is a fall in PCV values oflilewd (Fraser and Mays, 1986). Low fibre intakethiis
study therefore increased the susceptibility ofrtizbits to anaemia.

Rabbit fed with optimum fibre diets irrespective tbe level of digestible energy resulted in whitedadl cell
values which lied within the normal range of 6 ¥/L013 x 1G/L reported by Fraser and Mays (1986). This is
implicative of well-developed immune system wittclstnumber of immune cells capable of performingrthe
phagocytic action and proffer good health. The RBflies obtained in the current study showed adggobc
dietary protein fed to the rabbits since their ealdell within the normal range of 5 x*I0- 8 x 1J/L reported
by Anon (1980). Low values of RBC have been impgédain situations of inadequate dietary proteinrféa
1971).

The total serum protein values obtained for rabieitsdiet containing optimum fibre + optimum DE tiopum
fibre + high DE and high fibre + optimum DE showetdues within the normal range (58-67.5 g/L) repdrin
literatures (Anon, 1980; Onifade, 1993). Lower serprotein values below normal recommendations were
reported to be indications of hypoproteinemia (Altm1979) and alteration in protein metabolism yiyand
Tewe, 1998). The concentration of total serum pnost any given time is a function of the nutritédrstatus,
water balance and state of health of the animah,(1®86). Serum globulin concentration of thehitdalso
followed similar trend with total serum protein wak. Values obtained for serum albumin in the cirstudy
lied within the normal range reported for healthihits (Anon, 1980).

Rabbits fed diets containing low fibre + optimum ,Biptimum fibre + optimum DE, optimum fibre + hifiE,
optimum fibre + optimum DE and high fibre + optimi»k showed high serum cholesterol concentrationesl
than the normal range reported by Anon (1982). Tiglied good nutritional status and health. Lowuse
cholesterol levels have been reported under ceamgitdf protein and energy malnutrition (Madden Whdpple
1940). Animal fed poor plane of nutrition metabelitheir fat and free fatty acids to meet their gper
requirements resulting in high turnover of cholegt@nd a resultant fall on plasma cholesterol [ev8erum
enzyme values obtained in this study also lied iwitthe normal range (Anon, 1980). The fact thauser
creatinine concentration were not influenced byatietreatment showed that there was no muscleagastas
creatinine levels have been directly related toateugolume and activity (Rajmaet al.,2006).
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5.0 Conclusion

The result of this study showed that feeding of lilbve diets to rabbits irrespective of DE levesuled in
increased incidence of transitory diarrhoea andh migprbidity. High fibre diets in rabbit productidavoured
improved health status with no deleterious effectiee haematological indices and serum biochemistry
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Table 1: Gross composition of experimental diets
Fihre level Lowr Oiptirnurn High
Dngestible energy level Low Crptirenirm High Low Crptirenm High Low Crptirenirn High
Ivlaize 235 190 130 235 195 135 204 164 124
Ilaize starch an 110 145 o0 115 140 20 100 120
Vegetahle oil 5 20 45 5 20 55 10 30 50
wheat offal 230 230 230 140 140 140 Al Al &l
Rice bran an o0 a0 130 130 130 195 195 195
Fice husk &l Al 60 100 100 100 151 151 151
Fiwed ingredient 300 300 300 300 300 300 300 300 300
Composition (in g/lkg)
Dy matter o014 0104 o011 o092 2007 o0z E o062 o009 2007
Cirganic matter 208 E 2970 RS o011 2002 DS o0l 2032 o005
NDF 25171 25211 249.70 38011 370,79 35022 445,70 440.41 431.24
LDF 157.00 154.20 149,70 192.40 18041 182.00 252,10 250,09 249 .44
Gross energy (IVIIE ) 1203 1609 1762 1247 1695 1913 1419 1856 2129
Digestible energy® (MIED 217 1087 1211 206 1084 1227 g.01 1052 1209

* Contained : 250 glkg soyabean meal (440 gike cmde protein), 25.0 ghg bone meal, 15.0 ghkg oyster shell, 2.0 ghkg lysine- HCL, 2.0 ghkg DL-
methionine, 3.0 glkg salt (Hacl) and 3.0 glkg vitarminrineral prerdx (providing the following per kg of diet 0.04z manganese, 0.034 g zine, 0.023 g iron,
0.0026 g coppet, 2,42 mg retinol, 0.003 mg cholecaleiferal, 555 mg rboflaving, 0.70 mg thdain, 0.70 mg pyridodne, 280 wmg niacin, 0.35mg caleian
pantotherate and 0,70 g cyvanacobalarain
*Caleulated using deBlas et al. (1992) (DE=GE = (0.267-0.001240F))

Table 2: Main effect of varying dietary fibre and digestible energy on healih status of rabhits

Fibre levels SEM *Frobability Digestible energy levels SEM *Frobahility
Parameters Low Optirmrn High L Low Optirmarn High L Q
Ivlothidity (%)
Off feed 055 238 0.0= 097 * 4952 4762 2200 099 * *
Transitory 14342 238 2220 203 * 1.51= 476 AaT? 096 * M3
Diarrhioea
Others 4.79= 0.0 2220 099 * 457 0.0 4.452 0.19 * *
Total 28 g8 476 4.44% 476 * 1503 052 1334° 266 * *
Ivlortality (%) 6672 326" 1.07= 066 * 6AT2 326" 1.07= 0.46 * *
S Mot significant, *Probability for Linear (L) and Quadratic (Q) trend, *P=0.05
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Table 3: Interaction effect of varying dietary fihre and digestihle energy on healih staius of rabhits

