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Abstract 

This study evaluated the effects of pregnancy and lactation on the serum levels of some macro-

minerals and glucose of Large White (LW) sows. Twenty sexually matured LW sows and three LW 

boars, of mean weight 45.38 ± 1.29 kg, aged between 8 and 10 months were used for the study. 

The sows were randomly assigned to five groups (A to E) of four sows per group in a completely 

randomized design, as follows; Group A: Non-pregnant (control), Group B: Early-gestation (38 

days), Group C: Mid-gestation (78 days), Group D: Late-gestation (112 days) and Group E: Post-

gestation (14 days postpartum). Blood samples were collected from sows in each group and the 

laboratory determination of the serum levels of minerals and glucose followed standard 

procedures. Results showed that the mean sodium concentration of early gestation (first trimester) 

sows was significantly (p < 0.05) lower than those of mid-gestation (second trimester) and late 

gestation (third trimester) groups but showed no significant (p > 0.05) difference when compared 

to non-pregnant control and post-gestation groups. Similarly, the mean serum level of phosphorus 

in the early gestation group was significantly (p < 0.05) lower than those of the mid-gestation and 

non-pregnant control groups. The mean serum glucose level in the early gestation group was 

significantly (p < 0.05) lower than those of the control and post-gestation groups. The mean serum 

calcium: phosphorus ratio of the mid-gestation group was significantly (p < 0.05) lower than those 

of the early gestation and post-gestation groups. The mean serum sodium: potassium ratio of the 

early gestation group was significantly (p < 0.05) lower than that of the mid-gestation group. There 

were however no significant (p > 0.05) variations in the mean serum levels of potassium and 

calcium of all the groups. It was concluded that there are significant variations in the serum levels 

of some of the assayed minerals and glucose during pregnancy and lactation in the sows. 
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Introduction 

Major adaptations in maternal physiology and 

metabolism are required for successful 

pregnancy outcome. Pregnancy and lactation 

are physiological conditions that modify 

metabolism in animals and induce stress 

(Tanritanir et al., 2009). The peri-parturient 

period is important in terms of its influence on 

health and the subsequent performance, since 

sows develop serious metabolic and 

physiological changes during these periods 

(Tanaka et al., 2011). The period of transition 

from early to late pregnancy presents a huge 

metabolic challenge on sows and the 

biochemical profile is important in evaluating 

the health status of sows during this transition 

(Hagawane et al., 2009). Severe economic 

losses can result from sub-optimal transition 

of pregnant animals from late pregnancy to 

lactation and this could probably impair 

reproductive performance (Overton and 

Waldron, 2004).  

During pregnancy and lactation, female 

physiology adapts to meet the added 

nutritional demands of the foetus. The critical 

stage in the mineral nutrition of a sow is 

during late gestation (late pregnancy) and 

lactation (Mahan, 2006). The single most 

important demand on the lactating sow for 

minerals is for the production and secretion of 

milk to nourish the rapidly growing neonates 

(Richards and Close, 2001). Metabolism of 

minerals plays significant roles in the 

regulation of physiological functions during 

pregnancy and lactation. Pregnancy and 

lactation constitute metabolic stress 

associated with alterations in the mineral 

profile depending on the reproductive status 

of dam (Ceylan et al., 2009). Moreover 

substantial losses of body minerals occur 

during pregnancy and lactation in the dam.  

Concentration of macro-minerals in the serum 

represents homeostatic mechanisms that are 

in a close relationship with the hormonal 

regulation (Krajnicakova et al., 2003). 

Therefore, blood mineral profiles can be used 

to predict pre-partum and post-partum 

problems associated with mineral deficiencies. 

Serum levels of macro-minerals and glucose 

within the physiological range are essential for 

the maintenance of homeostasis and health. 

Isaac et al. (2013) reported that animals with 

good blood compositions are likely to show 

good reproductive performance. There are 

limited data on the serum macro-minerals and 

glucose profiles of pregnant and peri-

parturient Large White (LW) sows in available 

literature. The present study evaluated the 

effect of pregnancy and lactation 

(reproductive stages) on the serum levels of 

macro-minerals and glucose of LW sows.   

