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Macro Mineral Status of Fedsin the Central
and Western Parts of Ethiopia

Aschalew Tsegahun'*, Pornsri Chairatanayuth?,
Pravee Vijchulata? and Sayan Tudsri®

ABSTRACT

Different feed types collected from three altitudinal rangesin the central and western parts of
Ethiopia in two different seasons were evaluated for their macro mineral concentrations. Feeds in the
selected parts of the country comprised of natural pasture, hay, straws of cereals and food legumes and
to alesser extent cultivated forage crops and agro-industrial by-products. All feed samples were taken
directly fromthefield or supplied by thefarmers. Thefeed sampleswere analyzed for the macro minerals
namely Ca, P, Mg, Naand K. Mineral concentrationswere assessed in relation to recommended dietary
requirements of sheep. The results indicated a wide variation in macro minerals along with seasons,
atitudes, and feed types. Regardless of seasonsand altitudes, all feed typeswere deficientin Na. Natural
pasture, cereal straws, cultivated forages and legume straws were found to be deficient in P. Among the
macro minerals P, Mg and Na were found to be the most lacking. In situations where forages are fed
exclusively, supplementary P, Mg and Na would be required. The insufficiency of Na is the most
widespread mineral deficiency in the studied parts of the country. The levels of Caand K werefound to
be sufficiently high to meet estimated nutritional requirements of sheep.
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INTRODUCTION

Animal production in Ethiopia is
predominantly characterized by extensive grazing
(Sileshi and Bediye, 1991; Khalili et al., 19933).
Natural pasture, hay, straws of different crops,
improved pasturesand agro industrial by-products
comprise the feed resources (Bediye and Sileshi,
1989; Yami et al., 1991). Animal production in
the highlands of Ethiopia is particularly
constrained by shortage of feeds, which becomes
severe especially during the dry and cropping

seasons (Beyene and Yirga, 1989).

Animals subsist in most of the year on
poor-quality pasture and hay and/or crop residues.
When such kinds of low-quality feeds constitute
the bulk of the feed, provision of supplementary
feed isnecessary to avoid sever weight losses. With
the exception of common salt, the use of
commercial feed supplementsislimited dueto the
cost incurred and their unavailability (Sileshi and
Bediye, 1991). On the other hand substantial
improvements have been reported by
supplementing with forage legumes and agro-
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industrial by-products(Yami et al., 1991). Mineral
supplementations are also known to improve
intake and digestibility of feeds thus resulting in
increased animal performance. However, the
strategy must be compatible with the existing
production system and should continue to have a
low-input character. Itisnoted that mineral content
of grazing pasture is influenced by botanical
composition of pastures(Long et al., 1970; 1972;
Kabajaand Little, 1988; Jumbaet al., 1995 a, b),
forage species (Morris, 1987; McDowell, 1997),
and season of theyear (McDowell, 1997; Ramirez-
Perez et al., 2000).

To obtain improvement in animal
production, proper attention should be given to
mineral nutrition, whether the animal isin afree-
ranging system or under confinement. A lack of
attention to the mineral content of the total ration
frequently leads to increased disease and
reproductive problems (Haris et al., 1994).
Knowledge of the mineral composition of feeds
assists in determining the types and amount of
minerals to be supplemented. In Ethiopia, even
though information on the mineral content of feeds
of different nature (Faye et al., 1983; TDebessal,
1984; Kabaija and Little, 1988; Tolera, 1990;
Khalili et al., 1993aand b; Geleti et al., 2001) are
available, attention given so far to the minera
status of feeds has been low as compared with
other nutrients. Data on the mineral content of
feeds of the central and western parts of Ethiopia
with particular emphasisto season and atitude are
scanty. The aim of this study was to quantify the
mineral content of different feeds used in the
region as animal feed and to provide a basis for
subsequent investigations.

