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Abstract: A study was conducted to determine hematological values of 153 grazing goats, pertaining to 

physiological stage, in the late dry and late wet seasons of Central Trinidad. Goats had lower (P<0.01) 

haemoglobin (Hb) and packed cell volume (PCV) values in the wet than in the dry season. 41% of goats in the 

wet season exhibited a non-regenerative anaemia (Hb<80 g/L; PCV<0.22 L/L; reticulocyte count <1%).  At 

one particular farm location lowest forage and serum copper levels and an accompanying highest incidence of 

non - regenerative anaemia was observed. Also, hemoglobin and packed cell volume values varied (P<0.001) 

including lymphocyte (P<0.001) counts among growing goats compared with other physiological stages. 

Significant variations occurred among these stages in the white blood cell count (P<0.05) in goats. A moderate 

basophilia and eosinophilia was found in both seasons in goats.  Highest haemoglobin and packed cell volume, 

white blood cell counts and lymphocyte values in growing goats compared with other stages was probably age 

related. Copper supplementation including adequate anthelmintic control is recommended for the prevention of 

anaemia and to optimize goat and sheep production of Central Trinidad.   
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1. INTRODUCTION 

Trinidad and Tobago are two adjacent islands located northeast of the Venezuelan coast. The republic 

is located between latitudes 10° and 11° north and spans a longitude of 61° west, has a combined area 

of 5070 km
2
 ,and a population of approximately 1.3 million inhabitants. The dry season is from 

January to May/June and the wet season is from July to December with sporadic rainfall patterns in 

both seasons. The domestic goat industry in Trinidad is primarily a subsistence industry with probably 

no more than 10,000 heads, with most farms having between 1 to 10 animals. (Mohammed, 1999). 

About 50% of the animals reared are of a nondescript local type whereas the remaining animals are 

pure bred or interbred crosses of Saanen, Alpine, and Anglo Nubian breed types. Most animals are 

kept indoors at night but allowed to graze on marginal lands foraging on native grasses during the 

day.  
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Grazing ruminants depend largely on native forages to supply their nutrient requirements for growth 

and production. However, tropical grasses are frequently deficient in energy, protein and minerals 

with the culminating effect of low animal productivity. Copper (Cu) is the major trace mineral 

limiting production of grazing animals in African, Asian, and Latin America countries (McDowell 

and Arthington, 2005). Cu is required for the function of over 30 proteins including superoxide 

dismutase, ceruloplasmin (EC1.16.3.1.), lysyl oxidase, cytochrome c oxidase, tyrosinase, dopamine-β-

hydroxylase and hephaestin (S) (Prohaska, 2011). Copper functions as an electron transfer 

intermediate in redox reactions, and is therefore an essential cofactor for oxidative and reductive 

enzymes (Suttle, 2012).    

Hephaestin, cytochrome C oxidase (EC 1.9.3.1) and ceruloplasmin (EC 1.16.3.1) are required for iron 

transport and are therefore closely aligned in functionality during erythropoiesis. Hephaestin is 

involved in the release of iron from intestinal enterocytes and into the blood. Cytochrome c oxidase is 

involved in reduction of ferric iron to the ferrous form for use in haeme synthesis (Schlams Veterinary 

Haematology, 2010). Ceruloplasmin (Cu oxidase) facilitates mobilization of iron from the liver and 

tissues other than enterocytes (Schlams Veterinary Haematology, 2010) as well binding of iron to the 

iron transport protein transferrin (Suttle, 2012). Cu deficiency results in decreased concentrations of 

these Cu-containing proteins, and in turn resulting in a functional copper-related iron deficiency. 

Affected animals generally display a microcytic hypochromic anaemia (Schlams Veterinary 

Haematology, 2010). Williams et al. (1985) found that reduced cytochrome C oxidase activity in liver 

hepatocytes and bone marrow erythroid cells contributed to impaired haeme synthesis and therefore to 

the anaemia that is sometimes observed with Cu deficiency.  In lambs and calves, Cu-deficient diets 

(<1mg Cu/kgDM) can cause a marked or marginal decline in haemoglobin and packed cell volume 

levels (Howell, 1968b; Mills et al., 1976), resulting in anaemia which is microcytic, hypochromic, and 

non-regenerative or poorly regenerative (reticulocyte count of less than 1%) (Thrall et al., 2004). 

