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 MAGNESIUM NITRATE AS DIETARY ADDITIVE IN THE
NUTRITION OF WEST AFRICAN DWARF GOAT

EL NITRATO DE MAGNESIO COMO ADITIVO ALIMENTICIO EN LA NUTRICIÓN DE LA
CABRA ENANA AFRICANA OCCIDENTAL
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SUMMARY

Twelve female West African Dwarf (WAD)
goats were used in an 8 weeks feeding trial to
investigate magnesium nitrate as a dietary additive
in goats’ nutrition. Four treatment levels (0, 0.5,1.0
and 1.5 p.100) of magnesium nitrate were used to
obtain four diets containing 0.21, 0.32, 0.45 and
0.65 p.100 magnesium. Results indicated that
animals on diet 4, though consumed the lowest
dry matter (0.282 kgDM/day), promoted the best
average daily gain (39.00 g/d), feed conversion
ratio (8.28), serum magnesium (3.10 mg/100ml)
and magnesium retention (0.160 g/kgBW). The
performance and magnesium retention of goats
on other diets were significantly lower. Magnesium
nitrate can therefore, be used up to 1.5 p.100 0f
diets to increase magnesium intake, without any
adverse effect, for a better performance in WAD
goats.

RESUMEN

Doce cabras de raza Enana Africana Occi-
dental (WAD) fueron usadas para un ensayo de
alimentación durante ocho semanas para inves-

tigar el papel del nitrato de magnesio como aditi-
vo dietético en la nutrición de las cabras. Cuatro
niveles (0; 0,5; 1,0 y 1,5 p.100) de nitrato
magnésico fueron empleados para obtener die-
tas que contenían 0,21; 0,32; 0,45 y 0,65 p.100 de
Mg. Los resultados indicaron que los animales
que recibían la dieta 4 aunque consumieron la
menor cantidad de materia seca (0,282 kg/día),
consiguieron la mejor ganancia diaria de peso
(39 g/día), índice de conversión de pienso,
magnesio en el suero (3,10 mg/100 ml) y reten-
ción de magnesio (0,160 g/kg peso corporal). La
producción y retención de magnesio con las otras
dietas fue significativamente menor. El nitrato de
magnesio puede por eso ser utilizado hasta un
1,5 p.100 en la ración para aumentar la ingestión
de magnesio sin ningún efecto adverso para una
mejor eficacia de las cabras WAD.

INTRODUCTION

The knowledge of West African
Dwarf (WAD) goat nutrition parti-
cularly that of mineral requirements,
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metabolism and utilization is highly
limited compared with numerous
studies in cattle and sheep. The
assumption is that information on cattle
and sheep can be imposed on goats
(Kearl, 1982). This is more complicated
by the fact that there are very many,
widely differing goat farming systems
and breed in the world. There are
however enough evidence on the
unique metabolic differences between
goats and other domestic ruminants
(Haenlein, 1980; Owen and Waheed,
1985; Morand-Fehr et al., 1985).

One of the critical areas in the
nutrition of WAD goats is the inorganic
element or mineral nutrition. The mi-
neral requirements of each type of farm
animal depend to large extent on its
size, to a greater extent on the capacity
of the digestive organs and more
importantly on the nature of its
products.

The magnesium requirements for
maintenance and liveweight gain is
16.7 mg/kg LW and an additional 0.7
g/day per kg liveweight gain (ARC,
1980; Mba, 1982). Magnesium is one
of the essential minerals in goat's
nutrition. However, this element is
reported to be poorly absorbed from
concentrate and forage feeds in the
alimentary tract (McDonald et al.,
1988). Increased magnesium intake can
therefore, be effected by feeding goats
with supplementary magnesium-rich
mineral mixture or salts.

