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The experiment was conducted to investigate the effect of antioxidant [vitamin E (vit E)] 

and trace minerals [selenium (Se), copper (Cu), zinc (Zn)], high energy diet 

supplementation and its effect on allometric and physio-biochemical parameters in 

crossbred cows during transition period. For this, advanced pregnant crossbred cows (n = 

20) of 2
nd

 to 4
th

 parity and lactation potential of >10 L/day at 28 days prepartum were 

divided into two groups viz. control (CON) and treatment (TRT) consisting of 10 animals 

each. TRT group was supplemented with Vit E @ 80 IU/kg DMI + Se @ 0.3 mg/kg DMI+ 

Cu @ 15.7 mg/kg DMI + Zn @ 22 mg/kg DMI incorporated in wheat flour bolus from -4 

to 8 week of calving and were provided with 20% additional concentrate from 2 to 8 week 

of calving to TRT group. CON group was given only basal diet without any 

supplementation. Physiological responses, body weight (B.wt) and body condition score 

(BCS) of each animal was recorded. Blood samples were collected on weekly interval 

from -4 to 8 week of calving. Glucose, triglyceride and total cholesterol were estimated 

from serum using commercial kits. BCS and B.wt were maintained significantly better 

(p<0.05) in TRT than CON group. Physiological responses showed better adaptation in 

TRT as compare to CON group. Plasma cholesterol, triglyceride (p<0.05) and glucose 

(p<0.01) levels were also found significantly elevated in TRT versus CON group. Thus, 

Vit E, Se, Cu and Zn supplementation showed positive impact on overall health status and 

adaptability of the animals.  
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Introduction 
 

The transition period in dairy cows (3 week 

before and 3 week after parturition) represents 

a time of immense physiological stress for 

animals. The animal undergoes major 

physiological, nutritional, metabolic, 

endocrine and immunological changes to shift 

from non lactating to lactating state (Sordillo 

et al., 2013). A further challenge is that DMI 

during the transition period is generally 

insufficient to meet the energy requirements 

for lactation and maintenance (Drackley, 

1999).  

 

During transition period, the prepartum fetal 

growth and postpartum milk production 

increases the total energy demand on the 

animal. With the onset of lactation, additional 

metabolic activity of mammary gland 

increases by fourfold and approximately 85% 

of total body glucose is partitioned to 

mammary gland to sustain copious milk 

secretion. This increase in glucose demand 

during transition period is especially 

challenging, because little glucose is absorbed 

from the gastrointestinal tract in ruminants and 

lowered DMI also decreases propionate levels 

from rumen. This often leads to NEB 

(Janovick and Drackley, 2010; Schulz et al., 

2014) and animal tries to compensate by lipid 

mobilization from adipose tissues to ensure 

availability of substrates for maintenance and 

milk production which results in increased 

concentrations of NEFA in bloodstream in the 

prepartum transition period (Dyk and Emery, 

1996).  

 

Cholesterol is the major precursor for most of 

steroid hormones and is directly related to 

milk production (Guedon et al., 1999). A 

reduction in total blood cholesterol and 

triglycerides was observed around transition 

period (Turk et al., 2004) which may be 

attributed to increase in oxidative stress 

(González et al., 2011; Djoković et al., 2013) 

and increased utilization for steroid hormone 

biosynthesis around parturition. Cholesterol 

levels are positively correlated to DMI; lower 

concentrations in feed restricted animals might 

be expected because of lower DMI. A 

significantly higher level of cholesterol has 

favorable effect on the synthesis of 

reproductive hormones in animals 

supplemented with bypass fat (Wadhwa et al., 

2012). 

 

Monitoring B.wt at calving and during early 

lactation is a useful tool for management of 

dairy cows during transition period. A positive 

correlation was observed between plasma 

NEFA, decline in BCS and increased 

incidence of health problems in dairy cattle 

(Buckley et al., 2003). Monitoring B.wt at 

calving and during early lactation is a useful 

tool for management of dairy cow. Rectal 

temperature (RT), pulse rate(PR) and 

respiration rate(RR) acts as indicator of animal 

health status, as rise in temperature is 

manifested when animal is infected with 

pathogens as the immune system begins to 

fight the infection (Miedema et al., 2011). 

 

Oxidative stress in transition cows is another 

contributing factor to immunosuppression and 

increased disease susceptibility. Metabolic 

demands associated with late pregnancy, 

parturition and initiation of lactation would be 

expected to increase the production of reactive 

oxygen species (ROS) as reported by Sordillo 

(2005). Oxidative stress increases the lipid 

peroxidation and causes cellular damage to 

tissues, specially the immune cells.  

