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BLOOD MINERALS IN WAD SHEEP AND GOATS GRAZING
NATURAL PASTURES DURING WET AND DRY SEASONS

MINERALES EN LA SANGRE DE OVEJAS Y CABRAS ENANAS DE WEST AFRICA
SOBRE PASTOS NATURALES EN LAS ESTACIONES SECA Y HÚMEDA
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SUMMARY
The mineral status of West African Dwarf

sheep and goats grazing natural pasture dominated
by Panicum maximum, was determined in wet
and dry seasons. Forage and blood samples were
collected in May and December and analyzed for
Ca, P, Mg, K, S and Na. The forage Ca, P, Mg and
K were above critical level except for P during the
dry season. Average blood mineral concentrations
of the animals were within the normal range
except Na, which was lower. Seasons of sampling
significantly influenced (p<0.05) Ca in goats while
Ca, P and K were influenced (p<0.05) in sheep.
The results also showed that main effect of sex
and interaction between sex and season had no
significant effect (p>0.05) on blood plasma mine-
ral concentration of sheep and goats.

RESUMEN
Se determinó, durante las estaciones húmeda

y seca, el nivel de minerales de ovejas y cabras
enanas de West Africa, pastando en pastos na-
turales dominados por Panicum maximum. Las
muestras de forraje y sangre fueron recogidas en
mayo y diciembre y se realizaron análisis de Ca,
P, Mg, K, S y Na. Las concentraciones de Ca, P, Mg
y K del forraje se encontraron por debajo de los
niveles críticos, excepto en el caso del P en la
estación seca. Las concentraciones medias de
minerales sanguíneos estuvieron dentro del rango
normal, salvo en el caso del Na que estuvo por
debajo de lo normal. La estación de muestreo
influyó significativamente (p<0,05) sobre el Ca en

la cabra y sobre Ca, P y K en la oveja. Los
resultados también demostraron el efecto impor-
tante del sexo y que la interacción entre sexo y
estación no tuvo influencia sobre la concentración
de minerales plasmáticos de ovejas y cabras.

INTRODUCTION

Small ruminants (sheep and goats) are
economically important livestock to the
common people in Nigeria. The feeding of
these animals mostly depends largely on
available grasses and legumes on one hand,
crop residues and agro-industrial by-
products on the other hand. Sheep and
goats meet their body mineral requirements
by grazing or browsing. Mineral in forages
are dependent upon the interaction of a
number of factors including soil, plant
species, stage of maturity, yield, pasture
management and climate (Poland et al., 2001).
Minerals derived from feedstuffs are
sometimes insufficient to meet animal
requirements, these later exhibiting sub-
clinical symptoms as a result (Serra et al.,
1996). In the absence of mineral supplements,
forages should then contain sufficient
macro- and micro-elements to cover the
requirements of goats and sheep.

There is paucity of information on the
effect of season on the mineral contents of
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natural pastures as there is on protein and
fibre components. The aim of this study is
to evaluate this effect on the mineral
composition of natural forages as well as on
the mineral concentration in the blood of
grazing West Africa Dwarf (WAD) sheep
and goats.

MATERIALS AND METHODS

PASTURELAND AND EXPERIMENTAL ANIMALS
The study was conducted at Odogbolu

Local Government area of Ogun State,
Nigeria. The area is characterized by two
distinct seasons: Dry (November - March)
and Wet (April - October). The region is in
the derived savanna vegetation zone with
mean annual rainfall and temperature of
1037mm and 34.7°C respectively. The natu-
ral grazing land was colonized predomi-
nantly by Panicum maximum and some
patches of Pennisetum purpureum Cynodon
plectostachyus and Centrosema pubescens.
The experimental animals consisting of
twenty each of WAD sheep and goats (n =
40) were allowed to graze the pasture during
the day whereas in the night they were
sheltered in a barn built on stilts. The animals
were not given any form of supplementation.

FORAGES AND BLOOD SAMPLING
Forage samples were cut and weighed at

monthly interval, dried and bulked for
chemical analysis. 10 ml blood sample was
extracted via the jugular vein from each
animal and stored in heparinized bottles
both in the wet (May) and dry (December)
seasons. The blood samples were imme-
diately transferred to the laboratory for
chemical analysis. Prior to sampling all the
animals were weighed using a MEASURE-
TECR hanging scale.

