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Abstract

An experiment was conducted to investigate the effect of concentrations of certain blood nutrient-
sensitive metabolites and the resumption of postpartum ovarian cyclicity in 16 Sanga cows (mean BCS 5).
Blood samples were taken from cows from weeks 1 to 13 (90 days) postpartum, processed and the plasma
progesterone concentration measured to determine the resumption of postpartum ovarian cyclicity. The cows
were classified as having resumed ovarian cyclicity when a plasma progesterone concentration of 21.0
ng/mL was recorded for two consecutive weekly samples. Based on the resumption of ovarian activity, cows
were classified as early cycling, late cycling or non-cycling. The plasma glucose, cholesterol, total protein,
albumin and globulin concentrations recorded were similar in the early cycling, late cycling and non-cycling
cows. The mean blood glucose, cholesterol, total protein, albumin and globulin concentrations were 3.60
mmol/L, 2.47 mmol/L, 83.1 g/L, 29.9 g/L and 52.9 g/L, respectively. Plasma urea concentrations in late (6.57
= 0.17 mmol/L) and non-cycling (6.59 = 0.17 mmol/L) cows were higher than in the early cycling (5.99 £ 0.17
mmol/L) cows in weeks 1 to 13 postpartum. In addition, the plasma creatinine concentration in the early
cycling cows was higher than in late cycling cows (101.8 £ 1.82 versus 94.0 + 1.99 mmol/L). Cows with
higher plasma concentrations of urea and lower creatinine concentrations were at risk of delayed resumption
of postpartum ovarian cyclicity. Results suggest poor nutritional status, especially energy deficiency, as a
major underlying factor suppressing the postpartum resumption of ovarian cyclicity.
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Introduction

Cattle production in smallholder systems in Ghana is mainly pasture based. The animals are grazed
extensively on natural pastures in the open range, with minimal feed supplementation. The pastures are
often limiting in quality and quantity. Thus the nutritional requirements of the cattle are barely met, resulting
in poor body condition, weight loss, low milk yield and delays in the resumption of ovarian cycles after calving
(Okantah et al., 1999; Obese et al., 2010). The low productivity of cattle in these pasture-based extensive
grazing systems therefore needs improvement, and this entails an evaluation of their nutritional status. The
assessment of the nutritional and health status in cattle can be made by determining certain blood metabolite
concentrations (Ndlovu et al., 2007). These metabolite concentrations indicate the extent of the metabolism
of energy, proteins and other nutrients in the animals (Pambu-Gollah et al., 2000; Agenas
et al., 2006). The changes in the circulating nutrient-sensitive metabolite concentrations are important signals
of the metabolic status of the animal and the ovarian function (Lindsay et al., 1993; Wettemann et al., 2003).
These metabolites include non-esterified fatty acids (NEFA), B-hydroxybutyrate (BHB), glucose and
cholesterol, which reflect energy status. Other blood metabolites, such as total protein, albumin, globulin,
creatinine and urea, then serve as indicators of the protein status. Factors including the physiological status
of an animal, breed, nutrition, season and age may affect the concentration of these metabolites in the blood
(Ndlovu et al., 2007).

Glucose is the principal source of energy for the life processes of the mammalian cell (Saleh et al.,
2011). It is the metabolite providing information for the control of gonadotrophin-releasing hormone (GnRH)
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secretion, as its availability influences tonic and surge modes of luteinizing hormone (LH) secretion,
presumably through its effects on GnRH (Diskin et al., 2003). Inadequate availability of utilizable glucose
thus reduces the hypothalamic release of GnRH, leading to a decrease in LH release, and eventually
delaying or preventing ovulation (Hess et al., 2005). Lipid mobilization is increased in early lactation,
particularly during the negative energy balance state leading to elevations in the blood NEFA and BHB
concentrations (Walters et al., 2002). Elevated concentrations of NEFA and BHB have been associated with
prolonged postpartum anoestrous intervals in cows (Reist et al., 2000). A decrease in plasma cholesterol
concentration, has been reported to result in a reduction in the plasma concentrations of insulin-like growth
factor 1(IGF-I) and progesterone and consequently delayed or inhibited ovulation (Maciel et al., 2001).
Creatinine, along with blood urea nitrogen concentration, is an excellent indicator of protein metabolism and
kidney function (Stockham & Scott, 2002; Kohn et al., 2005).