Haematological analysis is therefore an important tool to monitor the health status of animals, as well 

as for the diagnosis, treatment and prognosis of diseases.  It is also a good method to monitor the 

physiologic changes that occur during pregnancy, parturition, and lactation, as blood parameters can 

be altered by several factors, including age, breed, health status, nutritional status, and physiologic 

status (Mbassa and Poulsen, 1992; Sharma et al., 2015; Njidda,  et al., 2014). Other common factors 

affecting haematologic parameters in the tropics are season (Adewuyi and Adu, 1984; Mahieu et al., 

2007) and the presence of parasitic infection (Morris and Dunn, 1992).  Adewuyi and Adu (1984) 

found low packed cell volume (PCV) and haemoglobin (Hb) values in certain West African sheep 

breeds at the end of the rainy season in Nigeria. Low PCV values in sheep and goats in the tropics 

during the rainy season was presumably associated with increased parasitic infection (Lutu, 1983; 

Omeke, 1988). In one study, oral dosing with L3 larvae of Haemonchus contortus in West African 

Dwarf goats resulted in a normochromic normocytic anaemia which was due to blood loss caused by 

this gastrointestinal parasite (Ameen et al., 2010).   

Regarding age and physiological stage, higher Hb and PCV values are reported for 6-12 month old 

lambs (Mohammed et al., 2014) and kids (Mbassa and Poulsen, 1992) compared with pregnant and 

lactating animals. Pregnant goats from hot climates however, can exhibit higher PCV values than 

lactating animals, attributed to haemoconcentration (Habibu et al., 2014).  In contrast, haemoglobin 

values and PCV values in sequentially monitored goats and sheep during pregnancy and onwards, 

generally reflect a rise in these values in late gestation, a decline in the periparturient period, followed 

by a rise at parturition and then a decline in early lactation (Azab and Abdel- Maksoud, 1999; El –

Sherif and Assad, 2001; Iriadam, 2007). The decline in Hb and PCV values in periparturient period is 

attributed to an increase in plasma volume (Jain, 1986). The decline in early to mid lactation is related 

to milk production (El- Deen et al., 1985b). Contrastingly, in West African Dwarf sheep, Obidike et 

al. (2009) did not find significant change in these values in the periparturient period except a rise at 

two weeks post parturition.  

The white blood cell (WBC) and differential leucocyte counts in sheep and goats are also subject to 

variations due to age, physiologic stage and parasitic infection.  Higher WBC and lymphocyte counts 

are found in kids less than 12 months of age compared with values in adult goats (Nettleton and 

Beckett, 1976; Mbassa and Poulsen, 1992). Additionally, total WBC may be elevated in late 

pregnancy in goats (Oduye, 1976) because of an ACTH hormonal stress reaction.  Higher than normal 

eosinophil and sometimes basophil counts in growing and adult animals may be indicative of an 
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allergic response or recent parasitic infection (Morris and Dunn, 1992).  An eosinophilia in lactating 

animals may be due to an allergic reaction to milk production (Jain, 1986). 

In a farm investigative study of swayback prone farms in Central Trinidad, Mohammed (1999) found 

that Cu deficient kids and lambs had a non-regenerative anaemia. However it is not known whether an 

association exists between hematological values and blood serum Cu levels on goat farms in central 

Trinidad, from which there are no reported cases of swayback due to Cu deficiency. The purpose of 

this research was to study the effects of season and physiological stage on serum Cu levels and on 

certain haematological and plasma parameters of apparently normal goats. This study can provide 

useful information on whether hematological values of apparently normal goats are affected by season 

and physiological stage in relation to dietary Cu sufficiency. 

