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ABSTRACT : The objective of the current study was to determine factors influencing concentrations of protein-related blood 
metabolites in indigenous Nguni and crossbred cattle in the semi-arid communal rangelands in South Africa. The body condition scores 
(BCS), packed cell volume (PCV) and serum concentrations of protein-related metabolites were determined seasonally in 100 cattle 
raised on communal rangelands from August 2007 to May 2008. Nguni cattle had lower (p<0.05) albumin-globulin ratio, albumin, urea 
and creatinine, and higher (p<0.05) globulin concentrations than the local crossbreds. Local crossbreds had higher (p<0.05) alanine 
aminotransferase and alkaline phosphatase concentrations and lower (p<0.05) aspartate aminotransferase concentrations in the post
rainy season than Nguni cattle. The creatinine concentrations of Nguni and crossbred cattle were lowest in the sour rangeland during the 
hot-wet season. The albumin concentrations of Nguni and crossbred cattle were higher (p<0.05) whilst PCV, albumin-globulin ratio and 
creatine kinase concentration were lower (p<0.05) in the sour rangeland than in the sweet rangeland. Total protein, albumin, globulin, 
aspartate aminotransferase and creatine kinase concentrations of Nguni and crossbred cattle were lower (p<0.05) in the hot-wet and late 
cool-dry seasons than in other seasons across rangeland types. Urea concentrations in both breeds were highest in the sweet rangeland in 
the hot-dry season compared to other seasons. It was concluded that Nguni cattle had lower concentrations of protein metabolites than 
local crossbreds and protein deficiencies were most prominent in the sweet rangeland during the cool-dry seasons. (Key Words : 
Albumin, Alanine Aminotransferase, Aspartate Aminotransferase, Globulin, Creatinine, Urea)

INTRODUCTION

Nutrition has been identified as the most important 
factor limiting cattle production in the semiarid communal 
areas (Singh et al., 2008; Nqeno et al., 2009). Under the 
communal production system, the availability of nutrients 
depends on the fodder consumed, which is influenced by 
the season, cropping patterns, agro-ecological conditions, 
type and size of land holdings and socio-economic status of 
the farmers (Devendra and Sivella, 2002). Although both 
energy and minerals hamper cattle production on communal 
rangelands, protein which is as little as 10-30 g/kg CP is the 
most critical nutrient, especially during the dry season 
(Tainton, 1999). As a result, cattle usually fail to meet their 
protein requirements for both maintenance and production 
(Collins-Luswet, 2000). The seasonal shortage in protein 
supply leads to changes in cattle condition and populations 

(Boone and Wang, 2007), and subsequently fluctuations in 
cattle production efficiency (Mapiye et al., 2009a). The 
impact of seasonal variations in protein supply for cattle on 
communal rangelands has, however, not been determined.

Crossbreeding between indigenous and imported breeds 
generated non-descript crossbreeds of cattle, which are now 
dominant in the communal areas of South Africa (Mapiye et 
al., 2009a). The performance and sustainability of these 
crossbreeds in the communal areas, where feed is scarce is, 
however, not well known. Protein deficiencies in the 
communal areas could be worsened by predominance of 
these large-framed crossbred cattle, which require high 
amounts of feed (Nqeno et al., 2009). On the other hand, 
small-framed indigenous cattle such as the Nguni breed 
with low-maintenance feed requirements (Collins-Luswet, 
2000), are found in small populations in the communal 
areas (Mapiye et al., 2009b). In South Africa, at present, 
there are on-going efforts to repopulate the communal areas 
with Nguni cattle (Mapiye et al., 2009b). No evidence, 
however, is available on whether the protein status of Nguni 
and the local crossbreds differ. A comparative study of 
protein status of Nguni and crossbred cattle on communal 
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rangelands could be influential in deciding which breed to 
adopt under low-input production systems.

Concentrations of serum total proteins, albumin, 
globulin, urea, creatinine and metabolic enzymes are useful 
indicators of protein and health status of cattle (Agenas et 
al., 2006; Ndlovu et al., 2009). Despite their importance, 
reference values for these protein metabolites in cattle 
breeds raised on communal rangelands in the semi-arid 
areas are not available, making it difficult to draft suitable 
supplementary feeding and disease prevention and control 
strategies. It is also crucial to identify serum proteins that 
are reliable and sensitive enough to detect changes in 
protein and health status of Nguni and crossbred cattle on 
communal rangelands. Although it is well known that 
variables such as rangeland type, season, parity, sex and 
physiological status influence the protein status of animals 
(Doornenbal et al., 1988; Grunwaldt et al., 2005; Yokus and 
Cakir, 2006), their effect on Nguni and crossbred cattle 
reared on communal rangelands has not been adequately 
quantified. Quantifying the effect of these factors is crucial 
for the understanding of the production constraints and 
management of the communal herds. The objective of the 
current study was, therefore, to determine the effect of 
season and rangeland type on concentrations of protein- 
related blood metabolites in Nguni and crossbred cattle in 
the semi-arid communal rangelands in South Africa. The 
hypothesis tested was that the seasonal concentrations of 
protein-related blood metabolites in Nguni and crossbred 
cattle in the sweet and sour rangelands in the Eastern Cape 
Province, South Africa are not different.

MATERIALS AND METHODS

Study sites
The study was conducted in two communities; one from 

a sour rangeland (Cala) and another from a sweet rangeland 
(Sterkspruit) in the Eastern Cape Province of South Africa. 
In the sour rangelands, forages have low nutritive value (20
50 g/kg CP) and are largely unpalatable during the dry 
season compared to the sweet rangelands, where forages 
remain palatable and nutritious throughout the year 
(Tainton, 1999). The selection of study areas was based on 
rangeland types and the willingness of the communities to 
participate in the study.

Cala is located 31° 33' S and 27° 36' E at an altitude of 
1,440 m above the sea level. It receives 600 to 800 mm of 
rainfall of between November and April. Mean monthly 
minimum and maximum day temperatures are recorded in 
July (11°C) and January (20°C), respectively. The most 
common grass species are Themeda triandra, Heteropogon 
contortus, Sporobolus africanus and Microchloa ciliate. 
Acacia karroo, Acacia mearnsii, Euryops pyroides, 
Chrysocoma ciliate and Dyspyros scrabrida are the 
common bush species. In the sour rangelands, cattle are 
grazed on communal rangelands during the hot-wet and 
post-rainy seasons and on croplands during the cool-dry and 
hot-dry seasons.