 

Materials and Methods 

Experimental Animals: This experiment was 

carried out on Large White (LW) sows and LW 

boars obtained and kept in Captain 

Commercial Breeding Farm located in Amorji 

Nike, Enugu East LGA, Enugu State, Nigeria. 

Twenty sexually matured cycling apparently 

healthy LW sows and three LW boars (23 pigs 

in all), of mean weight 45.38 ± 1.29 kg, aged 

between 8 and 10 months were used for this 

study. The sows and boars were acclimatized 

for three weeks during which they were 

dewormed using ivermectin at a dose of 300 

µg/kg, administered subcutaneously first, for 

‘ecto’ and ‘endo’ parasites and repeated 10 – 

14 days for second batch of maturing 

parasites. The pigs were kept in well ventilated 

pens at room temperature (25 – 27°C) and 12 

hours light/darkness cycle maintained.  

Ethical approval for this study was obtained 

from the Research Ethics Committee of 

Michael Okpara University of Agriculture 

Teaching Hospital with Ethical Approval 

Number, MOUAU/CVM/REC/202114. The 

standard Guidelines for the Use of Laboratory 

Animals for Experimental Purposes were 

strictly adhered to (NRC, 1996).  



Nweze et al., 2024; Journal of Veterinary and Applied Sciences, 14(2): 790 – 798. 

……………………………………………………………………………………………………………………………. 

 

 

792 

 

Experimental Design: The 20 LW sows were 

randomly assigned to five groups (A to E) of 

four sows per group in a completely 

randomized design, as follows; Group A: Non 

pregnant (control), Group B: Early gestation 

(38 days), Group C: Mid gestation (78 days), 

Group D: Late gestation (112 days) and Group 

E: Post gestation (14 days post-partum).  

Oestrus in the sows was synchronized using 

PGF2α given twice, 11 days apart (Akusu and 

Egbunike, 1984) at a dose of 10 mg/kg, 

administered intramuscularly. One boar each 

was introduced to naturally serve the sows in 

groups B, C and D (pregnant groups). 

Following successful mating, pregnancy was 

confirmed by ultrasonography (B-Ultrasound 

Scanner, Korea) (Ali and Fahmy, 2008) 

between days 22 – 23. The pregnant sows 

were identified with tag letters thus, B1-4, C1-4, 

D1-4, and kept in separate pens until farrowing 

and were maintained in these separate pens 

throughout lactation. The lactating sows were 

also kept in separate pens and identified thus; 

E1-4 while the control sows (non-pregnant) 

were identified thus A1-4 and kept together in a 

pen. Sows and boars were fed twice daily 

while the piglets received udder milk from the 

lactating sows until the end of lactation (28 

days). Sows and piglets were provided with 

clean fresh water ad libitum throughout the 

period of the study.  

Four millilitre of venous blood sample was 

collected from each sow in a group and 

dispensed into plain test tubes and allowed to 

clot in a slanting position and centrifuged at 

2,500 revolutions per minute for 10 minutes 

(Hrubec et al., 2004). The resulting sera were 

aspirated, stored at - 20°C and used to 

determine the serum levels of the following 

minerals and glucose following standard 

procedures: sodium (Henry et al., 1974), 

potassium (Tietz, 1976), glucose (Sacks, 1999), 

phosphorus (Trinder, 1951) and calcium 

(Thomas, 1998). Calcium/phosphorus (Ca:P) 

and sodium: potassium (Na:K) ratios were 

calculated. 

Data Analysis: Data obtained during the study 

were subjected to one way analysis of 

variance (ANOVA) using Statistical Package for 

Social Sciences (SPSS) version 20.0 (SPSS, 

2012). Variant means were separated using 

Duncan’s New Multiple Range Test (Steel and 

Torrie, 2006; SAS, 2010). Probability values < 

0.05 were considered significant (Bailey, 

1995).  