The Sanga is an indigenous breed that is widely used for milk and meat production in smallholder
cattle production systems in Ghana (Obese et al., 1999) owing to its relatively large size and better milk
production, compared with the other indigenous breeds. This breed is exposed to nutritional deficiencies as a
result of inadequate grazing and poor quality pastures, mostly lacking in energy and protein. This situation is
likely to be aggravated during the early postpartum period when lactational demands are high and
concentrations of blood metabolites associated with the nutritional status of the animal may be affected. The
nutritional status of cows after calving is especially important in the resumption of ovarian activity postpartum
(Shrestha et al., 2005). Information, however, is limited regarding the concentrations of these circulating
nutrient-sensitive energy and protein metabolites and their relationship with the resumption of ovarian activity
in Sanga cows managed within the pasture-based systems in Ghana. The objectives of this study were to
determine the blood concentrations of glucose, cholesterol, total protein, albumin, globulin, urea and
creatinine and assess the relationships between the concentrations of these metabolites and resumption of
cyclical activity in Sanga cows. The determination of these blood metabolites could then provide an
understanding of the impact of nutritional status on reproduction, and thus guide in the development of
management strategies for early resumption of ovarian activity, postpartum.

Materials and Methods

The study was conducted at the Animal Research Institute’s Katamanso station located at latitude 05°
44' N and longitude 00° 08" W in the Accra Plains of Ghana. The area has a bimodal rainfall pattern with the
major wet season occurring from April to July and the minor season from September to November. The
remaining months constitute the dry period. The annual rainfall and temperatures range from 600 to 1000
mm and 20 °C to 34 °C, respectively.

Sixteen multiparous Sanga cows in their first to fifth parity were used in the study. At the start of the
experiment, the cows recorded a mean (+ S.E.M.) body weight (BW) of 289.4 + 10.8 kg and body condition
score 5.0 £ 0.2 (on a scale of 1 to 9). The animals were housed in an open kraal and allowed to graze from
05:00 to 10:00 and 13:00 to 16:00 daily, mainly on natural pastures. Panicum maximum, Sporobolus
pyramidalis and Vertiveria fulvibarbis generally constituted the dominant grass species in this area. The cows
were not supplied with supplementary feed, before or after grazing, and water was provided twice daily.
Cows were milked twice a day during the rainy season and once a day during the dry season. Natural mating
was practised with bulls running freely with females all year round, and the calves were weaned between 6
and 9 months of age. Animals were treated against ecto-parasites, mainly ticks, fleas and mange mites,
using a pour-on acaricide (Flumethrin 1% m/v). Treatment against endo-parasites was done using an
antihelminth (Albendazole 10%). Animals were treated against diseases as the need arose and vaccinated
against contagious bovine pleuropneumonia once a year. Cows and their calves were weighed monthly and
body condition score of cows determined weekly, using the 9-point score (1 = very thin and 9 = obese)
(Nicholson & Butterworth, 1986).