Sterkspruit is situated 30° 37' S and 27° 22' E at an 
altitude of 1,507 m above sea level. It has a semi-arid 
climate with most of the rain falling between November and 
April (500 mm) and about 200 mm fall between May and 
October. Ambient temperatures fluctuate between 10°C and 
20°C, with minimum and maximum temperatures being 
recorded in July (9°C) and January (22°C), respectively. 
The most common grass species are Elionurus muticus, H. 
contortus, Microchloa caffra, Setaria sphacelata and T. 
triandra. The rangelands are dominated by E. pyroides and 
A. karroo invader woody species. In the sweet rangelands, 
cattle are grazed on communal rangelands throughout the 
year.

Experimental animals
The selection of cattle was based on the health status of 

the animals and willingness of the owners to participate in 
the study. For easy identification, all the cattle were ear- 
tagged at the beginning of the study. Fifty clinically healthy 
cattle from each community were targeted for sampling 
throughout the study period. The animals were body 
condition scored using a 5-point scale (1-very thin and 5- 
obese). Most of the selected cattle had a body condition 
score between 2 and 3. A total of 490 samples (196 and 294 
from sweet and sour rangelands, respectively) were 
obtained from cattle for the study period. The number of 
samples in each season depended on the farmer's 
willingness to bring their tagged animals to the holding 
facilities. Table 1 shows the number of Nguni and local 
crossbred cattle sampled in each season in the sweet and

Table 1. Number of Nguni and local crossbred cattle sampled in each season in the sweet and sour rangelands

Season (month)
Sweet rangeland Sour rangeland

Nguni Crossbreds Nguni Crossbreds
Late cool-dry (August) 20 35 19 45
Hot-dry (October) 19 26 27 48
Hot-wet (January) 18 22 17 39
Post-rainy (March) 17 31 13 33
Early cool-dry (May) 14 21 19 37



Mapiye et al. (2010) Asian-Aust. J. Anim. Sci. 23(2):213-225 215

sour rangelands. The animals were further categorised into 
different classes based on sex, age (1-2, >2-3, 3-4, >4-5 and 
>5 years), physiological status of the cow (pregnant 
lactating (PL), pregnant non-lactating (PNL), non-pregnant 
lactating (NPL) and non-pregnant non-lactating (NPNL)) 
and parity (0, 1, 2, 3, 4, 5 and 6). Pregnancy status was 
assessed through trans-rectal palpation by a veterinarian.

Body weight and body condition scores
Body weights and (BCS) were recorded immediately 

before blood sampling in the late cool-dry (August, 2007), 
hot-dry (October, 2007), hot-wet (January, 2008), post-rainy 
(March, 2008) and early cool-dry (May, 2008) seasons. 
Cattle body weights were estimated using a weigh-tape 
(Cattleway, Johannesburg, South Africa). Cattle were 
palpated and scored using a 5-point scale (1-very thin and 
5-obese) to determine the BCS (Nicholson and Butterworth, 
1986).

Blood collection and analyses
Blood was collected from the coccygeal vein using an 

18-gauge needle between 0700 and 0900 h once a season 
from August 2007 to May 2008. For the determination of 
packed cell volume (PCV), blood was collected into 
Vacutainer® blood tubes containing EDTA anti-coagulant. 
The blood was transferred into micro-haematocrit tubes and 
centrifuged in a micro-haematocrit centrifuge (Gemmy 
Industrial Corp.) for three minutes. Reading of the PCV was 
performed on the Micro-haematocrit Reader Scale. For 
biochemical analyses, anti-coagulant free vacutainer tubes 
were used for blood collection. The blood was allowed to 
coagulate at room temperature and centrifuged for 10 min at 
1,000xg within 2 h of collection. The serum was then stored 
in propylene tubes at -20°C, pending analyses.

Serum samples were analyzed using a Chexcks machine 
(Next/Vetex Alfa Wasseman Analyser, Woerden, 
Netherlands) and commercially purchased kits (Siemens, 
South Africa). The serum was analysed 
spectrophotometrically for total proteins, (Wechselbaum, 
1946) (Doumas and Biggs, 1972), creatinine (Tietz, 1995), 
and alkaline phosphatase (ALP) (Tietz et al., 1993) using 
colorimetric methods. Globulin concentrations were 
calculated as the difference between TP and albumin whilst 
albumin-globulin (A/G) ratio was obtained by dividing the 
albumin concentration by globulin concentration. 
Enzymatic methods were used for urea (Tietz, 1995) 
analysis, whilst ultraviolet methods were used for aspartate 
aminotransferase (AST), (Bergmeyer et al., 1986) alanine 
aminotransferase (ALT), gamma glutamyltransferase (GGT) 
and creatinine kinase (CK) determinations (Horder et al., 
1991).

Statistical analyses
The data were analysed using the generalised linear 

models procedure of SAS (2003). The model fitted the 
effect of rangeland type, season, sex, breed, age and some 
interactions on PCV and concentrations of protein-related 
blood metabolites and the liver enzymes.

The linear model was:

Yijklmn =卩+Ai+Bj+Ck+Dl+Em+ABij

+ACik+BCjk+ABCijk + 司klmn

Where Y1Jklmn = PCV, concentrations of protein 
metabolites and liver enzymes);

卩=overall mean;
Ai = effect of rangeland type (i = sweet, sour);
BJ = effect of season (J = late cool-dry, hot-dry, hot-wet, 

post-rainy, early cool-dry);
Ck = effect of breed (k = Nguni, crossbred);
Dl = effect of sex (l = male, female);
Em = effect of age (m = 1-2, >2-3, 3-4, >4-5 and >5 

years);
ABiJ = interaction of the ith level of rangeland type and 

Jth level of season;
ACik = interaction of the ith level of rangeland type and 

kth level of breed;
BCJk = interaction of the Jth level of season and kth level 

of breed;
ABCiJk = interaction of the ith level of rangeland type, Jth 

level of season and kth level of breed;
司klmn = residual error

Similar models were used to analyse the effects of 
parity and physiological status of the cow. Pair-wise 
comparisons of the least square means were performed 
using the PDIFF procedure (SAS, 2003). Chi-square test 
was computed to determine the association between 
proportions of cattle that had metabolite values within and 
outside the normal range with season, rangeland type and 
breed (SAS, 2003). Normal range values were obtained 
from literature (Doornenball et al., 1988; Farver, 1997; Otto 
et al., 2000; Ndlovu et al., 2009).

