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ABSTRACT: Clinical mastitis a deadly problem for dairy farmers and economy. Current 

study was designed to check serum lipid profile alteration with respect to cardiovascular 

diseases in clinical mastitis cattle. A total of sixty five samples were collected and divided 

into two groups for this case control study on the basis of clinical examination. For analysis, 

40 cases and 25 controls were included. Statistical analysis was done by applying student “t” 

test using GraphPad Prism software 6.0. There was non-significant reduction (P=0.3) of 

serum total cholesterol (TC) and pronounced elevation (P=0.01) of triglyceride (TG) in cases 

as compared to controls. Mastitis group presented mild decrease (P=0.07) in high density 

lipoprotein-cholesterol (HDL-C) and highly significant elevation (P=0.0003) of low density 

lipoprotein (LDL-C) as compared to healthy cattle. Moreover, diseased cattle also manifested 

marked elevation (P=0.01) of very low density lipoprotein-cholesterol (VLDL-C) as 

compared to controls. Conclusively, clinical mastitis is associated with painful, swollen 

udder and abnormalities in milk. It also contributes to dyslipidaemia that could be used as 

useful indicator for evaluation of cardiovascular risks in cattle with clinical mastitis. 
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INTRODUCTION 

Mastitis is an infection of udder tissue 

that induces physical and bacterial 

changes in milk as well as pathological 

alterations in the mammary gland 

(Radostits et al., 2006; Ashraf and 

Imran, 2020). It is a multi-factorial 

disease that affects dairy cows on a 

global scale and has a significant 

economic impact (Das et al., 2018). 

Due to reduced milk production, poor 

milk quality, higher treatment costs 

and early culling of infected animals, it 

is becoming more important disorder 
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(Qayyum et al., 2016). The disease is 

classified as clinical or subclinical on 

the basis of severity of udder 

inflammation. Depending on the 

causative pathogen it may be 

environmental or contagious in origin 

(Belay et al., 2022). 

Clinical mastitis is the destructive 

malady of dairy animals, which results 

in huge economic losses to the dairy 

industry of Pakistan (Hameed et al., 

2012). It can be detected by physical 

examination of the animal. It is 

characterised by the increased body 

temperature, discoloration, swelling, 

pain and discomfort in the mammary 

gland. Physical and chemical 

alterations in milk were also observed 

in clinical findings (Sarvesha et al., 

2017).  

The prevalence of mastitis is 

less during first lactation stage while 

its occurrence become higher with 

increasing number of lactations. Its 

occurrence is also linked with exotic 

breeds that are more susceptible to 

mastitis (Sadashiv et al., 2014). The 

ineffectiveness of treatment for 

mastitis is related to a number of 

factors, including inadequate 

veterinary care, antibiotic resistance, 

pathological changes in udder tissue 

and numerous causative pathogens 

(Adesola, 2012). 

Lipid metabolism is challenged in 

dairy cows significantly during 

periparturient period to meet the 

energy requirements (Turk et al., 

2013). Alteration in serum lipid profile 

is the crucial component of the energy 

needs and physiology of the transition 

dairy cows (Gross et al., 2013). 

Alterations in lipid profile in mastitic 

cattle have been reported (Kovačić et 

al., 2019; Abdel-Hamied and 

Mahmoud, 2020). However, available 

literature about the effect of clinical 

mastitis on lipid profile in cattle is still 

scarce.  

According to our knowledge, 

there is no published data on 

cardiovascular disease (CVDs) 

assessment in mastitic cattle in 

Pakistan. In order to evaluate risks of 

CVDs in dairy cattle suffering from 

clinical mastitis, quantitative variations 

of lipid profile are investigated in 

present study.   
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MATERIALS AND 

METHODS 

Sampling Facility and study design 

The study was approved by the Ethical 

Review Committee of Institute of 

Zoology, University of the Punjab, 

Lahore. The research was carried on a 

total of 65 cattle, 3 to 7 years old, in 

their first to fifth parity belonging to 

the rural farms of Pattoki, District: 

Kasur and Bhera, District: Sargodha in 

Punjab province of Pakistan.  

Study was performed from December 

2021 to February 2022. Dairy cattle 

were kept in rural setups. All animals 

were fed with mixed ration and milked 

by hand, twice a day. Before sampling, 

a comprehensive proforma was 

prepared to record the etiological 

factors i.e., parity number, lactation 

period, age, milking method, milk 

yield, farm condition and common 

feed.  

