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NUTRITIONAL FACTORS AFFECTING MINERAL STATUS AND
LONG-TERM CARRY-OVER EFFECTS IN SHEEP. II TRACE P‘IINERALS1

OR Rosero2 LR M.cDowell3 JH Conrad3 GL Ellis3

and F G Martin

University of Flonida, Gainesville 32611 and
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Forty-eight ewe lambs were assigned to an 18 month factorial experiment,with zwo dietary
levels of minerals (high and low) and two levels of energy-ptotein tostudy trace mineral
status, storage and long term carry-over effects. Treatments with high minerals ware
administered for only four months of the growing period. There were no carry-over effecta
for the concentration of iron {Fe), copper {Cu), zinc {Zn) or selenium (Se} in serum or
in liver in ewes fed the original experimental diets which were high in minerals. inder
the conditions of this experiment, levels of energy-protein were more important than
levels of minerals in influencing tissue mineral concentrations., Milk had higher Fe and
manganese (Mn) concentrations than colostrum (4.9 and 0.77 vs 3.3 and 0.51 ug/ml, respec
tively); in contrast Cu, Zn and Se were higher (P < 0.05) in colostrum than in milk
(3.7, 65.% and 0.04 vs 3.5, 40,5 and 0.02 ug/ml, respectively). Serum Fe, Cu and In
decreased from newhorn to weaned lambs (3,59, 0.2 and 1.46 to 1,80, 0,15 and 0.96 ug/ml,
respectively).
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In a tropical pasture-ruminant animal system, a major part of the
animal's requirements in terms of energy, protein and vitamins can be sa
tisfied by pasture. Minerals, however, are often low in tropical pastures
resulting’ in substantial production losses for grazing livestock {McDowell,
1976; McDowell et al, 1983). During the dry season, grasses mature and become
dry, consequently forage quality progressively declines and the animals lose
weight, at the end of this season they may have lost as much as 30% of their

peak weight in the rainy season (Van Niekerk, 1974).

The fluctuation of nutrient content results in the familiar patternof
growth rate of animals on native grasses, that is, rapid growth in the rainy
season followed by a loss of body weight during the dry season. The
deficiencies result in a poor animal performance either directly or through
depression of feed intake. .

To have rapid and economical improvement in grazing livestock produc-
tion in a tropical enviromment, factors that influence mineral status under
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grazing conditions must be determined. The objectives of this research were
to investigate the effect of two dietary levels of energy-protein on sheep
mineral status and to compare the effect of two mineral levels (high and
low) on mineral storage and long-term carry-over effects in sheep. The
present study evaluates trace elements, while a companion paper (Rosero et
al, 1984) evaluates animal performance and macro elements.

Expérimental Procedure

Forty-eight Rambouillet crossbred ewe lambs, 8 to lOmonths old, avera
ging 28.5 kg initial body weight were randomly assigned to four experimental
groups in a 2 x 2 factorial arrangement representing two dietary levels of
minerals (high and low) and two levels of energy-protein (high and low). The
experiment was divided into four periods. Experimental periods and diets
were described in the companion paper (Rosero et al, 1984).

Blood samples were collected in ewes at the end of each experimental

period (four times) and also, from both newborn and weaned lambs, Blood
serum and feed samples were collected, prepared and analysed for minerals by
standardized methods described by Fick et al (1979). Liver biopsies were

taken only at the end of the growing period. Liver biopsy sample preparation
and analysis was carried out as described by Fick et al (1979).

Colostrum was collected within the first 15 hours after birth andmilk
during the middle of the lactation period. Milk and colostrum samples (15
and 10 ml, respectively) were dried overnight in an oven at 60°C, thenashed
overnight in a muffle furnace at 500°C, Solutions of milk and colostrumwere
prepared in the manner described for liver and analysed for Fe, Cu, Zn, Mn,
Mo and Se (Fick et al, 1979),

Statistical procedures have been described previously in the companion
paper (Rosero et al, 1984).