RESULTS

Body weight and body condition scores
Nguni cattle (420.7±15.35 kg) had lower (p<0.05) body 

weight than local crossbreds (455.8±14.54 kg). Nguni and 
crossbred cattle in the sour rangeland (458.4±35.05 kg) 
were heavier than those in the sweet rangeland 
(420.1±35.09 kg) (p<0.05). Highest Nguni and crossbred 
cattle body weights were recorded in the hot-wet and post
rainy seasons (p<0.05; Figure 1A). Nguni and crossbred 
cattle had higher (p<0.05) BCS in the hot-wet and post
rainy seasons than the other seasons (Figure 1B). Rangeland 
type, breed, age, sex and parity had no effect on the BCS 
(p>0.05).
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Figure 1. Least square means (±standard error of means) of body weight (A), body condition scores (B) and packed cell volume (C) of 
Nguni and crossbred cattle based on season.

Packed cell volume
Crossbred cattle had higher PCV values (35.2±1.01) 

compared to Nguni cattle (33.9±1.08). Nguni and crossbred 
cattle on the sweet rangelands had significantly higher PCV 
values (36.6±2.76) compared to those on the sour rangeland 
(32.5±1.75). Packed cell volume was lowest in the hot-wet 
season and highest in the cool-dry season (Figure 1C). Age, 
sex, parity and physiological status of the cow had no effect 
on PCV values.

Tot이 protein, albumin and globulin concentration
Overall, rangeland type and breed were not significantly 

associated with proportions of cattle that had protein-related 
metabolites values within the reference range. About 50% 
of cattle in the hot-wet season had total protein (TP) 
concentrations below the normal range whilst 77% in the 
post-rainy season had concentrations above the normal 
range (p<0.01; Table 2). Total protein concentrations were 

lowest in the hot-wet season and highest in the post-rainy 
season in the sweet rangeland (Figure 2A). Pregnant non
lactating cows had highest TP concentrations compared to 
other cows (Table 3). Breed, sex, age and parity had no 
effect (p>0.05) on total protein concentration.

Nearly 70 and 85% of cattle in the hot-dry and hot-wet 
seasons, respectively had albumin concentrations below the 
normal range (p<0.01; Table 2). Nguni cattle had lower 
(p<0.05) albumin concentrations than local crossbreds 
(25.4±0.34 versus 27.7±0.24). Nguni and crossbred cattle in 
the sweet rangeland had higher (p<0.05) albumin 
concentrations (29.9±0.97 g/L) than those in the sour 
rangeland (27.4±0.96 g/L). Albumin concentrations of both 
breeds were lowest in the hot-wet season (Figure 2B). 
Heifers had the highest albumin concentrations compared to 
cows in other parities (Table 4). Albumin concentrations 
was highest in pregnant non-lactating cows compared to 
other cows (p<0.05; Table 3). Age and sex had no effect on
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Table 2. Proportions (%) of Nguni and local crossbred cattle that had normal, below and above reference range values for the different 
blood metabolites based on season

Season Level -
Protein-related metabolites Liver enzymes

-GGT9
TP1 ALB2 Glob3 Urea Creat4 ALT5 AST6 ALP7 CK8

Late cool-dry Below 13 26 4 90 0 3 8 0 0 0
(n = 119) Normal 73 73 48 10 39 97 92 99 92 98

Above 14 1 48 0 61 0 0 1 8 2
Hot- dry Below 6 69 1 69 0 0 0 0 0 0

(n = 110) Normal 75 30 35 31 83 100 100 100 95 99
Above 19 1 64 0 17 0 0 0 5 1

Hot- wet Below 50 85 10 68 0 0 5 0 1 0
(n = 89) Normal 41 15 47 32 92 100 95 100 98 97

Above 9 0 43 0 8 0 0 0 1 3
Post- rainy Below 0 23 0 77 0 0 1 0 0 0

(n = 91) Normal 23 73 7 23 68 100 99 100 90 94
Above 77 4 93 0 32 0 0 0 10 6

Early cool-dry Below 3 15 0 86 0 0 0 0 0 0
(n = 81) Normal 55 85 24 14 67 100 100 100 91 91

Above 42 0 76 0 33 0 0 0 9 9
Significance ** ** ** ** ** ** ** ** ** **
Minimuma 65 28 28 3.6 10 36 21 33 12 0
Maximumb 78 37 42 10.7 133 91 167 328 146 45
** p<0.01. a Minimum and b Maximum reference values for cattle. Sources: Doornenbal et al. (1988) and Farver (1997).
1 TP- total protein. 2 ALB: albumin. 3 Glob globulin. 4 Creat: Creatinine. 5 ALT: alanine aminotransferase.
6 AST: aspartate aminotransferase. 7 ALP: alkaline phosphatise. 8 CK: creatinine kinase. 9 GGT: gamma glutamyltransferase.

albumin concentration.
Most of the cattle in the hot-dry (64%), post-rainy 

(93%) and early cool-dry season (76%) had globulin 
concentrations above the reference range (p<0.01; Table 2). 
Crossbred cattle on sour rangelands had the highest 
globulin concentrations (42.5±5.43 g/L) followed by Nguni 
cattle on sour rangeland (38.6±5.24 g/L), local crossbreds 
on sweet rangeland (36.5±3.31 g/L) and Nguni cattle on 
sweet rangeland (34.4±2.44 g/L). Globulin concentrations 
were lowest in the hot-wet season and highest in the post
rainy season (Figure 2C). Serum globulin concentrations 
increased (p<0.05) from parity 0 to 6 (Table 4). Sex, age 
and physiological status of cow had no effect (p>0.05) on 
globulin concentrations.

Nguni cattle had lower (p<0.05) AG ratio than local 
crossbreds (0.60±0.01 vs. 0.71±0.01). Nguni and crossbred 
cattle in the sweet rangeland (0.72±0.087) had significantly 
higher (p<0.05) AG ratio than those in the sour rangeland 
(0.84±0.087). Albumin-globulin ratio was highest in early 
and late cool-dry seasons (p<0.05; Figure 2D). Males had 
higher (p<0.05) AG ratio than females (1.0±0.18 vs. 0.56± 
0.038). Generally, AG ratio increased (p<0.05) with age of 
the animal (Table 5). The AG ratio decreased (p<0.05) as 
the parity increased from 0 to 6 (Table 4). Physiological 
status of the cow had no effect on AG ratio.

Serum urea and creatinine concentrations
Over 65% of the cattle had urea concentrations below 

the reference range across all the seasons (p<0.01; Table 2). 

Nguni cattle had lower (p<0.05) urea concentrations than 
local crossbred cattle (2.3±0.13 versus 2.8±0.09). Urea 
concentrations were highest in the hot-dry season in the 
sweet rangeland (Figure 3A). Pregnant cows had higher 
(p<0.05) urea concentration than non-pregnant cows (Table 
3). Sex, age and parity had no effect on urea concentrations.