Blood samples were collected weekly from all cows by jugular venipuncture into a 10 mL heparinised
vacutainer tube (BD Vacutainer Systems, Plymouth, UK), from weeks 1 to 13 (90 days) postpartum at 08:00.
Blood tubes were placed on ice immediately after collection, and the plasma separated by centrifugation at
1800 g for 15 min at 4 °C. The plasma was stored at —20 °C, until assayed for the progesterone
concentration and the nutrient sensitive metabolites. Resumption of postpartum ovarian cyclicity in cows was
determined using the plasma progesterone concentration as indicator. Plasma progesterone concentration
was measured weekly from weeks 1 to 13 using a progesterone ELISA kit (Gesellschaft fir Biochemica und
Diagnostica mbH, Wiesbaden, Germany). The cows were classified as having resumed ovarian cyclicity
when a plasma progesterone concentration of 21 ng/mL was recorded for two consecutive weekly samples
(Tamadon et al., 2011). Based on this parameter, cows were classified as early cycling (resumed cyclicity
<45 days postpartum; n = 6), late cycling (resumed cyclicity 46 - 90 days postpartum; n = 5) or non-cycling
(no resumption by 90 days postpartum; n = 5).
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The concentrations of the nutrient-sensitive metabolites were measured using the Vitros 950
Chemistry Systems auto-analyser (Ortho Clinical Diagnostics, UK). Blood glucose was measured based on
the method of Trinder (1969), while cholesterol was determined based on the enzymatic method of Allain
et al. (1974). The total blood protein concentration was determined based on the biuret reaction (Doumas
et al., 1981) and albumin determination on the method of Doumas & Biggs (1972), while globulin
concentration in plasma was computed as the difference between the total protein and albumin
concentrations (Mapekula et al., 2011). Urea determinations were based on the method by Sampson et al.
(1980), while creatinine determinations were according to the method by Ambrose et al. (1983).

The effects of the blood concentrations of the nutrient-sensitive metabolites (glucose, cholesterol, total
protein, albumin, globulin, urea and creatinine) on resumption of ovarian activity were analysed using the
repeated measures analysis of variance procedure of the Statistical Analysis System (SAS, 1999). The
model included as fixed effects treatment (oestrous cycle groups), time (weekly observations), and treatment
x time (oestrous cycle groups x week) interactions. Where the effects were significant, means were
separated using the PDIFF procedure of SAS.

Results

The body weight and body condition score (BCS) of cows are set out in Table 1. Body weight did not
differ significantly in the early cycling, late cycling and non-cycling cows. However, the early cycling cows
tended to be heavier than late cycling and the non-cycling cows at the resumption of cyclic activity. Body
condition scores were higher (P <0.05) in early and late cycling cows, compared with the non-cycling cows.

Table 1 Body weight and body condition score (BCS) in oestrous cycle groups

Oestrous cycle groups postpartum (LSM + SE)

Parameters Early cycling late cycling non-cycling Overall Mean P-Value
(< 45 days) (46-90 days) (within 90 days)
n==6 n=>5 n=5
Body weight (kg) ~ 298.8 + 2.94 283.5+2.22 294.3+1.65 292.2+227  0.954
BCS 5.12% + 0.10 5.11%+ 0.11 4.69°+0.11 497 £0.11 0.005

&P Means within the same row with different supercripts differ significantly (P <0.05).
LSM: least squares mean; BCS on a point scale of 1 to 9.

Table 2 Postpartum plasma nutrient-sensitive metabolic concentrations in early cycling, late cycling and non-
cycling Sanga cows

Oestrous cycle groups

(LSM + SE)
Parameters - - - Overall mean P-value
Early cycling Late cycling Non-cycling
(< 45 days) (46-90 days) (within 90 days)
Glucose (mmol/L) 3.61+0.05 3.59 +0.06 3.59 + 0.66 3.60 0.973
Cholesterol (mmol/L) 244 +0.11 2.49+0.12 2.47+0.12 2.47 0.946
Total Protein (g/L) 84.3+0.92 83.3+1.00 81.8+1.00 83.1 0.180
Albumin (g/L) 30.7 £0.05 29.7 £ 0.55 29.4 +0.55 29.9 0.200
Globulin (g/L) 53.6+0.70 53.1+0.77 52.0+0.77 52.9 0.338
Urea (mmol/L) 5.99° +0.16 6.57%+0.17 6.59%+0.17 6.38 0.016
Creatinine (mmol/L) 102° +1.82 94.0° +1.99 97.4% +1.99 97.8 0.017

Means within the same row with different superscripts (a,b) are significantly different (P <0.05).
LSM: least squares mean.

Glucose, cholesterol, total protein, albumin and globulin concentrations in the plasma did not differ (P
>0.05) in early cycling, late cycling or non-cycling cows (Table 2; Figure 1). The overall mean plasma
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glucose, cholesterol, total protein, albumin and globulin concentrations being 3.60 mmol/L, 2.47 mmol/L,
83.1 g/L, 29.9 g/L and 52.9 g/L for the observation period, respectively.

