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ABSTRACT. A study was conducted to evaluate blood serum macro and micro-mineral concentrations of 158 goats,
regarding season, farm and physiological stage. Samples were collected in the late dry (April — May) and late wet (No-
vember — December) seasons of Central Trinidad. Blood samples were collected from the state owned Sugar Cane Feeds
Centre and three private farms of the Cunupia, Chaguanas and Couva locations of Central Trinidad. Samples were collect-
ed from growing (6— 12 mths), dry pregnant (mainly late), early lactating (up to 8 wk) and dry non-pregnant goats (1-3
yrs). In goats, lower serum P (p<0.001) was found in the dry than the wet season, whereas Mg (p<0.001) and Zn (p<0.01)
were lower in the wet season. Lower Ca (p<0.001) was observed in goats in the wet season than in the dry season. Signifi-
cant variations also occurred among farms for serum P, Mg, Na and Cu in goats (P<0.001), and also for Ca, K and Zn in
goats (p<0.01). Percent of serum Mg Below Critical Level (BCL) was 64% for Mg (<18 mg/l) in goats of the Sugar Cane
Feeds Centre. Also 79 and 60% of Cu (<0.5mg/l) and Zn (<0.6 mg/l) were BCL in goats at the Couva farm. Significant
variations among physiological stages occurred for serum P and K in goats (p<0.01), and also Zn in goats (p<0.001) re-
spectively. Forage Mg and Mn were lower (p<0.001) in the wet than the dry season, whereas P was lower (p<0.001) in the
dry season. Significant variations also occurred among locations for forage Ca (p<0.001), Mg (p<0.001), Cu (p<0.05) and
Zn (p<0.001). In the dry season, the order of serum minerals likely to limit production was P, Cu, Mg and Zn in goats. In
the wet season, the order of serum minerals was Cu, Zn, Mg, Ca and P in goats. In both the dry and wet seasons, the order
of forage minerals probably limiting production was Na, Cu, Mg and Zn, respectively. Regarding farm location, the serum
minerals of major importance probably limiting production was Mg at the Sugar Cane Feeds Centre, and Cu and Zn at the
Couva, respectively. The low serum mineral concentrations probably of physiological importance were Ca in non-pregnant
and lactating goats; P, Cu and Mg in pregnant and lactating goats, and Zn in lactating goats. Although the levels of mineral
deficiencies found were mainly marginal, findings implied that growth, feed intakes and milk yields were probably being
affected while some animals may have been prone to metabolic disorders.

KEYWORDS: goats; mineral concentrations; season; farm; physiological stage.

INTRODUCTION commonly encountered in livestock, and are often

Serum biochemical analysis is an important di-
agnostic tool used to determine and monitor the
health status of animals, as well as for the diagnosis,
treatment and prognosis of diseases. In addition, the
major and minor trace minerals should also be rou-
tinely assessed in ruminants to determine if deficien-
cies, imbalances and toxicities are present, as these
elements are important for maintenance of normal
metabolic state and productivity, and can also be in-
dicators of nutritional status (Mcdowell and Arthing-
ton, 2005). Marginal mineral deficiencies are more
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not readily detected compared to clinical deficien-
cies. As marginal deficiencies can affect growth and
production and often go undiagnosed, they are con-
sidered to be equally important as mineral deficien-
cies in which the animals show clinical signs that
can be detected and treated (Suttle, 2010).

Factors such as season, age, sex, production
level, activity level, physiologic status, species and
genetic strain can influence requirement levels for
minerals, as well as thresholds of deficiency and tox-
icity (Suttle, 2010). For example, animals most sus-

© MukpoaeMeHTsl B Meauiuae, 2017

DOI: 10.19112/2413-6174-2017-18-2-17-27



18

MUKPOSJIEMEHTBI B MEJJUIIMHE:
OPUT'MHAJIBHBIE CTATBU

ceptible to trace mineral deficiencies are young
growing animals and animals during their first preg-
nancy or lactation (El Deen et al., 1985)). It has also
been found that mineral deficiencies in livestock are
often seasonal, resulting from increased demands of
pregnancy, lactation or rapid growth coinciding with
reduced mineral content or availability in the pasture
(Tashi et al., 2005). It is therefore important to per-
form serum chemistry and mineral profiles in live-
stock in order to detect and prevent imbalances that
can lead to reduced production and reproductive dis-
turbances and as a result, economic losses (Yokus
and Cakir, 2006).