Visual examination of udder and teats 

was done on farm. California mastitis 

test (CMT) was performed to 

distinguish between healthy and 

infected cattle. On basis CMT 

screening test, cattle were categorized 

in two groups i.e., Control group and 

Mastitis group. The control group was 

comprised of healthy cattle. While, 

mastitis group included cattle with 

clinical symptoms like udder infection, 

abnormal milk production, reduced 

appetite, ruminant contraction, 

elevated respiratory and heart rate, 

water loss and hyperthermia. 

Blood samples were collected from 

jugular vein in aseptic conditions. 

After phlebotomy, samples were left 

for thirty minutes at room temperature 

and centrifuged for fifteen minutes at 

3000 rpm to collect serum. Then, the 

serum was stored at -80°C, until 

further biochemical usage.  

Serum levels of total cholesterol (TC), 

triglyceride (TG), high density 

lipoprotein cholesterol (HDL-C) and 

low density lipoprotein cholesterol 

(LDL-C) of control and mastitis group 

were evaluated using commercially 

available kits of "Monlab", Spain 

through chemistry analyzer (Robert 

Riele Photometer 5010). Whereas, 

levels of very low density lipoprotein 

cholesterol (VLDL-C) were calculated 
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by the method of Friedewald et al. 

(1972). 

STATISTICAL ANALYSIS 

Biochemical comparison between 

control and mastitis group was done by 

applying independent student “t” test 

using Graph Pad Prism version 6.0 

software. Data of individual groups 

was expressed as Mean ± SEM. Mean 

values were significant at significance 

level P ≤ 0.05. 

RESULTS 

Table 1 indicated the overall 

comparison of lipid profile in control 

and mastitis groups. Control vs 

mastitis group comparison 

demonstrated non-significant 

difference (P=0.3) with 3% decrease in 

TC levels in mastitis group as 

compared to controls (Figure 1a). The 

significant increase (P=0.01) of 13% in 

TG levels was found in mastitis group 

as compared to controls. (Figure 1b). 

While, non-significant difference 

(P=0.07) with 12% reduction of HDL-

C was noticed in mastitis group, when 

compared with Controls (Figure 1c). 

Moreover, control vs mastitis group 

comparison depicted prominent 

difference (P=0.0003) with 49% 

elevation of LDL-C levels in mastitis 

group (Figure 1d). Lastly, statistically 

marked difference (P=0.01) was 

observed in mastitis group with 13% 

increase of VLDL-C as compared to 

controls (Figure 1e).  
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Figure 1: (a-e): An overall presentation of serum total cholesterol (TC), triglyceride 

(TG), high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-

cholesterol (LDL-C) and very low density lipoprotein-cholesterol (VLDL-C). Values 
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are Mean ± SEM in control and mastitis group. Significant at *P ≤ 0.05 and ***P ≤ 

0.001 

 

Table 1: A comprehensive presentation of lipid profile in control and mastitis 

cattle   

Parameters 
Mean ± SEM 

P-value % Difference 
Control (n=25) Mastitis (n=40) 

TC (mg/dL) 119.00± 3.88   115±2.83 0.30 3↓ 

TG (mg/dL) 65.36±1.61 74.45±2.65 0.01 13↑* 

HDL-C (mg/dL) 62.28±2.08 55.45±2.64 0.07 12↓ 

LDL-C (mg/dL) 33.81±2.58 56.29±4.37 0.0003 49↑*** 

VLDL-C(mg/dL) 13.07±0.32 14.89±0.53 0.01 13↑* 

↓: Decrease, ↑: Increase. 

*, *** indicate significance at P ≤ 0.05, and 0.001, respectively 

TC; Total cholesterol, TG; Triglyceride, HDL-C; High density lipoprotein cholesterol, LDL-C; Low 

density lipoprotein-cholesterol and VLD-L; Very low-density lipoprotein-cholesterol.   

DISCUSSION 

Present study determines changes in 

lipid biochemical parameters of cattle 

suffering from clinical mastitis and 

their association with cardiovascular 

risks. Mastitis is an inflammatory 

response due to pathogen invasion in 

the mammary gland. Macrophages, 

leukocytes and other inflammatory 

cells create reactive oxygen species 

(ROS) during an inflammatory 

reaction, which helps to kill bacteria 

but also damages tissues around them 

(Pham, 2006). Oxidative stress may 

develop due to ROS. High amount of 

ROS and lipid hydroperoxides 

produced from oxidative stress may 

also contribute to the death of cells and 

tissues (Ryman et al., 2015). 