About 61% of the cattle in the late cool-dry season had 
creatinine concentrations above the normal range whilst 
more than 65% of the cattle in the other seasons had 
creatinine concentration within the normal range (p<0.01; 
Table 2). Nguni cattle had lower (p<0.05) creatinine 
concentrations than crossbred cattle (115.8±2.70 vs. 123.3± 

1.82). Creatinine concentration of Nguni and crossbred 
cattle was lowest in the sour rangeland during the hot-wet 
season (Figure 3B). The concentration of creatinine was 
highest in pregnant non-lactating cows and lowest in 
pregnant lactating cows (Table 3).

Liver enzymes concentrations
More than 90% of the cattle had liver enzymes (ALT, 

ALP, AST, CK and GGT) concentrations within the normal 
range across all the seasons (Table 2). There was no 
association between rangeland type and breed with the 
proportions of cattle that had liver enzymes values within 
the reference range. The concentrations of ALT were 
highest in local crossbreds during the hot-wet season 
(Figure 4A). ALT concentrations were highest in 1-2 year- 
old animals compared to other age groups and decreased 
(p<0.05 with age (Table 5).
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Figure 2. Least square means (土standard error of means) of total protein concentration of Nguni and crossbred cattle (A) based on 
rangeland type and season, and least square means (±standard error) of albumin (B), globulin (C) and albumin globulin ratio (D) of 
Nguni and crossbred cattle based on season.

Table 3. Least square means (±standard error of means) of total protein (g/L), albumin (g/L), urea (mmol/L), creatinine (卩mol/L) and 
creatine kinase (卩/L) concentrations of Nguni and crossbred cattle based on cow physiological status

Metabolite Breed -
Physiological status of the cow

NPL NPNL PL PNL
Total protein Nguni 66.7±4.36ab 63.7±4.28a 64.4±4.37a 73.1±4.29b

Crossbred 66.2±4.56ab 63.6±4.27a 65.5±4.48a 70.1±4.45b
Albumin Nguni 27.9±2.33a 28.5±1.33a 28.5±1.95a 32.1±1.34b

Crossbred 26.5±2.21a 27.4±1.35a 27.6±1.75a 32.0±1.37b
Urea Nguni 3.09±1.06ab 2.78±1.04a 4.39±1.35b 3.54±1.03b

Crossbred 3.29±1.16ab 2.88±1.17a 4.51±1.39b 3.80±1.14b
Creatinine Nguni 114.3±20.00b 118.3±20.09b 85.2± 20.42a 138.4±20.21c

Crossbred 115.3±21.00b 120.3±21.18b 89.3±20.54a 140.4±21.19c
Creatine kinase Nguni 20.8±35.67a 38.9±36.32a 66.6±35.95b 61.8±36.09b

Crossbred 21.8±35.61a 40.1±36.21a 67.5±35.79b 64.4±36.16b
a, b, c Values across rows and columns with different superscripts for a particular metabolite are different (p<0.05).
NPL = Non-pregnant lactating; NPNL = Non-pregnant non-lactating; PL = Pregnant lactating; PNL = Pregnant non-lactating.
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Table 4. Least squares mean (±standard error of means) of albumin-globulin (AG) ratio and albumin (g/L), globulin (g/L), alanine 
aminotransferase (ALT (卩/L)) and aspartate aminotransferase (AST (|丄/L)) concentrations of Nguni and crossbred cattle based on parity

Parity Breed
Metabolite

Albumin Globulin AG ratio ALT AST
0 Nguni 30.6±2.02b 31.2±2.43a 0.90±0.09d 11.6±9.06a 40.5±17.72a

Crossbred 31.6±2.12b 32.2±0.43a 0.91±0.09d 11.9±9.16a 42.3±17.72a
1 Nguni 29.0±2.97ab 36.1±2.30b 0.82±0.09c 21.6±8.86b 42.8±17.29a

Crossbred 29.0±2.97ab 36.3±2.31b 0.82±0.09c 22.6±8.86b 42.7±17.28a
2 Nguni 29.6±2.02ab 36.4±2.44b 0.81±0.08c 31.4±9.11c 51.0±17.78a

Crossbred 29.4±2.04ab 36.9±2.46b 0.81±0.09c 32.3±9.18c 52.1±17.79a
3 Nguni 29.2±1.91ab 38.3±5.15bc 0.80±0.08c 21.7±8.67b 44.5±16.83a

Crossbred 29.3±1.71ab 38.5±5.31bc 0.80±0.09c 21.8±8.62b 44.4±16.85a
4 Nguni 28.3±2.08ab 38.9±2.60bc 0.75±0.092b 27.4±9.36bc 69.8±18.20b

Crossbred 27.3±2.15ab 38.9±3.49bc 0.75±0.09b 27.3±9.37bc 69.7±18.29b
5 Nguni 27.2±1.17a 41.8±3.84bc 0.74±0.09b 21.3±9.73ab 41.2±19.08a

Crossbred 27.3±1.17a 40.8±2.73bc 0.75±0.09b 21.1±9.77ab 41.9±19.03a
6 Nguni 26.6± 0.65a 46.3±7.13c 0.64±0.17a 18.2±11.92abc 45.9±22.27ab

Crossbred 27.1±0.64a 47.3±6.23c 0.65±0.11a 18.5±11.91abc 45.2±23.29ab
a, b, c, d Values with different superscripts within a column and within a particular parity are different (p<0.05).
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The concentrations of ALT were lowest in heifers, and 
generally increased (p<0.05) with parity (Table 4). The ALT 
concentrations were not influenced by rangeland type, sex 
and physiological status of the cow.

Nguni cattle had the highest concentrations of AST in 
the post-rainy season (Figure 4B) compared to other 

seasons. Generally, AST concentrations increased (p<0.05) 
up to the fourth parity (Table 4). Rangeland type, sex, age 
and physiological status of the cow had no significant 
influence on AST concentrations. Nguni cattle had lower 
(p<0.05) ALP concentrations in the hot-dry and hot-wet 
seasons than local crossbreds (Figure 4C). Rangeland type,

Metabolite

Table 5. Least square means (±standard error of means) albumin-globulin ratio and alanine aminotransferase concentration of Nguni and 
crossbred cattle based on age

Age (years) Albumin-globulin ratio Alanine aminotransferase (卩/L)
Nguni Crossbred Nguni Crossbred

1-2 0.72±0.089a 0.73±0.078a 33.20±9.124c 35.21±8.144c
>2-3 0.76±0.089ab 0.77±0.088ab 24.48±8.824b 26.45±8.134b
>3-4 0.81±0.088b 0.82±0.088b 22.36±9.054b 25.23±8.252b
>4-5 0.81±0.089b 0.81±0.089b 15.72±9.104a 19.12±9.314a
>5 0.80±0.089b 0.80±0.089b 13.88±9.054a 14.83±9.224a

a, b, c Values with different superscripts across rows and columns for a particular metabolite are different (p<0.05).



