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ABSTRACT An experiment was conducted in the highlands (Altiplano) of Bolivia
to establish the specific mineral status for growing llamas compared to sheep grazing
unfertilized, native pastures. Animal tissues (plasma, liver and bone), forage and soil
samples were collected during the wet and dry seasons and analyzed for mineral contents.
During the wet season, forages were higher (P < 0.05) in Ca, K, Fe and protein. Percent
borderline to deficient forage concentrations during the wet and dry seasons, respec
tively, were found as follows: protein (<7.0%) 20 and 53; Ca (<0.30%) 10 and 40; Cu
(<5 ppm) 20 and 47; K (<0.5%) 10 and 20; Mg (<0.08%) 10 and 20; Na (<0.1%) 30
and 69; P (<0.25%) 100 and 100; Zn (<30 ppm) 60 and 80; and Se (<0.1 ppm) 90 and
93% of the total forages, respectively. Concentrations of liver Mg, Co, Mn, Mo, Se and
Zn, plasma Mg and Cu and rib (percent ash) Ca, Mg and P were all higher (P < 0.05)
during the wet than in the dry season. Compared to llamas, sheep had higher (P < 0.05)
concentrations of plasma Ca, Cu, Fe and Zn, rib (milligram/milliliter) P, Mg and Zn
and liver Fe, but lower (P < 0.05) concentrations of liver Co, Cu, Mn and Mo. On the
basis of forage and animal tissue analyses, the nutrients protein, P, Ca, Zn, Na and Se
would be insufficient for optimum production of grazing livestock in the high plains
of Bolivia. J. Nutr. 112: 2286-2292, 1982.

INDEXING KEY WORDS Bolivia â€¢minerals â€¢deficiency â€¢llamas â€¢
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In tropical Latin America, mineral dÃ©fi- in 8, Co in 13, Cu in 14, I in 18, Se in 10
ciencies, imbalances and excesses are severely and Zn in 8 (1, 4). Phosphorus deficiency is
inhibiting the grazing livestock industry (1, the most widespread and economically im-
2). With the exception of common salt, graz- portant of all the mineral deficiencies af-
ing livestock often do not receive mineral fecting grazing livestock (5).
supplementation and must depend almost Mineral analysis of body tissues and fluids
exclusively on forages to supply their re- is often useful for evaluating mineral status
quirements. Only rarely, however, can for- and making it possible to overcome the di-
ages completely satisfy all of the mineral re- agnostic limitations of clinical and pathologi-
quirements. Borderline or deficient levels of cal observations (5). The objectives of this
certain elements were reported in many for- study were to establish specific nutrient status
ages in the 1974 Latin American Tables of of growing sheep and llamas in the Bolivian
Feed Composition (3). The percentage of the
forage samples deficient in these elements
were: Co, 43%; Cu, 47%; Mg, 35%; P, 73% ; 19?219MAraericanlnstituteofSutritionReceivedforpublicÃ¢tion2June

Na, 60%; and Zn, 75%. PhoSphorUS dÃ©fi- ' Florida Agricultural Experiment Station Journal Series No. 3901.

ciency has been reported in 24 Latin Amer- /A^? f T* '""". '"f* frÂ°mlheDevelopmentsupportBureau
, ! I of the Agency for International Development.

Â¡Can and Caribbean Countries, Mg in 14, Na ' In partial fulfillment of the requirements for the MS degree
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Altiplano on the basis of analyses of animal
tissues, forages, and soils. The mineral status
of growing sheep and llamas was compared
to assist in establishing base-line mineral tis
sue levels for llamas.