MATERIALSAND METHODS

The study areas

The study was conducted in the central
and western parts of Ethiopialocated between the
coordinates of 8° 45’ to 13° 45'N latitude and 35°

to45° 25" E longitudes, covering an areaof 170752
kmZ2. The study sites were selected based on their
high animal population. The feed samples were
collected from thethree altitudinal ranges, varying
from 1400 m up to 3700 m above sealevel (as.l.)
in the wet and dry seasons. The high altitudinal
range comprised areas having above2500mas..,
the mid-altitude areas lied between 1500-2500m
a.s.l. and areasbelow 1500m a.s.l. were designated
as lower altitudes.

Sample collection, preparation and analysis
Total of 176 feed sampleswere collected
during the wet and dry seasons from the three
atitudinal ranges of the central and western parts
of Ethiopia. The sample comprised grazing
pasture, natural pasture hay, browse species, crop
residues, cultivated forage crops and agro
industrial/home by-products (IHBP). Samples
were kindly delivered by farmers from the feeds
that were provided to animals or harvested with
their cordial consent after careful observation of
grazing animals. Feed samples were identified at
the spot, and further confirmed at Addis Ababa
University, Biology Department. From each
sample, a minimum of 300g feed was dried at
60°C for 72 hours until a constant weight was
obtained. The dry samples were ground to pass
through a1-mm sieve and kept in airtight cupstill
analysis. Analysiesweredonefor Ca, Mg, Na, and
K using atomic adsorption spectrophotometer and
P was determined using an Auto Analyzer
(Chemical Laboratory Instruments Method
No.W2-075-01) at the International Livestock
Research Institute (ILRI) Addis Ababa, Ethiopia.
The macro mineral concentrations of the feeds
were categorized into deficient, border line and
sufficient based on the mineral requirement of
sheep outlined by McDowell (1997). Minerals
below, in the range and above the set standard of
requirementswere categorized as deficient, border
line and sufficient level, respectively. The mean
of macro mineralsin thefeedswas computed using
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the Statistical Analysis System (SAS, 1999). The
percentage of the macro minerals was calculated
based on the value obtained for each feed. Then
the feeds were grouped by altitude, season, and
typesfor comparison. In each category the number
of feedsfalling within each level (deficient, border
line or sufficient) were counted and converted into
percentage basisto indicate the magnitude of each
macro mineral in its respective category.

RESULT

Mean values of the micro minerals of
feeds collected from the selected sites are given
in Table 1. Browse species, improved forages,
straws of food legumes and grazing pasture
fullfilled the minimum level of Ca(Table 1). Out
of thetotal feedsanalyzed only 4.55% were found
to be deficient in Ca. The ranges of Ca
concentration went from 0.13 for wheat/barley
mixed straws to 4.99% for Sesbania sesban. This
indicated the richness of browse species in their
Cacontent. The phosphoruslevel wasfound to be
sufficient only in 11.00% of the feeds analyzed.
By-products were found to bericher in P content
than the other feed types. The ranges of P went
from 0.06 of Trigonella foenum-graecumto 1.78
for G. abyssinica (Table 1). The ranges of Mg
varied between 0.07 of wheat strawsto 0.72 % of
a mixture of G. abyssinica and Carthamus
abyssinica cakes. Out of thetested feeds, 31.82 %
were found to be deficient in Mg content. The
lowest level of Mg was found in wheat straws,
while relatively higher amount of Mg was found
in the unimproved indigenous browse trees.
Among al mineralsanalyzed, Nawasfound to be
the most deficient macro mineral, the majority of
the browse species, cereal straws and by-products
being deficient to meet animal requirements. On
the contrary, the K concentration was found to be
adequate in most of the feeds analyzed (Table 1).
Among the local browse species, the highest
concentration of P, Mg and K werefound in Cordia

africana, and that of Ca was found in Sicus
SyCOMMOr US SPECi€s.