2. MATERIALS AND METHODS 

2.1 Farms and Management 

This study was carried out in the late dry (April- May) and late wet (November- December) seasons 

on four medium sized farms in Central and South Central Trinidad (Figure 1). Goats were reared 

partly indoors and semi-intensively at the Cunupia and Chaguanas farm locations.  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 and scrub type origin. Goats were either ‘zero 

grazed’ or allowed to graze on local bamboo grass (Paspalum fasiculatum), para grass (Brachiaria 

mutica), tanner grass (Bracharia radicans), elephant grass (Pennesetum purpureum), pangola grass 

(Digitaria decumbens) cascadoux gras (Lersia hexandra) and acasia (Acacia mangium and leucaena 

(leucaena leucocephala).  Goats at the Cunupia and Chaguanas locations were fed a mixture of 

bagasse (40%), molasses (30%), poultry by product meal (10%), wheat middlings (10%), urea (1%), 

dicalcium phosphate (1%) and sodium chloride (0.5%).  At all locations, goats were dewormed at 

weaning and in early pregnancy, either orally using oxfendazole at a dose rate of 5 mg/kg (Symantic; 

Syntex Agribusiness) or by sub-cutaneous injection with ivermectin (Ivomec; MSD Agvet) at a dose 

rate of 200 g/kg. Goats, except for pregnant animals were further dewormed at four times a year. 

 

Figure 1 Blood Sampling at goat farm locations of Central and South Central Trinidad 

A – Couva Farm; B- Palmiste farm; C- Cunupia Farm; D- Sugar Cane Feeds Center, Longdenville 
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2.2 Sample Collection 

Blood samples were collected from 153 goats of various physiological stages in the dry (April - May) 

and wet (November - December) seasons at the four locations (Table 3). Blood samples were 

collected from growing females (6 - 12 month old), dry late pregnant (four months), early lactating 

(up to 8 weeks of lactation) and dry non-pregnant goats (1 - 4 years old).  Samples were taken from 

different animals at the same location in the dry and wet seasons. For haematologic analysis, 5ml of 

blood was collected by venipuncture using 18 mm gauge needles and placed into bottles containing 

approximately 0.5 mg/ml K2EDTA (Potassium ethylene diamine tetra acetic acid) as an anti-

coagulant.  Ten (10) milliliters of blood were also collected from each animal,placed into acid-washed 

demineralised tubes and allowed to clot.  The clotted blood was centrifuged within 4 hours of 

collection to remove the serum which was then stored at -20C. Eighteen and 22 grass composite 

grass samples in the dry and wet seasons were collected from the Cunupia (n=9), Chaguanas (n=10), 

Sugar Cane Feeds Centre (n=11) and Couva (n=10) farm locations  (Figure 1) Grasses were oven-

dried at 60ºC in a forced draught oven to constant weight and hammer milled in a stainless steel mill 

to pass through a 1 mm sieve.  

2.3 Copper Analyses 

One milliliter of serum was diluted with 1 ml deionized water in duplicates and determined by  flame 

atomic absorption spectroscopy according to Fick et al. (1979), using a Pye Unicam 2900 Atomic 

Absorption Spectrophotometer equipped with a PU9090 data graphics system. Forage samples were 

collected, oven dried, milled, ashed at 550
 o

C, and then solubilized using 10% HCL and 50% HCL. 

Forage Cu was determined similarly in mg/kg DM according to Fick et al. (1979). 

2.4 Hematological Tests 

Haemoglobin concentration (g/L), mean corpuscular haemoglobin (pg) and white blood cell counts 

(10
9
/L), were obtained by the use of an automated Sysmex L4500 Haematology Analyzer (Channel 4) 

(Systemex, CA., USA). The differential leukocyte count (%) was done on a Wright’s-Giemsa stained 

blood smear (i.e. the number of each leukocyte type in a total of 100 white blood cells) (Thrall, 2004).   

Reticulocyte percentages were calculated for animals with low haemoglobin (<80 g/L) and PCV (<22 

%) values (Thrall, 2004). The stained blood smears from all animals were also examined for 

morphological abnormalities. Plasma fibrinogen levels (g/L) were determined by Millar’s heat 

precipitation method (Jain, 1986).   