Mapiye et al. (2010) Asian-Aust. J. Anim. Sci. 23(2):213-225 221

sex, age, parity and cow physiology had no effect on ALP 
concentrations (p>0.05).

The concentration of CK in Nguni and crossbred cattle 
was higher (p<0.05) in the sweet rangeland (43.3±30.35 
卩/L) than in the sour rangeland (69.7±30.39 卩/L). The post
rainy and early cool-dry seasons had higher (p<0.05) CK 
concentrations than other seasons (Figure 4D). Pregnant 
lactating and pregnant non-lactating cows had highest 
concentrations of CK (Table 3). Breed, sex, age and parity 
had no effect on CK concentrations. No tested factors 
influenced GGT concentrations.

Corr미ations among body weight, BCS, PCV, protein 
metabolites and liver enzymes

There was a strong positive correlation between body 
weight and BCS, and total protein and globulin 
concentrations (p<0.01; Table 6). Body weight and BCS 
were positively correlated with total protein and albumin 
concentrations (p<0.05; Table 6). Packed cell volume and 
albumin concentrations were positively correlated (p<0.05; 
Table 6). Albumin concentration was positively correlated 
with total protein and creatinine (p<0.05; Table 6).

DISCUSSION

The high albumin concentration recorded in the sour 
rangeland can be ascribed to provision of supplementary 
feeds. Sour rangelands receive 600-800 mm per annum that 
supports excess plant growth during the hot-wet season 
(Tainton, 1999), which is subsequently conserved as 
standing hay or crop residues for dry season supplementary 
feeding (Mapiye et al., 2009a, b; Nqeno et al., 2009). Feed 
supplies decrease from post-rainy season onwards as 

temperatures and rainfall decrease, reaching a low-point 
during the dry season when plant materials are dormant 
(Tainton, 1999). It subsequently increases as new shoots 
start appearing on trees and shrubs during the late dry 
season, and grass shoots emerge following rains in the hot- 
wet season. In general, the patterns of body weight, BCS 
and serum concentrations of total protein, albumin, and 
creatinine were consistent with this seasonal trend in 
rainfall and feed availability, indicating that these blood 
metabolites are sensitive to seasonal variations in feed 
availability and protein intake.

The observation that body weight, BCS, total protein, 
albumin, urea and creatinine were highest in pregnant non
lactating cows could be a result of the greater efficiency of 
converting nitrogenous substances to amino acids and 
proteins for foetus growth and development (Doornenbal et 
al., 1988; King, 2000). The low albumin and creatinine 
concentrations in pregnant lactating cows could be a 
consequence of the dam’s increased basal metabolic rate, 
the maximal nutrient requirements of the placenta and the 
growing foetus, together with the transfer of serum albumin, 
and amino acids from the bloodstream to the mammary 
gland for milk synthesis (Jainudeen and Hafez, 2000; Otto 
et al., 2000).

The decline in PCV concentrations in the hot-wet 
season could be an indicator of protein deficiency, and high 
levels of parasites. In the Eastern Cape, highest ticks 
(Marufu, 2008; Muchenje et al., 2008) and nematode 
(Ndlovu et al., 2008) infections occur in the hot-wet months. 
The reduction in PCV in the hot-wet season might also be 
related to the reduction in celluar oxygen requirement in 
order to reduce metabolic heat load (Carlson, 1990; 
Johnston and Morris, 1990). The low PCV concentrations

Table 6. Correlations between body weight, BCS, PCV and protein-related blood metabolites of Nguni and crossbred cattle on 
communal rangelands

Weight BCS PCV Total 
protein Albumin Globulin Urea Creatinine ALT ALP AST CK GGT

BCS 0.61** -
PCV 0.17 0.22 -
TP 0.35* 0.48* 0.10 -
Albumin 0.37* 0.45* 0.46* 0.51* -
Globulin 0.25 0.12 -0.10 0.69** 0.13 -
Urea -0.09 -0.03 0.14 0.05 0.06 0.04 -
Creatinine 0.25 0.23 0.27 0.34 0.53* 0.14 -0.03 -
ALT 0.04 0.18 0.06 0.20 0.18 0.14 0.04 0.02 -
ALP 0.07 0.20 0.11 0.03 0.08 0.02 0.01 -0.01 0.17 -
AST -0.02 0.08 0.11 0.31 0.25 0.25 0.12 0.10 0.28 0.05 -
CK -0.06 0.04 0.14 0.07 0.18 -0.03 0.02 0.15 0.13 0.06 0.15 -
GGT 0.06 0.04 -0.01 0.29 0.11 0.30 0.01 0.07 0.10 0.06 0.25 0.08 -
Significantly correlated at * p<0.05; ** p<0.01.
BCS = Body condition score, TP = Total protein, ALT = Alanine aminotransferase, ALP = Alkaline phosphatise, 
AST = Aspartate aminotransferase, CK = Creatine kinase and GGT = Gamma glutamyltransferase.
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observed in sweet rangeland could be due to low plane of 
nutrition, especially iron (Farver, 1997). The lower PCV 
values observed in the Nguni breed could suggest a higher 
innate and/or acquired resistance to parasites than local 
crossbreds (Ndlovu et al., 2008; Marufu et al., 2009).

The mean concentration of serum TP was within normal 
physiological range for cattle (Farver, 1997; Otto et al., 
2000). Albumin values were, however lower than the 
reference values and this could be ascribed to protein under
nutrition and parasitism (Slobodianik et al., 1999; Ndlovu et 
al., 2009). The decrease in albumin, and increase globulin, 
ALT and AST concentrations with parity can be attributed 
to increased calf birth weight and milk production 
(Doornbos et al., 1984; Browning, 1994).