Results and Discussion

Blood parameters: Mean serum trace mineral concentrations for ewes fed
four experimental diets are presented in Table 1. In period 1 (growing),
high energy-protein diets resulted in higher serum Fe (P < 0.01) and Zn (P
< 0,05) than low energy—protein diets (1.66 vs 1.07 and 1,59 vs 1.33 ug/ml,
respectively). Significant interactions (P < 0.05) between levels of energy
protein and minerals were found only for serum Fe in ewes. With increased
levels of energy-protein in the low mineral diets serum Fe increased from
1.05 to 1.40 pg/ml whereas with the high mineral diets the increasewas from
1,09 to 1.91 ug/ml.

In period 2 (breeding), serum Cu was higher (P < 0.05) in ewes fed low
energy-protein diets (0,59 vs 0.46 ug/ml) and serum Zn was higher (P <0.01)
for high energy-protein diets (1.65 vs 1,19 ug/ml}. In peried 3 (gestation-

parturition), serum Fe and Zn were higher (P < 0,01) for high energy-
protein diets than for low energy-protein diets (2.11 vs 1.71 and 1.59 wvs
1.24 pg/ml respectively)}, The feeding of high mineral diets resulted in

hisher serum Cu concentratioms (P < 0,01) than the low mineral diets (0,62
ve 0,48 pg/ml), No interactions (P > 0.05) between dietary levels of energy
protein and minerals were found in this period,

In period 4 (lactation), treatment differences were found betweenhigh
and low energy-protein diets in serum Fe (P < 0.01), Cu (P < 0.05) and Zn
(F < 0.01) (2,66 vs 1,91, 0,43 vs 0.27 and 1,01 vs 0,85 pg/ml, respectively)
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No interactions (P > 0.05) between dietary levels of energv-protein and
minerals were found in blood parameters in this period. Underwood (1977,
gives the normal value of plasma Cu in mature cattle as .93 vg/ml. Serum
Cu levels of 0.6 ug/ml were reported to be slightly deficient in cattle
(CMN, 1973); also this committee considered plasma a good indicator of Zn
status in animals and suggested above 0.6 ug/ml to be a normal level. On
this basis, the majority of animals in this experiment would have low Cu
but adequate Zn serum concentrations.

Table 7

Means and standand ennons (SE] of serum Fe, Cu, In and Se {n ewed fed foun
experimental diets (ug/mila,b,

Diet 1 Diet 2 Diet 3 Diet 4
Mean SE Mean SE Mean SE Mean ST
Period 1
Fe 1.05 0.03 1.09 0.03 1.40 0.07 1.91 0.22
Cu 0.63 0.04 0.65 0.03 0.50 0.05 0.62 .08
In 1,40 0.13 1.26 0.08 1.62 0.03 1.55 0.09
Period 2
Fe 1.66 0.13 1.62 0.16 1.76 0.21 1.79 0.08
Cu 0.59 0.05 0.59 0.04 0.36 e.07 Q.56 0.:0
Zn 1.20 0.19 1.18 0.08 1.74 0.16 1.55 0.12
Period 1
Fe 1.81 0,10 1.61 0.08 1.95 0.08 2.27 0.10
Cu 0.51 0.04 0.63 0.03 0.45 0.05 0.60 0.08
Zn 1.21 0.14 1.26 0.07 1.53 0.12 1.65 0.12
Period 4
Fe 1.91 0.17 1.91 0.26 2.25 0.21 3.06 0.36
tu 0.30 0.04 ©0.23 0.05 0.36 0.07 0.50 0.1l
In 0.82 0.05 0.87 0.03 1.06 0.05 0.96 0.05
Se 0.14 0.02 0.14 0.02 0.16 0.01 0.15 0.02

®Means based on 8 to 12 observations, with & observations for Se per
treatment only in period 4.
Diet treatment are as follows: 1(low energv-protein + low minerals),
2(low energy-protein + high minerals), 3{high energy-protein + low
minerals) and 4({high energv-protein + high minerals),

There were period effects (P < 0,01) for serum Fe. Cu and Zn. Serum
Fe increased from period 1 to 4 (1.36, 1.71, 1.91 and 2.28 ug/ml, respec-—
tively); in contrast, serum Zn decreased from period 1 to 4 (1.46, 1.42,
1.41 and 0.93 ug/ml, respectively). Means of serum Cu were 0.60,0.53,0.5
and 0. 35 ug/ml for periods 1, 2, 3 and 4, respectively. In relation to
period effects Mtimuni (1982) reported that serum Cu was significantly lo
wer in the rainy season than in the dry season in three regions of Malawi
(0.04, 0.04, 0.03 vs 0.24, 0.32, 0.40 ng/ml). Lebdoscekojo (1977) and Men
dez (1977) reported similar results. No carry-over effects were observed
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in serum Fe, Cu and Zn in ewes fed the original experimental diets high in
minerals for a period of four months.