2.5 Statistical Analysis 

Hematological and serum Cu means were tested between seasons, among farm locations, and 

physiological stages, including the interactions of physiological stage X season and Location X 

season. Forage copper means were tested among locations and between seasons. This procedure was 

carried out by analysis of variance using Genstat Release 18.1 ( PC/Windows 8) 23 December 2015 

22:39:42 Copyright 2015, VSN International Ltd. Significantly different means were compared using 

the protected Fishers LSD (P<0.05) test.  

3. RESULTS 

3.1 Red blood cell values and copper levels in the dry and wet seasons and among physiological 

stages 

Goats had lower (P<0.01) haemoglobin and PCV values in the wet than in the dry season (Tables 1 

and 2). A higher percentage of goats had low haemoglobin (<80 g/L) and packed cell volume (<0.22 

L/L) values at the end of the wet (41%) than in the dry (26%) season. Low haemoglobin and PCV 

values in goats ranged from 45– 75g/L and 0.13 - 0.21 L/L respectively, in both seasons, with 

accompanying low reticulocyte counts (<1%). Hemoglobin and PCV values also varied (P<0.001) 

among physiological stages, location and season in goats (Tables 1). Growing goats had higher 

(P<0.001) haemoglobin and PCV values than those of pregnant, lactating and dry non-pregnant goats 

(LSD P<0.05). There was a high incidence of anaemia (evidenced by low haemoglobin, PCV values 

and reticulocyte counts) in pregnant (34%), lactating (43%) and dry non-pregnant (44%) goats when 

compared with growing animals (18%). 

Serum Cu (P< 0.001), forage Cu (P<0.05), Hb (P< 0.001) and PCV (P< 0.001) levels also varied 

among farm locations (Table 1). The lowest forage Cu levels were found at the Cunupia and Couva 
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locations. At the latter, the lowest serum Cu concentration was associated with lowest Hb and PCV 

values in goats. The lowest mean serum Cu level was associated with the highest incidences of non- 

regenerative anaemia (54%) and of 75% of copper levels below critical level BCL (<0.5 mg/L) (Table 

1) . Fifty four percent of grasses had dietary insufficient copper levels below 5 mg/KgDM considered 

limiting for animal production and disease proneness. 

3.2 White Blood Cell and differential counts in the dry and wet seasons and among physiological 

stages 

 Goats displayed somewhat similar incidences of eosinophilia (>0.65 x 10
9
/L) and basophilia (>0.20 x 

10
9
/L) (Bayers and Kramer, 2010) in the dry (40% and 34%) and wet season (46% and 36%), 

respectively. It should be noted that 7 – 9 % of all goats and sheep displayed mild acanthocytosis (+ 1 

to + 2) as the only evidence of red blood cell abnormalities (poikilocytosis).  

Variations occurred among the different physiological stages in goats with the white blood cell 

(P<0.05) and lymphocyte counts (P<0.01), with a physiological stage x season interaction (P<0.05 

(Table 1) in the white blood cell count (Tables 1 and 2). The physiological stage x season interaction 

showed that there were higher white blood cell counts in growing kids in both seasons compared to 

lower values in pregnant animals in the dry season, and lower values in non-pregnant animals in the 

wet season (LSD P<0.05) (Table 3). Lymphocyte counts were highest in growing goats (P<0.001) 

compared with other physiological stages (Tables 1). The lymphocyte: neutrophil ratio was highest in 

growing goats (1.8 x 10
9
/L) compared with other physiological stages (0.9 - 1.1 x 10

9
/L). Low to 

moderate incidences of eosinophilia (>0.65 x 10
9
/L) and basophilia (>0.20 x 10

9
/L) were exhibited by 

all physiological stages of goats (Jackson, 2007). In goats, protein (P<0.001) but not fibrinogen 

(P>0.05) levels differed among physiological stages. Mean plasma protein concentration was higher 

in lactating goats compared to growing and pregnant animals (LSD P<0.05), and 43% of lactating 

goats had mildly elevated protein levels above 75 g/L.  