Comparatively, a higher number of feed
samples were collected from the higher altitudes
(133) as compared to mid and lower dtitudinal
ranges (43). This was mainly due to the
inaccessibility of the areas (mid and lower) and
the wide diversity of crops grown in the higher
atitudes. Apart from thisthe highland, thefarmers
had a good experience in conservation and
utilization of crop residuesand natural pasture hay
to overcome feed shortages during the dry season.
To show the macro mineral statusof feed resources
inthe study area, thefeeds collected from thethree
altitudinal rangeswere categorized into deficient,
border line and sufficient in terms of their macro
mineral content. The status is summarized in
(Table 2).

Calcium was found to be deficient in
6.06% of the feeds collected from the higher
altitude areas while the remaining balance at | east
satisfied the minimum requirement set for sheep.
Forty, 54.55 and 42.11% of the feeds of low, mid
and high atitude areas respectively werefound to
be deficient in their P concentration. With regard
to Mg 10.00% of the lower altitudes, 36.36% of
the mid and 32.56% of the higher atitudes were
found to be deficient. Livestock of the mid
atitudesweremoreliableto Mg and P deficiencies
and needs attention to fullfill the requirement of
these minerals. Na was found to be the most
deficient minerals. Feeds coming from the lower
altitudes were absolutely deficient, and 96.97 and
84.96% of the feeds from the mid altitude and
higher altitudes areas, respectively were found to
be deficient. To avert this phenomenon, the
tradition of common salt supplementation should
be encouraged at large, till a better solution is
developed. Potassium contents of the feeds were
found to be deficient only in 3.03% of thefeedsin
mid and 9.77% of thefeedsin higher altitude areas
(Table 2).
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Table1l Macro minera concentrationsin different feeds (% dry matter basis).

Scientific/Common name Nosample DM% Ca P Mg Na K%
Erica aroborea 2 9207 047 011 019 0014 o061
Hypericum lanceolatum 2 89.18 064 021 020 0.005 098
Zizyphus spina 3 8934 221 024 030 0003 1.09
Cordia Africana 1 8814 334 029 067 0005 3.03
Scus sycommorus 1 88.16 406 022 066 0.005 118
Euclea spp. 2 89.26 201 021 056 0003 151
Phalaris spp 4 8982 045 019 018 0239 222
Vicia spp 6 8948 219 021 040 0041 257
Beta vulgaries 1 9446 043 009 030 0.348 218
Seshaina sesban 1 8951 499 034 047 0355 124
Chamaecytisus palmensis 5 8993 128 018 040 0100 1.22
Avena sativa 6 8923 037 013 014 0047 172
Pisum sativum 4 90.69 113 0212 017 0027 213
Vicia faba 3 9026 143 018 019 0328 253
Trigonella foenum-graecum 3 90.07 197 006 016 0110 1.62
Lensclinaris 3 9044 155 012 026 0012 1.86
V. faba+ P. sativum 1 90.65 390 0212 008 0159 1.18
Hordeum vulgare 20 91.00 043 017 0.09 0414 156
Triticum aestivum 11 9144 030 009 007 0025 115

Eragrostis tef 8 91.33 037 013 012 0.007 1.07

H .vulgare + T. aestivum 2 90.30 013 023 012 0053 0.85
Eleusin coracana 1 91.20 103 028 010 0.003 15
Korefe 10 90.67 039 034 017 0014 043
V. faba+ P. sativum hull 2 90.25 051 015 018 0.033 0.76
Lensclinaris 4 8958 034 040 020 0020 0.72
Guizotia abyssinica 4 9111 092 178 060 0.002 171
G. abyssinica + Carthamus abyssinica 1 9147 058 131 026 0002 1.13
Flour by-product 2 90.26 030 034 016 0056 0.80
V. faba hull 1 90.88 050 029 012 0005 1.13
P. sativum hull 1 80.75 041 037 013 0.003 121
G. abyssinica + Brassica spp. 1 91.16 101 139 072 0003 156
Hay 20 90.60 071 023 017 0033 176
Andropogon, Trifolium, pennistum 15 9001 082 022 031 0038 194
Thymus serrulatus 4 8933 141 018 024 0010 158
Festuca abyssinica 2 9099 051 015 011 0.008 0.84
Hypernia spp. 6 90.70 047 013 024 0004 111
Grazing pasture 13 9094 067 015 018 0070 176

Korefe: aby-product of home prepared brewery
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Table2 Requirement based macro mineral status of feed resources in the three altitudinal rangest.