Moreover, organoleptic properties of 

milk are degraded by excessive ROS 

accumulation in milk and lowers milk 

quality (Novac et al., 2022). 
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In the current study, milk presented 

physical abnormalities like blood 

flakes, abnormal consistency, pus and 

discolouration. Poor quality milk was 

not recorded in healthy cattle. Similar 

trends were observed by Radostits et 

al. (2006). 

Changes in lipid metabolism occur 

during acute phase response (APR) 

including alterations in the HDL 

particle. Antioxidant proteins are 

removed from HDL-C particle during 

inflammatory response, whereas, 

proinflammatory proteins enriched it 

(Feingold and Grunfeld, 2010). 

Alteration in serum lipid profile and 

lipid metabolism is important for the 

energy requirements and affects the 

physiology of peripartum or transition 

cows (Gross et al., 2013; Arfuso et al., 

2016) but also during high lactation 

periods and later during some 

pathological diseases i.e., subclinical 

and clinical mastitis (Kovačić et al., 

2019). 

Cholesterol serves as a building 

block for all steroid hormones, bile 

acids and is essential for 

transmembrane signalling, membrane 

trafficking, and cell growth (Fernández 

et al., 2004). Inspite its significance, 

imbalance in cholesterol amounts may 

have detrimental effects on cells and 

can result in conditions like 

atherosclerosis (Maxfield and Tabas, 

2005).  Our findings demonstrate non-

significant reduction in serum total 

cholesterol (TC) levels in cattle with 

clinical mastitis when compared to 

healthy controls. Ali et al. (2017) 

recorded similar results in plasma 

samples of cows affected with clinical 

mastitis. It was reported by Kovačić et 

al. (2019) that TC decreases during 

inflammation. Moreover, 

inflammatory mediators such as LPS, 

TNF and IL-2 lower blood cholesterol 

concentrations (Khovidhunkit et al., 

2004).  

Triglycerides (TG) are major source of 

energy, produced by fatty acids and 

glycerol combination (Walker et al., 

1990). Formation of TG occur in liver 

and it is packaged in form of very low 

density lipoprotein (VLDL). Clearance 

of triglyceride rich lipoproteins 

(TGRLs) is catalysed by lipoprotein 

lipase (LPL) and ineffective 
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delipidation of TGRLs induce 

production of cholesterol enriched 

remnants. Small sized remnants pass 

through endothelial layer and taken up 

by arterial wall’s macrophages (Borén 

and Williams, 2016). These remnants 

and cytotoxic free fatty acids can give 

rise to proatherogenic adhesion 

molecules and inflammatory mediators 

(Nordestgaard, 2016; Sandesara et al., 

2019). 

Present study has shown significantly 

higher concentrations of serum TG in 

cattle with clinical mastitis than in 

healthy cattle. These results are in 

accordance with (Kovačić et al., 2019). 

Elevated levels of triglycerides have 

been associated with increased 

production of VLDL due to insulin 

resistance, which results in formation 

of small dense LDL molecules, 

triglyceride rich atherogenic remnants 

and HDL particles (Adiels et al., 

2008).  

Metabolic dysregulation results in 

hypertriglyceridemia due to high 

production of VLDL, delayed 

clearance of remnants by liver and 

disturbed activity of lipoprotein lipase 

in peripheral tissues. As far as humans 

are concerned, higher levels of TG and 

TGRL remnants have been 

documented as risk factors for the 

development of CVDs (Hassing et al., 

2012). Hence, it can be depicted that 

elevated TG concentrations can 

increase chances of CVDs in animals. 

Normal levels of HDL-C not only play 

important role as antioxidative, anti-

apoptotic and anti-inflammatory 

particle but also prevents the risks of 

atherosclerosis (Ali et al., 2012). In our 

study, HDL-C concentrations in 

mastitis group were slightly lower than 

in healthy controls. It is most likely as 

a result of lipoprotein particle 

remodelling and cholesterol 

translocation from HDL to other 

lipoprotein particles (Tabet and Rye, 

2009). According to Feingold and 

Grunfeld (2010), cholesterol reverse 

transport is decreased during APR. 

Moreover, reduced serum HDL-C 

levels may be due to impaired liver 

secretion of apolipoprotein A, which 

plays primary role in formation of 

HDL-C (Esteve et al., 2005). Hence, it 
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increases chances of atherosclerotic 

events. 