MATERIALS AND METHODS

Forty llamas and 40 Criollo sheep, ap
proximately 1 year of age and divided
equally between females and males, were
placed in a 20-hectare paddock of unfertil
ized, native pasture located at the Pataca-
maya Experiment Station (Central Altiplano
of Bolivia). The experiment was initiated in
the middle of the wet season (February), with
common salt and water administered ad li
bitum. Forage, soil, liver, blood and bone
samples were collected at the end of the wet
(early June, 1979) and dry (late September,
1979) seasons. Forage samples represented 10
and 15 species for the wet and dry seasons,
respectively. Common genus and species for
the wet season were Baccharis microphylla,
Senecio vulgaris and Erodium cicutarium
and for the dry season, Bomarea sp., Phalaris
tuberosa and Senecio pampae Lingelsh. For
the wet season, liver and blood were collected
from 24 llamas (12 male, 12 female) and 25
sheep (11 male, 14 female). During the dry
season, liver and blood were collected from
21 llamas (10 male, 11 female) and 20 sheep
(8 male, 12 female). During each season, 4
animals from each species were killed for rib
samples.

Procedures for collection, preparation and
analysis of samples for mineral concentra
tions have been described (6). Forage and soil
samples were collected from all pastures
where animals had been grazing. Soil samples
were collected by using a stainless-steel tube
at a depth of 15 cm. Liver samples were col
lected by a biopsy technique (7) and stored
in glass bottles containing 10% formalde
hyde. Ten milliliters of jugular blood were
collected from each animal in a heparinized
polyethylene test tube and within 2 hours,
centrifuged for 20 minutes to obtain plasma.
Rib bone was stripped of all soft tissue, 2 cm
of the central part were cut, dried for 24
hours, ether extracted, ashed at 550Â°over

night, ground and analyzed (6) for Ca, P, Mg
and Zn.

Liver was analyzed for Co, Cu, Fe, Mg,
Mn, Se and Zn; plasma for Ca, Cu, Fe, Mg,
P and Zn; forage for previously mentioned
minerals plus K, Mo, N and Na, and soil for
pH and the same minerals with the exception
of Co and Mo. Calcium, Cu, Fe, Mg, Mn,
Mo, Na and Zn were analyzed by a Perkin-
Elmer (Model 306, Norwalk, CT) flame
atomic absorption spectrophotometer (8),
whereas Co and Mo were analyzed by an
atomic absorption spectrophotometer (Per-
kin-Elmer Model 503 with 2100 HGA, Nor
walk, CT) equipped with a graphite furnace
and a D2 lamp background corrector. Phos
phorus was determined colorimetrically (6),
selenium fluorometrically (Turner Model 110,
Palo Alto, CA) (9) and nitrogen by routine
procedures (10).

The split-plot experimental data were an
alyzed by the General Linear Model proce
dure of the Statistical Analysis System (11).
From these analyses, least square estimates
were obtained for sex, species and season
means.

The word "critical" is used in this paper

to note a concentration in forages below (or
above with excesses) what is considered the
requirement for sheep. This assumes the ex
pected consumption as estimated by the NRC
(12). Critical animal tissue concentrations are
levels below or above values associated with
specific clinical signs as reported in the lit
erature.

RESULTS AND DISCUSSION

Forage and soil analyses. Mean analyses
of forages and soils collected in the wet and
dry seasons are presented in tables 1 and 2,
respectively. Forage seasonal differences (P
< 0.05) were found for Ca, K, Fe and protein,
with higher concentrations in the wet season.
On the contrary for soils, Ca, Al and Mn con
centrations were higher (P < 0.05) during the
dry season. Soil Se was higher (P < 0.05)
during the wet season.

According to the NRC (12) recommen
dations for sheep, during both seasons the
majority of forage concentrations were in
adequate in P, Se and Zn. During the dry
season, forage Na, Cu and protein concen
trations were at deficient levels for 69, 47 and
53% of all samples, respectively. A range of
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TABLE 1

Forage mineral element and protein concentrations as affected by season (dry matter Â¿asÃ­s/-2

MineralelementCalcium,

%Magnesium,
%Phosphorus,
%Potassium,
%Sodium,
%Cobalt,
ppmCopper,
ppmIron,
ppmManganese,
ppmMolybdenum,
ppmSelenium,
ppmZinc,
ppmProtein,