CHEMICAL AND STATISTICAL ANALYSES
Ashing of forage samples in a Gallen-

kamp muffle furnace at 600°C was done
overnight. Plasma separation was done using
a MERLIN 503 centrifuge at 3000 rpm for two

minutes. Concentrations of calcium (Ca) and
magnesium (Mg) were determined using a
BUXX 2000 Atomic Absorption Spectro-
meter (AAS) at wavelengths of 422 nm and
285 nm, respectively. The concentrations of
sodium (Na) and potassium (K) were
determined by Jenway Digital flame
photometer using the deflection of the flame
photometer as a measure of their concentra-
tion. Phosphorus (P) concentration was
determined by vanadomolybdate method
and the concentration of P was read
thereafter at a wavelength of 470 nm on the
AAS (AOAC., 1990).

The effects of seasons, sex and, season
x sex on the blood mineral contents was
computed using a 2 x 2 factorial analysis
format (SPSS, 1999).

RESULTS AND DISCUSSION

The mineral content of the forage grazed
by the sheep and goats in both wet and dry
seasons is shown in table I. The mineral
concentrations were compared to the critical
level recommended by McDowell (1985) to
cover the requirements of ruminants. Values
for Ca, P, K and Mg exceeded the critical
level during both seasons except for P in the
dry season. This is in agreement with Norton
(1994) who reported that calcium is rarely
limiting in forage diets and with Minson,

Table I. Mineral composition of Panicum
maximum in wet and dry seasons at Odogbolu
province of Ogun State, Nigeria. (Composi-
ción mineral de Panicum maximum en las estacio-
nes húmeda y seca en la provincia de Odogbolu
del Estado de Ogun, Nigeria).

Mineral % Ca P Mg K Na

Critical level* 0.30 0.25 0.20 0.20 ND
Wet season 0.31 0.38 0.51 0.49 0.63
Dry season 0.36 0.22 0.46 0.53 0.48

*Critical level according to McDowell, 1985.
ND= not determined.
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(1990) who stated that it is unlikely for
magnesium to be critically low in tropical
forages. The lower Ca and K content during
wet season may be due to the natural dilution
process by which dry matter production
surpasses mineral uptake (Fleming, 1973),
while the low P content in the dry season
may be due to the low soil P during the
season (Masters et al., 1993). The seasonal
variation in these elements could be related
to the fluctuations in climatic condition as
reported by Orden et al. (1999). Across
minerals, Ca showed the lowest concentration
for the wet season and P for the dry season.

Main effect of season and sex on blood
mineral concentration of grazing sheep and
goats is presented in table II. Mineral
concentrations in the blood of the animal
were not influenced (p>0.05) by sex whereas

season has significant effect on blood
minerals of sheep and goats. Mean mineral
concentrations in the blood of the animals
are within the normal range (mmol/l) of 2.60-
3.25, 1.60-2.40, 0.80-2.00 and 4.00-6.00 for
Ca, P, Mg, and K, respectively (Meyer and
Harvey, 1998) during both season except Na
(136.00-154.00 mmol/l). It was only Ca that
was significantly (p<0.05) affected by
season in goats while Ca, P and K were
significant (p<0.05) in sheep. The animals
had blood P within the normal range in spite
of low forage P. A possible reason could be
that the reserve P from the animals bone was
drawn during inadequate P intake in dry
season, which is the same conclusion made
by Spears (1994) in his report on ruminants.
The plasma Ca concentration in both sheep
and goats was greater in the animals of

Table II. Main effects of season and sex on blood mineral concentration (mmol/l) of grazing
West African Dwarf sheep and goats in wet and dry seasons. (Efectos principales de la estación
y el sexo sobre la concentración mineral en la sangre de ovejas y cabras West African Dwarf en
pastoreo, durante las estaciones húmeda y seca).

Season Sex
Wet Dry Male Female

GOATS
Body weight (kg) 16.70+0.98 15.30+0.99 15.40+0.92 16.36+1.01

Ca 5.01±0.24b 5.94±0.26a 5.62±0.28 5.39±0.21
P 3.41±0.13 3.74±0.14 3.67±0.15 3.48±0.12
Mg 0.70±0.03 0.75±0.03 0.74±0.04 0.72±0.03
K 5.70±0.09 5.97±0.10 5.88±0.11 5.79±0.08
S 1.80±0.08 1.80±0.09 1.75±0.09 1.87±0.07
Na 102.51±1.97 104.65±2.15 102.46±2.31 104.69±1.76

