
 Journal of Veterinary and Biomedical Sciences
 Vol. 2 (1). PP  218 - 229, December, 2019 
 ISSN:2635-3067

Moor Plantation, Ibadan

Key words: Coconut Water, Antioxidants, Lipid Profile, Haematological Parameters, Newcastle 

Disease Antibody Titre                                         

3 Department of Animal Production, Federal College of Health and Production Technology, 

ABSTRACT

Coconut Water Can Prevent Cardiopulmonary Problems in Broiler by 

Improving Maternal Antibody, Antioxidant, Haematological and Lipid 

Parameters 

1 2 3
Bello I. I. ,  Balogun A. H. , and Agbato O. A.  

2 Nigeria Veterinary Research Institute, Jos, Plateau State, Nigeria.

Coconut water is useful in the management of cardiovascular disturbance. Its effects on 

haematological parameters, relevant organs, antioxidant enzyme, lipid profile and antibody 

against Newcastle disease virus were assessed in broiler chicks. Control, CW100 and CW200 

groups received water, 100 ml and 200 ml of coconut water /1 of water for 28 days respectively. 

Samples were collected to evaluate CBC, antioxidant enzymes level, lipid profile, antibody against 

NDV and histological changes. Mean ± SEM values were calculated and compared for 

significance differences using one-way ANOVA. MCV increased in CW100 while MCH and 

platelets count were higher in CW100 and CW200. Serum total cholesterol and triglyceride levels 

decreased while SOD and GPx levels increased in CW100. The antibody against NDV in CW100 

and CW200 increased at day 12 but reduced in CW100 at day 28. Pulmonary oedema, congestion 

of hepatic central vein and cardiac hypertrophy were mild in CW100 and CW200. These results 

showed that coconut water had potential to prevent cardiopulmonary problems in broilers.                                                               
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In mammals, the right ventricle of heart propels 

the entire cardiac output through the lungs at 

relatively low pulmonary arterial pressure 

inside the pulmonary circulation. This low 

pressure, which is sustained by low pulmonary 

vascular resistance, minimizes threat of fluid 

infiltration into gas exchange space [1]. 

Contrarily, broilers possess high pulmonary 

vascular  resis tance due to functional 

predominance of pulmonary vasoconstrictors 

over vasodilators [2, 3]. Therefore, broilers 

possessing the most restrictive pulmonary 

vascular capacity are severely susceptible to 

cardiopulmonary problems such as pulmonary 

hypertension symptom (PHS) [4]. Studies also 

associated predisposition of broilers to 

cardiopulmonary problems to genetic selection 
 for fast growth[5, 6]. Fast growth in broilers was 

assumed to facilitate PHS by amplifying 

hypoxaemia in the birds. Also, high metabolic 

rate of current lines of broiler render them 

susceptible to PHS by causing hypoxaemia due 

to inability of relatively underdeveloped cardio-

respiratory system of these birds to provide the 

required oxygen needed [7]. Genetic selection 

for fast growth causes high incidence of 
 infections due to decreased antibody response

[8]. Adiposity that accompanies this fast growth 

could be the central factor linking fast growth in 

broilers and to susceptibility to infection since 

high adiposity caused gastrointestinal leakiness 
 and low grade systemic infection[9].  However, 

respiratory infection has also been implicated as 

o n e  o f  t h e  f a c t o r s  c o n t r i b u t i n g  t o 
 cardiopulmonary problems in broilers [10].  

Newcastle disease, one of these respiratory 

infections, was ranked first among other 
 diseases ravaging poultry industry in Nigeria

[11]. This prevalent disease was associated with 

lung damage thus contributed to severity of 
 

respiratory problem in broilers[12]. 

INTRODUCTION

Coconut water was a good source of 

antioxidant precursors and non-enzymatic 

antioxidants such as vitamin C, methionine and 
 L-arginine [18]. Findings had shown its 

antioxidant properties and effectiveness in the 
 

management of cardiovascular diseases [19, 

2 0 ] .  C o c o n u t  w a t e r  a l s o  p o s s e s s e d 

hypolipidemic activity due to its ability to 

reduce serum cholesterol level, triglyceride, 
 LDL-c and increase blood HDL-c level [21]. 