Significant variations also occurred among locations for the WBC counts (P< 0.05), for the 

differential counts for lymphocytes (P< 0.001), eosinophils (P< 0.001), monocytes (P< 0.05), 

basophils (P< 0.01), and for the plasma protein (P< 0.05) and fibrinogen levels (P< 0.01) (Table 1). 

The highest eosinophil and basophil counts and plasma protein levels were found at the Couva 

location. 

4. DISCUSSION 

Low forage and serum Cu levels below is good indicator of dietary insufficiency (Suttle, 2010). In 
this study a high percentage of goats had serum Cu levels below critical level which can compromise 
growth and performance, and lead to the development of anaemia and increased susceptibility to 
disease.  The Couva location had the lowest forage and serum copper below critical level (BCL) with 
an accompanying highest percentage of moderate non-regenerative anaemia. This finding is the first 
farm level report substantiating the experimental induction of anaemia using semi purified diets with 
less than 1ppm Cu (Mills et al., 1976). The highest allergic response was also found at this location. 
Although determinations of parasitic infection was not carried out parasitism is also suspected of 
contributing to the anaemia encountered. 

Although serum Cu was not affected by season in goats per se, similarly low serum Cu levels were 
found in both seasons, with significantly lower levels in lactating goats in the wet season.  The lower 
serum Cu levels in lactating goats in the wet season compare somewhat with the non-significant 
decline in plasma Cu found in lactating goats in the wetter winter months in Pakistan (Khan et al., 
2007).  In this study a low to moderate percentage of adult and apparently normal animals had low 
Hemoglobin and PCV levels more so at the end of the wet than at the end of the dry season. 

The anaemia observed in this study could have been due to reduced activity of the Cu-containing 

enzymes ceruloplasmin, cytochrome C oxidase, and hephasestin due to Cu deficiency, as these 

enzymes are involved in the transport of iron for erythropoiesis.  

It has also has been suggested that that the anaemia associated with copper deficiency is more a 

problem of iron utilization rather than iron transport to the bone marrow (Prohaska, 2011). In this 

study there was a possible association between deficient Cu levels and the moderate incidence of 

anaemia manifesting in both seasons and at various physiological stages in goats and at one particular 

location.  The lower haemoglobin and PCV values found in goats in the wet compared with the dry 
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season were similar to those for Nigerian sheep breeds (Adewuyi and Adu, 1984). Contrastingly, 

Mahieu et al. (2007) reported lower PCV values during the dry than the wet season in pregnant and 

early lactating Creole goats from Guadeloupe. However, 39% of Creole pregnant and lactating goats 

were found to be anaemic which compares with the findings in this study. In this study haemoglobin 

and PCV values were not significantly different between late pregnant and early lactating goats. In 

another study, it was found that blood values in sequentially monitored sheep and goats generally 

reflected a rise in these values in late gestation and parturition, declining in the periparturient period, 

and declining further in early lactation (El Sherif and Assad, 2001; Iriadam, 2007; Mohammed et al., 

2014; Sharma et al., 2015; Manat et al., 2016).  Animals in sequential studies are usually managed 

under experimental conditions such as similar diets and adequate anthelmintic control which were not 

controlled in this study.  Also, dry non- pregnant goats on a proper plane of nutrition should exhibit a 

rise in haemoglobin and packed cell volume values instead of the moderate anemia reported here 

(Mbassa and Poulsen, 1991). The anemia found in pregnant and lactating goats is also probably 

related to an increase in plasma volume in late gestation (Jain, 1986) and to milk yield changes in 

early lactation (El-Deen et al., 1985b; Mbassa and Poulsen, 1991).  The mild acanthocytosis observed 

in a low percentage of goats in this study may be an occasional finding in goats or may be dietary 

related (Jackson, 2007; Polizopoulou, 2010).  