LDL-C particles are the important 

carriers of cholesterol in bloodstream 

(Trinick and Duly, 2005). LDL 

particles in circulation are taken up by 

endothelial lining of arterial wall and 

then trapped in arterial intima. They 

may undergo oxidation and ingested 

by macrophages to promote 

atherogenesis (Freeman, 2010). LDL-

C is investigated as the most important 

atherogenic lipoprotein (Hirayama and 

Miida, 2012). During inflammatory 

response, different changes to low 

density lipoprotein cholesterol (LDL-

C) increases atherosclerotic events. 

Oxidation of small dense particles of 

LDL-C is more likely to occur to 

initiate atherogenesis (Ivanova et al., 

2017).  

LDL-C levels displayed significant 

elevation in mastitic cattle compared to 

healthy cattle. Higher levels of LDL-C 

can be attributed to 

hypertriglyceridemia which results in 

increased amounts of small, dense 

LDL particles and remnant 

lipoproteins due to accumulation of 

VLDL and disturbances in delipidation 

of VLDL and LDL (Packard et al., 

2020). Elevated levels of LDL-C are 

also due to genetic defects that affect 

structure of apolipoprotein B of LDL 

and function of LDL receptors or 

polygenic disorders disturbing lipid 

metabolism (Freeman, 2010). 

Dyslipidaemia is a significant risk 

factor for the development of CVDs, 

primarily characterised by high levels 

of low-density lipoprotein cholesterol 

(LDL-C) and decreased HDL-C 

concentrations (Poss et al., 2011).   

VLDL-C contributes to the 

transportation of hepatic 

triacylglycerol to the adipose tissue 

(Satyanarayana and Chakrapani, 

2006). VLDL-C remnants are 

significantly atherogenic due to their 

smaller size, high cholesterol 

concentration and proinflammatory 

properties because of their triglyceride 

concentration (Nordestgaard, 2016).  

The VLDL-C levels in mastitis group 

showed significant elevation in current 

study. It may be due to excessive 

triglycerides accumulation in the 

mastitic cattle. Moreover, it can be 
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attributed to large amount of fatty 

acids in liver which results in higher 

TG levels and their secretion as VLDL 

cholesterol (Khovidhunkit et al., 

2004). 

CONCLUSION 

These alterations in lipid profile 

possess serious threats in developing 

cardiovascular diseases in cattle 

suffering from mastitis, which results 

in sudden economic loss to the 

farmers. Hence, the results of this 

investigation can be helpful to 

minimize the economic risks 

associated with the mastitis infection. 

Moreover, it is mandatory to have 

regular lipid biomarkers analysis to 

minimize the cardiovascular risks in 

cattle infected with clinical mastitis.  

ACKNOWLEDGEMENT 

The authors of the present 

investigations gratefully acknowledge 

Institute of Zoology, University of the 

Punjab for providing lab.   

CONFLICT OF INTEREST 

The authors declared no conflict of 

interest. 

 

 

REFERENCES 

1. Abdel-Hamied E, Mahmoud MM 

(2020). Antioxidants profile, 

oxidative stress status, leukogram 

and selected biochemical indicators 

in dairy cows affected with 

mastitis. J. Anim. Health Prod. 

8(4): 183-188. 

2. Adesola, AE (2012). Antimicrobial 

resistance pattern of Streptococci 

and Staphylococci isolated from 

cases of bovine clinical mastitis in 

Nigeria. Nat. Sci. 10(11):96-101. 

3. Adiels, M, S O Olofsson, M.-R 

Taskinen, and J Borén (2008). 

Overproduction of very low–

density lipoproteins is the hallmark 

of the dyslipidemia in the 

metabolic syndrome. Arterioscler. 

Thromb. Vasc. Biol. 28(7):1225-

1236. 

4. Ali A, Mir BA, Bhat RR, Baba 

OK, Hussain SA, Rashid SM, 

Muzamil S, Ahmad SB, Mir MU 

(2017). Metabolic profiling of 

dairy cows affected with 

subclinical and clinical mastitis. J. 

Entomol. Zool. Stud. 5(6): 1026-8. 



Assessment of Cardiovascular Risks via Lipid Variations in Dairy Cattle  

LGU. J. Life Sci 7(1): LGUJLS MS.ID- 169 (2023) 104 

5. Ali KM, Wonnerth A, Huber K, 

Wojta J (2012). Cardiovascular 

disease risk reduction by raising 

HDL cholesterol–current therapies 

and future opportunities. 