Due to chemical components of coconut water 

and inability of chickens to synthesize arginine 

denovo, it was hypothesized that coconut water 

has potential to arrest some reported 

pathophysiologic factors that predispose 

Free radicals are generated in biological 

systems as a result of normal cellular aerobic 

metabolism. The increased usage of oxygen 

and high metabolic rate in broiler chicken due 

to their fast growth lead to increased generation 

of free radicals. High free radical generation 

can induce cardiopulmonary problems because 

its role in pulmonary vascular endothelium 

damage and attendant reduction in the amount 

of endothelial nitric oxide synthase has been 
 shown [13]. Increase in pulmonary vascular 

resistance, a condition that drives pulmonary 

hypertension syndrome, was shown to develop 

in broilers with depleted antioxidant enzyme 
  l eve ls [14 ,  15] . Lip ids  a re  impor tan t 

components of chicken feed and alteration in 

their body level known as dyslipidemia was 

characterized by hypertryglyceridaemia, 

hypercholesterolaemia, low serum high density 

lipoprotein (HDL-c) and high serum low 

density lipoprotein (LDL-c). The emerging 

body of evidence showed positive correlation 

between dyslipidemia and pulmonary vascular 
 

disease[16, 17]. This implies that dyslipidemia 

c a n  a l s o  f a c i l i t a t e  d e v e l o p m e n t  o f 

cardiopulmonary problems in broilers
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broilers to cardiopulmonary problems. Hence, 

this research work was aimed at evaluating the 

effects of coconut water supplementation on 

antioxidant enzymes level, haematological 

parameters, lipid profile, antibody titer against 

Newcastle disease and histopathology of 

relevant organs in broiler chicks

MATERIALS AND METHODS

The experiment was carried out at the Poultry 

Unit of the Teaching and Research Farm of Oyo 

State College of Agriculture and Technology 

(OYSCATECH), Igbo Ora, Nigeria. 

Experimental Chicken and Management

Forty five day-old broiler chicks were 

purchased from a commercial hatchery in 

Ibadan, Nigeria. They were reared in open-

sided cages in three separate groups of 15 

chicks each. The birds were fed with 

commercially prepared chick mash (Top feed) 

ad libitum. The control group was given 

ordinary water ad libitum while groups CW100 

and CW200 were given 100 ml of coconut 

water/ L of water and 200ml of coconut water/ L 

of water ad libitum respectively. 200 dose of 

Newcastle disease vaccine-LaSota strains 
®(Biovac ) was dissolved in 200 ml of water and 

each of the birds was vaccinated at day 14 

against Newcastle disease by receiving 1 ml of 

the solution orally. The experiment was 

terminated at day 28. All experimental 

p r o t o c o l s  w e r e  i n  c o m p l i a n c e  w i t h 

internationally accepted principles for animal 

use and care

Source of Coconut Water

Ripe coconut fruits were bought at commercial 

market in Igbo Ora, Oyo State, Nigeria. The 

juice was manually extracted by puncturing the 

fruit with nail and was used for this experiment

Experimental Location and Duration

Collection of Blood and Serum Samples

Ten chicks were randomly selected at day 12 

from the fifteen birds from each group and were 

bled via wing vein into heparinized bottles for 

analysis of maternally derived antibody against 
th

NDV. At the end of the 28  week, ten birds from 

each group were bled via wing vein puncture 

into heparinized bottles and plain bottles. The 

blood samples in the plain bottles were allowed 

to clot in order to get sera and the sera were 

separated by centrifugation at 2000-3000 RPM 

for 20 minutes [22]. All the samples were taken 

to the laboratory for determination of 

haematological indices, antioxidant enzymes, 

lipid profiles, and antibody titer against NDV.

Chicken Sacrifice and Organs Collection

Five chicks from each group were euthanasized 

at day 28 by cervical dislocation. Carcasses 

were dissected and organs (lung, heart and the 

liver) were harvested and immediately fixed in 

10% formalin for histopathological evaluation.