Young growing goats had the highest haemoglobin and PCV values, and white blood cell counts and 

lymphocyte counts compared to the goats in other the physiological stages. This is likely age-related 

(Nettleton and Beckett, 1976; Mbassa and Poulsen, 1991; 1992; Egbe-Nwiyi et al., 2000; Mohammed 

et al., 2014). The reversal of the lymphocyte: neutrophil ratios in growing goats is also probably age 

or stress related (Jain, 1986; Urquhart et al., 2007). Similarly, the reversal of the ratios in growing to 

pregnant and lactating goats is also age or stress related. The mild leukocytosis found in this study in 

pregnant and lactating goats is probably stress related (Polizopoulou 2010), and is also reported in 

similar studies in the tropics (Oduye, 1976; El- Deen et al., 1985b; Obidike et al., 2009). The higher 

plasma protein levels observed here in lactating goats is probably related to mild dehydration or a rise 

in -globulin levels in early lactation (Jain, 1986). Most of the goats of all physiological ages had 

plasma fibrinogen levels within expected ranges (Jain, 1986). 

5. CONCLUSIONS 

The purpose of this research was to study the effects of season and physiological stage on serum Cu 

levels and on certain red and white blood cell and plasma parameters of apparently normal goats of 

Central Trinidad. There was a higher incidence of anaemia in goats in the wet than in the dry season 

and an accompanying high incidence of Cu deficiency, indicative of dietary Cu insufficiency in both 

seasons. Hence there was a possible association between deficient Cu levels and the moderate to low 

incidence of anaemia manifesting in the wet season in goats. The anaemia manifested mostly at adult 

physiological stages in this species. Note that, at a particular farm location lowest forage and serum 

copper levels and an accompanying highest incidence of non regenerative anaemia was observed. 

Dietary Cu insufficiency in affected animals could have affected growth, performance and their 

proneness to disease inclusive of the anaemia manifested. Accompanying the anaemia in the goats 

was a low to moderate eosinophilia and basophilia. These could be indicators of an allergic response 

may be due to parasitism. Goats also exhibited mostly normal physiological variations of 

hematological values toward stage of development. Based on the findings in this study, copper 

supplementation should be implemented for goats and sheep of Central Trinidad.  
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Tables 

Table 1. Haematological values and serum and forage copper levels at goat farms pertaining to physiological 

stage, location and season 

 Location  Physiological stage  Season  
x
Significance  

 Cunupia 

(n= 32) 

Chaguanas 

(n=31) 

Sugar Cane 

Feeds centre 

(n =33) 

 

Couva 

(n=57) 

Growing 

(n=51) 

Late 

Pregnant 

(n=35) 

Early 

Lactating 

(n=35) 

Dry non 

Pregnant 

(n=32) 

Dry  

(n=77) 

Wet 

(n=76) 

Phys. 

Stage  

Loc  Seas 

Parameter  Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean  ±SE Mean ±SE   

Red Blood 

Cell 

                    

Serum Cu 

mg/L 

0.53
a
 0.03 0.58

a
 0.04 0.46

b
 0.03 0.35

c
 0.03 0.47 0.03 0.44 0.03 0.44 0.03 0.48 0.03 0.48 0.02 0.44 0.02 NS *** NS 

% Cu BCL 

Forage Cu 

g/kgDM 

37.5% 

4.67
c 

(n=9) 

 

1.33 

55% 

8.29
a 

(n=10) 

 

1.33 

57.5% 

6.31
b 

(n=11) 

 

1.33 

75% 

4.56
c 

(n=10) 

 

1.33 

 

NA 

  

NA 

  

NA 

  

NA 

  

5.7 

(n=18

) 

 

0.95 

 

6.2 

(n=22) 

 

 

0.95 

 

NA 

 

* 

 

NS 

Hb g/L 94.2
b
 2.36 101

a 
2.99 87.3

c
 2.27 76.6

d 
1.82 93.9

a
 1.92 85.1

b
 2.47 82.4

b
 2.6 83.7

b
 2.26 91.4

a
 1.65 82.8

b
 1.60 *** *** *** 

PCV L/L 0.28
b
 0.01 0.31

a
 0.01 0.26

c
 0.01 0.23

d
 0.01 0.28

a
 0.01 0.25

b
 0.01 0.25

b
 0.01 0.25

b
 0.01 0.27

a 
0.01 0.25

b
 0.01 *** *** *** 

MCHC g/L 334.7 1.84 330.6 2.34 336.2 1.77 334.5 1.42 334 1.5 334.2 1.93 334.6 2.03 334.2 1.77 334.6 1.29 333.8 1.22 NS NS NS 