Br. J. Pharmacol. 167(6): 1177-

1194. 

6. Arfuso F, Fazio F, Levanti M, 

Rizzo M, Di Pietro S, Giudice E, 

Piccione G (2016). Lipid and 

lipoprotein profile changes in dairy 

cows in response to late pregnancy 

and the early postpartum period. 

Arch. Anim. Breed. 59(4): 429-

434. 

7. Belay N, Mohammed N, Seyoum 

W (2022). Bovine mastitis: 

prevalence, risk factors, and 

bacterial pathogens isolated in 

lactating cows in Gamo zone, 

southern Ethiopia. Vet. Res. 9-19. 

8. Borén J, Williams KJ (2016). The 

central role of arterial retention of 

cholesterol-rich apolipoprotein-B-

containing lipoproteins in the 

pathogenesis of atherosclerosis: a 

triumph of simplicity. Curr. Opin. 

Lipidol. 27(5): 473-83. 

9. Das D, Panda SK, Kundu AK, Jena 

B, Das BC, Sahu RK (2018). 

Haematological and metabolic 

profile test of mastitis affected 

bovines in Odisha. 

J. Entomol. Zool. Stud. 6(2): 3022-

3024. 

10. Esteve E, Ricart W, Fernández-

Real JM (2005). Dyslipidemia and 

inflammation: an evolutionary 

conserved mechanism. Clin. Nutr. 

24(1): 16-31. 

11. Feingold KR, Grunfeld C (2010). 

The acute phase response inhibits 

reverse cholesterol transport 1. J. 

Lipid Res. 51(4): 682-684. 

12. Fernández C, María del Val TL, 

Gómez-Coronado D, Lasunción 

MA (2004). Cholesterol is essential 

for mitosis progression and its 

deficiency induces polyploid cell 

formation. Exp. Cell Res. 300(1): 

109-20. 

13. Freeman MW (2010). Lipoprotein 

metabolism and the treatment of 

lipid disorders. Endocr. 788-807. 

14. Friedewald WT, Levy RI, 

Fredrickson DS (1972). Estimation 

of the concentration of low-density 



Assessment of Cardiovascular Risks via Lipid Variations in Dairy Cattle  

LGU. J. Life Sci 7(1): LGUJLS MS.ID- 169 (2023) 105 

lipoprotein cholesterol in plasma, 

without use of the preparative 

ultracentrifuge. Clin. Chem. 

18(6):499-502. 

15. Gross JJ, Schwarz FJ, Eder K, van 

Dorland HA, Bruckmaier RM 

(2013). Liver fat content and lipid 

metabolism in dairy cows during 

early lactation and during a mid-

lactation feed restriction. J. Dairy 

Sci. 96(8): 5008-5017 

16. Hameed S, Arshad M, Ashraf M, 

Avais M, Shahid MA (2012). 

Cross-sectional epidemiological 

studies on mastitis in cattle and 

buffaloes of Tehsil Burewala, 

Pakistan. J. anim. plant sci. 22(3): 

371-376. 

17. Hassing HC, Surendran RP, Mooij 

HL, Stroes ES, Nieuwdorp M, 

Dallinga-Thie GM (2012). 

Pathophysiology of 

hypertriglyceridemia. Biochim. 

Biophys. Acta - Mol. Cell. 1821(5): 

826-832. 

18. Hirayama S, Miida T (2012). Small 

dense LDL: an emerging risk 

factor for cardiovascular disease. 

Clin. Chim. Acta. 414: 215-224. 

19. Ivanova EA, Myasoedova VA, 

Melnichenko AA, Grechko AV, 

Orekhov AN (2017). Small dense 

low-density lipoprotein as 

biomarker for atherosclerotic 

diseases. Oxid. Med. Cell. Longev. 

2017. 

20. Kalmath GP, Swamy MN, Yathiraj 

S (2013. Effect of summer stress 

and supplementation of vitamin E 

and selenium on serum lipid profile 

in Hallikar cattle. Int. J. Sci. Res. 

4: 95-97. 

21. Khovidhunkit W, Kim MS, 

Memon RA, Shigenaga JK, Moser 

AH, Feingold KR, Grunfeld C 

(2004). Effects of infection and 

inflammation on lipid and 

lipoprotein metabolism: 

mechanisms and consequences to 

the host. J. Lipid Res. 45(7):1169-

96. 