Haematological Analysis

Serum Lipid Profile and Antioxidant 

Enzymes Analysis

The  packed  ce l l  vo lume  (PCV)  and 

haemoglobin concentration were determined 

b y  t h e  m i c r o h e m a t o c r i t  a n d 
 

cyanmethaemoglobin methods respectively

[23]. Erythrocyte count was carried out 

(Cheesbrough, 2000). Counting of total white 

blood cell (WBC) and differential leucocytes 
 was determined using Neubauer ruled chamber

[24]. Mean corpuscular volume (MCV) and 

mean corpuscular haemoglobin (MCH) were 

calculated from the values recorded for red 
 blood cell count and PCV [25]. Platelet count 

 was done according to the visual method[26].

The enzymatic method for determination of 

cholesterol concentration was used to 
 determine total cholesterol in this study [27], 
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Histopathological Evaluation of Visceral 

organs

The serum samples were tested for antibodies 

against NDV using standard haemagglutination 

inhibition test method. The antigen used was 

prepared from reconstituted commercial NDV 

Lasota vaccine. The principle of the test was 

based on the ability of serum samples in which 

antigen has been added to haemagglutinate 

washed red blood cells. The settling pattern of 

each serum was observed and antibody level of 
 

each serum sample is recorded as log base 2

[31].

while the levels of HDL and triglycerides were 
 determined[28]. Superoxide dismutase activity 

was analysed in the serum using SOD Assay 

K i t - W S T ( S O D - 1 9 1 6 0 w a t e r - s o l u b l e 

tetrazolium salt, Sigma-Aldrich, USA) 

fol lowing manufacturer ' s  instruct ion. 

Glutathione peroxidase (GPx) activity in the 

serum was evaluated using the Fortress 

Diagnostic glutathione peroxidase assay kits 
 

protocol BXC0551A (Antrim, UK) [29]. Total 

antioxidant capacity was assayed by using ferric 
 

reducing ability of the serum[30].

Quantification of Serum Antibody Titre 

against Newcastle Disease Virus

Five chicks from each group were euthanasized 

at day 28 by cervical dislocation. Lung, heart 

and liver samples were collected and 

immediately fixed in 10% neutral buffered 

formalin, dehydrated in descending grade of 

alcohol, cleared in chloroform and impregnated 

in paraffin. Then 5-6 μm sections were collected 

into the grease free slide, de-paraffinized in 

xylene and stained with Haematoxyline and 

Eosin 

 Haematological Parameters

Statistical Analysis

The haematological indices of broiler chicks in 

control group and groups on coconut water 

supplementation were presented in Table 1.  

The packed cell volume, erythrocyte counts, 

haemoglobin concentrat ion and mean 

corpuscular haemoglobin concentration of 

broiler chicks in groups CW100 and CW200 

showed no significant difference when 

compared with the control group. The values of 

mean corpuscular haemoglobin (MCH) 

recorded for groups CW100 and CW200 

respectively were significantly higher (p<0.05) 

than the value recorded for control group. The 

value of mean corpuscular volume (MCV) 

observed in group CW100 was significantly 

increased (p<0.05) when compared with the 

control group. Platelet counts recorded for 

groups CW100 and CW200 were significantly 

higher (p <0.05) compared with the control 

group. Group CW200 had significantly lower 

neutrophil count when compared with the 

control group. 

Data col lected from this  randomized 

experiment were statistically analyzed with 

SPSS (Version16.0, 2007). Differences 

between the means were tested with one-way 

ANOVA. The results from each group were 

expressed as mean ± standard error of mean 

(S.E.M) and means were compared with 

Duncan's multiple range test for significant 

differences at P <0.05

RESULTS
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TABLE 1. Haematological Parameters of Broiler Chicks in Control a nd Coconut Water 

Supplemented Groups
 

 

PARAMETERS

   

CONTROL

  

CW100

  

CW200

 

PCV (%)

    

24.20 ± 2.41

  

29.00 ± 2.88  

  

29.00 ± 2.88  

RBC Count (x 1012/L)

  

5.15 ± 0.83

  

3.81 ± 0.42

  

4.35 ± 0.39

Hb Conc (g/dL)

    

8.06 ± 0.80

  

9.68 ± 0.96

  

9.75 ± 0.52 

MCV (FL)

