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Abstract

Onifade, A.A. and Abu, O.A. 1998. Productive response of rabbits to
supplemental copper in a diet based on tropical feedstuffs. J. Appl.
Anim. Res., 13: 129-135.

Effects of supplemental copper in a diet based on tropical feedstuffs on
productive performance, carcass measurements and haematology of
rabbits were investigated in a 70d trial. Copper as CuSO4.5H20 was
supplemented at 0, 125, 250 and 375 mg kg into a basal diet. The
basal diet served as control treatment. Eight rabbits, each constituting
a replicate, were fed on one of the experimental diets. The results
showed that daily weight gain and feed intake of the rabbits fed 250
and 375 mg kg’] supplemental copper were the highest followed by
rabbits fed 125 mg kg and the basal diet. Relative weights of the
selected organs were similar except for the brain that tended to be
lower in rabbits fed 250 and 375 mg kg‘l copper. Haemoglobin, packed
cell volume and red blood counts were lower on 375 mg kg, however,
haematological indices in rabbits fed 125 and 250 mg kg were
superior to other treatments. The results indicated that supplemental
copper in a diet based on tropical feedstuffs improved performance,
supported adequate organ development and might adversely affect
haematopoiesis in rabbits at 375 mg kg’1 rate of inclusion.

!Corresponding author and present address : Department of Biological Sciences,
Faculty of Science, Kuwait University, P.O. Box 5369, Safat 13060, Kuwait.

129
J. Appl. Anim. Res. 0971-2119/98/305.00 © GSP, India



130 A A Onifodeand O.A Abu

haematology, rabblts
Introduction

Matching rabbit production with available local feedé resourves zppears an
appropriate strategy to achieve sustainable production of migh guality animal
. protein in marginal agro-ecosystems and developing economies Pertmently,
Onifade and Tewe (1993) and Abu and Onifade (1996) hsve estshlished
satisfactory performance of rabbits on various tropical feedstu®s Thos study
investigated the supplemental effects of copper in a diet based predoc—— =%
on high fibre tropical feedstuffs. This is because copper had been docu—e—zac
to enhance performance of rabbits (Omole, 1976) and pigs (Zhou « =
1994a;b; Coffey et al.,, 1994). The possibility that fibrous feedstuffs may mmpa=
bioavailability of copper to exert its growth stimulating impact further
confirmed the propriety of this study.

- Materials and Methods

Thirtytwo 5-6 weeks old New Zealand White rabbits weighing an average of
559g were randomly alloted to four dietary treatments. Each rabbit was
housed individually in a metal cage. Prior to the commencement of the trial,
the rabbits were dewormed and adjusted on the mash diets for one week. The
rabbits were later offered diets and water ad libitum throughout the 70-day
trial.

A basal diet (Maize, 30; corn offal, 20; brewers dried grains, 15; palm
kernel meal, 15; groundnut cake, 10; blood meal, 4.5; palm oil, 2; oyster shell,
1.5; bone meal, 1.0; salt 0.5 and vitamin-mineral premix, 0.5%; dry matter,
89.5; crude protein, 18.7; crude fibre, 8.3; ether extract, 4.2; ash, 8.3%;
metabolizable energy, 11.41 MJ/kg) formulated from tropical feed resources
was incrementally supplemented with copper in the form of CuS0O4.5H20 at 0,
125, 250 and 375 mg kg'! rate. The four diets were fed as mash and served
fresh every day. The chemical composition of the diets was determined
according to A.O.A.C. (1990).

Voluntary feed intake per rabbit was determined daily while body
weight and weight gain were determined on weekly basis. Carcass and organ
measurements were determined in four rabbits per treatment at the end of
the 70-day trial. The organs were expressed as per cent of the live weights
(%LW). The haematological samples were collected on the 70th day from the



Response of rabbits to supplemental copper 131

ear vein into EDTA-treated sample bottles. Packed cell volume (PCV), red
blood cell count (RBC) and haemoglobin (Hb) were determined using
Wintrobe’s microhaematocrit, improved Neubauer haemocytometer and
cyanomethaemoglobin methods, respectively. Mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular
haemoglobin concentration (MCHC) were computed according to Jain (1986). = .

Data collected were subjected to regression analysis and means were
separated by Duncan’s multiple range test (SPSS, 1988; Steel and Torrie,
1980). -

Results and Discussion

Rabbits fed supplemental copper at 250 mg kg'l attained the heaviest weight
gain (P<0.001), consumed the second highest quantity of feed (P<0.03) and
protein (P<0.05), converted feed (P<0.01) and protein more efficiently than
the unsupplemented basal diet, but the values were similar to those fed 3756
mg kg" copper (Table 1). Rabbits fed 125 mg kg copper were intermediate in
their performance. There was a linear improvement in all performance
indices with increasing level of supplemental copper. These observations are
consistent with previous studies (Omole, 1976; Coffey et al., 1994; Zhou et al.,
1994a;b). Increased feed intake observed in this study represents one of the
mechanisms by which copper enhances growth performance (Kornegay et al.,
1989; Coffey et al., 1994; Zhou et al., 1994a;b). Feed conversions of rabbits fed
supplemental copper were similar and significantly (P<0.05) better than the
basal group. The enhanced feed conversion and higher feed intake
synergistically explicate the mechanistic basis of growth promotion by dietary
copper. Zhou et al. (1994b) recently elucidated the direct action of copper on
growth hormone in pigs as an additional mechanism of action while the
antimicrobial or bacteriostatic action remains legendary.