Low altitudinal range

Mid dtitudinal range

Deficient

Higher altitudinal range

Deficient

Minerals

Border line Sufficient

Deficient

Border line Sufficient

Border line Sufficient

Requirement%

70.00

30.00
60.00
10.00

72.73
42.42
27.27
3.03

3.

27.27
54.55

36.36
96.97

28.79

65.15

06

6.
42.11

0.20-0.82
0.16-0.38
0.12-0.18
0.09-0.18

Ca

40.00

3.03
36.36

9.77
42.64

48.12

80.00

10.00
100.00

24.81

32.56

84.

Mg

6.77

37.44

8.27
12.78

96

Na

70.00

30.00

93.94

3.03 03
1 Thefiguresindicate percentage of feed resourcesin the three altitudinal ranges that are deficient, border line or sufficient in macro minerals

9.77

0.50-0.80
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Macro mineral status of different feed
resourcesduring thetwo seasonsisgivenin Table
3.Asshowninthetablethereisadistinct variation
in mineral concentration of the feeds during the
two seasons. The general trend indicated that most
of the feeds of the dry season fell in the category
of deficient to border line than that of the wet
season in all the macro minerals. 7.45% of the
feeds were found to be deficient in calcium
concentration in the dry season as opposed to
1.22% of the wet season feeds indicating that Ca
level was quite enough to meet the need of the
animalsin the wet season. The same held true for
P content. More percentage of feeds (53.19%) was
found to be deficient in the dry season as opposed
to the wet season (34.15%). In Mg, 56.38 and
6.10% of the feeds were found to be deficient in
dry and wet seasons respectively. This signified
high deficiency of Mg in the dry season. Though
Naconcentration of thefeedswasvery low inboth
seasons, relatively more feeds were deficient in
dry season than in wet season. About 95% and
84% of the feeds sampled in the dry and wet
seasons respectively werefound to be deficient in
Na. Effectsof season on K contents of feedswere
found to be minimal when compared with the other
macro minerals. Only 12.77 of the feeds in the
dry season and 3.66% of those in the wet season
werefound to be K deficient. About 73% and 89%
of the feeds during the dry and wet seasons
respectively had sufficient amount of K that
covered requirements ranging from 0.09-0.18%.

Table 4 indicates the percentage of
different feed types that are deficient, border line
or sufficient in macro mineral concentration.
About 51, 17, 10, and 88% of the grazing pasture
were deficient in B, Mg, K, and Na respectively.
Nawasfound to be the most detrimental minerals
for indgenious browse speciesand straws of forage
legumes respectively. However, browse species
were rich enough in Ca and none of them were
deficientin Cacontent (Table 1 and 4). IHBPwere
found to bedeficient in Na(96.15%), K (34.65%),
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Mg (19.23%), Ca (15.38%) and P (7.69%).
Relatively, the lower percentage of P deficiency
in the IHBP as opposed to other feeds indicated
that these feed resources to contain adequate P
level to be used as P supplement. When ever by-
productsare used in animal feeds, attention should
be given to correct K and Nalevels.

Cereal strawswerefound to be deficient
in P, Na and Mg, while straws of food legumes
were highly deficient in P. Comparatively, less
percentage of straws of food legume was
categorized as Nadeficient compared to the other
feed types. Among all feed types, straws of cereal
crops and food legume were found to below in P,
since 71.63 and 86.67% of the corresponding feeds
were classified to be deficient in P level. The P
level should get special consideration when ever
these feeds constitute the bulk of the ration, and
hence other sources of P should be incorporated
to overcome the P insufficiency.