    

45.78 ± 7.94                 80.67 ± 9.16 *        

 

70.34 ± 3.90

MCH (pg)

    

11.85 ± 3.41

  

26.89 ± 3.07*

  

23.26 ± 1.29 #

Total White Blood Cell

  

3.67 ± 0.61

  

4.20 ± 0.80

  

3.70 ± 0.69
  

Count (x 103

 

mm3)  

 

 

Neutrophil Count

   

1.77 ± 0.33

  

0.96 ± 0.19

  

0.88 ± 0.16#
     

(x 103 mm3)

 

Lymphocyte Count

    

1.79 ± 0.34

  

2.93 ± 0.51  

  

2.61 ± 0.58  
   

(x 103

 

mm3)

 

Platelets Count

    

5.42 ± 0.90

  

50.00 ± 5.16*

  

34.80 ± 5.42#
  

(x 103/mm3)

 

* indicates significant difference when group CW100 is compared with control (P<0.05)  

 

#

 

indicates significant difference when group CW200 is compared with control (P<0.05)

 

The serum total cholesterol level recorded for 

group CW100 was significantly lower (p<0.05) 

when compared with the control group. Group 

CW100 had significantly (p<0.05) lower level 

of serum triglyceride and HDL-c when 

compared with the control group. Groups 

CW100 and CW200 showed no significant 

Serum Lipid Profile and Antioxidant 
Enzymes Level

difference in their serum low density protein 

levels when compared with control group. 

Serum glutathione peroxidase (GPx) and 

superoxide dismutase levels recorded in group 

CW100 were significantly higher (p<0.05) 

when compared with the control group.



Table 2. Serum Lipid Profile and Antioxidant Enzymes Level of Broiler Chicks in Control 

and Coconut Water Supplemented Groups

 

 
PARAMETER

  
CONTROL

  
CW100

  
CW200

 

 

Total Cholesterol (mg/dL)

 
108.23 ± 6.4576   

 
78.33 ± 12.61 

  
131.07 ± 2.81  

 

Triglyceride (mg/dL)

 

39.00 ± 2.75     

 

29.50 ± 2.80 *       

 

37.60 ± 1.87
 

HDL-c (mg/dL)

  

74.13 ± 5.85

  

49.63 ± 10.99* 

  

91.25 ± 2.49  

LDL-c (mg/dL)

  

26.30 ± 1.05

  

22.80 ± 2.24   

  

32.30 ± 1.29  

GPx (U/L)
   

22.33 ± 4.57
  

65.94 ± 11.31*         
 

17.42 ± 6.46  

SOD (U/L)
   

836.44 ± 534.52        
 

2263.90 ± 200.81*  
 
290.91 ± 37.66 

 
Total Antioxidant

   
6.35 ± 1.54

  
4.80 ± 1.11     

  
6.50 ± 0.99   

Capacity (mmol/ml) 
 

 

*
 
indicates significant difference when group CW100 is compared with control

 
(P<0.05)    #

 

indicates significant difference when group CW200 is compared with control
 

(P<0.05)
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Geometric Mean Titer of Antibody against 

NDV

The geometric mean titer (GMT) of maternal 

antibody against NDV observed in groups 

CW100 and CW200 respectively were 

significantly higher when compared with the 

control group at day 12. GMT of maternal 

antibody against NDV recorded for group 

CW100 was significantly lower (p<0.05) when 

compared with the control group at day 28. The 

GMT of antibody against NDV in group 

CW200 showed no significant difference when 

compared with control group at day 28.

Fig. 1 Geometric Mean Titre against NDV of Broiler Chicks in Control and Coconut 

Water Supplemented Groups
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The histological examination of heart (Figure 

3) showed that the control group had large 

myofibres (double edged black arrow) which 

was suggestive of severe hypertrophy while 

CW100 and CW200 groups had normal 

myofibres (double edged black arrow). The 

histological examination of liver (Figure 4) 

Histopathology showed that control group had congested 

hepatic central vein (black arrow) while 

CW100 group and CW200 group showed 

normal hepatic central vein. There was no 

observable lesion in the histological sections of 

lungs (Figure 5) in the control, CW100 and 

CW200 groups

     

Plates 1.