The high percentage of the cattle that had TP and 
albumin concentrations below the normal range and the 
marked decline in mean TP, albumin, globulin, creatinine, 
AST and CK concentrations in the hot-wet season, 
especially in the sour rangeland could also be partly 
attributed to parasitism and heamodilution. In contrast, 
Akerejola (1980) reported higher values of protein 
metabolites in the Fulani cattle during the hot-wet season. 
Ticks and nematodes reduce feed intake and metabolic 
activity of cattle (Kaufman et al., 2006; Marufu et al., 2009). 
In addition, gastrointestinal parasitism induces loss of 
proteins from the blood into the gastrointestinal tract, 
reducing protein and energy retention in infected animals 
(Kaufman et al., 2006). Increased blood water concentration 
and viscosity through consumption of wet forages or as a 
response to high temperatures during the hot-wet season, 
particularly in the sour rangeland where rainfall is high, 
lead to haemodilution, which in turn reduces concentration 
of blood protein metabolites (Akerejola et al., 1980; Shaffer 
et al., 1981). The observed low serum proteins 
concentration during the hot-wet season can be partially 
attributed to decline in feed consumption and marked 
increase in respiratory activity with rising temperature (Fox 
et al., 1988).

The observation that crossbred cattle on sour rangelands 
had highest globulin concentrations can be linked to high 
parasite infections, which are more prevalent in the sour 
rangeland (Marufu et al., 2009). Parasites infections lead to 
a chronic stimulation of the immune system and the 
production of gamma globulin (Otto et al., 2000). The lower 
globulin concentrations observed for Nguni for each 
rangeland type, could imply that Nguni cattle are resistant 
or resilient to parasite infections (Marufu et al., 2009; 
Ndlovu et al., 2009). Following reports by Marufu (2008) 
and Marufu et al. (2009) on prevalence of ticks and tick- 
borne diseases in the same study areas, it is crucial to 
ascertain the effect of tick infections on blood protein 
metabolites and cattle performance, especially in the sour 
rangeland.

The low AG ratio observed could be due to lower 
albumin and higher globulin concentrations than normal 
range values (9-1.4%) (Doornenbal et al., 1988). Farver 
(1997) and Ndlovu et al. (2009) attributed the low AG ratio 
to a marked decrease in albumin concentration and an 
increase in globulin concentration in the infected animals. 
The small AG ratio recorded for young animals could mean 
that they are more susceptible to infections than older ones. 
Older animals usually develop age-immunity and, therefore, 
have low infestation rates, but remain a source of infestation 
for younger animals (Sikka et al., 1994; Matjila and 
Penzhorn, 2003).

The observation that most of the cattle had urea 
concentration below the reference range was possibly due to 
lower intakes of CP (Farver, 1997; Ndlovu et al., 2009). The 
high stocking rates in the communal areas (Mapiye et al., 
2009a; Nqeno et al., 2009) may affect rangelands quantity 
and quality, especially protein status and subsequently lead 
low protein intake. When protein intake is low as indicated 
by low albumin concentrations in this study, resorption of 
urea nitrogen from blood to the rumen is increased to 
compensate for the decrease in ruminal ammonia nitrogen 
(Nonaka et al., 2008). Blood urea is, therefore a good 
indicator of concentration of rumen ammonia, and this is 
related closely to intake and solubility of the nitrogen
containing compounds fed (Hayashi et al., 2005).

Blood urea concentration can be inversely related to the 
efficiency of nitrogen utilization (Nonaka et al., 2008) and 
its reduction is generally associated with an increase in the 
efficiency of nitrogen utilisation (Butler et al., 1996). The 
low albumin and urea concentration observed for Nguni 
cattle compared to local crossbreds might, therefore imply 
that Nguni cattle utilised amino acids more efficiently for 
growth and development, despite the consumption of low 
protein diets. This could mean that Nguni cattle are more 
adaptable to low protein diets than local crossbreds. The 
higher urea concentrations observed in the sweet rangeland 
during the hot-dry season compared to other seasons can be 
attributed to low dietary CP intake (Hayashi et al., 2005).

The observed live enzymes concentrations (AST, ALT, 
ALP, CK and GGT) were within the reference range (Farver, 
1997; Otto et al., 2000; Ndlovu et al., 2009). The 
observation that local crossbreds had higher creatinine 
levels might suggest that they have more skeletal muscle 
compared to Nguni cattle. Creatinine is a breakdown 
product of creatine phosphate in muscle, and its rate of 
production usually depends on body muscle mass (Gross et 
al., 2005). This observation was further supported by higher 
levels of ALT in local crossbreds compared to Nguni cattle. 
The ALT enzymes are a valuable indicator of skeletal 
muscle mass and tissue damage in response to strenuous 
physical exercise (Otto et al., 2000). In addition, the small
framed Nguni cattle are, therefore, likely to travel shorter 
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distances in search of feed to meet their low maintenance 
requirements, thus could be less prone to skeletal tissue 
damage than large-framed local crossbreeds (Collins-
Luswit, 2000).

High concentrations of ALT observed in cattle aged less 
than two years may be a result of the faster growth rate in 
young animals (Doornenbal et al., 1988). The higher ALT 
concentrations in young animals are indicative of rapid 
skeletal growth (Ndlovu et al., 2009), which tend to decline 
with age (Gross et al., 2005). High metabolic rates of the 
young result not only from high rates of cellular reactions 
but also partly from rapid synthesis of cellular materials and 
growth of the body, which require moderate quantities of 
energy, and hence ALT (National Research Council, 2001).

The elevated concentrations of AST in Nguni cattle 
during the post-rainy season could be associated with 
increased feed availability and, consequently, increased 
growth rates as indicated by improved body weight and 
BCS in the same season. Previous research on rangeland 
showed Nguni cattle have higher growth rates than exotic 
breeds (Muchenje et al., 2008). Similar to this finding, Otto 
et al. (2000) found higher AST activity in Angoni cattle 
raised on rangelands. The AST enzyme is an indicator of 
skeletal muscle growth and liver damage (Otto et al., 2000).

The observed breed differences in ALP values in the 
hot-dry and hot-wet seasons reflect differences in growth, 
body size and weight for the cattle in this study. Small
framed animals, have low feed intake and, consequently, 
lower skeletal growth (Adachi et al., 1997) than local 
crossbreds. Besides possible involvement in membrane 
phospholipids synthesis, ALP activity is associated with the 
process of calcification (Farver, 1997) and, therefore, could 
be correlated with growth (Pattanaik et al., 1999). The high 
CK concentrations in pregnant cows probably reflect the 
increase in foetal musculature and muscle damage in the 
dam (Castillo et al., 2005). It may be partly due to either 
partitioning of protein towards foetal growth and 
development or low CP intake over a long period of time 
(Castillo et al., 2005).