Though, 73.91% and 47.83% of the
improved forages were found to be deficient in
Na and P respectively, their status in terms of
deficiency in other mineralswasfound to be better
than the other feed types. Again, a considerable
attention should be given to Naand P when these
feeds are used. In case of grazing pasture hence,
attention should be given to correct the deficiency
as most of the livestock rely on grazing.

DISCUSSION

For thesimplicity of discussingthelevels
obtained, the macro minerals were rated against
the standard sets given for sheep by McDowell
(1997). Sheep were used in because the selected
parts of the country have high sheep populations
(Annual Statistical Bulletin, 2004).

The Cavauesof thefeeds(Table 1) were
higher than those reported by Khalili et al. (1993a)
and Geleti et al. (2001) for thewestern and central
highlands of Ethiopia, respectively, and
comparablewiththat of TDebessal (1984) reported
for the eastern part of the country. The result of

Kabaija and Little (1988) was comparable for
browse species and found to be less for hay and
crop residues collected from southern and central
parts of the country. Ogebe et al. (1995) reported
a similar value for tree leaves and crop wastes.
However, the value reported for grass was below
the values obtained in this study. This disparity
could be dueto adifference between species(Long
etal., 1970; 1972), asthe sampleswere not of the
same type. Geleti et al. (2001) reported a higher
and significant level of Caduring the wet season
than in the dry season. This finding was in
agreement with the current study, where the
percentages of feed that were found to be deficient
werelower (1.22%) inthe wet season as compared
with of the dry season (7.45%). TDebessal (1984)
also reported that out of the 86 green feeds
analyzed during the wet season for Ca, none of
them contained below the critical level. This
finding agreed with the current study confirming
that about 99% of the wet season feeds fullfilled
the minimum level of Ca given by McDowell
(1997) for sheep (Table 3). Since age, vitamin D
level, hormonal blood level and balance, amount
of calciumfed, composition of diet, calcium status
of animal, and the form of calcium fed had
influence on the absorption and retention of
calcium, Peeler (1972) suggested that the Ca
content of a feed should be evaluated based on
the amount absorbed rather than on its analytical
content. About 13% of the feeds were found to be
deficient in K in the dry season as opposed to 4%
in the wet season. Thiswasin agreement with the
findings of Kabaijaand Smith (1989) who reported
seasonal differences in K concentration. The K
value of hay, crop residues and browse species
were reported by TDebessal (1984); Kabaija and
Little (1988) and Bediye and Fekadu (2000) were
comparable with this finding (Table 1).

Among all feed classes, K was found to
be highly deficient in by-products (34.61%) as
compared with 9% deficiency level of (grazing
pasture and browse species), and nil for the other
feed types(Table4). Thisfinding wasin agreement
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with McDowell (1997) who reported a high
deficiency of K in concentrate diets.

Relatively a higher amount of P was
obtained from agro industrial by-products, theleast
amount was obtained from straws (Table 1). The
|owest Pwas obtained from fenugreek (Trigonella
foenum-graecum), which indicated the scanty
concentration of Pin food legume straws (Table
1). Thevaluereported by Kabaijaand Little (1988)
for hays, crop residues and browse species was
comparable with this finding. By-products
contained the highest P level s with 92.31% being
between border lineand sufficient levels. Thiswas
by far higher than the P content of any other feed
types (Tables 1 and 4). Kabaijaand Little (1988);
obtained a high level of P from cotton and noug
(Guizotia abyssinica) cakes. About 51, 71, 48 and
87% of the grazing pasture, cereal residues,
improved forages and legume straws were found
to be deficient in Prespectively (Table 4). Hence
supplementation with P is likely to be beneficial
infeeding systemsthat employ thesefeeds. Tothis
end access to bone meal or licks containing
phosphorus is recommended to overcome the
deficiency (French, 1955).

