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Direct Effects of Copper and Selenium Supplementation and Its
Subsequent Effects on Other Plasma Minerals, Body Weight
and Hematocrit Count of Grazing Philippine Goats

E. A. Orden, A. B. Serra', S. D. Serra', K. Nakamura, L. C. Cruz' and T. Fujihara*
Faculty of Life and Environmental Science, Shimane University, Matsue-shi 690-8504, Shimane, Japan

ABSTRACT : The administration of soluble glass bolus (SGB) with cobalt (Co), selenium (Se) and copper (Cu), among
S0 upgraded does in the farm of Central Luzon State University, Philippines, was effective in improving the mineral status
of the animals. After one year, blood Se and plasma Cu had been significantly increased; subsequently plasma molybdenum
(Mo) level had been reduced, but other macro-minerals were not affected. Soluble glass bolus supplementation did not affect
plasma calcium (Ca), magnesium (Mg), and sodium (Na), although the weated does had higher plasma phosphorus (P),
potassium (K), and zinc (Zn) in some parts of the year., Hematocrit count of the animals was also improved reaching 32%
level after 9 months; although it was still 6% below the lower limit of a normal range of 38 t0 45%. The desired
improvement in Se, Cu and Mo was not able to influence live weight among the animals, After one year, body weight was
not significantly different from the control group of animals. Nevertheless, the study showed the effectiveness of SGB in
improving Cu and Se levels, and subsequently reducing the plasma Mo levels of grazing goats in a typical Philippine farm.

(Asian-Aus. J. Anim. Sci. 2000. Vol. I3, No. 3 ; 323-328)
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INTRODUCTION

Philippinc goats in the rural areas are traditionally
raiscd at subsistence level with negligible concentrate
supplcrnentation. Feeds  provided are  mostly
rain-dependent grasses, weeds and other plant species
such as legumes, shrubs and trees (fresh leaves and
fruit litters). Rarely, however, can these forage meect
the important minerals required by grazing goats.

Dominant pasture species in some parts of Luzon
Island had low mineral content, adversely affecting the
blood mincral profile of grazing goats (Fujihara et al.,
1992). In one experimental farm in Central Luzon,
almost all thc animals had serum Se below critical
icvel, and there were also indications of low plasma
Ca, Zn and Cu. Although no clinical signs of Se
deficiecncy had been reported it is feared that Se
deficiency in  ruminants could be associated with
specific disturbances in reproduction (Hidiroglou et al.,

1987, Herdt, 1995) and increased susceptibility to
infcctious  diseases  (Gerloff, 1992, Batra and
Hidiroglou, 1993), Copper deficiency on the other

hand, could also impose severe limitation to grazing
animals. Other minerals present in excessive amount
have been found to adversely affect Cu utilization
(McDowell, 1985). In particular, the high level of Mo
supply that could trigger Cu thiomolybdate complexes
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(Grace, 1991) or the increase in sulfur level renders
Cu unavailable. It is in this regard that Cu and Se
supplementation is necessary. Soluble glass bolus with
Co, Se and Cu, plus P, Na and Mg was used because
it has immediate effect of improving the level of
some minerals among animals (Buckley et al.,, 1986;
Hidoroglou et al., 1987; Givens et al, 1988; Zervas,
1988, Hidiroglou, 1989; Matsui et al., 1992).

This study investigated the effectiveness of SGB in
alleviating blood Se and plasma Cu and its subsequent
effects on other mineral elements, live weight and
hematocrit value of grazing Philippine goats.