The observed correlations between body weight and 
BCS with total protein and albumin concentrations confirm 
earlier reports that protein supply influence cattle condition 
(National Research Council, 2001; Boone and Wang, 2007). 
It might also suggest that body weight and BCS are useful 
indicators of protein intake and protein status of cattle on 
communal rangelands.

CONCLUSIONS

It was concluded that Nguni cattle had lower 
concentrations of protein metabolites than local crossbreds 
and protein deficiencies were most prominent in the sweet 
rangeland during the cool-dry seasons. These findings could 

suggest that Nguni cattle are able to utilise protein more 
efficiently for growth and development under low protein 
conditions than local crossbreds. Communal farmers could 
be encouraged to adopt Nguni cattle as they are resistant to 
parasite infections and could be able to utilise amino acids 
more efficiently for growth and development under low 
protein conditions than local crossbreds. Provision of 
protein supplements to Nguni cattle could, however, be 
crucial especially, in the cool-dry seasons where body 
weights, BCS and blood protein levels are low.

ACKNOWLEDGEMENTS

We acknowledge farmers from Cala and Sterkspruit 
who provided the research animals. The assistance rendered 
by the Department of Agriculture is greatly appreciated. We 
are grateful to the Kellogg Foundation and National 
Research Foundation, South Africa for funding the study. 
Serum samples were processed at the University of Pretoria 
Veterinary Clinical Pathology Laboratory.

REFERENCES

Adachi, K., H. Kawano, K. Tsuno, Y Nomura, N. Katsura, A. 
Arikawa, A. Tsuji and T. Onimaru. 1997. Values of the serum 
components in Japanese black beef steers at farms with high 
productivity and low frequencies of disease and death in 
Miyazaki Pref Ecture. J. Vet. Med. Sci. 59:873-877.

Agenas, S., M. F. Heath, R. M. Nixon, J. M. Wilkinson and C. J. C. 
Phillips. 2006. Indicators of under-nutrition in cattle. Anim. 
Welf. 15(2):149-160.

Akerejola, O. O., N. N. Umuna and S. M. Denis. 1980. Serum 
biochemical levels of cattle in Northern Nigeria. Nigerian Vet. 
J. 9:26-31.

Bergmeyer, H. U., M. Hoder and R. Rej. 1986. Approved 
recommendation on International Federation of Clinical 
Chemistry methods for the measurement of catalytic 
concentration of enzymes. Part 2, International Federation of 
Clinical Chemistry method for aspartate aminotransferase. J. 
Clin. Chem. Clin. Biochem. 24:497-510.

Boone, R. B. and G. Wang. 2007. Cattle dynamics in African 
grazing systems under variable climates. J. Arid Environ. 
70(3): 495-513.

Browning, R., B. S. Robert, A. W. Lewis, D. A. Neuendorff and R. 
D. Randel. 1994. Effects of postpartum nutrition and once- 
daily suckling on reproductive efficiency and pre-weaning calf 
performance in fall-calving Brahman (Bos indicus) cows. J. 
Anim. Sci. 72:984-989.

Butler, W. R., J. J. Calaman and S. W. Beam. 1996. Plasma and 
milk urea nitrogen in relation to pregnancy rates in lactating 
dairy cattle. J. Anim. Sci. 74:858-865.

Carlson, G. P. 1990. Clinical chemistry tests. In: Large animal 
internal medicine. 1st ed (Ed. S. P. Smith). USA: Mosby. pp. 
393.

Castillo, C., J. Hernandez, A. Bravo, M. Lopez-Alonso, V. Pereira 
and J. L. Benedito. 2005. Oxidative status during late 
pregnancy and early lactation in dairy cows. Vet. J. 169:286-



224 Mapiye et al. (2010) Asian-Aust. J. Anim. Sci. 23(2):213-225

292.
Collins-Luswet, E. 2000. Performance of Nguni, Afrikander and 

Bonsmara cattle under drought conditions in North West 
province of Southern Africa. S. Afr. J. Anim. Sci. 30(1):33-41.

Devendra, C. and C. C. Sevilla. 2002. Availability and use of feed 
resources in crop-animal systems in Asia. Agric. Syst. 71(1-2): 
59-73.

Doornbos, D. E., R. A. Bellows, P. J. Burfening and B. W. Knapp. 
1984. Effects of dam age, prepartum nutrition and duration of 
labour on productivity and postpartum reproduction in beef 
females. J. Anim. Sci. 59:1-10.

Doornenbal, H., A. K. W. Tong and N. L. Murray. 1988. Reference 
values of blood parameters in beef cattle of different ages and 
stages of lactation. Can. J. Vet. Res. 52(1):99-105.

Doumas, B. T. and H. G. Biggs. 1972. Determination of serum 
albumin. In: Standard methods of clinical chemistry (Ed. G. A. 
Cooper), Academic Press, Inc., New York. p. 7:175.

Farver, T. B. 1997. Concepts of normality in clinical biochemistry.
II. Reference interval determination and use. In: Clinical 
biochemistry of domestic animals, fifth ed (Ed. J. Kaneko, J. 
Harvey and M. Bruss). Academic Press, San Diego, pp. 2-9.

Fox, D. G., C. J. Sniffen and J. D. O’Connor. 1988. Adjusting 
nutrient requirements of beef cattle for animal and 
environmental variations. J. Anim. Sci. 66:1475-1495.

Gross, J. L., M. J. de Azevedo, S. P. Silveiro, L. H. Canani, M. L. 
Caramori and T. Zelmanovitz, 2005. Diabetic nephropathy: 
diagnosis, prevention, and treatment. Diabetes Care 28(1): 
164-176.

Grunwaldt, E. G., J. C. Guevara, O. R. Estevez, A. Vicente, H. 
Rousselle, N. Alcunten D. Aguerregaray and C. R. Stasi. 2005. 
Biochemical and haematological measurements in beef cattle 
in Mendoza plain rangelands (Argentina). Trop. Anim. Health 
Prod. 37(6):527-540.

Hayashi, Y., S. Shah, S. K. Shah and H. Kumagai. 2005. Dairy 
production and nutritional status of lactating buffalo and cattle 
in small-scale farms in Terai, Nepal. Liv. Res. Rural Dev. (17)6.

Horder, M., R. C. Elser, W. Gerhardt, M. Mathieu and E. J. 
Sampson. 1991. Approved recommendation on IFCC methods 
for the measurement of catalytic concentration of enzymes. 
Part 7, IFCC method for creatine kinase. Eur. J. Clin. Chem. 
Biochem. 29:435-456.