 

Photomicrographs of heart (H&E stain):

 

(x 400). Insert (x100)

 

CONTROL

 

CW100

 

CW200

        

Plates 2. Photomicrographs of Liver (H&E stain): (x 400). Insert (x100)   

CONTROL

 

CW100

 

CW200
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Plates 3.  Photomicrographs of lung (H&E stain): (x 400). Insert (x100)

 

 

CONTROL
 

CW100
 

CW200
 

DISCUSSION

The significant increase in mean corpuscular 

volume in group CW100, elevated platelet 

counts and mean corpuscular haemoglobin in 

groups CW100 and CW200 was due to 

enhanced formation of haemoglobin and intact 

vascular integrity in the groups. Iron and 

vitamin C components of coconut water could 

have facilitated the production of haemoglobin. 

Studies showed that vitamin C facilitated 

intestinal absorption of iron hence increased the 

bioavailability of the element for synthesis of 
 

haemoglobin[32]. The observation in this study 

aligned with the findings that demonstrated 

elevated MCV and MCH in catfish exposed to 

low dose of coconut; high blood cell and 
 platelets counts at higher dose of coconut water

[33].

Neutrophil count that was significantly lower in 

g r o u p  C W 2 0 0  w a s  d u e  t o  r e d u c e d 

predisposition of the birds to infection and its 

associated inflammation. The antimicrobial 

property of coconut water, due to its lauric acid 

composition, has been shown by previous study 

[34]. 

Maternal ND antibody titers that were 

significantly higher at day 12 in groups CW100 

and CW200 indicated protective effect of 

coconut water on chicks' maternal antibody 

possibly due to its ability to keep epithelial 

integrity of mucosal surfaces intact thus 

prevented conditions, such as early infection, 

that deplete maternal antibody. Early exposure 

of chicks to systemic infection caused alteration 

in antibody protein structure and decreased 

maternal antibody absorption into systemic 
 

circulation from the yolk[35]. The significantly 

lower ND antibody titer in group CW100 at day 

28 suggested lack of active immune response to 

vaccination. Presumably, high maternal 

antibody in chicks at the time of vaccination 

mopped up vaccine that was administered and 

in turn reduced active immune response. A 

report showed that vaccination while maternal 

antibodies were still high led to reduction in 
 efficacy of vaccine[36, 37].

Significantly lower serum total cholesterol and 

triglyceride levels observed in group CW100 

could have resulted from increased conversion 

of cholesterol to bile acid for excretion and 



enhanced lipoprotein lipase activity. A report 

showed that coconut water reduced total 

cholesterol level and triglyceride level by 

enhancing lipoprotein lipase enzyme activity 
 

and conversion of cholesterol to bile acid[38].

Although serum HDL-c level was lower in 

group CW100, but this was unlikely to affect 

anti-lipidemic property of coconut water since 

reverse transportation of cholesterol by HDL-c 

is a function of its serum level and composition. 

S tudies  showed that  opt imal  reverse 

transportation of cholesterol by HDL-c does not 

only depend on its level in the body but also on 

its composition which is regulated by many 
 factors such lipolytic enzymes[39].

Mild congestion of pulmonary interstitial in 

group CW100 and absence of congestion in 

hepatic central vein of groups CW100 and 

CW200 could be due to improved patency of 

blood vessels resulting from increased 

synthesis of nitric oxide from exogenous 

arginine, low total cholesterol and high 

antioxidant enzymes levels

Coconut water could prevent infection of 

broiler chicks with NDV at early stage of their 

lives by protecting maternal antibody and also 

High serum GPx and SOD levels recorded in 

group CW100 was due to presence of 

exogenous antioxidants and their precursors in 

coconut water. The increased availability of 

exogenous antioxidants in the group might have 

complemented the free radical scavenging 

capacity of endogenously produced GPx and 

S O D  h e n c e  i n c r e a s e d  t h e  s y s t e m i c 

accumulation of the enzymes. Recent study had 

also shown antioxidant property of coconut 

water and its ability to increase serum SOD, 
 

GPx and malondialdehyde levels[20].