Carcass yield (Table 2) increased with copper supplementation. Zhou et
al. (1994a) reported enhanced yield of longissimus muscle of pigs fed 250 mg
kg'1 supplemental copper. Relative weight of the brain decreased (P<0.04)
linearly with supplemental copper. Similar findings had been reported by
Zhou et al. (1994a) in pigs fed 400 mg kg'l copper; and this may portend direct
influence of copper on brain development and/or toxic implications. Liver,
kidneys, spleen, adrenals and skin of rabbits fed experimental diets did not
respond differently to supplemental copper.



132 A.A. Onifade and O.A. Abu

Table 1
Effects of supplemental copper on performance characteristics of rabbits fed
diets based on tropical feedstuffs

e I i T .
Initial live wt., g 588 560 559 558

Weight gain, g 15.3° 16.8° 186° 18.1* 0.24
Feed intake, g 63.5° 66.9° 70.4" g 0.63
Feed: gain, g:g 4.15° 399° 3.79* 397° 0.02
Protein intake, g 11.9° 12.5° 13.2* 13.4* 0.08
Protein efficiency 1.29° 1.34° 1.41° 1.35° 0.01
Ratio

Linear regression equations of the performance characteristics of rabbits on
supplemental copper levels

Performance Linear equationsl r? P value®
characteristics

Weight gain . Y =15.63 + 0.008X 0.81 0.001
Feed intake Y =63.85 +.023X 0.97 0.034
Feed: gain Y=4.09-0.001X 0.42 0.013
Protein intake Y =11.94 + 0.004X 0.97 0.047
Protein efficiency ratio Y = 1.31 + 0.0002X 0.43 0.013

®b°Means in the same row not followed by the same superscript are significantly (P<0.05)
different.

!Prediction equations for performance characteristics (Y) at specified (X) copper levels.
2Coefficient of determination of the regression equations.

3Probnbility values are considered significant at P<0.05.

Haematological indices were preponderantly superior except for RBC in
rabbits fed 250 mg ]u:g'1 copper (Table 3). This substantiates the direct
relationship between haematological indices and performance (Onifade and
Tewe, 1993; Olorede et al., 1996). However, 375 mg kg'1 copper significantly
(P<0.05) depressed PCV, Hb, MCV and MCHC compared with other
treatments (Table 3). The above pattern of haematological and erythrocytic
indices according to Graitcer et al. (1984) suggest iron deficiency and/or
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Table 2
Effects of supplemental copper on carcass yield and relative weights of
selected organs of rabbits fed diets based on tropical feedstuffs’

Copper mg kg-' 0 125 250 375 SEM  Pvalue®
Diets 1 2 3 4

No. slaughtered 4 4 4 4

Slaughter weight, g 1630°  1730°  1860°  1845°  17.7 0.001
Carcassyield®, %  5280°  5350° 54.10° 53.89"  0.08 0.052
Head, % 9.75 963 , 981 9.58 0.01 0.701
Brain, % 0.52° 0.50""  0.49" 0.43° 0.01 0.044
Liver, % 3.50 3.52 3.64 3.58 001 . 0678
Kidneys, % 0.80 0.84 0.83 0.85 002 0721
Spleen, % 0.07 0.08 0.08 0.08 0.001  0.743
Heart, % 0.22 0.23 0.22 0.21 0001 0815
Adrenals, % 003 003 ~ 003 004 0001 0833
Pelt, % 8.25 8.35 8.46 8.44 0.02 0.778

®%°Means in the same row not followed by the same superscript are significantly (P<0.05)
different.

'Linear regression equations of carcass and organ measurements are not shown becuu.se most of
the parameters were not significantly different as revealed by P values. s
2Probab1ht.y values are considered significant at P<0 05.

3All values as percent of live weight.

impairment of iron metabolism. Kornegay et al. (1989) and Zhou et al. (1994a)
found that haémoglobin concentration was depressed at 400 ppm
supplemental copper. Therefore, a mild chronic toxicity of copper at 375 mg
kg'l might have predicated the depression of haematological indices observed
in this study. The contraindication of copper supplementation at levels higher
than 250 mg kg" even in fibrous diets were presented by the reduced growth
performance and predominant inverse relationships between haematological

indices and copper levels.