Trinidad and Tobago is a twin island tropical
country located close to northern part of South
America, and is part of the chain of islands sur-
rounding the Caribbean Sea. There are two seasons
annually — the dry season for the first six months of
the year, and the rainy season in the second half of
the year. As there are no reports on the impact of
environmental and physiologic factors on blood
mineral levels in sheep in the Caribbean, this study
was undertaken to investigate the possible influences
of physiological and seasonal variations on serum
levels of calcium, phosphorus, magnesium, sodium,
potassium, copper and zinc. The effect of season on
the mineral levels in forage in Trinidad was also
evaluated, as it has been shown that the mineral con-
tent in forages can be influenced by factors such as
soil, plant species, stage of maturity, pasture man-
agement and climate (Youssef, 2000).

MATERIALS AND METHODS

Ethics Approval. The research protocols for
this study were approved by the Veterinary Ethics
committee of the Faculty of Medical Sciences, The
University of the West Indies.

Farms and management. This study was car-
ried out in the late dry (April-May) and late wet
(November- December) of 1995 on four local farms
of Central Trinidad. These included the state owned
Sugar Cane Feeds Centre of Longdenville and three
private farms from the Cunupia, Chaguanas and
Couva locations of the Central region. The first farm
was situated on a fine sandy loamy soil, while the
latter were situated on fine sandy clay, a sandy clay
loam and fine sandy soil types. Maximum montly
rainfall in the late dry and late wet seasons from the
five locations ranged 25-53 mm and 42-191 mm,
respectively. Correspondingly, minimum and maxi-
mum temperatures ranged from 22-34 °C and
20-32 °C, respectively.

Goats were reared intensively at the Sugar
Cane Feeds Centre and semi-intensively at the
Cunupia, Chaguanas and Couva farms. Goats were
of Saanen and Anglo Nubian origins. Goats were ei-
ther zero grazed or allowed grazing mainly on for-
ages bamboo grass (Paspalum. fasiculatum), ele-
phant grass (Pewnnesetum purpureum) and tapia
grass (Sporobolus indicus). Goats at the Cunupia
and Chaguanas farms were allowed grazing on these
grasses and also were reared intensively on a feed
mixture containing bagasse, molasses, poultry by-
product meal, wheat middlings, urea, dicalcium
phosphate and NacCl.

Except for the Couva farm, goats at other farm
locations were occasionally dewormed at weaning or
during pregnancy. Animals were dewormed orally
using fenbendazole, at a dose rate of 5 mg/kg (An-
glian nutrition Products Co., Ipswich, UK), or by
sub-cutaneous injection with ivermectin (1% m/v) at
a rate of 200 ug/kg (ECO Animal Health Southern
Africa Ltd., Northmead, Gouteng).

Sample collections. Blood samples were
collected from 158 goats in the late dry and late wet
seasons of Central Trinidad (Table 1). Thirty-eight
grasses and in the late dry and late wet seasons. Goat
blood samples were collected from the Cunupia,
Chaguanas, Sugarcane Feeds Centre and Couva
farms (Figure 1).
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Figure 1. Blood Sampling at farm locations
of Central Central Trinidad:
A - Couva Farm; B — Palmiste farm;
C —Cunupia Farm;
D —Sugar Cane Feeds Center, Longdenville
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Table 1. Number of goats sampled at various physiological stages and farms sampled
in the late dry and late wet seasons of Central Trinidad

Physiologic State
Farm Season Total
Growing Dry Pregnant Lactating Dry Non-pregnant
Cunupia Dry 4 4 5 3 16
Wet 4 4 4 5 17
Chaguanas Dry 11 1 1 3 16
Wet 8 3 4 3 18
Sugar Cane Feeds Centre(SFC) Dry 5 4 3 4 16
Wet 5 4 3 5 17
Couva Dry 6 11 7 6 30
Wet 8 8 8 4 28
Total Dry 26 20 16 16 78
Wet 25 19 19 17 80
Grand Total 51 39 35 33 158

Blood samples were collected from growing
(6—12 mth), dry pregnant (mainly late), early lactating
(up to 8 wk) and dry non-pregnant goats (1-3 yrs).
Blood samples were taken from different animals at
the same farm in the dry and wet seasons, according
to availability of animals by physiological stage. Ap-
proximately 50-60% of goats at all farms were blood
sampled. Blood samples were drawn by venipuncture
(16-18 mm needle gauge) and collected in acid-
washed demineralized tubes. Clotted blood was cen-
trifuged within 4 hours of collection to remove serum,
which was stored at —20 ©C. Sub-samples of various
grasses were collected from zero-grazed or outdoor
grazing material from various locations. Goats were
watched grazing before portions of grasses were cut
with a stainless steel knife, according to the choice of
the animal or parts consumed.