Fihre lewvel Lowr Optiram High *Probahility
Digestible energy lewvel Lo Oiptirerm High Lowr Orptirarm High Lowr Oiptiranr Hizgh  5EM L Q
Tlorbidity (%)

OHF. fred 17 14282 A67F  Tld 0D0¢ 0.0 0.0 0.0 0.0 1og #* *
Transitory 154 1428 1333 7140 n.o= o.oe n.oe n.oe 6674 1.16 * *
diarrhoea
Others 172 0.0 G670 00° 0.0 ik 0.0 0.0 66T 016 * *
Total 300 28800 2647 1428 004 nns o.oe o.oe 1334 344w ok

Tlortality (%) 13.33= 6670 0.o? 6670 3.10= 0.od 004 004 322 0.06 * *

ME: Mot significant, *Probability for Linear (L) and Cruadratic (Q) trend, *p=0.05, P01
Table 4: Main effect of fibre and digestible energy on haematologicalindices and sexrum biochemistry of rabhits
Fibre levels SEM *Probability Digestible encrgy levels SEM  *Probahbility
Parameters Lowr Ciptirmm High L Q2 Lowr Optiroure High L Q2
Haematological indices
Packed cell volure (%) 36.00¢ 42002 40.33° 1.66 * * 3nooe 4333 35100 601 * *
Hagmoglohin (ghdl) 12.00 1400 13.47 047 M3 M3 1233 14.47 1267 151 H5 M3
Redblood cell {x 10%L) 547 6.40 6.13 024 H3 NS 563 660 576 022 Hs NS
White blood cell (x 1031} 5800 1432 5430 032 M3 * 6.37 6.27 6.03 02 Hi N3
Serum biochenishy
Total protein (gL} 50.67¢ 61.00% 53330 244 * * 5133 5800° 35670 220 % *
A urainlgi 4.1 43.00 3947 238 M3 M3 4200 4233 3944 298 M5 M3
CilobmlinggiLy 1047 12002 13.47% 221 * * 933 15670 17332 100w ok
SEOTIUL) 2133 2333 2467 272 M= M3 2133 25400 212230 297 HS *
SEPTIUL 51.00 5000 5433 544 M3 M3 5247 5133 5133 331 HS M3
Alkaline phosphatase (JOL) 1222 1333 1433 294 N3 M5 1100 1433 15002 jar o+ M3
Serurn wric acid (ragidl) 51220 44 500 45.00° 403 * * 44225 50222 46 670 Lo *
Creatinine (mgfdl) 1.10 1.03 1.10 o.o7 M3 NS 1.00 1.13 1.17 nog NS NS
Cholesterol gl 90.0® 11532 g2 1110 * * 8800 14133 Tia7e 156w i
ME: Hot significant, *Frobability for Linear (L) and Ouadratic (O trend, *¥P=015, **p=001
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Tahle 5: Interaction effect of varying dietary fihre and digestihle energy on haematological indices and serum hiochemisiry of rabhits

Fibre levels Low Optiromra High *Probablity
Digestile energy lewvel Lo Optirorn High Low Optiraurm High Lowr Optirmrn High  SEM L Q
Haematological indices
Packed cell volurae (¥0) 3300 33100 37000 37000 40000 41.00% 41.00% 44002 3000 273 * *
Haeraoglohin (gidl) 11a0é 12700 1230 1230 16.00° 137900 137900 14700 12000 1351 * *
Fed blood cell {x 10%/L) 500 520 560 570 7.30 6.20 6.20 6.70 5.30 0.26 M3 H3
White blood cell {x 105L) 560 6.20 200 720 6.60 890 6.30 520 4.20 0.12 M5 NS
Serumm Mochemisty
Total protein(gL) 50.00¢ 50.00¢ 52000 5500%  éa.002 62.00° 49.00¢ 58.00° 53000 155 * *
AThuraing/L) 40004 45000 3833 43000 4200° 39.00° 38.00° 40.00¢ 41004 240 * *
Globulin{g/L) 1oao# 5000 1400 700 24.002 23.002 11.004 12000 12.00¢ 178 ok ek
SGOT{IUL) 0004 25000 19.00¢  2600°  23.00¢ 21004 12.00° 20002 oo 1.55 * *
SGPTIUL) 55000 5000° 4300 52000 4900¢ 49.00¢ 51.00% 55.002 Foor 273 * H3
dlkaline phosphatase (IU/L) 1000 15000 1300*  1000= 12000 18.00= 13.00° 16.00® 14000 115 * *
Serurm uric aid (ragfdl) 48.00° 54000 5100 41.00% 4467 49 .00° 43.00¢ 52002 40004 245 * *
Creatinine {mgidl) 1.00 120 1.10 0.9a 1.00 1.20 1.10 1.20 1.00 0.1z NS H3
Cholesterol{zaghdl) 24.000 135000 7800+ e00f 165000 105.00%  10400% 124.00¢ 5000 357 b e
NS ot significant, *Probability for Linear (L) and Cuadratic (Q) trend, *P=005, **p=0.01
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