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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. 
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INTRODUCTION 
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 

commonly encountered in livestock, and are often 
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-
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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 NaCl.  

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 µg/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).  

 
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 

Farm Season 
Physiologic State 

Total 
Growing Dry Pregnant Lactating Dry Non-pregnant 

Cunupia  Dry 
Wet 

4 
4 

4 
4 

5 
4 

3 
5 

16 
17 

Chaguanas Dry 
Wet 

11 
8 

1 
3 

1 
4 

3 
3 

16 
18 

Sugar Cane Feeds Centre(SFC) Dry 
Wet 

5 
5 

4 
4 

3 
3 

4 
5 

16 
17 

Couva Dry 
Wet 

6 
8 

11 
8 

7 
8 

6 
4 

30 
28 

Total Dry 
Wet 

26 
25 

20 
19 

16 
19 

16 
17 

78 
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 ºC. 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 ºC 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). 



 
24 МИКРОЭЛЕМЕНТЫ В МЕДИЦИНЕ: 

ОРИГИНАЛЬНЫЕ СТАТЬИ 

 
 

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 El-
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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УРОВНИ МАКРО- И МИКРОЭЛЕМЕНТОВ  
В СЫВОРОТКЕ КРОВИ КОЗ НА  

РАЗЛИЧНЫХ ФИЗИОЛОГИЧЕСКИХ СТАДИЯХ  
В СУХОЙ И ВЛАЖНЫЙ СЕЗОНЫ В ЦЕНТРАЛЬНОМ ТРИНИДАДЕ 

А. Мохаммед1*, А Хан1, И. Паргасс2, П. Бриджмохан1, А.Э. Эдвардс1,  
Х.С. Стюарт2, Ф.Г. Юссеф3, Ш. Сьюшанд1 

1 Университет Тринидада и Тобаго, Арима, Тринидад и Тобаго 
2 Университет Вест-Индии, Маунт-Хоуп, Тринидад и Тобаго 
3 Университет Вест-Индии, Сент-Августин, Тринидад и Тобаго 

РЕЗЮМЕ. Проведено исследование с целью оценки концентрации макро- и микроэлементов в сыворотке 
крови 158 коз в зависимости от сезона, местонахождения фермы и физиологической стадии. Сбор образцов про-
водили в конце сухого сезона (апрель – май) и в конце сезона дождей (ноябрь – декабрь) в Центральном Тринида-
де. Образцы крови были собраны в хозяйстве государственного Центра кормовых сахаров и на трех частных фер-

http://econpapers.repec.org/RePEc:ags:aciarw:118371
http://econpapers.repec.org/RePEc:ags:aciarw:118371
http://econpapers.repec.org/RePEc:ags:aciarw:118371
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мах в районах Канупия, Чагуанас и Кува. Образцы брали у подрастающих (возраст 6–12 мес.), нелактирующих 
беременных (в основном на поздних сроках), лактирующих (на ранних сроках, до 8 недель) и нелактирующих не-
беременных коз (возраст 1–3 года). У коз в сыворотке более низкий уровень P (p <0,001) был обнаружен во время 
сухого сезона, тогда как Mg (p <0,001) и Zn (p <0,01) были ниже в сезон дождей. Са у коз был ниже в сезон до-
ждей по сравнению с сухим сезоном (р <0,001). Значительные различия наблюдались между фермами по содер-
жанию в сыворотке крови у коз P, Mg, Na и Cu (p <0,001), а также Ca, K и Zn (p <0,01). Встречаемость сывороточ-
ного Mg ниже критического уровня (<18 мг/л) у коз из Центра кормовых сахаров составила 64%. Также ниже кри-
тического были уровни Cu (<0,5 мг/л) и Zn (<0,6 мг/л) у 79 и 60% коз на ферме Кува. Значительные различия 
между физиологическими стадиями наблюдались в сыворотке крови коз для Р, К (р <0,01), а также Zn (р <0,001). 
Содержание Mg и Mn в корме было ниже (p <0,001) в сезон дождей, чем в сухой сезон, тогда как P был ниже (p 
<0,001) в сухой сезон. Значительные вариации в зависимости от места (фермы) были в содержания в кормах Са (р 
<0,001), Mg (p <0,001), Cu (р <0,05) и Zn (р <0,001). В сухой сезон в сыворотке крови у коз элементами, способ-
ными ограничить продуктивность, были Р, Cu, Mg и Zn, в сезон дождей – Cu, Zn, Mg, Ca и P. В кормах элемента-
ми, вероятно ограничивающими продуктивность, как в сухой, так и во влажный сезон, были Na, Cu, Mg и Zn. Что 
касается местоположения фермы, то сывороточным элементом, значимым и, вероятно, ограничивающим продук-
тивность, в Центре кормовых сахаров был Mg, а в Куве, соответственно, Cu и Zn. Низкие концентрации макро- и 
микроэлементов в сыворотке, вероятно, имеющие физиологическое значение, были отмечены для Са у небере-
менных и кормящих коз; P, Cu и Mg – у беременных и кормящих коз, и Zn – у кормящих коз. Хотя обнаруженные 
дефициты макро- и микроэлементов были в основном незначительными, результаты предполагают, что они, веро-
ятно, влияли на рост, потребление кормов и выход молока, а также на склонность некоторых животных к наруше-
ниям обмена веществ. 

КЛЮЧЕВЫЕ СЛОВА: козы, концентрация макро- и микроэлементов, сезон, ферма, физиологическая ста-
дия. 
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