% anaemia  

White blood  

ell (X 10
9
/L) 

 

16%  

     

 26% 

 

 27%  54%                 

WBC 15.9
a
 0.71 13.9

ab
 0.89 12.5

b
 0.68 13

b
 0.55 14.7

a
 0.58 13.3

b
 0.74 13.5

b 
0.78 12.9

b
 0.68 13.8 0.49 13.6 0.47 ** * NS 

Neutrophils 58 0.42 4.9 0.54 5.5 0.41 5.2 0.33 4.9 0.34 5.3 0.44 6.3 0.47 5.3 0.41 5.2 0.29 5.5 0.28 NS NS NS 

Lymphocytes 8.3
a
 0.47 7.7

a
 0.59 5.9

b
 0.45 5.5

b
 0.36 8.7

a
 0.38 5.9

b
 0.49 5.1

b
 0.52 5.3

b
 0.45 7.0 0.33 6.1 0.31 *** *** NS 

Eosinophil 0.5
b
 0.15 0.2

b
 0.19 0.6

b
 0.15 1.8

a
 0.12 0.7 0.13 0.9 0.16 0.9 0.17 1.2 0.15 0.8 0.11 1.1 0.1 NS *** NS 

Monocytes 0.1
b
 0.03 0.2

a
 0.03 0.1

b
 0.03 0.1

b
 0.02 0.1 0.02 0.1 0.03 0.1 0.03 0.1 0.03 0.1 0.02 0.1 0.02 NS * NS 

Basophils 0.1
b
 0.05 0.2

ab
 0.07 0.2

ab
 0.05 0.3

a
 0.04 0.2 0.04 0.2 0.05 0.2 0.06 0.3 0.05 0.2 0.04 0.2 0.03 NS ** NS 

Plasma g/l 

components  

                       

Protein  75.9
b
 1.06 76.1

b
 1.35 74.4

b
 1.02 77.7

a
 0.82 73.8

a
 0.87 75.3

bc
 1.11 80.5

a
 1.17 77.5

c
 1.02 76.4 0.74 76.22 0.71 *** * NS 

Fibrinogen  2.8
b
 0.22 3.5

a
 0.28 2.8

b
 0.22 2.6

b
 0.17 3.1 0.18 2.7 0.24 2.8 0.25 2.7 0.22 2.8 0.16 2.9 0.15 NS ** NS 

a Below Critical Level (BCL) Cu < 0.5 mg/L; bAnaemia: Hb <75 g/L; PCV <0.24 L/L Means with different superscripts 

significantly different at P<0.05, protected fishers LSD test XSignificance *P<0.05;** P<0.01; ***P<0.001, Ns Not 

Significant  NA not applicable      

Table 2. Haematological means of different physiological stages in goats  in the dry and wet seasons of Central 

Trinidad  

Blood Growing  Late Pregnant  Early Lactating  Dry Non-Pregnant  Significance 

Parameters Dry Wet  Dry Wet  Dry Wet      

n                                                            

Parameter 

25       26  20 15  16 19  16 16 LSD 

 

 xSignific.  