 

Results 

The results of the serum levels of macro-

minerals and glucose of LW sows are 

presented in Figures 1 – 5. The mean serum 

sodium concentration of early gestation sows 

was significantly (p < 0.05) lower than those of 

mid-gestation and late gestation groups, but 

showed no significant (p > 0.05) difference 

when compared to pre-gestation control and 

postpartum groups (Figure 1). There was 

however no significant (p > 0.05) variations in 

the mean serum levels of potassium (K) among 

the groups (Figure 2). The mean serum glucose 

concentration of the early gestation group was 

significantly (p < 0.05) lower than those of the 

pre-gestation control and the post-gestation 

groups (Figure 3). The mean serum 

phosphorus concentration of early gestation, 

late gestation and post-gestation groups were 

significantly (p < 0.05) lower when compared 

to the pre-gestation (control) and mid 

gestation groups (Figure 4). The serum calcium 

concentration of the groups did not 

significantly (p > 0.05) vary (Figure 5). The 

serum Calcium: Phosporus ratio of the early 

gestation and post-gestation groups were 

significantly (p < 0.05) higher than those of the 

pre-gestation and mid gestation groups (Table 

1), but the serum Sodium: Potassium ratio of 

the mid-gestation group was significantly (p < 

0.05) higher than those of the pre-gestation, 

early gestation and post-gestation groups 

(Table 1).    

 

 



Nweze et al., 2024; Journal of Veterinary and Applied Sciences, 14(2): 790 – 798. 

……………………………………………………………………………………………………………………………. 

 

 

793 

 

 

Figure 1: The mean serum sodium concentrations of Large White sows at different stages of gestation. 

Values are expressed as means ± SEM. Values with different superscripts are statistically (p < 0.05) 

different. 

 

 

Figure 2: The mean serum potassium concentrations of Large White sows at different stages of 

gestation. Values are expressed as means ± SEM. 

 

 

Figure 3: The mean serum glucose levels of Large White sows at different stages of gestation. Values are 

expressed as means ± SEM. Values with different superscripts are statistically (p < 0.05) different. 
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Figure 4. The mean serum phosphorus levels of Large White sows at different stages of gestation. 

Values are expressed as means ± SEM. Values with different superscripts are statistically (p < 0.05) 

different. 

 

 

Figure 5: The mean serum calcium concentrations of Large White sows at different stages of gestation. 

Values are expressed as means ± SEM. 

 

Table 1: The mean calcium: phosphorus (Ca:P) and sodium: potassium (Na:K) ratios of Large White sows 

at different stages of gestation. [Values are expressed as means ± SEM] 

Parameters Pre-gestation 

(control) 

Early 

gestation 

Mid 

gestation 

Late gestation Post-gestation 

(lactation) 

Ca:P 0.28 ± 0.03 
a
 0.47 ± 0.06 

b
 0.25 ± 0.03 

a
 0.39 ± 0.04 

ab
 0.47 ± 0.07 

b
 

Na:K 22.97 ± 1.91 
a
 22.80 ± 2.24 

a
 30.54 ± 1.67 

b
 27.19 ± 1.06 

ab
 24.49 ± 1.37 

a
 

a b 
Mean values in the same row with different superscripts are significantly different (p < 0.05) 
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Discussion 

Electrolytes are essential for controlling 

membrane potential, muscle contraction, 

nerve conduction and enzymatic reactions, 

and they play a major role in most 

physiological processes (Kohnke, 2009). The 

significantly lower serum levels of sodium in 

the early gestation group when compared to 

the mid and late gestation groups is thought 

to be related to the changes in renal 

regulation of water and electrolyte balance. 

Pregnancy alters sodium excretion through 

changes in renal perfusion, glomerular 

filtration rate (GFR) and proximal tubular 

morphology (Arthur and Green, 1986). The 

lower serum sodium level during early 

pregnancy in this present study could possibly 

be due to increase in sodium (Na) loss in urine 

due to the effect of progressive increase in 

progesterone level during early pregnancy. 