Chemical analysis. Grasses and feed samples
were oven-dried at 60 ©C in a forced draught oven
to constant weight and hammer milled in a stainless
steel mill to pass through a 1 mm sieve. Serum,
grass and feed samples were prepared for Ca, P, Mg,
Na, K, Cu, Zn, Fe and Mn analyses according to
Fick et al. (1979). Calcium, P, Mg, Na, K, Cu, Zn
concentrations were determined in serum, whereas
the same minerals including Fe and Mn were ana-
lysed in grasses and feeds. Except for P, mineral
analyses were carried out using a Pye Unicam 2900
Atomic Absorption Spectrophotometer equipped
with a PU9090 data graphics system. Phosphorus
was determined colorimetrically according to Cavell
(1955), using a Pye Unicam PU8600 uv/vis spectro-
photometer. Crude protein levels in grasses and
feeds were determined by the Kjeldhal method.

Statistical analysis. Serum minerals means
were tested between seasons and among locations
and physiological stages with interactions by analy-
sis of variance using the GenStat Release 13.3, Cop-
yright 2010 VSN International Ltd. Significantly dif-
ferent means were compared using the protected
Fishers LSD (p<0.05) test.

RESULTS

Serum minerals in the dry and wet seasons.
In this study, serum mineral concentrations Below
Critical Level (BCL) (Table 2) could represent a die-
tary insufficiency, ultimately resulting in poor health
and performance in goats (McDowell and Youssef,
2000; Suttle, 2010).

However, goats had lower (p<0.001) serum Ca
in the wet than in the dry season. Consequently, a
higher percentage of serum Ca BCL (<80 mg/l) was
recorded in goats in the wet (34%) than in the dry
season (12%). Serum P was lower (p<0.001) in the
dry than in the wet season in goats. Concomitantly, a
higher percentage of goats had serum P levels BCL
(<40 mg/l) in the dry (67%) than in the wet season
(26%). Serum Mg in goats was lower (p<0.001) in
the wet than in the dry season. Consequently, a
higher percentage of serum Mg was BCL (<18 mg/l)
in the wet than in the dry season in goats (41% cf.
33%).

However, goats had high percentages of Cu
BCL in both the dry (63%) and wet (54%) seasons.
Serum Zn was lower (p<0.01) in the wet than in the
dry season in goats. Higher percentages of serum Zn
BCL (<0.6 mg/l) was recorded in the wet than in the
dry season in goats (41 cf. 28%).
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Serum minerals at various farm locations.
Serum Ca varied among farms in goats (p<0.01)
with a farm x season interaction (p<0.001) (Table 2
and 3). Contrastingly, in goats, lowest serum Ca was
recorded at the Sugarcane Feeds Center. Percentage
BCL (<80 mg/l) in serum Ca in goats at the Sugar-
cane Feeds Center and at Cunupia was 27 and 39%,
respectively. Serum P also varied among farms
(p<0.001) in goats with a farm x season interaction
(p<001). In goats the lowest P value was found at
the Couva farm location. Percent P BCL in goats at
Couva was 64%.

Serum Mg varied among farms (p<0.001) in
goats. In goats, lower serum Mg was recorded at the
Sugarcane Feeds Center and at Cunupia than at other
farms. Serum Na varied among farms (p<0.001) in
goats. Serum K varied with farms in goats (p<0.01)
with a farm x season interaction (p<0.01).

Serum Cu varied among farms in goats
(p<0.001) with a significant farm x season interac-
tion (p<0.001) (Table 2 and 3). The lowest serum Cu
in goats (0.34 mg/l) with the highest percentage
BCL (79%) was found at the Couva farm. Serum Zn
varied with farm in goats (p<0.01). Highest and
lowest serum Zn in goats was recorded at the Cha-
guanas and Couva farms, respectively. Consequent-
ly, the lowest and highest percentages of Zn BCL in
goats were recorded at the Chaguanas (6%) and
Couva (57%) farms, respectively.