Red Blood Cells               

Haemoglobin  

(g/L) 

105.2 90.4  82.5 83.7  85.6 75.3  87.5 83.2 10.71  NS 

Packed cell volume  
(L/L) 

0.32 0.27  0.24 0.25  0.26 0.23  0.26 0.25 0.033  NS 

Mean corpuscular 

Haemoglobin  

(g/L) 

332 334  338 333  334 335  335 332 6.6  NS 
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Serum Cu (mg/L) 0.44ab 0.55b  0.43ab 0.42ab  0.52b 0.30a  0.53b 0.47b 0.145  * 

White Blood Cells 

(x 109/L) 

              

White blood cell 

count 

15.1b 15.2b  13.1ab 14.0b  13.5b 13.9b  14.8b 10.7a 2.70  * 

Neutrophil 4.8 4.8  4.9 6.1  6.4 6.2  5.5 5.0 1.57  NS 

Lymphocyte 9.2 8.7  6.0 5.8  5.1 5.3  6.7 4.3 1.87  NS 

Eosinophil 0.43 0.81  1.18 1.00  0.89 1.46  1.09 0.96 0.67  NS 

Monocyte 0.14 0.13  0.078 0.11  0.17 0.06  0.08 0.06 0.10  NS 

Basophil 0.26 0.17  0.24 0.14  0.22 0.17  0.19 0.22 0.19  NS 

Plasma 

components 

  

Protein (g/L) 74.4 73.2  76.1 73.73  78.8 82.6  77.2 78.1 4.00  NS 

Fibrinogen (g/L) 3.0 3.5  2.4 2.9  2.9 2.3  2.9 2.7 0.77  NS 

Means with different superscripts significantly different at P< 0.05, protected Fishers LSD test  xSignificance *P<0.05; NS, 

Not significant 

Table 3. Haematological values and serum and forage copper levels of goats in the wet and dry seasons at 

various farm locations 

Location Cunupia 

 

Chaguanas Sugar Cane 

FeedsCentre 

Couva XSignificance 

Season Dry 

 (n=16) 

Wet  

(n=16) 

Dry 

(n=15) 

Wet 

(n=16) 

Dry 

(n= 16) 

Wet 

(n=17) 

Dry 

(n=30) 

Wet 

(n=27) 

 

Loc
. 

Seaso
n 

Loc. X 
Seas. 

Red blood cell             

Serum Cu mg/Kg 0.58a 0.49b 0.54a 0.62c 0.35d 0.56a 0.45e 0.26f *** NS *** 

Forage Cu g/Kg DM 

Mean ± SD 

3.7±1.5

3 

5.7±3.0

6 

9.9± 

1.20 

7.0 

±3.09 

5.9 ±4.1 6.4± 2.07 3.7 ± 

1.6 

5.4± 

4.05 

 NS NS 

 

Hb g/L 

 

96.49a 

 

91.92a 

 

110.96b 

 

88.36ac 

 

83.5c 

 

83.24ac 

 

82.54c 

 

70.52d 

 

*** 

 

*** 

 

*** 

PCV L/L 0.29a 0.28ac 0.34b 0.27ad 0.25cd 0.27ad 0.24d 0.21e *** *** *** 

MCHC g/L 337.6a 331.9a 329.5a 332.1a 332.4a 340ab 337ab 332.1a NS NS * 

White blood cell (X 

109)  

           

WBC 15.33a 16.6a 13.25ac 14.91ab 14.66ab 10.36c 12.76bc 13.28ab ** NS ** 

Neutrophils 4.59a 6.93b 4.15a 5.91ab 6.85b 4.13a 5.16a 5.28a NS NS *** 

Lymphocytes 8.37 821 7.27 8.16 6.38 5.38 3.53 4.38 *** NS NS 

Eosinophil 0.31a 0.6a 0.22a 0.23ac 0.89ab 0.35ac 1.32b 2.21a *** NS * 

Monocytes 0.07 0.07 0.11 0.23 0.09 0.07 0.13 0.06 * NS NS 

Basophils 0.08 0.07 0.19 0.16 0.25 0.05 0.25 0.37 ** NS NS 

Protein components            

Protein g/L 75.53a 76.38a 80.09ac 71.01bd 72.69ad 76.06ac 76.92ac 78.48ac * NS ** 

Fibrinogen g/L 2.65 2.95 3.48 3.45 2.75 2.98 2.49 2.62 ** NS NS 

Means with different superscripts significantly different at P<0.05, protected fishers LSD test XSignificance *P<0.05;** 

P<0.01; ***P<0.001, Ns Not Significant 
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