It is concluded that the growth promotion of rabbits induced by
supplemental copper in fibrous diet was optimal at 250 mg kg and levels
higher than this may compromise performance through haemasatopoietic
depression and potential chronic toxicity.
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Table 3
Effects of supplemental copper on the haematological indices of rabbits fed
diets based on tropical feedstuffs
Copper mg kg-' 0 125 250 376 SEM
Diets L 2 3 4
PCV, % 36.52° 37.45° 40.24" 34.10° 0.38
Hb, % 11.35° 11.66° 12.58" 10.33° 0.14
RBC, 10%/4L 5.54 482 5.10 4.89 0.02
WBC, 10%4L 5.25° 5.89" 6.12° 5.78" 0.06
MCV, F 80.44° 71.70 78.90° 69.73° 0.79
MCH, pg 31.08* 31.14* 31.26* 30.29*° 0.05
MCHC, % 25.00* 2419° 2467° 21.12° 0.31
Linear regression equations of haematological indices of rabbits on
supplemental copper levels
Performance Linear equations’ - P value®
characteristics
PCV Y =37.75-0.004X 0.05 0.051
Hb Y =11.80-0.002X 0.09 0.046
RBC Y=464+0001X 0.55 0.129
WBC Y =549+ 0.002X 0.41 0.045
MCV Y =81.33-0.025X 0.70 0.001
MCH Y =31.28-0.002X 0.43 0.075
MCHC Y =2542-0.01X 0.656 0.053

*b°\eans in the same row not followed by the same superscript are significantly (P<0.05)

different.

!Prediction equations for performance characteristics (Y) at specified (X) copper levels.
2Coefficient of determination of the regression equations.

3Probability values are considered significant at P<0.05.

References

Abu, A.O. and Onifade, A.A. 1996. Effects of cassava waste substitution for maize in
: weaner rabbits diets. Bull. Anim. Hlth. Prod. Afr. (In press).

A.0.A.C. 1990. Official Methods of Analysis. 13th ed. Association of Official Analytical
Chemists. Washington, D.C.

Coffey, R.D., Cromwell, G.L.. and Monegeu, H.J. 1994. Efficiency of a copper-lysine
complex as a growth promotant for weanling pigs. J. Anim. Sci., 72:
2880-2886.



Response of rabbits to supplemental copper 135

Graitcer, P.L.,, Goldsby, J.B. and Nichaman, M.Z. 1981. Haemoglobins and
haematocrits: are they equally sensitive in detecting anaemia. Am, J. Clin.

Nutr., 34: 61-64.

Jain, N.C. 1986. Schalm's Vetermmary Haematology. 4th ed. Lea and Febiger,
Philadelphiz. USA

Kornegay, ET., Van He::.a: PHG., Lindemann, M.D. and Blodgetts, D.J. 1989.
Effects o »ot= =2 copper levels on performance and immune response of
weanling sigs J Anim S, 67: 1471-1477.

Olorede, BR., Onifade A A Okperz, AO. and Babatunde, G.M. 1996. Growth,
nutrient retection. heemstology and serum chemistry of broiler chickens
fed sheabutier caks or pal® kernmel cake in the humid tropics. J. Appl.
Anim. Res,, 10 173-18C.

Omole T A 1976 The efect of graded levels of copper in the diets of growing rabbits
om ther performance characteristics, carcass and organ measurements.
Nig. J Anim Prod., 3: 91-95.

Onifade, A4 =-c Tewe, 0.0. 1993. Alternative tropical energy feed resources in
rabbit diets: Growth performance, diet's digestibility and blood
composition. Wid. Rabbit Sci., 1: 17-24,

SPSS 1988 Statistical package for social science, SPSS Inc., Chicago, IL.
Steel, RG.D. and Torrie, J.H. 1980. Principles and Procedures of Statistics. A biometric
approach. McGraw Hill Book Company, New York, 2nd edn. 633 pp.

Zhou, W., Kornegay, E.'T., Van Laar, H.,, Swinkels, JM.G.M., Wong, E.A. and
Lindemann, M.D. 1994a. The role of feed consumption and feed efficiency
in copper-stimulated growth. J. Anim. Sci., 72: 2385-2394.

Zhou, W., Kornegay, E.T., Lindemann, M.D., Swinkel, J M.G.M., Welten, M.K. and
Wong, E.A. 1994b. Stimulation of growth by intravenous injection of copper
in weanling pigs. J. Anim. Sci., 72: 2395-2403.

T0T0 MBS, S0T0 3 | SUrHeaH WAl Ux INeTRT IMER # 75 = =
INTH] D SUTEA b1 |

T W TS 70 R B IF qQevr F SUsRA |l ) ey IR # w7 ww =
TS SeaTeH SIS, 69 A1 T B Ui UR WA 1 Ay b T | S E we E wm
RS B0, 125, 250 T4 375 A iy fareimm omeR & e @ 1 smw ® 250 @
375 A A U A1 3 B e F SHfermed IR AR g TE A 1 FE == e E W
AT FANHD & Tg ARTD B AR 250 IR 375 Rmam i s === 1 =wv= 25
AR 250 B 9 oo a0 @ T @ Il B o0 GEeE sm e wE m w37

A qgm O) EmrafdE, At e s R e oET = es © == e = )

=
-

AH 9 60 IR P R A W0 3 P 3 gev e v 37 S = Tt =
W YA T |