Serum minerals at different physiological
stages. Although serum Ca did not vary with physio-
logical stage (p>0.05) (Table 2) in goats, 29% lactat-
ing and 24% dry non-pregnant goats had serum Ca
BCL. Serum P also varied among physiological
stages in goats (p<0.01) with a physiological stage x
season interaction (p<0.05) in goats. In goats lowest
serum P was observed in lactating animals (Table 4).
Sixty-two and 60% of goats had serum P BCL (<40
mg/l) in late pregnancy and early lactation.

Serum Mg did not vary (p>0.05) among physi-
ological stages in goats. High percentages of serum
Mg BCL was found in pregnant and lactating goats
(26-49%). Serum K varied among physiological
stages in goats (p<0.01). Lower serum K levels were
found in dry pregnant and lactating goats than in
other physiological stages (Table 2).

Moreover, high percentages (40-60%) of se-
rum Cu BCL (<0.5 mg/l) was found at all physiolog-
ical stages in goats. Serum Zn levels also varied
among physiological stages (p<0.001) in goats with
a physiological stage x season interaction (p<0.001).
Lactating goats had the lowest serum Zn compared
with other physiological stages. Consequently, the

highest percentage of serum Zn BCL (<0.6 mg/l)
was found in lactating goats (60%) compared with
other physiological stages (23—-33%) compared with
other physiological stages (Table 2).

Forage minerals pertaining to seasons and
farms. Forage Ca did not vary with season (p>0.05)
but among farms (p<0.001) with a farm x season in-
teraction (p<0.05) (Tables 5). Highest forage Ca was
found at Chaguanas compared to other farms of
Central Trinidad. Although most grasses had Ca lev-
els above minimum requirements (2.0 g/kg DM),
29% had levels below 3.0 g/kg DM (AFRC, 1998;
Meschy, 2000). At the Cunupia farm however, the
Ca concentration in the daily feed mixture given to
goats was 1.7 g/kg DM (not shown). Forage P varied
with season (p<0.05) but not farm location (p>0.05).
Forage P was lower in the dry than in the wet sea-
son. Twenty one percent of all grasses had P levels
below 2.0 g/kg DM while 54% had levels below re-
quirement for pregnancy and lactation (<3.0 g/kg
DM). Forage Mg varied significantly with season
(p<0.001) and farm (p<0.001) with a farm x season
interaction (p<0.05) (Table 5). Forage Mg was lower
in the wet than in the dry season. Also, forage Mg
was lower at the Sugarcane Feeds Center and at
Cunupia than at other farms. Thirty seven percent of
all grasses had low Mg levels (<1.6 g/kg DM) while
55% had levels below 2.0 g/kg DM (AFRC, 1998;
Meschy, 2000).

Forage Na did not vary with season or farm
(p>0.05). However highest and lowest Na was rec-
orded at the Sugarcane Feeds Center and at the Cha-
guanas farms, respectively. Sixty eight percent of all
grasses were below the minimum requirement (<0.9
g/kg DM) for sheep while 42% had levels below 0.5
g/kg DM. Forage K did not vary with farm or season
(p>0.05). However, 21% of grasses had K levels
above 20 g/kg DM. Forage Crude Protein (CP) did
not vary (p>0.05) with season or location. However,
21% of grasses had CP levels below the minimum
requirement (<70 g/kg DM) in the dry season. Addi-
tionally 58 and 26% of grasses had levels below 100
g/kg DM in the dry and wet seasons, respectively

Forage Cu varied with farm (p<0.05) but not
season (p>0.05) (Table 5). Highest and lowest for-
age Cu was observed at the Chaguanas and Cunupia
farms, respectively. Fifty nine percent of all grasses
in this study had Cu levels below minimum re-
quirements for sheep (<7 mg/kg DM) while 54%
had levels below 5.0 mg/kg DM. (AFRC, 1998;
Meschy, 2000). Forage Zn varied with farm
(p<0.001) but not season (p>0.05). Lower forage Zn
was recorded at the Sugarcane Feeds Center and at
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Couva than at other farms. Twenty four percent of
grasses had Zn levels below requirements for preg-
nancy and lactation in goats (<30 mg/kg DM) while
44% had levels below requirements for lactating
goats (<50 mg/kg DM) (AFRC, 1998; Meschy,
2000).