The plasma concentration of urea in late (6.57 £ 0.17 mmol/L) and non-cycling cows (6.59 = 0.17
mmol/L) was higher (P <0.05) than in the early cycling cows (5.99 £+ 0.16 mmol/L) for weeks 1 to 13
postpartum (Table 2). The plasma concentrations of urea tended to decline in the early cycling and late
cycling cows from weeks 1 to 7 postpartum, before stabilizing for the rest of the period (Figure 2). For the
non-cycling cows, a decline in plasma urea concentration was recorded from weeks 1 to 11 postpartum,
before the levels began to increase at week 13. The plasma creatinine concentration in early cycling cows
was higher (P <0.05) than in the late cycling cows (102 + 1.82 vs. 94.03 + 1.99 ymol/L), while the non-cycling
cows recorded concentrations similar to that of early cycling and late cycling cows (Table 2). Creatinine
concentrations in the plasma remained relatively stable from week 1 to week 9 postpartum in early cycling
cows. The concentrations tended to decline from week 1 to week 11 postpartum in the non-cycling cows,
while it increased from week 1 to week 9 postpartum, before stabilizing in the late cycling cows (Figure 3).

Time (weeks postpartum) had a significant effect on plasma glucose (P <0.01) and urea (P <0.001)
concentrations. However, there was no significant effect of the treatment x time interaction on the
concentrations in any of the nutrient-sensitive metabolites measured in the trial.
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Figure 1 Least squares means (= SE) of plasma glucose concentrations in postpartum Sanga cows.
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Figure 2 Least squares means (= SE) of plasma urea concentrations in postpartum Sanga cows.
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Figure 3 Least squares means (= SE) of plasma creatinine concentrations in postpartum Sanga cows.

Discussion

This study evaluated the relationship between the concentrations of certain nutrient-sensitive blood
metabolites and the resumption of ovarian cyclicity in postpartum Sanga cows. Nutrient availability has been
reported to be a major determinant of the postpartum anoestrous period in cattle that graze subtropical
pastures. This influences the length of the period to resumption of ovulation after calving in beef and dairy
cattle (Ciccioli et al., 2003, Diskin et al., 2003, Samadi et al., 2013). Early cycling and late cycling cows
recorded a higher BCS than non- cycling cows. This could be because the higher BCS after calving is an
indication of better nutritional status, and may have decreased the risk of suppressed oestrus because of
sufficient gonadotrophin production (Montiel & Ahuja, 2005).

The blood glucose, total cholesterol, total protein, albumin and globulin concentrations did not differ in
the early, late or non-cycling cows, indicating no relationship with the resumption of ovarian cyclicity in the
Sanga cows studied. The comparable glucose levels in the cycling (n = 11) and non-cycling cows (n = 5)
corroborate an earlier report by Ahmad et al. (2004), who found no significant differences in the serum
glucose levels for cycling and non-cycling cows in Pakistan. The overall mean glucose concentration of 3.6
mmol/L recorded in the present study was within the normal range of 2.3 - 4.1 mmol/L reported for cows
(Merck Veterinary Manual, 2010). This may indicate adequate energy supply to the cows (Boonprong et al.,
2007). Blood glucose concentration is an important indicator of dietary energy intake (Whitaker et al., 1999).
The overall mean blood cholesterol level of 2.47 mmol/L recorded was within the normal physiological range
of 1.6 - 5.0 mmol/L reported for cows (Merck Veterinary Manual, 2010). Mapiye et al. (2010) recorded an
overall mean cholesterol concentration of 3.35 + 0.58 and 3.71 + 0.59 mmol/L for Nguni, and crossbred
cattle, respectively, grazing on communal pastures in Eastern Cape, South Africa. The lower value recorded
for the Sanga in the present study compared with those recorded by Mapiye et al. (2010) could be due to the
low energy requirements and lower degree of adipose tissue breakdown in the Sanga.