Liven trace efements concentrations: Mean liver mineral concentration
for ewe lambs following the growing period are presented in Table 2, Liver
Fe and Co (Cobalt) concentrations were higher (P < 0,05) in ewes fed low
energy-protein than in those fed high energy-protein diets (382 vs 222 and
0.43 vs 0.34 ppm, respectively)., Liver Se concentration was higher (P <
0.05) for high energy-protein than for low energy-protein diets (1,99 vs
0.77 ppm). Liver from ewes fed high mineral diets had higher (P < 0.01) Co
and Mo concentrations than that from those fed low mineral diets. Interac-
tions (P < 0.001) between dietary levels of energy-protein and minerals we
re found only for liver Se concentrations, For the low energy-proteindiets,
increased mineral levels from low to high decreased liver Se (1,16 to 0.38
pem); in contrast, for the high energy~-protein diets, increased minerals
from low to high increased liver Se concentrations (1.04 to 2.93 ppm). A
number of reports (Underwood, 1977) suggest that the liver is a good indi
cator of the status of most trace minerals in livestock. In the present ex
periment, the majority of the animals had normal liver concentrations of
trace elements.

+Table 2

Means and standand ennron (SE) of Liven mineral concentration [ppm) in
growing ewe Eambs fed foun experimental diets@,d.

Diet 1 Diet 2 Diet 3 Dier 4
Mineral Mean SE  Mean SE_ Mean SE  Mean SE
Fe 321 60 442 72 199 21 244 27
- Cu 207 107 b4 13 28 7 61 12
. Co 0.33 0.04 0.52 0.05 .24 0.03 0.43 0.03
Mn 7.4 1.1 6.4 0.5 7.1 i.1 8.8 0.6
Zn 219 92 164 41 101 7 96 10
Mo 4,0 0.7 8.4 1.3 2.7 0.4 6.4 1.4
Se 1.16 0.28 0.38 0.18 1.04 0.20 2.93 0.7

b

®Means based on 6 observations except S¢ (3).
Piet treatments are as follow: 1(low energy-protein + low minerals),

ZSIOV energy-protein + high minerals), 3(high energy-protein + low
minerals) and 4(high energy-protein + high mincrale).

Mifk and cofostrum: Mean milk and colostrum Fe, Cu, Zn, Mn and Se cop

centrations, as affected by treatment, are presented in Table 3. Milk had
higher (P < 0.05) Fe and Mn concentrations than did colostrum (4,9 and
|0.77 ug/ml vs 3.3 and 0.51 ug/ml respectively). Copper, Zn and Se concen-

| trations were higher (P < 0.05) in colostrum than milk (3.7, 65.3 and 0.04
|vs 3.5, 40.5 and 0.02 pg/ml, respectively). Milk Mn concentration was hi
sher (P < 0.05) for high energy-protein than for low energy-protein diets
(0.91 vs 0.64 ug/ml). In contrast, the Cu concentration in colestrum was
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higher (P < 0.05) for the low energy-protein diets (4.47 vs 2.94 Wg/ml). No
significant difference (P < 0,05) between levels of minerals or significant
interactions between energy-protein and minerals were found for milk and
colostrum trace elements concentrations. In cows, sows and goats, Fe supp-
lementation does not appreciably affect milk Fe content (Archibald, 1958).
In both rats and sheep, consumption of Cu deficient diets resulted in milk
significantly lower than normal Cu concentration (Archibald, 1958). In
dairy animals and in the sow, the Zn content of milk can be increased by
dietary supplementation (Miller et al, 1965). In humans, as well as incows,
the Mn concentration of milk may be elevated by increasing the dietary Mn
intake (Archibald, 1958). .