Forage Fe did not vary with farm or season
(p>0.05). Except for two grasses, the remaining
samples had Fe levels above general recommenda-
tions for sheep and goats (>30 mg/kg DM). Forage
Mn varied with season (p<0.001) and farm location
(p<0.001) (Table 5). Forage Mn was higher in the
dry than in the wet season. Higher forage Mn was
recorded at the Chaguanas, Couva and Cunupia
farms than at the Sugarcane Feeds Center. All grass-
es collected at the Chaguanas farm in the dry season
had Mn levels (1815-2693 mg/kg DM) above the
toxicity level (>1000 mg/kg DM) for sheep.

DISCUSSION

Serum and forage mineral levels in relation
to seasons. Lower serum Ca levels found in goats in
the wet than in the dry season compared with the
findings for beef cattle from Malawi (Mtimuni et al.,
1990) and Ethiopia (Khalili et al., 1993a). In agree-
ment with forage P, serum P in goats was lower in
the dry than in the wet season. Lower serum P rec-
orded in the dry than in the wet season have also
been found in Nigerian sheep breeds (Cook and
Fadlalla, 1987) and in beef and dairy cattle from
Malawi and Western Sudan (Mtimuni et al., 1990;
Abdelrahman et al., 1998). The high percentage of
serum P observed Below Critical Level in goats in
the dry season resembled findings in Nigerian sheep
breeds.

In agreement with forage Mg, serum Mg in
goats was lower in the wet than in the dry season.
However, serum Mg levels found in goats especially
in the wet season were lower than that reported for
Indian Assam goats (Bhattacharyya et al., 1995).
From studies in cattle, similarly high percentages of
serum Mg Below Critical Level are observed in the
wet than in the dry season in beef cattle from Co-
lombia (Lebdosoekojo et al., 1980) and St. Croix
(Wildeus et al., 1992).

Forage Cu levels were in agreement with the
high percentages of serum Cu found Below Critical
Level in goats at both seasons. The high percentage
of low Cu levels found in goats in the late dry and
wet seasons is similar to the findings in dairy cattle
from Western Sudan (Abdelrahman et al., 1998).
Seasonal variations of serum Cu pertainiing to sys-
tems of management have been reported for

Cahmere goats (Shamsaddini, 2016). The higher
percentages of serum Zn Below Critical Level found
in goats in the wet than in the dry season are similar
to reports for beef cattle in Ethiopia (Khalili et al.,
1993b) and St. Croix (Wildeus et al., 1992). In the
dry season, the order of serum minerals probably
limiting production was P, Cu, Mg and Zn in goats.
In the wet season, the order of minerals likely to lim-
it production was Cu, Mg, Zn and Ca in goats.

Serum and forage mineral levels in relation to
farm locations. Low dietary Ca probably accounted
for the high percentage of serum Ca found Below
Critical Level in goats at the Cunupia farm. The lack
of regular deworming practices in goats at Cunupia
and the Couva farms could have resulted in a build up
of intestinal parasites inhibiting P absorption thereby
accounting for the high percentages of serum P
recorded Below Critical Level.

Low forage Mg was probably accounted for the
high percentages of serum Mg observed Below
Critical Level in goats at the Sugar Cane Feeds
Center and at the Cunupia farm. Generally, the low
Na and high K concentrations found in certain
grasses could have affected ruminal concentrations
of Na and K to such an extent that reduced intestinal
Mg absorption could have occurred, resulting in
lowered serum Mg levels at respective locations
(Dua and Care, 1995).

Differences due to farm location, in forage and
serum Cu, as were observed at Couva and Chagua-
nas, have similarly been reported for penned and
grazing sheep of Saudi Arabia (Ali and Al-Noaim,
1992). However, the highest forage Cu at the Cha-
guanas farm was in agreement with the mostly nor-
mal serum Cu levels recorded there. The high per-
centage of serum Zn observed Below Critical Level
in goats at the Couva farm was probably related to
the low forage Zn at the latter. Variations in serum
Zn among the Couva and other farm locations are
similar to findings for beef cattle with low Zn levels
from certain regions of Guatemala (Tejada et al.,
1987).