Conclusion 

Bello I. I. et al / J. Vet Biomed. Sci.
226 

 (2006). Embryonic development plasticity: 

 Science. 79:396-401

 early stages of incubation changes the 

 development trajectories of the chick during 

4.  De Smith L., V. Bruggeman, K. Tona, M. 

 10.1016/j.cbpa.2006.06.046

 unilateral pulmonary artery occlusion. Poultry 

 increased CO  in the incubator during the 2

 Biochemistry Physiology. Part A, Molecular 

 prenatal and postnatal growth. Comparative 

 vascular pressure  profiles in broilers 

 hypertension syndrome: Age and gender 

5.  Wideman R.F., H. French (2000). Ascites 

 Debonne, O. Onagbesan and L. Arckens 

 resistance of progeny from broiler breeders 

 comparison. Poultry Science, 89:1815-

 Integrative Physiology, 145: 166-172. DOI: 

 selected for two generations using chronic 

 10.3382/ps.2007-00178

 1824. Doi: 10.3382/ps2010-00754

 selected for susceptibility to pulmonary 

3.  Wideman, R.F., M.L. Eanes, K.R. Hamal 

 and N.B. Anthony (2010). Pulmonary 

REFERENCES

improved oxygen carriage by enhancing 

hemoglobin formation and cardiovascular 

function.

1.  Wideman, R.F., D.D. Rhoads, G.F. Erf, N.B. 

 Anthony (2013). Pulmonary arterial  

 hypertension (ascites syndrome) in broilers:

 A review. Poultry Science. 92(1): 64-83

2.  Lorenzoni, A.G., N.B Anthony and R.F. 

 Wideman (2008). Transpulmonary pressure

 gradient verifies pulmonary hypertension is

 initiated by increased arterial resistance in

 broilers. Poultry Science, 87:146-154.Doi:



 poultry: a review. World's Poultry Science 

 broiler group differing in growth rate and in 

 chickens. Acta. Veterinaria Hungarica, 

6.  Hassanzadeh, M., M.S. Maddadi, S. 

 venous blood of young birds as predicting 

 Cahaner (2000). Immuno-competence and 

 2.8.

7.  Gupta A.R. (2011). Ascites syndrome in 

8.  Yunis, R., A. Ben-David, E.D. Heller and A. 

 indicator for ascites susceptibility in broiler 

 Mirzaie, K. Assasie and H. Moayyedian 

 (2010). Partial pressure of carbon dioxide in 

 viability under commercial conditions of 

 Journal.  67 (1): 457-468

 antibody response to Escherichia coli 

 vaccine. Poultry Science, 79:810–816. doi: 

 58:221-230.Doi: 10.1556/ Avet. 58. 2010.

 10.1093/ps/79.6.810

 Storlien, F. Bäckhed, P. Lundin and L. 

 Löfgren (2011).  Intestinal permeability in 

 2280–2282. doi: 10.1038/oby.2011.251

10. Hassanzadeh, M., M. Bozorgmehri, B.H.J. 

 Fard and E. Decuypere (2003). Beneficial 

 effects of alternative lighting schedules on 

 the incidence of ascites and on metabolic 

 parameters of broiler chickens. Acta. 

 Veterinaria Hungarica, 51(4): 513-520. 

 doi:10.1556/AVet.51.2003.4.9

11. Geidam, Y.A., V.K. Ayi, I.I. Umar, J. 

 Sunday, D. Musa, B. Goni  et al. (2013).  

9.  Gummesson, A., L.M. Carlsson, L.H. 

 women. Obesity (Silver Spring), 19: 

 associated with visceral adiposity in healthy 

 Nigeria. Bulletin of Animal Health and

 Production in Africa, 61: 231-239. 

 detection of trans-boundary animal disease 

 (TADS) in Borno State of Arid north-eastern 

 Participatory disease surveillance in the 

Bello I. I. et al / J. Vet Biomed. Sci.
227

14. Lorenzoni, A.G. and C.A. Ruiz-Feria 

 of dietary fat source and supplementary 

 commercial vaccinated layer farms. 