This study investigated the effects
of magnesium nitrate as a dietary
additive in West African Dwarf (WAD)
goat nutrition in terms of dry matter
intake, average daily gain, feed
conversion ratio and magnesium
retention.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS AND THEIR
MANAGEMENT

Twelve female West African
(WAD) goats weighing 6 to 10 kg
were purchased from the local markets.
They were routinely given IvomecR

injection (1ml/50kgBW) against
endoparasites and dipped in Asuntol
powderR solution (3 g/litre of water)
against ectoparasites. The goats were
housed in previously disinfected and
well ventilated pens for 4 weeks to
acclimatise. During this period they
were fed with fresh Panicum maximum
together with dry cassava peels. Water
was offered ad libitum.

Four experimental diets containing
varying levels (0, 0.5, 1.0 and 1.5
p.100) of magnesium nitrate were
prepared (table I). The control diet
(D1) was formulated to contain 0.21
p.100Mg, DM basis (NRC, 1985,
Bondi, 1987). Supplemental magne-
sium nitrate (9.40 p.100 Mg) was
incorporated to attain the desired
magnesium levels of 0.32, 0.45 and
0.65 p.100 magnesium respectively for
diets D2, D3 and D4.  The twelve goats
were randomized into four groups of
three goats per group balanced for body
weight (9.46 ± 0.055 kg). Each group
was placed on different diet for 8 weeks
apart from one week adjustment period
during which the animals were allowed
to get used to the diets. Daily feed
supply was based on 4 p.100 body
weight of the goats while water was
provided ad libitum.

DATA COLLECTION
Weight of individual animals were

taken at the commencement of the
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experiment and fortnightly after 14 -
16 hrs feed withdrawal to avoid weight
due to gut fill. Feed residues were
weighed everyday to estimate daily
intake. Blood samples were collected
with hypodermic needle and syringe
via jugular vein puncture (Frandson,
1986) at the beginning and end of the
experiment. The half portion of blood
(5 ml from each goat) used for pre-
experiment haematological analysis
was mixed with EDTA to prevent blood
coagulation and were immediately
taken to the laboratory for analysis.
The other half was used for serum
harvesting by manual centrifuging
machine.

After feeding trial, two goats from
each treatment were randomly selected
and transferred to individual meta-
bolism cage for separate collection of
faeces and urine. The goats were
maintained on their respective previous
diets for 10 days. Daily collection of
faeces and urine samples was done
during the last 7 days of the experiment.
About 25 p.100 of the total faeces
collected during this period was oven-
dried at 80 °C and bulked for each
animal. The urine sample bottles were
rinsed with dilute sulphuric acid as
preservative and about 25 p.100 of
total urine voided by each animal was
stored at -20 °C until required for
chemical analysis. The sera samples
collected were also stored at -20 °C
before chemical analysis. The magne-
sium retention was calculated by
subtracting the values of both faecal
and urinary Mg excretion from
magnesium intake.

CHEMICAL ANALYSES
The proximate composition of the

experimental diets was determined
using the procedure of A.O.A.C.
(1990). Feeds and faeces samples were
charred over flame and ignited in
muffle furnace to obtain the ash (A. O.
A. C. 1990). These samples, in addition
to sera and urine samples, were
analysed for magnesium concentration
with Pekin Elmer Atomic Absorption
Spectrophotometer (Model 290).

STATISTICAL ANALYSES
All the data generated were subjec-

ted to analysis of variance (Gomez and
Gomez, 1984). The format for analysis
was a completely randomized design.
Treatment means were separated using
Duncan Multiple Range Test (Duncan,
1955).

RESULTS AND DISCUSSION

The proximate compositions of the
experimental diets are contained in
table I. The diets were fairly isonitro-
genous with the magnesium content
increasing from D1 to D4. This increase
may be attributed to the varying levels
of magnesium nitrate added to the diets
since the other ingredients were nearly
constant. The mean values of pre-
experiment haematological analysis
(table II)  are close to the recorded
observations of Schalm et al. (1975).
The mean serum magnesium (Mg) is
similar to the normal value for healthy
goats (Unanian and Feliciano-Silva,
1984 and Aina, 1992). These imply
that the goats were in good health
condition and that the responses
observed would have emanated from
the treatment imposed.