The minerals of major importance probably
limiting production were Ca and P at the Cunupia
farm, Mg at the Sugar Cane Feeds Center, and Cu
and Zn at the Couva farm. Most serum mineral lev-
els at the Chaguanas farm were within normal rang-
es for goats, which probably indicated a better sys-
tem of feeding and mineral supplementation. Note
that a high percentage (54%) of anemia in goats was
previously recorded at the Couva farm and was ap-
parently related to the observed serum Cu deficiency
(Mohammed et al; 2016).
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Serum mineral levels in relation to physio-
logical stages. Low serum Ca found in some dry
non-pregnant goats were probably associated with
an inadequate dietary Ca supply, because intestinal
Ca absorption should increase from mid-lactation
onwards (Brathwaite, 1986). Low serum Ca found in
some lactating goats is likely to be associated with
the increased demand for milk Ca output (El-Deen et
al., 1985a; Ahmed et al., 2000), without an adequate
dietary supply. The low serum P found in pregnant
and lactating animals agreed with the findings by EI-
Deen et al., (1985a) for goats. The lowering of se-
rum P in late pregnancy and early lactation is at-
tributed to reduced intestinal P absorption at the
former and increased milk P output demand at the
latter. However, a build up of gastro-intestinal para-
sites, attributed to decreased host resistance before
and after parturition, may have further limited P ab-
sorption in pregnant and lactating animals (Wilson
and Field, 1983).

Serum Mg levels in pregnant and lactating
goats were lower than that observed by other work-
ers (Sansom et al., 1982; Ahmed et al., 2000). Varia-
tions in goats due to physiological stage in plasma
and forage Mg have also been reported but for tem-
perate seasons in Southern Pakistan (Zafar et al;
2009).Note that, Mg levels found in pregnant and
lactating goats was probably age related since higher
levels are reported in older goats of similar physio-
logical stages (Mbassa and Poulsen, 1991; Ahmed et
al., 2000)

Serum K found in lactating goats is similar to
that observed in cows, where it is associated with the
stress of lactation or a lack of appetite (Rowlands et
al., 1975). Serum K levels found in pregnant goats
were similar to those found in Indian Baladi goats
(Azab and Abdel-Maksoud 1999). Serum K found in
pregnant goats could be associated with low dietary
K intakes (Telle et al., 1964).

High percentages of low serum Cu levels in
pregnant and lactating animals were reflecting the
observed high incidence of deficient forage Copper.
Note that, the low serum Cu found in pregnant goats
may have resulted from inadequate dietary Cu in-
takes coupled with the increased foetal Cu demand
from mid-pregnancy onwards (Williams and Bremn-
er, 1976; Suttle, 2010). High percentages of Cu defi-
ciencies due to location have been reported among
several districts of the Kashmere valley (Yatoo et
al., 2013) The low serum Zn recorded in lactating
goats was similar to findings for goats lactating beef
cattle from Colombia (Lebdosoekojo et al., 1980).
Variations due to plasma Zn levels due to location

have been reported among several districts of the
Kashmere valley (Yatoo et al., 2013). Plasma Zn
levels have been found to rise to normal concentra-
tions after parturition in Hereford cattle (Dufty et al.,
1977) and in sheep (McSporran et al., 1977). The
high percentage of serum Zn Below Critical Level
observed in lactating goats was probably related to
inadequate Zn intakes because of the stress of lacta-
tion; increased demand for milk Zn output or inade-
quate dietary Zn levels.

The low mineral concentrations of physiologi-
cal importance was probably Ca in non-pregnant and
lactating goats, P, Mg and Cu in pregnant and lactat-
ing goats, and Zn in lactating goats. Although the
levels of mineral deficiencies found were mainly
marginal, findings implied that growth, feed intakes
and milk yields were probably being affected while
some animals may have been prone to metabolic
disorders. It is interesting to note that to a persistent
skin scab condition observed on two growing kids at
the Couva farm and untreatable by routine antibiot-
ics could have been Zn-related.

Forage mineral concentrations. Forage Ca
levels agreed with the findings of Devendra (1977)
for grasses from Trinidad and of McDowell et al.
(1977) for Latin American forages. Forage Mg and P
were similar to the findings of Youssef (1988, 2000)
for grasses from Trinidad and of McDowell et al.
(1977) for Latin American forages. Sodium in for-
ages compared with recent findings for grasses from
Trinidad (Youssef, 2000). However, K in grasses
was higher than that reported by Youssef (2000).
The low dry season P levels in grasses were similar
to the findings in grasses in the dry season of the
Sudan (Cook and Fadlalla, 1987) and Malawi
(Mtimuni et al., 1990). The higher percentage of wet
than dry season low Mg levels found in grasses is
similar to the findings by Mtimuni et al. (1990) for
upland grasses from Malawi.