 Decuypere (2014). Ascites Syndrome in 

 A.R. Hemnes, R.D. Fremont, R.N. Piana, 

 XIII Newcastle diseases virus infection in 

 (2006). Effects of vitamin E and l-arginine

 Broiler Chickens: A Review on the Aspect 

 D. Dwyer, N. Ouchi, A. Fine, H.W. Farber 

13. Hassanzadeh, M., J. Buyse, T. Toloei and E. 

12. Khorajiya, J.H., S. Pandey, P.D. Ghodasara, 

 subnormal temperatures. Poultry Science, 

 https://www.ajol.info/index.php/bahpa/arti

 α-tocopheryl acetate on pulmonary 

 Interaction. Journal of Poultry Science, 51: 

 hypertension and lipid peroxidation in 

 Animal Nutrition, 94:767–772. Doi:

 10.14202/vetworld.2015.372-381

 229-241. Doi: 102141/jpsa.0130063

15. Khajali, F. and S. Fahimi (2010). Influence    

 Patho-epidemiological study on Genotype-

 B.P. Joshi, K.S. Prajapati, D.J. Ghodosara 

 and  R.A. Mathakiya (2015). 

 of Endogenous and Exogenous Factors 

 on cardiopulmonary function and ascites 

 parameters in broiler chickens reared under 

 85:2241–2250. doi: 10.1093/ps/85.12.2241

 Veterinary World, 8(3): 372-381. doi: 

 cle/view/105201

 broilers. Journal of Animal Physiology and 

 10.1111/j.1439-0396.2009.00959.x

16. Robbins, I.M., J.H. Newman, R.F. Johnson, 

 D.X. Zhao, and D.W. Byrne (2009). 

 Association of the metabolic syndrome with 

 pulmonary venous hypertension. Chest, 

 136(1): 31–36. doi: 10.1378/chest.08-2008.

17. Summer, R., C.A. Fiack, Y. Ikeda, K. Sato, 



 deficiency: a model of pulmonary 

 hypertension associated with pulmonary 

 Physiology, 297: L432–L438. doi: 

18. Bhagya, D., L. Prema and T. Rajamohan 

 (2012). Therapeutic effect of tender coconut 

 and  K. Walsh (2009). Adiponectin 

 water on oxidative stress in fructose fed 

 insulin resistant hypertensive rats. Asian 

 Pacific Journal of Tropical Medicine, 270-

 276. doi: 10.1016/S1995-7645(12)60038-8

 vascular disease. America Journal of 

19. Sandhya, V.G. and T. Rajamohan (2008). 

 Physiology-Lung Cellular and Molecular 

 10.1152/ajplung.90599.2008

 Parameters in Albino Rats. International 

 08.030

 Andrew, E.G. William, E.K Karl, R. 

 diet. Food and Chemical Toxicology,

 Sciences, 6: 56-59. doi: 10.21276/sjmps

 Property and Cardiovascular Effects of 

 William, S. Martin, S. Lynn, S. Sanford, W. 

 Effect of Coconut Oil, Coconut Water and 

 A.O. Oko, A.J. Uraku, V.U. Nwankwo, B.A. 

 Coconut (Cocos nucifera) Water. 

22. Mellisa, K.T., W.C. Daniel, C. David, K.G. 

 International Journal of Biochemistry 

21. Muhammed, A. and C.D. Luka (2013). 

 Journal of Pharmacology and Biological 

 Wendy and E.B. Dean (2009). Standard 

 Research and Review, 5(4):259-263. 

 Palm Kernel Oil on Some Biochemical 

20. Agbafor, K.N., S.O. Elom, M.E. Ogbanshi, 

 lovastatin in rats fed fat-cholesterol enriched 

 doi: 510.9734/IJBCRR/2015/980

 hypolipidemic effects of coconut water and 

 Ale and K.A. Obiudu (2015). Antioxidant 

 Comparative evaluation of the 

 46(12):3586-92. doi: 10.1016/j. fct. 2008. 