 

Vit E, as an antioxidant has important role in 

immune responsiveness and health in dairy 

cows (Weiss and Spears, 2006). A number of 

trace minerals are also required for 

functioning of enzymes involved in the 

antioxidant defense system and may affect 

immune cells via mechanisms distinct from 

antioxidant properties. 
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Materials and Methods 

 

All the experiments, procedures and protocols 

on animals were conducted following the 

approval of the institute animal Ethics 

Committee. The experiment involved twenty 

apparently healthy advanced pregnant 

crossbred cattle (Haryana/ Holstein Friesian/ 

Brown Swiss/Jersey) maintained at cattle and 

buffalo farm of Livestock Production and 

Management Section, Indian Veterinary 

Research Institute, Izatnagar. The institute is 

located at an altitude of 564 feet above the 

mean sea level, at latitude of 28-N and a 

longitude of 79- E. The experimental cows 

were in 2
nd

 to 4
th

 parity with milk yield more 

than 10 L/day in their last lactation.  

 

The experimental crossbred cows were 

divided into two groups (n = 10 cows/group), 

viz. TRT and CON. Each cow was given 

access to fodder and water ad-libitum. 

Animals of TRT group were supplemented 

with vitamin E (DL-a-tocopherol acetate, 

CDH, India), Selenium (Sodium selenite, 

CDH, India), Copper (Copper sulfate, CDH, 

India) and Zinc (Zinc sulfate, CDH, India) as 

per oral dose rate of 80 IU/kg DMI, 0.3 mg/kg 

DMI, 15.7 mg/kg DMI and 22 mg/kg DMI 

(NRC 2001) respectively, in addition to 

standard feeding practices starting from -28 

days pre-partum up to 56 days of lactation. 

These animals were then given 20% extra 

energy allowance (concentrate mixture) from 

2 weeks after calving up to 8 weeks after 

calving. Cows in the TRT group were given 

wheat flour bolus which was used as vehicle 

to deliver Vit E and trace minerals. However, 

CON group was given only the basal diet.  

 

B.wt of each animal was recorded before 

feeding between 7:30 am to 8:30 am daily 

using electronic weighing machine. Body 

condition was scored adopting a 5-point scale 

method. BCS basically describes the degree of 

fatness of an animal. A numerical range of 1 

to 5 identifies varying degrees of fat cover. 

Physiological responses viz. rectal 

temperature RT, respiration rate RR and pulse 

rate PR were recorded in both TRT and CON 

in the morning, afternoon and evening. RT 

(
o
F) was recorded with digital thermometer 

while the RR (breaths/min) was recorded by 

counting the flank movements per minute 

from a distance of 4-5 m without disturbing 

the animals. The PR (beats/min) was recorded 

by palpating the middle coccygeal artery. 

Concentrations of glucose, total cholesterol 

and triglyceride were estimated using 

commercial kits (Span Cogent diagnostic kits, 

India) with standard method using double 

beam UV-Visible Spectrophotometer 

(Electronics Corporation of India Ltd., India). 

All experimental data are shown as 

mean ± SEM. The statistical significance of 

differences in mean was assessed using the 

software SPSS.60 by repeated measure two 

ways ANOVA mixed model. Differences were 

considered significant at p< 0.05. 

 

Results and Discussion 

 

The DMI decreased during prepartum period 

and was the lowest on the day of calving in 

both groups. DMI started to increase after 

parturition which could be due to the need of 

higher energy for production of milk. Changes 

of BCS and B.wt in each experimental group 

are reported in table 1. At the beginning of 

experiment (day 28 prepartum), BCS and B.wt 

was similar in all the cows. The CON group 

showed significantly higher reduction 

(p<0.05) in BCS and B.wt during pre and 

postpartum period of study than the 

supplemented group. The decrease in 

prepartum DMI has classically been attributed 

to rapid growth of fetus taking up the 

abdominal space and displacing rumen 

volume. However, other hormonal, 

physiological and stress related factors also 

have important impact on this phenomena 

postpartum (Robinson, 1997).   
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Increased fetal growth prepartum and milk 

production postpartum leads to NEB in animal 

with subsequent mobilization of body stores 

and fall in BCS. The impact of NEB appeared 

to be less evident than the fall in B.wt and 

BCS in TRT as compared to CON group, 

which could be explained by the additional 

energy allowance along with trace minerals, 

Vit E and increased DMI in TRT group 

(Hayirli et al., 2002). Park et al., (2010) 

demonstrated the importance of appropriate 

nutrition during this period to minimize loss of 

body condition. Maurya (2011) reported that 

Vit E and Zn supplementation during dry 

period and early lactation minimized the loss 

of body condition, which is in agreement to 

the findings in our experiment. During 

peripartum period, Vit E and mineral 

supplementation also improved the 

performance of buffaloes.  

 

Physiological responses (RT, RR, and PR) are 

the important indicators of health status of 

animal, usually elevated due to 

immunosuppressive state around calving 

(Mbiedema et al., 2011) which activates 

immune system causing release of various 

cytokines producing inflammatory response. 

The physiological responses recorded on the 

day of calving were lower in TRT as 

compared to CON group (Table 2). This 

shows an improvement in health and immune 

status of TRT group due to positive biological 

actions of antioxidants and trace minerals on 

overall physiological processes of the animals.  