MATERIALS AND METHODS

Experimental animals and treatment

The study used 50 upgraded Philippine goats (50%
Anglo Nubianx 50 Native) from the farm of Central
Luzon State University, Philippines (76 m altitude at
15 °14’N, 120.54 °E). The animals were grouped into
two;, with SGB placed intraruminally (treated) and
without SGB (untreated). The SGB (COSECURE) was
a combination of Co, Se and Cu, plus P, Na and Mg;
manufactured by Pilkington Controlled Release Systems
at Denbigh, North Wales, UK., and obtained from the
University of Leeds, The bolus was 35 gram in
weight with maximum daily release of 90 mg/day and
provided 12.1 mg Cu, 0.45 mg Co, 0.i14 mg Se, 22.4
mg P, i6.0 mg Na, and 0.6 mg Mg per day.

The treated animals received two boluses; the first
bolus on the first month (October) of the study and
the second bolus six months later (April). All the
animals received no other supplements during the
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duration of the study, thus deriving their nutrient
rcquirement only from the pastures. The live weight of
the animals was recorded every month.

Sample collection

Blood sampling was done monthly from November,
1992 to October, 1993. About 10 ml of blood samples
were drawn from the jugular vein of each animal
using heparinized vacuum tubes (VT- 100H, Veno jet,
Terumo Co., Tokyo, Japan). One ml of whole blood
and plasma were taken and transferred individually to
an acid-washed test tube, The whole blood samples
were used to determine Se level, while the plasma
samples were used to determine Cu and other
minerals. Whole blood and plasma samples were dried
slowly over a hot plate at a temperature of about
95-1007. Hematocrit count was determined right after
collection of all blood samples except from August to
October, 1993 due to malfunctioning of the centrifuge.

Samples of forage species were collected during
wet and dry season by hand plucking from the pasture
arca. Thcse were cleaned of possible contaminants,
dried and ground to pass through a Willey mill with
2 mm screen,

Forage, blood serum and plasma samples were
stored properly and shipped to Japan for mineral
analysis,

Laboratory analysis

Blood and forage samples were subjected to wet
ashing with nitric and perchloric acids (3:1) before
mineral analysis. All glassware and pipette tips used
were washed with acid to avoid possible contami-
nation. Selenium concentration was measured by
fluoromctric  detection of the 2,3-diaminonaphthalene
following the procedure of Watkinson (1966). The
fluorescence  spectrophotometer used was Hitachi 20
(Hitachi Lid., Tokyo, Japan) with 377 nm excitation
and 520 nm ecmission. The other mineral elements
namely, Cu, Ca, P, K, Mg, Na, Mo and Zn were
determined by Inductively Coupled Plasma Emission
Spectrometer  (ICPS 2000, Shimadzu Co., Kyoto,
Japan).

Statistical analysis

Data wcre analyzed using Students t-test (Steel and
Torric, 1980). Significant differences between means
were determined at p<0.05 and p<0.01 levels.

RESULTS AND DISCUSSION

Mineral concentration of dominant pasture species
Animals grazed on pastures with dominant species
namcly: Pennisetum purpureuwm (Schumach), Cynodon
plectostachyus (K. Schum.) Pilger, Calopogonium
muconoides Desv, and Leucaena leucocephala (Lam.)

ORDEN ET AL.

de Wit. These species showed varying levels of
macro-minerals during wet and dry seasons (table 1).
Levels of Ca, Mg, K, and Co were generally above
the critical level recommended by McDowell (1985},
while P was generaily deficient. Zine levels of P
purpurewn during dry season and L. leucocephala
during both dry and wet seasons were deficient.
Except for L. leucocephala, other species had Se
levels critically low. All the forage species had Fe,
Mn and Mo levels more than the critical level, but P.
purpureum and L. leucocephala had low Cu levels
(table 1). Molybdenum level was more than twice the
critical level which supports the findings of McDowell
(1985) that Mo toxicity exists in some parts of the
Philippines.