Tahle 3

Meand and standand emnon [SEY of milk and cofostrum Fe, Cu, In, Ma and Se concentration (ug/mt)
in ewes fed foun experdimental diets 2, :

MILK COLOSTRUM
Fe Cu Zn Mn Se Fe Cu in Mn Se
Variable
Diet 1
Mean 5.5 3.4 49,2 0.592 0.018 3.06 4,87 64,71 0.526 0.056
SE 0.8 0.2 26.1¢ 0.099 06.001 Q.36 0.83 9.98 0.081 0.018
n 5 5 5 5 2 7 7 7 7 4
Diet 2 !
Mean 4.5 2.7 40.3 0.678 0.027 3.32 4,07 82.0 0.392 0.3i2
SE 0.5 0.0 13.1 0.084  ¢,006 0.62 Q.50 12,2 a,062 0,000
n 4 4 4 4 2 5 5 5 5 1
Diet 3 _
Mean 4.5 4.1 43,3 0,988 0.018 2.67 2,37 52,6 0,616 0,020
SE 0.2 0.8 11.3 0,130 Q,008 - 0,51 0.62 15,4 Q,152 0,006
n 4 4 4 4 4 5 5 5 5 3
Diet &
Mean 4,9 3.6 29,3 0.825 0.016 4,08 3.50 61.8 0,515 0,054
SE 0.7 0.7 7.7 3.197 0.004 G.94 0.89 15.8 Q, 204 Qq.034
n 4 4 4 [ 4 4 13 4 [ 2

%piet treatments are as follows:1(Low energy~protein + low minerals}, 2(low energy-protein +
high minerals), 3(high energy-protein + low minerals) and 4(high energy~protein + high minerals)

Blood trhace efements of newbonn and weaned Lambs: Mean serum trace
mineral concentrations in lambs from ewes fed the experimental diets  are
presented in Table 4. Iron, Cu and Zn were analysed at birth and atweaning,
and Se only at weaning. Serum Fe, Cu and Zn in newborn lambs were  higher
(P < 0.05) than in weaned lambs (3.59 vs 1.80; 0.20 vs 0.15; and 1.46 vs
0.96 ug/ml, respectively). No sex differences (P < 0.05) were found in se-
rum Fe, Cu, Zn and Se concentrations.
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Table 4

Means and standard ennons (SE) of senum concentrations {ug/mt) of Fe, Cu, In and Se in tamba
{rom ewes fed four experimental dietsd. ’

Diet 1 Diet 2 Diet 3 Diet 4
n Mean SE n Mean SE n Mean SE b Mean SE

1
Fe 8 3.09 0.50 5 3.08  0.62 4 4,47 1.32 7 3.7 0.73
Fel 6 1.79 0.20 4 1,39 0.09 2 2.22  0.65 5 1,80 0.15

1
Cu 8 0. 24 0.07 5 0.25 0.08 4 0.14

3 . . . 0.03 7 0.15 0.02
Cu1 6 0.15 0.05 4 0.12  0.03 3 0.10 0.03 5 0.22 ©0.09
an 8 1.61 0.24 5 1.57 0.21 4 1.28 0.28 7 1.36 0.14
an 6 0,93 0.16 4 0.83 .21 2 1.10 0.30 5 0.98 0.04
Se 4 0.08 0.02 3 0.08 0,04 1 0.06 0.00 5 0.08 0.001

%Diet treatmens are as follow: 1{low energy-protein + low minerals), 2{(low energy-protein +
high minerals), 3(high energy-protein + low minerals}, 4(high energy-protein + high mineralas).

lSampling at birth.
Sampling at weaning {(approximately 60 days).

Conclusion

No carry-over effects in tissue mineral concentrations were found in
ewes fed the high mineral diets, Dietary emergy-protein was more important
than mineral concentrations in influencing mineral tissue concentrations.
Milk had higher Fe and Mn and lower Cu, Zn and Se concentrations than col
ostrum. Serum Fe, Cu and Zn concentrations on lambs decreased _between

birth and.weaning.
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