Also, the lower serum Na level during early 

pregnancy may partly be related to the 

increase in foetal demands leading to an 

increase in accumulation of Na in the foetal 

tissues during early pregnancy (McDonald et 

al., 1979). The significantly lower serum 

sodium levels recorded in the present study 

during early gestation agrees with the earlier 

reports of Mohamed and Abdalla (2010) which 

showed lower serum Na levels at early 

pregnancy compared to other stages of 

gestation. It is thought that the lack of 

significant variations in serum potassium 

levels may possibly be as a result of the fact 

that potassium is principally an intracellular 

cation.    

In agreement with the findings of Hamadeh et 

al. (1996) and Castillo et al. (1999) it was 

observed in this study that the serum glucose 

levels of non-pregnant sows (pre-gestation 

control) was higher than those of the pregnant 

sows. Atakisi et al. (2009) reported that, in 

sheep, serum glucose levels were lower in the 

last 3 months of gestation compared to levels 

before pregnancy and this equally agrees with 

our findings. These researchers attributed the 

reduction observed in blood glucose levels in 

late gestation to the increased use of glucose 

by the foetus, uterus, foetal tissues and 

placenta. The present result is also consistent 

with the findings of Antunovic et al. (2011) 

who reported a decrease in serum glucose 

levels at late gestation. This lower blood 

glucose concentration during pregnancy has 

been associated with foetal development and 

mobilization of maternal glucose to foetal 

blood circulation (Jacob and Vadodaria, 2001). 

Results of serum glucose levels in the present 

study however  disagrees with the report of 

Zvorc et al. (2006) which showed lower post-

partum glucose concentrations compared to 

pregnant sows. Changes in glucose 

concentration that occur during transition 

from gravidity to lactation are the result of 

physiological changes in metabolic processes 

which take place at the beginning of lactation. 

Glucose delivery and uptake by the mammary 

gland are a rate limiting step of milk synthesis. 

It is thought that insulin independent glucose 

uptake decreases in tissues, except for the 

mammary gland, and insulin resistance in the 

whole body increases following the onset of 

lactation (Komatsu et al., 2005). 

Phosphorus (P) is a mineral required in large 

quantities for skeleton mineralization. Results 

of the present study showed that the serum 

phosphorus level was significantly lower 

during early gestation, late gestation and post-

gestation. This agrees with the result of earlier 

work of Mohamed and Abdalla (2010) who 

reported reductions in serum phosphorus 

levels at early pregnancy compared to other 

stages of gestation. The findings in the present 

study with regards to serum phosphorus levels 

partly concurs with previous reports by 

Braithwaite (1983a & b), which showed lower 

serum phosphorus levels during late 

pregnancy and attributed it to an increase in 

the rate of mobilization of phosphorus out of 

maternal blood circulation into the foetus, 

which was not balanced by an increase in the 

rate of phosphorus absorption from the gut or 
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in the rate of resorption of phosphorus from 

the bones of the dam. The results of the 

present study however contrasts with a 

previous report by Ozkan et al. (2015) which 

showed no significant changes in serum 

phosphorus levels during gestation in Angora 

Cats.   

The present study revealed that the serum 

concentration of calcium did not show any 

significant variations among the groups. This 

finding was in agreement with what was 

previously reported in camels (Omidi et al., 

2014; Tharwat et al., 2015), but is in contrast 

with the reports on buffaloes by Hagawane et 

al. (2009) who showed lower calcium levels at 

the end of pregnancy. The authors attributed 

such findings to the impairment of absorption 

of this metabolite from the alimentary tract 

and to the excessive losses through urine and 

colostrum. 

The significantly higher calcium: phosphorus 

ratio recorded in this present study during 

early gestation and post-gestation was above 

the normal range of Ca: phosphorus ratio of 

0.40 needed for optimum reproductive 

performance and large enough to avoid the 

predisposition of the sows to urinary calculi 

and osteoporosis during gestation and 

lactation. The significantly higher sodium: 

potassium ratio recorded in this present study 

during mid-gestation could possibly be 

optimally needed for preserving 

cardiovascular health during mid-gestation.  

Conclusion: Based on the result of the study it 

was concluded that in Large White sows, 

serum levels of sodium, phosphorus, glucose, 

Ca:P ratio and Na:K ratio are significantly 

affected by pregnancy and gestation.  
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