Thevalue obtained for Na(Table 1) was
comparable with that of Khalili et al. (1993a) and
TDebessal (1984) reported for various types of
feeds and with that of Kabaija and Little (1988)
given for hay and crop residues. Even though the
magnitude varied, Na deficiency was observed in
all feedsin both seasons, and in thethree dtitudinal
ranges. This was in agreement with that the
findings of Kemp and Guerink (1978) and
McDowell et al. (1993) who reported Na as the
most deficient mineral of free ranging animals.

The Mg value obtained for natural
pasturewasin linewith that of Kabaijaand Little,
(1988) and Geleti et al. (2001) and was lower than
that given by TDebessai (1984) and Bediye and
Fekadu (2000) for forages, cereal straws and
browse species. As observed in the demonstration
sitesof the ministry of agricultural andinthefields
of ‘contact farmers’, thereisapotentia to develop

improved forages in the region as intercropping,
aley farming, and back yard crop. Thisapproaches
warrants encouragement asimproved forageswere
found to be adequate in most of the minerals with
the exception of Na. This was mainly due to the
fact that they were cultivated for their high biomass
yield and nutritional quality. However, relatively
the Na content of improved forages were better
than that of the other feed types (Tables 1 and 4),
being preceded only by straws of food legume.

Altitude influences the mineral
concentrations (Tables 2) of feeds. In the higher
and mid atitude areas a considerabl e percentages
of feedswerefound to be deficientin minerals. In
the higher altitudes, 6.06, 42.11, 32.56, 84.96 and
9.77% of the feeds were found to be deficient in
Ca, P, Mg, Na, and K, respectively, while about
27,55, 36, 97 and 3% of thefeedsin mid atitudes
were found to be deficient in Ca, P, Mg, Na, and
K, respectively. Among the feeds of the mid
dtitudinal ranges, amixture of wheat/barley straws
contained the highest P (0.37%), Na (0.01%) and
thelowest K level (0.58%) and Ca(0.12%). Inthe
lower atitudes Na was found to be absolutely
deficient inall feeds (Tabal€2) as opposed to 84.96
and 96.97% of the high and medium altitudes
respectively.

When seasons were compared (dry and
wet), the largest numbers of feeds were collected
in the wet season. Thiswas mainly because of the
well established tradition of farmersin conserving
feeds for dry season usage. Though the influence
exerted in wet season on K and Ca seemed lighter
as compared with other minerals, the influence of
season was observed in all macro minerals
investigated. The results indicated that the dry
period feeds contain less macro minerals than the
wet season feedswhich wasin linewith McDowell
(1997). Geleti et al. (2001) also reported that feeds
of wet season contained a higher amount of
minerals than the dry season feeds. McDowell
(1997) stated that P% dropped from 0.3% in the
early growing season to less than 0.15% after
maturity. The same author further stated that
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mineral content to decline as plants mature
(McDowell, 1985). Hence a close attention of
animals is suggested to aleviate particularly the
deficiency of P, Mg, and Na.

CONCLUSION

Mineral deficienciesare known to lower
the performances of animals especially of those
which derive their feed from natural pasture and
crop residues. The results obtained in this study
clearly indicated that therewas mineral deficiency
in the area particularly of P, Mg and Nawhile the
level of Caand K seemed to be adequate in most
of the feeds. Attention should be given to correct
the deficient mineralsespecially Naand P asthese
minerals are the most lacking minerals in the
studied area. This end studies that evaluated the
effect of mineralsdeficiency up on the productivity
of animals should be carried out to come up with
an applicable recommendation. Any feeding
system based on those feeds should take into
account mineralsthat arelacking and hence should
go for additional supplementation to alleviate the
deficiency.
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