Forage Cu agreed with the findings by Youssef
et al., 1999) for grasses from Trinidad. Variations in
Cu concentrations in forages due to farm location
have also been reported in studies involving sheep
and goats from Western Sudan (Tartour, 1975) and
Saudi Arabia (Ali and Al-Noaim, 1992). Forage Zn
at the Sugarcane Feeds Center and Couva farms
were similar to levels reported by Youssef et al.
(1999) for grasses from Trinidad. Differences in for-
age Zn due to location, possibly attributed to soil
type, have also been reported by Poland and Schna-
bel (1980) for grasses in Jamaica. The order of for-
age minerals probably limiting production was Na,
Cu, Mg and Zn in both the dry and wet seasons.
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Iron was similar than, while Mn was higher
than the levels of these minerals found in grasses as
reported by Youssef (2000). The high Fe found in
feeds at the Mon Jaloux Livestock Farm could have
inhibited dietary Cu absorption in sheep (Bremner et
al., 1987). High forage Mn intakes at the Chaguanas
farm in the dry season, could have resulted in ele-
vated Cu but lowered Fe tissue levels in sheep and
goats (Watson et al., 1973).

CONCLUSIONS

In this study, variations in forage P and Mg
levels were in agreement with serum P and Mg lev-
els in goats in the dry and wet seasons. In the dry
season, the order of serum minerals likely to limit
production was P, Cu, Mg and Zn in goats. In the
wet season, the order of minerals was Cu, Zn, Mg,
Ca and P in goats. The order of forage minerals like-
ly to affect animal production was Na, Cu, Mg and
Zn in both the dry and wet seasons. For specific
farms, the serum minerals of major importance
probably limiting production were Mg in goats at the
Sugar Cane Feeds Center and Cu and Zn in goats at
Couva. Low Ca was found in feeds at Cunupia, low
Mg in grasses at the Sugar Cane Feeds Center, and
low Cu and Zn in grasses at Couva. Low serum min-
eral concentrations of physiological importance like-
ly to limit production were Ca in lactating goats; P,
Cu, and Mg in pregnant and lactating goats and Zn
in lactating goats. More than half of grasses deficient
in P, Mg and Cu production requirements were in
agreement with the high percentages of low serum P,
Mg and Cu levels found in pregnant and lactating
animals. Mineral deficiency findings implied that
growth, feed intakes and milk yields were being
compromised in several animals while some animals
may have been prone to metabolic diseases.
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YPOBHU MAKPO- N MUKPOJJIEMEHTOB
B CbIBOPOTKE KPOBU KO3 HA
PA3JINYHbIX PU3UNOJIOTMYECKUX CTAANAX
B CYXOW U BJTIAXKHbIW CE30HbI B LLEHTPAJIbHOM TPUHWUAALE

A. Moxammed"', A Xan*, U. Mapaacc?, I1. BpudxmoxaH', A.3. ddeapadc’,
X.C. Cmrwoapm?, ®.I". FOccegh®, LLl. CbrowaHd*

1 Yuusepcuter Tpununana u Tobaro, Apuma, Tpurunan u Tobaro
2 Vuusepcuter Bect-Unnun, Mayut-Xoymn, Tpurmgan u Tobaro
3 Yuusepcuter Becr-Muanu, Cent-Asrycrus, Tpunnaan u Tobaro