The summary of the performance
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of the goats fed the experimental diets
is presented in table III . The dry matter
intake (DMI) was significantly (p<
0.05) influenced by dietary addition of
magnesium nitrate. The DMI of the
goats increased from D1 to D3 but
declined toward D4. This could be that
the increased dietary Mg nitrate
decreased the palatability of the diet
resulting in the reduction of dry matter
intake (Gentry et al.,1978; Emery et
al., 1986). There was no significant
(p>0.05) variation in average daily gain
(ADG) attributable to the level of
magnesium nitrate in the diet. Although
not significant, the highest ADG (39.00
g/d) was promoted by the goats fed D4
with the least DMI. The higher
concentration of Mg in this diet might
have prompted greater protein biosyn-
thesis as well as carbohydrate and lipid

metabolism (Aikawa,1981; Bondi,
1987). The DMI and ADG recorded
for goats fed diets D1 to D3 depicts
that the animals consumed more feed
but gained less weight. Some of the
Mg in these diets may have formed
complexes with Ca and P (Alcock and
MacLtyre, 1962) leading to the
impairment of Mg absorption thereby
reducing its overall utilization. The
feed conversion ratio followed the same
trend as observed in the DMI and ADG.

Serum Mg significantly (p<0.05)
increased as the level of magnesium
nitrate in the diets increased from D1
to D4. The serum Mg is a good indicator
of the Mg status of the animals because
excess or shortage of dietary Mg is
immediately reflected in the blood
serum (McDowell, 1992). This result
is in line with the observations in

Table I. Ingredients and chemical composition of the experimental diets (p.100). (Ingredientes

y composición química de las dietas experimentales, p.100).

Ingredients D1 D2 D3 D4

Wheat offal 50.00 50.00 50.00 50.00
Dry cassava peels 20.00 19.50 19.00 18.50
Palm kernel cake 18.00 18.00 18.00 18.00
Dry Gmelina arborea leaves 12.00 12.00 12.00 12.00
Magnesium nitrate1 - 0.50 1.00 1.50

Chemical composition (p.100 of dry matter)
Dry matter (p.100) 87.90 87.70 87.20 87.40
Crude protein (p.100) 12.30 12.00 13.10 12.30
Crude fibre (p.100) 37.00 43.00 49.00 40.00
Ether extract (p.100) 2.50 2.50 3.50 3.00
Total ash (p.100) 4.80 5.40 4.60 5.00
Nitrogen free extract (p.100) 43.50 37.29 29.77 39.75
Magnesium (p.100) 0.21 0.32 0.45 0.65

1 9.40 p.100 magnesium and 98 p.100 pure magnesium salt.
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Table II. Pre-experiment haematological parameters and Mg concentrations of  faeces and
urine. (Parámetros hematológicos y concentración de Mg en heces y orina, antes del experimento).

Parameters Range Mean Sem

Hemoglobin (g/dl) 5.00 -  11.00 8.20 0.39

Packed cell volume ( p.100)  15.00 -  31.00 26.06 1.17

Red blood cells (106/mm3 ) 11.70 -  13.70 12.94 0.13

White blood cells ( cells/mm3) 5,600 - 9,600 7562.50 324.67

Total protein (g/dl)  2.40 - 5.40 4.23 0.19

Faecal Mg (mg/kg) 267.10 - 319.00 295.30 22.60

Urinary Mg (mg/100ml) 0.51 - 0.98 0.77 0.06

previous reports (Chester-Jones et
al.,1989;  Babayemi, 1997) for sheep
and goats respectively. However, the
significant (p< 0.05) increase in serum
Mg was not matched with a corres-
ponding significant increase in ADG.
It could be that the Mg ions present in
blood serum are continuously being
exchanged with Mg absorbed on the
bone surface (Bondi, 1987) since the
bone acts as the storage reservoir for
Mg in the animals under most condi-
tions (Pike and Brown, 1975). Addition
of Mg nitrate to goat's diet provoked a
significant (p<0.05) increase in faecal
Mg up to D2 beyond which there was
a decline (p<0.05). This suggests that
higher levels of this Mg salt was better
absorbed than at lower levels (Chester-
Jones et al.,1989) as indicated by the
serum Mg. Magnesium is absorbed as
a freely diffusing ion in the reticuloru-
men portion of the digestive tract
(Emanuele et al., 1991) but the
absorption may decline with increasing
Mg concentration in the diet (Capen
and Rosol, 1989). The urinary Mg
excretion was constant for all diets
(0.002 g/kgBW) except for D2 that