%Critical

level30.300.080.250.500.100.1053020>30.1357%

below criticallevelWet

season0.874*

Â±0.1580.25

Â±0.0410.05
Â±0.0172.55'
Â±0.390.22

Â±0.060.26
Â±0.1010.3
Â±1.5323e
Â±4353

Â±210.68
Â±0.1310.06
Â±0.0249.1
Â±10.513.8e
Â±1.3Dry

season0.44b

Â±0.130.18

Â±0.030.09
Â±0.011.40b
Â±0.320.08

Â±0.050.36
Â±0.087.00
Â±1.3164d
Â±3581

Â±170.53
Â±0.110.06

Â±0.0224.5
Â±8.66.9d
Â±1.1Wet

season101010Â«103010200200906020Dryseason402010020696470130938053

1Least squares estimates of the means and their standard errors (SEM). 2SEMbased on 23 degrees of freedom
except for Na (21). 'Critical levels NRC (1975) and McDowell and Conrad (1977). 4Means in rows with
different superscripts are different <b(P < 0.05); "" (P < 0.01).

35 to 75% of all forage mineral analyses in
the 1974 Latin American Tables of Feed
Composition were previously reported to be
borderline to deficient in Co, Cu, Mg, P, Na
and Zn (3). Contrary to forage mineral con
centrations, all mean soil concentrations were
above critical levels suggested by Breland
(13) and Sanchez (14).

TABLE 2

Soil mineral element concentrations and pH as
affected by season1*'3

Mineral
element Wet season Dry season

ppm, dry matter basis

CalciumMagnesiumPhosphorusPotassiumSodiumAluminiumCopperIronManganeseSeleniumZincpH424.7'Â±47.673.3

Â±14.919.8
Â±2.8154.7
Â±13.696.0
Â±22.270.0''
Â±5.213.3

Â±3.020.9
Â±7.026.9b
Â±2.20.030''
Â±0.003.2

Â±0.46.5
Â±0.2578.6b

Â±44.7116.6

Â±13.825.7
Â±2.5169.7
Â±12.6108.6
Â±20.589.7'
Â±4.811.7
Â±3.833.0
Â±6.535.5'
Â±2.00.017a
Â±0.0042.5
Â±0.46.7
Â±0.1

' Least squares estimates of the means and their stan
dard errors (SEM). ! SEMbased on 11 degrees of free
dom. 3Means in rows with different superscripts are
significantly different (P < 0.05).

All forage samples, regardless of season,
were deficient in P, containing less than the
critical concentration of 0.25%. Forage Ca
was generally adequate for both seasons but
higher (P < 0.05) in the wet season (0.87 vs.
0.44%, respectively). The ratio of Ca to P
mean forage concentrations was particularly
wide at 17.4:1 during the wet season. Low
forage P concentrations during both seasons
were in agreement with reports from the
Peruvian Altiplano (15). For grazing live
stock in tropical regions, P is the most prev
alent mineral deficiency throughout the
world, with at least 38 tropical countries re
porting a deficiency (1, 4).

Crude protein content of forages de
creased (P < 0.01) from 13.8% in the wet sea
son to 6.9% in the dry season. Decline of for
age protein during the dry season has been
reported (16), with protein concentrations of
less than 7% considered deficient (17).

Liver mineral concentrations. Liver min
eral concentrations by species and season are
reported in table 3. Liver mineral concen
trations of Mg, Co, Mn, Mo, Se and Zn were
higher (P < 0.05) during the wet season, with
no season effect (P > 0.05) for Cu and Fe.
Species differences (P < 0.05) were found,
with llamas higher in Co, Cu, Mn and Mo,
lower in Fe and no difference for Mg, Se and
Zn. The only liver mineral sex effect
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TABLE 3
Mean liver mineral element concentrations as affected by species and season'21

Element

Species Season

Llama Sheep Wet Dry

ppm, dry matter basis

MagnesiumCobaltCopperIronManganeseMolybdenumSeleniumZinc401Â±150.71e
Â±0.14275'
Â±9277'
Â±1513.5e
Â±0.62.T