22. Kovačić M, Samardžija M, Đuričić 

D, Vince S, Flegar-Meštrić Z, 

Perkov S, Gračner D, Turk R 

(2019). Paraoxonase-1 activity and 

lipid profile in dairy cows with 

subclinical and clinical mastitis. 

J. Appl. Anim. Res. 47(1):1-4. 



Assessment of Cardiovascular Risks via Lipid Variations in Dairy Cattle  

LGU. J. Life Sci 7(1): LGUJLS MS.ID- 169 (2023) 106 

23. Maxfield FR, Tabas I (2005). Role 

of cholesterol and lipid 

organization in disease. Nat. 

438(7068): 612-21. 

24. Nordestgaard BG (2016). 

Triglyceride-rich lipoproteins and 

atherosclerotic cardiovascular 

disease: new insights from 

epidemiology, genetics, and 

biology. Circ. Res. 118(4): 547-63. 

25. Novac CȘ, Nadăș GC, Matei IA, 

Bouari CM, Kalmár Z, Crăciun S, 

Fiț NI, Dan SD, Andrei S (2022). 

Milk Pathogens in Correlation with 

Inflammatory, Oxidative and 

Nitrosative Stress Markers in Goat 

Subclinical Mastitis. Anim. 12(23): 

3245. 

26. Packard CJ, Boren J, Taskinen MR 

(2020). Causes and consequences 

of hypertriglyceridemia. Front. 

Endocrinol. 11: 252. 

27. Pham CT (2006). Neutrophil serine 

proteases: specific regulators of 

inflammation. Nat. Rev. Immunol. 

6(7): 541-50. 

28. Poss J, Custodis F, Werner C, 

Weingartner O, Bohm M, Laufs U 

(2011). Cardiovascular disease and 

dyslipidemia: beyond LDL. Curr. 

Pharm. Des. 17(9): 861-70. 

29. Qayyum A, Khan JA, Hussain R, 

Avais M, Ahmad N, Khan MS 

(2016). Investigation of milk and 

blood serum biochemical profile as 

an indicator of sub-clinical mastitis 

in Cholistani cattle. Pak. Vet. 

36(3): 275-9. 

30. Radostits OM, Gay C, Hinchcliff 

KW, Constable PD, editors (2006). 

Veterinary Medicine E-Book: A 

textbook of the diseases of cattle, 

horses, sheep, pigs and goats. 

Elsevier Health Sci.  

31. Ryman VE, Packiriswamy N, 

Sordillo LM (2015). Role of 

endothelial cells in bovine 

mammary gland health and 

disease. Anim. Health Res. Rev. 

16(2): 135-49. 

32. Sadashiv, SO, Kaliwal, BB (2014). 

Antibiotic resistance of 

Staphylococcus aureus and 

Coagulase-Negative Staphylococci 

(CNS) isolated from bovine 

mastitis in the region of north 

Karnataka, India.World J. Pharm. 

Res. 3: 571-586. 



Assessment of Cardiovascular Risks via Lipid Variations in Dairy Cattle  

LGU. J. Life Sci 7(1): LGUJLS MS.ID- 169 (2023) 107 

33. Sandesara PB, Virani SS, Fazio S, 

Shapiro MD (2019). The forgotten 

lipids: triglycerides, remnant 

cholesterol, and atherosclerotic 

cardiovascular disease risk. 

Endocr. Rev. 40(2): 537-557. 

34. Sarvesha K, Satyanarayana ML, 

Narayanaswamy HD, Rao S, 

Yathiraj S, Isloor S, Mukartal SY, 

Singh SV, Anuradha ME (2017). 

Haemato-biochemical profile and 

milk leukocyte count in subclinical 

and clinical mastitis affected 

crossbred cattle. J. Exp. Biol. Agric. 

Sci. 5(1): 1-6. 

35. Tabet F, Rye KA (2009). High-

density lipoproteins, inflammation 

and oxidative stress. Clin. Sci. 116: 

87-98. 

36. Trinick TR, Duly EB (2005). 

Hyperlipidemia an Overview. 

37. Turk R, Podpečan O, Mrkun J, 

Kosec M, Flegar-Meštrić Z, 

Perkov S, Starič J, Robić M, Belić 

M, Zrimšek P (2013). Lipid 

mobilisation and oxidative stress as 

metabolic adaptation processes in 

dairy heifers during transition 

period. Anim. Reprod. Sci. 141(3-

4): 109-15. 

38. Walker HK, Hall WD, Hurst JW 

(1990). Clinical methods: the 

history, physical, and laboratory 

examinations.  