was significantly higher (0.006 g/
kgBW). This is contrary to the
published reports (Gentry et al., 1978;
Chester-Jones et al., 1989) of a linear
increase in urinary Mg with increase
in dietary Mg of dairy calves and lamb’s
diets. The variations between this study
and others might be due to the
differences in breed and, the type and
quantity of Mg salts used for the
experiments. The urinary Mg excretion
was lower than faecal Mg output (table
III) . This in meaningful since the
urinary Mg reflects the amount absor-
bed in excess of body requirements
(Smith, 1969; Sell, 1980) through the
filteration - reabsorption mechanism
of the kidney (Wilson, 1960).

The magnesium retention increased
(p<0.05) with levels of dietary
magnesium nitrate addition (D2 - D4).
The retention of Mg in D3 and D4 were
significantly higher (0.148 and 0.160
g/kgBW respectively) than the values
for other diets. The level of retention
could be due to the physiological
requirements for growth and udder
development in the female goats. The
trend in Mg retention agrees with the
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Table III.  Performance and Mg balance of goats fed diets containing magnesium nitrate as
additive. (Resultados y balance de Mg en cabras que consumían dietas con nitrato magnésico como

aditivo).

Parameters D1 D2 D3 D4 Sem

Average initial weight (kg) 9.47 9.60 9.45 9.33 0.055
Average final weight (kg) 11.37 11.03 11.40 11.65 0.127
Average daily gain (g/d) 32.00 24.00 33.00 39.00 3.082
Dry matter intake (kgDM/day) 0.305b 0.307b 0.349a 0.282c 0.014
Feed conversion ratio 10.84 14.58 12.12 8.28 1.312
Mg intake    (g/kgBW) 0.087c 0.159b 0.228a 0.218a 0.032
Faecal Mg (g/kgBW) 0.042c 0.138a 0.078b 0.056bc 0.021
Urinary Mg (g/kgBW) 0.002b 0.006a 0.002b 0.002b 0.001
Mg retention (g/kgBW) 0.043b 0.015b 0.148a 0.160a 0.037
Serum Mg (mg/100ml) 2.33b 2.34b 2.72ab 3.10a 0.183

a,b,c means along the same row with similar superscripts are not significantly different (p>0.05)

report of Fishwick (1978) who
observed an increase in Mg retention
with increase in dietary Mg.

CONCLUSION/RECOMMENDATION

Supplementation of WAD goat's
diets with magnesium nitrate did not
have any adverse effects on their per-
formance. It follows that diets too low

in Mg could be supplemented with
magnesium nitrate for economic dry
matter intake, good feed conversion
ratio, better serum Mg and Mg retention
up to 1.5 p.100 of the diet. It is
recommended that these results be
reinforced by further study with more
animals. Also higher levels of the salt
be used to verify the Mg requirements
for maintenance and growth in the West
African Dwarf goats.

REFERENCES

Aikawa, J.K. 1981. Magnesium: Its biological
significance. CRS Press, Boca Raton.

Alcock, N. and L. MacLntyre. 1962. Interrela-
tionship of calcium and magnesium absorp-
tion. Clin. Sci., 22: 185-191.

A.O.A.C. 1990. Association of Official analytical
Chemists, Official Methods of Analyses, Was-
hington D.C.

ARC, 1980. Agricultural Research Council. The

nutrient requirements of farm livestock Nº. 2.
Ruminants. London.

Babayemi, O.J. 1997.  Magnesium and Copper
requirements of West African Dwarf goat for
pregnancy and lactation. Ph. D. thesis,
University of  Ibadan.

Bondi, A.A. 1987. Animal nutrition. John Wiley
and Sons. pp 186.

Capen, C.C. and T.J. Rosol. 1989. Calcium -



Archivos de zootecnia vol. 50, núm. 191, p. 341.