The overall mean total protein value of 83.1 g/L recorded was within the normal range of 67 - 85 g/L
reported for cows (Otto et al., 2000; Merck Veterinary Manual, 2010). Saleh et al. (2011) reported total blood
protein concentration values of 76.6 £ 0.3 g/L and 70.6 = 0.7 g/L for cycling and non-cycling cows,
respectively, in Egypt. Albumin concentration in the blood reflects protein status, and the levels decline when
there is a protein deficiency (Agenas et al., 2006). The concentration of albumin in the blood has been
shown to be significantly correlated with good nutritional condition and hence good BCS in cattle (Kaneko
et al., 1997; Coppo, 2004). The overall mean plasma albumin value of 29.9 g/L was within the normal range
of 25.0 - 39.4 g/L reported for cows (Otto et al., 2000; Merck Veterinary Manual, 2010). This suggests that
the cows used in the present study were not malnourished. They recorded an overall mean BCS value of 5,
which was medium (moderate) on a 9-point score. The overall mean globulin concentration obtained in the
present study was 52.9 g/L, which was above the normal range (30 - 44.3 g/L) reported for cows (Otto et al.,
2000; Merck Veterinary Manual, 2010). The high globulin concentrations recorded for the cows in this study
may be as a result of infection (Whitaker et al., 1999). Circulating concentrations of globulin usually give an
indication of an animal’s immune state and its response to fighting diseases and infections (Kapele et al.,
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2008). The high globulin level in the Sanga cows may thus suggest that these cows were prone to infections
by ecto- and endo-parasites.

The early cycling cows recorded lower plasma concentrations of urea than late cycling or non-cycling
cows in the present study (5.99 vs. 6.57 and 6.59 mmol/L). This is in agreement with Ahmad et al. (2004),
who also recorded lower urea concentration in cycling than non-cycling cows (11.0 + 0.86 versus 12.1 + 1.23
mmol/L). The BCS of late or non-cycling cows were lower compared with that of early cycling cows (Table 1).
This then suggests that the late and non-cycling cows were in a poorer nutritional status, which could have
elicited a situation of energy deficiency, limiting microbial protein synthesis and increasing urea
concentrations in the plasma (Murphy et al., 1999). During periods of energy restrictions, the shortfall in
energy may be met by catabolism of body proteins, which results in increased urea concentrations in the
blood (Greenwood et al., 2002). The overall mean urea concentration was 6.38 mmol/L and it was within the
normal range of 3.6 to 8.9 mmol/L reported for cows (Merck Veterinary Manual, 2010). The general decrease
in urea concentrations in the cows from week | to week 13 in the three groups may be ascribed to an
improvement in the nutritional status of the cows, evidenced by an increased BCS as lactation progressed.
This may have improved their energy balance status, reducing the mobilization of body protein reserves.

Early cycling cows recorded higher plasma concentrations of creatinine than the late cycling cows.
The concentration of creatinine in the blood has been directly related to muscle mass, as it is a product of
muscle metabolism and, as a result, is significantly correlated to live weight (Whittet et al., 2004). As
creatinine excretion is influenced by muscle mass, the early cycling cows with higher body weight (298.8 kg)
excreted more creatinine than the late cycling cows with lower body weight (283.5 kg; Table 1). The overall
mean creatinine value of 97.8 mmol/L obtained in this study was within the normal range of 44 - 194 mmol/L
reported for cows (Merck Veterinary Manual, 2010). Creatinine concentrations in the plasma remained
relatively higher and stable from week 1 to week 9 postpartum in the early cycling cows. The concentrations
tended to decline from week 1 to week 11 postpartum in the non-cycling cows which is an indication of
prolonged active tissue protein catabolism in these cows, suppressing the resumption of ovarian activity. For
the late-cycling cows the protein catabolism may be less as indicated by a steady increase in the levels from
week 1 to 9 postpartum, before stabilizing at a level higher than in the non-cycling cows.

Conclusion

Cows with higher plasma concentrations of urea and lower creatinine concentrations were at a risk of
delayed resumption of ovarian cyclicity. This indicates poor nutritional status especially an energy deficiency
of cows in the production system.
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