The average Cu-Mo ratio of dominant " pasture
species is about 1:2, which is the reverse of the
desired ratio of 2:1 (Ward, 1978). This situation could
be undesirable because it could produce physiological
Cu deficiency among animals (Ward, 1978}, and high
Mo intake depresses Cu availability (Fleming, 1973;
Ward, 1978; Mills, 1987). However, grazing goats may
not show ill effects due to two plausible reasons: first;
goats unlike cattle and sheep are more tolerant to high
Mo doses (Haenlein, 1992); and second; forage Mo
level is still much lower than the 1,042 ymol/kg DM
level that could produce severe symptoms (Ward,
1978). Nevertheless, SGB supplementation is deemed

-necessary in order 10 improve the mineral contemis of

the animals.

Direct effects of SGB on
concentrations in blood

Whole blood Se concentration was initially the
same for both groups of animals at 0.20 gmol/l which
is bclow the critical level of 0.25 pmol/l. After one
month of SGB administration Se level of the treated
animals increased abruptly to 0.8 pmol/l; which is
significantly different from the 0.28 umol/l mean Se
level of the untreated animals (table 2). The positive
response of the does indicates the effectiveness of
SGB in improving Se status among native does. The
lcvel of Se in the blood is related to dietary Se
intake, the same conclusion made by White and
Somers in [977.

The inctease in blood Se of the treated goats
occurred on the 4th week after bolus administration,
which was shorter than the 6-8 weeks lag time
observed among cows by Hidiroglou et al, (1987). The
lag time corresponds to the turnover of red blood cells
in which Se is incorporated into erythrocyte GSH-Px
during erythropoiesis. From the 2nd month until the
end of the study, Se level of the treated animals was
about 0.8 ymol/l, which indicates that the release of
Se from the bolus was fairly constant, This result
supports the previous observation that plasma and

selenium and copper
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Table 1. Mineral content of dominant pasture species in the goat farm, Central Luzon State University, Munoz,
Nueva Ecija, Philippines during dry and wet season, 1992-93

) Ca P Mg K Co Cu Fe - Mn Mo Zn Se
Specics
% mg/kg 1« gikg
Critical Level* 0.3 025 02 02 0.1 10 30 3040 =6 30 100
Grasses:
Pennisetum purpureum _
Dry 029 0.9 013 065 170 6.37 30500 3154 11.38 2054  27.87
Wet 035 020 0.17 080 210 8.34 40400 3300 1440 5040 36.58
Cynodon plectostachyus
Dry 045 0.16 025 103 150 1210 37247 59.68 11.68 4090 20.20
Wet 040 029 024 102 160 9.60 40250 4938 1356 3660 2530
Legumes:
Calopogonium muconoides
Dry 1.14 022 036 078 190 11.50 45200 8230 19.00 5380 57.60
Wet 1.06 026 036 1.06 260 1310 40000 9820 2470 57.00 68.50
Leucaena leucocephala
Dry 232 013 059 052 280 730 34131 3800 2930 1490 >100
Wet 285 014 066 056 230 7.10 36532 5570 2890 1440 >100

* Critical level according 1o McDowell (1985).

Table 2., Monthly plasma Cu and serum Se
intrarunimal soluble glass bolus

concentration of Philippine goats treated and unireated with

Cu (g mol/l) Level of Se ( zmol/l} Level of
Untreated Treated significance Untreated Treated significance .
1992
Oct 11.85 12.3 ns 0.27 0.28 ns
Nov 13.2 12.4 ns 0.25 0.8 **
Dce 17.7 20.2 ns 0.28 0.82 *x
1993
Jan 16.2 21.1 * 0.29 0.85 **
Fcb 16 21.3 * 0.29 0.87 **
Mar 16.8 22,5 ** 0.31 0.92 o
Apr 20.1 25.6 ** 03 0.87 *%
May 232 27.8 *x 0.26 0.83 *
June 22.1 259 * a3 0.86 *x
July 222 5.7 * 0.31 0.92 *
Aug 20.4 24.5 * 0.29 0.79 **
Sept 21.4 24.7 B 028 0.87 *x
Oct 21.5 26.6 * Q.29 0.97 o
Mean 10.23 23.11 e 0.28 (.88 **

ns=not significant (p>0.05); * p<0.05; ** p<0.0l.

scrum Se concentration among lactating dairy cows
tend to level-off after reaching peak levels in response
1o short term {Harrison and Conrad, 1984) or long
term (Stowe et al., 1988) Se supplementation at the
rate of 5-10 mg/fcow/d.