Jainudeen, M. R. and E. S. E. Hafez. 2000. Gestation, prenatal
physiology and parturition. In: Reproduction in farm animals, 
7th edn (Ed. B. Hafez and E. S. E. Hafez). Williams and
Wilkins, Philadelphia, PA. pp. 140-155.

Johnston, J. K. and D. D. Morris. 1990. Alterations in blood 
proteins. In: Large animal internal medicine. 1st ed (Ed. B. P. 
Smith). USA: Mosby, 1990:435-444.

Kaufman, P. E., P. G. Koehler and J. F. Butler. 2006. External
parasites on beef cattle. Entomology and Nematology
Department, Florida Cooperative Extension Service, Institute
of Food and Agricultural Sciences, University of Florida.
http://edis.ifas.ufl.edu/IG130.

King, J. C. 2000. Physiology of pregnancy and nutrient 
metabolism. Anim. J. Clin. Nutr. 71(Suppl):1218S-1225S.

Mapiye, C., M. Chimonyo and K. Dzama. 2009a. Seasonal
dynamics, production potential and efficiency of cattle in the 
sweet and sour communal rangelands in South Africa. J. Arid
Environ. 73(4-5):529-536.

Mapiye, C., M. Chimonyo, K. Dzama, J. G. Raats and M. 
Mapekula. 2009b. Opportunities for improving Nguni cattle 
production in the smallholder farming systems of South Africa. 
Liv. Sci. 124:196-204.

Marufu, M. C. 2008. Prevalence of ticks and tick-borne diseases in 
cattle on communal rangelands in the highland areas of the 
Eastern Cape province, South Africa. MSc thesis, Department 
of Livestock and Pasture Science, University of Fort Hare, 
South Africa.

Marufu, M. C., M. Chimonyo, K. Dzama and C. Mapiye. 2009. 
Sero-prevalence of tick-borne diseases in communal cattle 
reared on sweet and sour rangelands in a semi arid area of 
South Africa. Vet. J. doi:10.1016/j.tvjl.2009.02.014.

Matjila, P. T. and B. L. Penzhorn. 2003. Occurrence and diversity 
of bovine coccidia at three localities in South Africa. Vet. 
Parasitol. 104(2):93-102

Muchenje, V., K. Dzama, M. Chimonyo, J. G. Raats and P. E. 
Strydom. 2008. Tick susceptibility and its effects on growth 
performance and carcass characteristics of Nguni, Bonsmara 
and Angus steers raised on natural pasture. Anim. 2:298-304.

National Research Council. 2001. Nutrient requirements of beef 
cattle. Seventh Revised Edition: updated 2000. National 
Academy Press. Washington, DC, USA. pp. 16-21.

Ndlovu, T., M. Chimonyo, A. I. Okoh, V. Muchenje, K. Dzama, S. 
Dube and J. G. Raats. 2009. A comparison of nutritionally- 
related blood metabolites among Nguni, Bonsmara and Angus 
steers raised on sweet-veld. Vet. J. 179:273-281.

Ndlovu, T., M. Chimonyo and V. Muchenje. 2008. Monthly 
changes in body condition scores and internal parasite 
prevalence in Nguni, Bonsmara and Angus steers raised on 
sweetveld. Trop. Anim. Health Prod. doi: 10.1007/s11250-008- 
9297-0.

Nicholson, M. J. and M. H. Butterworth. 1986. A guide to 
condition scoring of zebu cattle. Addis Ababa: International 
Livestock Centre for Africa. pp. 3-29.

Nonaka, I., N. Takusari, K. Tajima, T. Suzuki, K. Higuchi and M. 
Kurihara. 2008. Effects of high environmental temperatures on 
physiological and nutritional status of prepubertal Holstein 
heifers. Liv. Sci. 113(1):14-23.

Nqeno, N., M. Chimonyo, C. Mapiye and M. C. Marufu. 2009. 
Ovarian activity, conception and pregnancy patterns of cows in 
the semi-arid communal rangelands in the Eastern cape 
Province of South Africa. Anim. Reprod. Sci. (Accepted).

Otto, F., P. Baggasse, E. Bogin, M. Harun and F. Vilela. 2000. 
Biochemical blood profile of Angoni cattle in Mozambique. 
Israel Vet. Med. Ass. 55(3):1-9.

Pattanaik, A. K., V. R. B. Sastry and R. C. Katiyar. 1999. Effect of 
different degradable protein and starch sources on the blood 
metabolites and rumen biochemical profile of early weaned 
crossbred calves. Asian-Aust. J. Anim. Sci. 12(5):728-734.

SAS. 2003. Statistical analysis system institute Inc. Users Guide, 
Version 9, Carry, NC, USA.

Shaffer, L., J. D. Roussel and K. L. Koonce. 1981. Effects of age, 
temperature-season, and breed on blood characteristics of dairy 
cattle. J. Dairy Sci. 64:62-70.

Sikka, P., R. K. Sethi, A. K. S. Tomer and S. C. Chopra. 1994. 
Blood metabolites levels in relation to age and live weight in 
young buffalo calves. Asian-Aust. J. Anim. Sci. 7(2):201-205.

Singh, V. K., P. Singh, A. K. Verma and U. R. Mehra. 2008. On 

http://edis.ifas.ufl.edu/IG130


Mapiye et al. (2010) Asian-Aust. J. Anim. Sci. 23(2):213-225 225

farm assessment of nutritional status of lactating cattle and 
buffaloes in urban, periurban and rural areas of Middle 
Gangetic Plains. Liv. Res. Rural Dev. 20(8).

Slobodianik, N. H., L. Zago, A. N. Pallaro and M. S. Feliu. 1999. 
Biochemical parameters and nutritional status. Acta Bio. Clin. 
Latino-americana. 33(4):415-427.

Tainton, N. M. 1999. ‘Veld management in South Africa’. 
University of Natal Press: Pietermaritzburg.

Tietz, N. W. 1995. Clinical guide to laboratory tests, (3rd Ed.) WB 
Saunders Company, Philadelphia, PA.

Tietz, N. W., D. Rinker and L. M. Shaw. 1993. IFCC method for 
alkaline phosphatise. J. Clin. Chem. Clin. Biochem. 21:1731
1748.

Weichselbaum, T. E. 1946. An accurate and rapid method for the 
determination of proteins in small amounts of blood serum and 
plasma. Am. J. Clin. Path. 16:40.

Yokus, B. and U. D. Cakir. 2006. Seasonal and physiological 
variations in serum chemistry and mineral concentrations in 
cattle. Bio. Trace Elem. Res. 109:255-266.