SHEEP
Body weight (kg) 27.69±2.57 21.28±1.93 23.75±2.98 25.23±1.18

Ca 8.51±0.19b 6.02±0.25a 5.14±0.29 5.48±1.38
P 3.24±0.01b 3.68±0.08a 3.52±0.10 3.40±0.04
Mg 0.70±0.02 0.76±0.03 0.74±0.08 1.41±0.01
K 6.02±0.12a 5.34±0.16b 5.86±0.08 5.49±0.07
S 1.94±0.05 0.55±0.07 1.96±0.08 1.80±0.03
Na 101.17±6.20 105.13±2.58 99.47±3.00 106.83±1.20

abmeans along the same row having different superscripts are significant (p<0.05).
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lower weight than in the animals of higher
body weight. This may be due to Ca
requirement of the young animals. Ricks
(1996) reported that young animals absorb
minerals such as Ca more efficiently than
older animals. The ratio of Ca to P in animal
species in both seasons fall within the nor-
mal range at Ca: P ratio. The lower value of
Mg in both seasons is related to high K
concentration as it has been well established
that high dietary potassium interferes with
magnesium absorption in ruminant animals
(McDowell, 1985).

CONCLUSION

Forage mineral concentration, especially
Ca, P and K, varies with seasons. Plasma
mineral level of sheep and goats grazing the
natural pasture were within the normal range
except Na, which was below normal values
an indication of inadequacy although
animals showed no symptom. It may be
necessary therefore to give NaCl as su-
pplement in their water. Similar study should
be conducted to ascertain the micro minerals
concentration in the blood of these animals.

BIBLIOGRAPHY
AOAC. 1990. Official methods of analysis.

association of official analytical chemists. Was-
hington D.C.

Fleming, G.A. 1973. Mineral composition of herbage.
In: G.W Butler and W. Bailey (eds). Chemistry
and biochemistry of herbage. Academic Press,
London. p. 529-566.

Meyer, D.J. and J.W. Harvey. 1998. Veterinary
laboratory medicine: Interpretation and diagno-
sis. 2nd edition. W. B. Saunders Company. Elsevier
Science. Philadelphia, Pennsylvania.

Masters, D.G., D.B. Purser, S.X. Yu, Z.S. Wang,
R.Z. Yang, N. Liu, D.X. Lu, L.H. Wu, J.K. Ren and
G.H. Li. 1993. Mineral nutrition of grazing sheep
in Northern China. 1 Macro-minerals on pasture
feed supplement and sheep. Asian-Aust. J.
Anim. Sci., 6: 99-105.

McDowell, L.R. 1985. Nutrition of grazing ruminants
in warm climates. Academic Press Inc. San
Diego CA. p. 168-169.

Minson, D.J. 1990. Forage in ruminant nutrition.
Academic Press, Inc. London. p. 482-483.

Norton, B.W. 1994. The nutritive value of tree
legumes. In: R.C. Gutteridge and H. M. Shelton
(eds). Forage tree legumes in tropical agriculture.

CAB International. Oxon. UK. p. 177-191.
Orden, E.A., A.B. Serra, S.D. Serra, C.P. Aganon,

L.C. Cruz and T. Fujihara. 1999. Mineral
concentration in blood of grazing goats and
some forage in Lahar-Laden area of Central
Luzon, Philippines. Asian-Aust. J. Anim. Sci.,
12: 422-428.

Poland, W.W, E. Grings, J. Karn and L. Manske,
2001. Mineral concentration and availability of
forages for grazing livestock in the Northern
Great Plains. Dickinson Research Centre. Annual
Report.

Ricks, M. 1996. Minerals: Small Ruminant Series.
Texas Agricultural Extension Service, Uvalde.

Serra, S.D., A.B. Serra, T. Ichinobe and T. Fujihara.
1996. Trace element from selected Philippine
forages. Asian-Aust. J. Anim. Sci., 3: 7-13.

Spears, J.W. 1994. Minerals in forage. In: G.C.
Fahey Jr, D. Martens and L.E. Moser (eds).
Forage quality evaluation and utilization. Amer.
Soc. Agron. Inc. Crop Sci. Soc. Amer. Inc. Soil
Sci. Soc. Amer. Inc. Madison, USA. p. 281-317.

SPSS. 1999. Statistical package for social
sciences. Procedures and facilities for release.
McGraw-Hill Book Co. NY.