The three-fold increase in serum Se concentration
of the grazing does agrees with the earlier report of
Zervas (1988) although the observed wvalues in this
study were relatively low. This difference in animals

response towards SGB supplementation maybe due to
forage types and sources, ruminal environment or
genetic factors that have a profound effect on the Se
level (Gerloff, 1992).

It can also be depicted in the table 2 that animals
without supplementation had low Se levels which were
more or less constant over one year period. This
means that without supplementation there was no other
source of Se among grazing goats because the Se
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Table 3. Monthly plasma macro-minerals of Philippine goats treated and untreated with intraruminal soluble

glass bolus

Oct Nov Dec Jan Feb Mar Apr May Jun July Aug Sep Oct  Mean SE
1992 1993

Ca, mmol/l
Untreated 1.86 1.75  1.68 172 178 19 200 291 295 281 302 28 305 233 00s
Treated 196 179 162 178 187 176 253 28 310 293 28 295 308 240 006
Significance ns ns ns ns ns ns ns ns ns ns ns ns ns ns
P, mmol/l
Untreated 290 162 270 271 268 284 299 241 242 212 314 243 244 258 Q05
Treated 287 168 265 247 28 271 295 273 222 188 274 280 214 2352 006
Significance ns ns ns ns ns ns ns ns ns ns ns * h *
K, mmol/l
Untreated 219 282 266 250 194 320 327 265 232 238 339 288 205 263 007
Treated 228 286 263 28 224 306 326 234 219 239 346 309 247 270 008
Significance ns ns ns ** ** ns ns ns ns ns ns ns ns ns
Mg, mmol/]
Untreated 084 061 101 105 103 115 116 039 030 022 047 038 051 070 002
Treated 083 054 101 108 112 109 130 045 030 021 038 042 048 071 001
Significance ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Na, mmol/]
Untreated 9935 79.84 12600 12226 128.71 140.10 156.09 20243 207.62 187.65 21025 20249 21459 159.8 3.50
Treated 10297 7637 12806 12673 134.32 13434 16101 190.14 21121 20053 20242 200.80 21552 1603 3.22
Significance ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Fe, ymol/]
Untreated 60.89 5194 13791 188.05 238.20 213.13 15044 146.86 16298 230.74 154.03 30447 180.17 17229 9.13
Treated 5373 4477 19880 26328 234.62 23820 200.59 16298 179.10 274.02 179.10 252.53 263.38 195.78 17.91
Significance ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Mo, pmol/l
Untreated 635 938 89% 478 385 479 698 406 88 625 542 406 667 615 031
Treated 698 479 448 375 240 313 469 38 552 375 219 260 260 390 044
Signiﬁcance ns ik *% ns ns * *%k ns £ *& * * E *%k
Zn, pmolfl
Untreated 1362 1392 1515 1836 1408 11.63 1147 964 1224 918 949 1484 841 1246 046
Treated 1683 1469 1683 1683 1530 1469 1836 1683 10117 1040 1071 1224 11.17 1431 046l
Sigmificance ok ns ns ns ns * ek o ns ns ns ns ns ns

ns=not significant (p>0.05); * p<0.05; ** p<0.01,

content of the dominant pasture species was deficient
(table 1). Long term exposure to low Se level could
possibly contribute to abortion, still birth and neo-natal
mortality among animals (Kott et al, 1983; Langlands
ct al., 1991).