MG NITRATE IN THE DIET OF WEST AFRICAN DWARF GOAT

regulating hormones and diseases of
abnormal mineral metabolism. In: Clinical
biochemistry of domestic animals (J.J. Kaneko,
Ed.). 4th Ed. Academic Press Inc. pp 678 - 743.

Chester-Jones, H., J.P. Fontenot, H.P. Viet and
K. E. Webb Jr. 1989. Physiological effects of
feeding high levels of magnesium to sheep.
J. Anim. Sci., 67: 1070-1075.

Duncan, B.D. 1955.  Multiple range and multiple
F-tests.  Biometrics, 1: 1-42.

Emanuele, S.M., C.R. Staples and C.J. Wilcox.
1991. Extent and site of mineral release from
six forage species incubated in amobile dracon
bags. J. Anim. Sci., 69: 801-810.

Emery, R.S., I. Luoma, J. Liesman, J.W. Thomas,
H.A. Tucker and T.L. Chapin. 1986. Effect of
serum magnesium and feed intake on serum
growth hormone concentrations. J. Dairy Sci.,
69: 1148-1150.

Fishwick, G. 1978.  Utilization of phosphorus and
magnesium in some calcium and magnesium
phosphates by growing sheep.  New Zealand
J. Agric. Res., 21: 571- 575.

Gentry, R.P., W.J. Miller, D.G. Pugh, M.M.
Neathery and J.B. Bynum. 1978. Effects of
feeding high magnesium to young dairy calves.
J. Dairy Sci., 61: 1750-1754.

Gomez, K.A. and A.A. Gomez. 1984. Statistical
Procedure for Agricultural Research. 2nd

Edition. John Wiley and Sons Inc. London.
Haenlein, G.F.W. 1980. Mineral nutrition of goats.

A review. J. Dairy Sci., 63: 1729-1748.
Kearl, L.C. 1982. Nutrient requirements of

ruminants in developing countries. I. F. I Utah
Agricultural Experimental Station. Utah State
University, Logan, U. S. A.

MacDowell, L.R. 1992. Minerals in animal and
human nutrition. Academic Press Inc. pp 115-
136.

Mba, A.U. 1982. Mineral nutrition of goats in
Nigeria. Proc. 3rd Int. Conf. on Goat Production
and Diseases. Tucson, Arosona, USA. 109 -
112.

McDonald, P., R.A. Edwards and J.F.D.
Greenhalgh. 1988. Animal Nutrition. 4th

Edition. Longman Publishers Ltd. Singapore.
pp 101-103.

Morand-Fehr, P., J. Herviell, A. Gitter and D.
Legendre. 1985. Use of goats as a way for
discriminating the palatability of concentrate
feeds. Ann. Zootech., 34: 472-491.

NRC, 1985. Nutrient requirements of sheep. (5th

Ed.). National Academy Press. Washington
DC.

Owen, E. and R. Waheed. 1985. Comparison of
sheep and goats under stall feeding
conditions, roughage intake and selection.
Ann. Zootech., 34: 470-476.

Pike, R.L. and M.L. Brown. 1975. Nutrition: An
integrated approach. 2nd Ed. John Wiley and
Sons Publishers. New York.

Sell, J.L. 1980. NFIA literature review on
magnesium in animal nutrition. National feed
Ingredient Association, West des Moines,
Iowa.

Schalm, O.W., N.C. Jain and E.J. Carroll. 1975.
Veterinary  Haematology.  3rd Edition. ICA and
Febiger, Philadelphia. pp 115-218.

Smith, R.H. 1969. Absorption of major minerals in
the small and large intestines of ruminants.
Proc. Nutr. Sci., 28: 151-158.

Unanian, M.D.S. and A.E.D. Feliciano-Silva. 1984.
Trace element deficiency: Association with
early abortion in goats. Int. Goat and Sheep
Res., 2: 129-134.

Wilson, A.A. 1960. Magnesium homeostasis and
hypomagnesaemia in ruminants. Vet. Res.
and Ann., 6: 39-52.

Recibido: 25-7-00. Aceptado: 8-6-01.