Â±0.140.48
Â±0.0678
Â±3.0413

Â±170.28d
Â±0.14167h

Â±10.13911'
Â±16.010.9d
Â±0.632.3d
Â±0.150.40

Â±0.0775
Â±3.3535'

Â±120.71e
Â±0.10222

Â±7356
Â±1214.3'
Â±0.52.7e
Â±0.100.56e
Â±0.0787'
Â±2278b

Â±190.29d
Â±0.17221

Â±12313
Â±1910.2b
Â±0.72.3d
Â±0.200.32d
Â±0.0666''
Â±4

1Least squares estimates of the means and their standard errors (SEM). 2SEMbased on 17-24 degrees of
freedom. 3Means in column comparing speciesor seasonwith different superscripts are significantly different *b(P
< 0.01). ""(P < 0.05).

(P < 0.05) was that males were higher in liver
Cu, with no sex X species interaction. Of the
eight liver minerals analyzed, only Fe re
sulted in significant (P < 0.05) interactions,
sex X season and species X season. Liver Fe
content in llamas was higher (P < 0.05) in
the wet season (333 ppm) than the dry season
(222 ppm), while sheep liver Fe concentra
tions were higher (P < 0.05) during the dry
(404 ppm) than during the wet (378 ppm)
season. Liver Fe was higher (P < 0.05) in
males during the wet, and females during the
dry season.

Mean liver mineral concentrations were in
the normal range except for Zn. Liver Mg
concentrations for llamas (401 ppm) and
sheep (413 ppm) were low compared to 608
and 626 ppm Mg found in grazing cows and
heifers in Florida, respectively (18). Marston
et al. (19) reported 0.12 ppm liver Co as ad
equate for sheep, which is considerably lower
than 0.71 and 0.28 ppm for llamas and sheep,
respectively, for the present experiment. In
terms of critical values, both llamas (275
ppm) and sheep (167 ppm) liver Cu concen
trations were in the normal range of 100 to
300 ppm for cattle (20). Liver Mn for llamas
(13.5 ppm) and sheep (10.9 ppm) was higher
than 6 ppm, which is the level suggested by
Egan (21) as critical, below this concentration
is indicative of a deficiency.

Mean liver Fe for llamas (277 ppm) and
sheep (391 ppm) was in the normal range of
180 to 340 ppm for cattle (22), although

lower than the 489 ppm reported by Valdivia
et al. (23) for alpacas in Peru. Llama (2.7
ppm) and sheep (2.3 ppm) liver Mo concen
trations were normal, since less than 0.1 ppm
Mo in sheep liver is suggested as diagnostic
of Mo deficiency disease (24).

Liver Se in llamas (0.48 ppm) and sheep
(0.40 ppm) was higher than a suggested crit
ical level of 0.25 ppm (1). However, during
both the wet and dry seasons, 17% of the
sheep had deficient levels of liver Se (<0.25
ppm), whereas all of the llamas had adequate
concentrations. For cattle, a low concentra
tion of liver Zn has been suggested as less
than 84 ppm (25). Mean liver Zn concentra
tions for llamas (78 ppm) and sheep (75 ppm)
were low. During the dry season, all sheep
and llamas had low liver Zn (84 ppm) con
centrations, whereas in the wet season, 28
and 63% of the total llamas and sheep were
low in liver Zn, respectively.

Plasma mineral concentrations. Plasma
mineral concentrations by species and season
are reported in table 4. The only plasma sea
son effect was higher Mg and Cu during the
wet season. Sheep plasma concentrations
were higher compared to llamas (P < 0.01)
in Ca, Cu, Fe and Zn, lower (P < 0.01) in P
and no difference (P > 0.05) for Mg. Only
Mg had a sex effect, with males higher (P
< 0.05) than females, 2.23 versus 2.13 mg/
100 ml. There were no sex X species, sex
X season nor species X season interactions (P
> 0.05) for plasma minerals.
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