Initial plasma Cu concentration was just below 15
pmol/l for both groups, No significant cbange was
observed after one month of supplementation (table 2).
Thereafter, plasma Cu level of the treated animals
incrcased rclative to untreated animals. After one year,
the mean plasma level was 19.23 ymol/l for the
untrecated and 23.11 ymol/l for the treated animals;
both are within the normal range of 9.4 23.6 ymol/l
(McDowell, 1985).

Subsequent effects of SGB
1} Concentration of other plasma minerals

The monthly plasma mineral concentrations of the
two groups of does are shown in table 3. There were

no treatment differences for plasma Ca, Mg, Na, and
Fe concentrations, but there were significant differences
(p<0.05 or p<0.01) in some months on plasma P, K,
Mo and Zn concentrations. The insignificant effect of
Se supplementation on plasma Mg supports the
conclusion of Batra and Hidiroglou (1993) that
intrarumninal administration of 30 g Se pellets did not
influence plasma level of Mg in dairy cattle.
Molybdenum was affected more by supplementation
than plasma P, K and Zn. Mo level in goats plasma
were reduced significantly by mineral supplementation
during the study period; counteracting the possible
contribution of high Mo content of the availabie
pastures, '

2) Body weight and hernatocrit value

Changes in monthly body weight of does treated
and untreated with intraruminal SGB are shown in
table 4. After one year, mean body weight was not
affected by the treatment. Soluble glass bolus increased
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Table 4. Monthly body weight and hematocrit value of Philippine goats treated and untreated with intraruminal

soluble glass bolus

Oct  Nov Dec Jan Feb Mar Apr May Jun July Aug Sep Oc¢t Mean SE
1992 1993

Body wi, kg
Untreated 231 234 259 280 291 293 285 290 292 296 305 300 271 279 154
Treated 252 255 270 29,1 292 289 283 285 293 296 29.6 293 288 283 127
Significance ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Hematoerit, %
Untrcated 277 291 275 300 284 267 275 278 282 275 md md md 280 0.69
Treated 284 620 306 329 320 327 327 320 324 328 mwmd md md 322 054
Significance ns * * * o B A S ** *x
ns=not significant (p>0.05); * p<0.05; ** p<.0.01; md=missing data.
the Cu and Se status of the animals but this did not tropics.
affect  their body weight. This conforms with the
previous results of Hidiroglou et al.,, (1985 and 1987) REFERENCES
that Se supplementation failed to effect gain in weight
of cattlc grazing on Se-deficient pastures. However, Batra, T. R. and M. Hidiroglou. 1993, The effect of

under marginal Se deficiency or sub-clinical insuffi-
ciency, Sc supplementation with or without Vitamin E
cowld improve live weight of cattle (Spears et al,
1986) and sheep (Langlands et al,, 1991).

Prior to SGB administration, hematocrit values of
the two groups of animals were the same at about
28%. Hematocrit count of the treated animals increased
abruptly to 32.0 one month after bolus administration,
and remained more or less at that level for the next
cight months. Mean hematocrit count was significantly
different, 28% for the untreated and 32% for the
treated animals, after nine months. However, even the
hematoerit value of the treated animals is still below
the normal range of 38 to 45% (40% at resting stage)
as suggested by Swenson (1993). One plausible reason
is that the high forage Mo level reduced the synthesis
of hemoglobin which eventually affected hematocrit
count (Ward, 1978).

CONCLUSION

Blood Se and plasma Cu of upgraded Philippine
docs significantly increased after SGB supplementation.
Without supplementation, this could not been achieved
bececause of low mineral contents of dominant pasture
specics. The increase in Cu intake reduced Mo level,
which minimized the possible adverse effects of
cxeessive  forage Mo concentration. No  other
macro-mincrals were subsequenily affected by SGB,
likewise livc weight was not affected by SGB.
Hcematocrit count of the animals was improved by 4%
after trcatment; although it was still 6% below the
- 38% critical limit. Results of the study form part of
the growing literature that shows the effectiveness of
SGB in improving the mineral status of goats in the
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