PE3IOME. IIpoBeaecHo uccienoBaHue ¢ IEIbI0 ONCHKH KOHIICHTPAIIMH MAaKpO- M MHUKPO3JIEMEHTOB B CHIBOPOTKE
KpoBH 158 K03 B 3aBUCHMOCTH OT CE€30HA, MECTOHAXOXKIeHH GepMbl U (pru3nosiorudeckoit ctaguu. Coop oOpasmoB mpo-
BOJIMJTH B KOHIIE CYXOTO Ce30Ha (arpeib — Mail) ¥ B KOHIIE Ce30Ha J0oXIer (HosOps — nekadps) B LlenTpamsHom TpuHHIIa-
nie. O6pa3ibl KpOBH OBLTH COOpaHBI B XO3SIMCTBE TOCYAapCTBEHHOTO LIeHTpa KOPMOBEIX caxapoB M Ha TPeX YaCTHBIX dep-
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Max B paiioHax Kanymus, Yaryanac u Kysa. O6pa3mpl Opany y mojapacrarommx (Bo3pacT 6—12 mec.), HENaKTUPYIOIIHX
OepeMeHHBIX (B OCHOBHOM Ha MO3JHHUX CPOKaX), JAKTUPYIOUINX (HA paHHUX CPOKax, 0 8 HENleNb) U HETaKTUPYIOIINX He-
OepeMeHHBIX K03 (Bo3pacT 1-3 rozga). ¥ ko3 B cbiBopoTKe Gosiee Hu3KHit yposeHs P (p <0,001) 6611 06HApYKEeH BO BpeMst
cyxoro ce3oHa, Toraa kak Mg (p <0,001) u Zn (p <0,01) 6buin Hibke B ce30H moxkaei. Ca y ko3 ObLIT HHUXKE B CE30H 10~
XKJIel 1Mo CpaBHEHUIO ¢ CyXuM ce30oHoM (p <0,001). 3HaunTenbHbIC pa3iInyusl HaOIONATNCE MEXKIY (epMaMu 10 conep-
MAHUIO B CBIBOPOTKE KpoBH y k03 P, Mg, Na u Cu (p <0,001), a taxke Ca, K u Zn (p <0,01). BctpeuaemocTs CbIBOPOTOU-
HOTO Mg HIbKe KpUTHYECKOro YpoBHS (<18 mr/in) y ko3 u3 LleHTpa KOpMOBBIX caxapoB cocTaBmia 64%. Takxke HIDKE KPH-
tryeckoro Osimm yposHH CU (<0,5 mr/m) u Zn (<0,6 mr/m) y 79 u 60% xo3 Ha ¢epme KyBa. 3HaunTEIBHBIC pa3IHIHs
MEXITy (PU3MOTOTHIECKAMH CTAINSIMH HAOIIOIAINCE B CBIBOPOTKE KpoBH K03 1yist P, K (p <0,01), a taxxke Zn (p <0,001).
Conepxanue Mg u Mn B kopme 0buto HInke (P <0,001) B ce30H moxael, 9eM B cyxo# ce30H, Toraa kak P Obut Hinke (P
<0,001) B cyxoii ce30H. 3HAUNTEIHHBIC BapHAINX B 3aBICUMOCTH OT MecTa (pepMbl) ObLTH B coaepkaHus B kopmax Ca (p
<0,001), Mg (p <0,001), Cu (p <0,05) u Zn (p <0,001). B cyxoii ce30H B CHIBOPOTKE KPOBHU y KO3 3JIEMEHTaMH, CIIOCO0-
HBIMH OTPaHUYUTH MPOTYKTUBHOCTD, ObiH P, Cu, Mg 1 Zn, B ce30H noxneit — Cu, Zn, Mg, Ca u P. B xopmax smemeHTa-
MH, BEPOSITHO OTPaHMYMBAIOLIMMH NPOAYKTUBHOCTb, KaK B CyXOH, TaK U BO BIaXHBIH ce30H, Obl Na, Cu, Mg u Zn. Yro
KacaeTcsi MECTOIIOJIOKEHUS (PepMBI, TO CBIBOPOTOYHBIM DJIEMEHTOM, 3HAYMMBIM H, BEPOSITHO, OTPAHHMYHBAIOLIMM TIPOIYK-
THUBHOCTB, B LleHTpe kKopMOBBIX caxapoB Obl1 Mg, a B KyBe, coorBercTBeHHO, Cu M Zn. Hu3kne KOHIEHTpaluu Makpo- 1
MHKPODJIEMEHTOB B CHIBOPOTKE, BEPOSITHO, MMeloIIMe (hU3HOJIOrHYecKoe 3HaueHue, Obliin orMeueHsl Juisi Ca y HebOepe-
MEHHBIX B KopMsIux ko3; P, Cu u Mg — y 6epeMeHHBIX U KOPMSIIIMX KO3, U Zn — y KOPMSIINX K03. XOTsI OOHapyKEHHbIE
JeUIMTB MaKpoO- U MUKPOAJIEMEHTOB OBLIM B OCHOBHOM HE3HAYHMTEIILHBIMH, PE3YJIBTAThI [IPEIIONIAraloT, YT0 OHH, BEPO-
SITHO, BIIVSUIM Ha POCT, IIOTPeOIeHHE KOPMOB M BBIXOJ] MOJIOKA, @ TAKXKE HA CKIIOHHOCTh HEKOTOPBIX KHBOTHBIX K HapyIle-
HHUAM 00OMEHa BEIIECTB.

KJIFOUEBBIE CJIOBA: k03bl, KOHIIEHTpaLXsi MaKpo- 1 MHKPOAJIEMEHTOB, CE30H, (epMa, (PU3HOIIOrHIecKas cTa-
TS
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