 

Table.1 to 2 Effect of Vit E and trace minerals (Se, Cu and Zn) supplementation with additional 

energy on the allometric parameters: (a) B.wt (b) BCS and physiological parameters recorded in 

the morning: (a) RT (b) RR (c) PR 

 

Table (1) 

 

Body weight
* 

Group   Prepartum Day of calving Postpartum 

TRT 468.75± 13.76 414.25± 3.78
a 416.69 ±10.49

a 

CON 462.25 ±13.12 398.48 ±4.39
b 383.32± 9.84

b 

Body condition score
* 

TRT 3.75± 0.06 3.36±0.13
a 2.90±0.16

a 

CON 3.50± 0.04 3.02±0.10
b 3.50± 1.11

b 

 

Table (2) 

 
Group  Prepartum At calving Postpartum 

Rectal temperature 

TRT 99.33 ±0.15 101.1± 0.61 99.35± 0.36 

CON 100.33± 0.26 103.15 ±0.18 100.26± 0.31 

Pulse rate 

TRT 40.91± 1.19 51.83± 2.17 39.11 ±0.63 

CON 41.83 ±3.17 63.17 ±1.85 41.31± 2.44 

Respiration rate 

TRT 33.08± 6.14 49.67± 2.29 34.17± 1.10 

CON 37.20 ±8.11 59.17± 1.90 36.79± 2.59 

*Means within rows with different superscript are significantly differ (p < 0.05) 
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Fig.1 Effect of Vit E and Se supplementation with additional energy on the serum concentration of (A) glucose (B) triglyceride (C) 

cholesterol during the transition period in crossbred cow (Mean±SE) 
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A decline in plasma concentration of glucose 

was observed starting from 30
th

 day before 

calving and reaches minimum levels on day 3 

postpartum (Bell and Bauman, 1997). In our 

study, plasma glucose levels recorded pre and 

postpartum in blood samples collected at 

weekly intervals was higher (Fig.1A) in TRT 

as compared to CON group and was 

significantly higher (p<0.01) on the day of 

calving, 3
rd

 and 6
th

 week of experiment as 

compare to other days. Glucose is the primary 

energy substrate for animal, having important 

role in milk production and fetal growth. 

Changes in glucose concentrations during 

post parturient period is due to decreased 

DMI, increased nutrient demand for milk 

production and changes in hormones such as 

cortisol that promote gluconeogenesis and 

glycogenolysis (Drackley et al., 2001). 

Lactose is a major component in milk; 

gluconeogenesis is closely linked to 

lactogenesis as the amount of available 

glucose determines the quantity of milk 

produced. During NEB in early lactation, the 

rapid increase in utilization of glucose for 

milk lactose production results in lower 

plasma concentration of both glucose and 

insulin as compared to later stages of lactation 

(Doepel et al., 2002). Around parturition, 

glucose concentration decreased and NEFA 

concentration increased due to lipolysis, 

which acts as an alternative energy source 

(Shehab-El-Deen et al., 2010). CON group 

produced more NEFA and had lower blood 

glucose level as compared to TRT group 

which is due to reduction in DMI and increase 

in lipolysis to optimize the glucose demand.  

The decrease in blood glucose concentration 

recorded in this study post calving may be 

attributed to several hormonal changes 

occurring mainly to adjust the parturition and 

lactation requirements and partially, to 

regulate body metabolism leading to 

postpartum hypoglycemic state (Komatsu et 

al., 2005). 

 

In the present experiment, cholesterol 

(Fig.1C) was significantly (p<0.05) higher -1 

week prepatum and +2 week onwards, 

however the triglyceride (Fig.1B) was 

significantly (p<0.05) higher at +1 week 

onwards in TRT group. There was decreased 

cholesterol and triglyceride levels at calving 

and postpartum in both the experimental 

groups; more pronounced in CON group 

because of elevated NEFA. The increased 

demand of steroid hormones during gestation 

to sustain pregnancy (progesterone) and 

preparation of mammary glands for 

subsequent lactation (estrogen, progesterone), 

can be considered the primary causes to 

decrease the total serum cholesterol 

concentrations in the last phase of pregnancy 

in dairy cattle (Pysera and Opalka, 2000). The 

response could be associated with NEB 

during this period (Herdt, 2000). The fat 

content of cow's milk diverge from less than 

3% to more than 6%, depending on the breed 

and phase of lactation. Milk fat is principally 

composed of triglycerides (97-98%), therefore 

the uptake by mammary gland for milk fat 

production during the course of lactation can 

be a contributing factor for reduction in 

triglyceride concentration post calving 

(Džidić, 1999). Contradictory result showed 

an increase in triglyceride levels during NEB 

at calving (Khan et al., 2015). However, 

similar results have been reported by various 

researchers demonstrating an increase in 

concentrations of total lipid and triglycerides 

at parturition (Douglas et al., 2004). 

 

In conclusion, this experiment strengthens the 

consideration that the periparturient period is 

the most stressful period for dairy cows, 

owing to a lot of exogenous and endogenous 

changes occurring in the animals affecting the 

immune system, blood metabolites and health 

status. Thus it can be concluded that 

Implementation of nutritional strategies aimed 

at improving metabolic function, delivering 

bioactive nutrients and supporting antioxidant 
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systems helps to prevent a vicious cycle that 

can sustain both subclinical infections and 

metabolic dysfunction. 
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