Bello I. I. et al / J. Vet Biomed. Sci.
228

 Operating Procedure Integration Working 

 test. In: District laboratory practice in 

 Network Consesus Statement Standard 

23. Cheesbrough, M. (2000). Haematological 

28. Ochei, J. and A.E. Kolhatkar (2007). 

 113-117. Doi: 10.1021/pr800545q

 Operating Procedures for Serum and Plasma 

 P.21-100

 Collection: Early Detection Research 

 Group. Journal Proteome Research, 8(1): 

 609

th
 (2000). Schalms veterinary haematology 5  

 Publishing Inc., Palm Beach, Florida. 587-  

 tropical countries. Part 2 Cambridge 

 hematology In: Clinical Avian Medicine, 

26. Webb, D.I., L. Parker and K. Webb (2004). 

 Platelet count assessment from peripheral 

 University Press U.K., 297. 

 blood smear (PBS). Alaska Medicine, 46(4): 

 www.cambridge.org. 9780521676311

 Harrison, G.J. and T. Lightfoot (Eds).  Spix 

 ed. Philadelphia: Williams and Wilkins. 

 92-5. PMID:15999911

\

24. Samour, J. (2006). Diagnostic value of 

27. Burtis, C.A., E.R. Ashwood and O.E. Bruns 

 (2008). Fundamentals of clinical chemistry 

25. Feldman B.F., J.G. Zinkl and N.C. Jain 

th  
 6 edition, Elsevier, Haryana., 539-555

th  Laboratory science 6 edition Mc Gram Hill, 

 New    Delhi., 90-198

 Measurement of superoxide dismutase, 

 catalase and glutathione peroxidase in 

29. Weydert, C.J. and J.J. Cullen (2010). 

 cultured cells and tissue. Nature Protocol, 

 5(1): 51-66. doi: 10.1038/nprot.2009.197



 Food Composition and Analysis, 19:669-

33. Olatunji, A.E., A.F. Bekeh, O.L. Otelahu and  

 (2017). Antibacterial Efficacy of Tender 

 detection of antibodies to Newcastle disease 

 Journal of International Society of 

 Grosbois (2015). Evaluation of enzyme-

 675. Doi.org/10.1016/j.jfca.2006.01.003

 virus in village chickens using a Bayesian 

31. Chaka, H., P.N. Thompson, F. Goutard, V. 

 2015.01.016

 anaemia. Lancet, 387: 907–916. doi: 

 activity from guava fruit extracts. Journal of 

 ORAC assays for estimating antioxidant 

30. Thaipong, K., U. Boonprakob, K. Crosby, L. 

 119 (1-2): 21-30. doi: 10.1016/j.prevetmed. 

32. ., P.  and L. Lopez, A Cacoub, I.C. Pacdougall 

 haemagglutination inhibition tests for the 

 Peyrin-Biroulet (2015). Iron deficiency    

 10.1016/S0140-6736(15)60865-0

 Comparison of ABTS, DPPH, FRAP and 

 I. Cornelius (2015). Haematological and 

 Clarias gariepinus Juvenile to Coconut 

 linked  immunosorbent assays and a 

 Histopathological Responses of Catfish 

 Water Cocos nucifera. International Journal 

 of Fishey and Aquatic Studies, 3(1): 97-110. 

 Cisneros-Zevalos and D.H. Bryne (2006). 

34. Rukmini J.N., Sunkari M., Chenna R., 

 approach. Preventive Veterinary Medicine,

 Lavanya P.S., Sachan R., Umashankar G.K 

 Coconut Water (Cocos nucifera) on 

 Streptococcus mutans: An In-Vitro Study. 

 Preventive and Community Dentistry 7(2): 

 130-134

35. Sander J.E., E.M. Willinghan, J.L. Wilson 

 inoculating Enteroccocus faecalis into the 

 yolk sac on chick quality and maternal 

 and S.G Thayer (1998). The effects of 

Bello I. I. et al / J. Vet Biomed. Sci.
229 

 antibody absorption. Avian Disease, 

 42:359-363. doi: 10.2307/1592486

36. Maas, R., S. Rosema, D. van Zoelen and S. 

 Venema (2011). Maternal immunity against 

 protection and interference with vaccine 

 avian influenza H5N1 in chickens: Limited 

 efficacy. Avian Pathology, 40:87-92. Doi: 

 10.1080/03079457.2010.541226.

37. Abdelwhab, E.M., C. Grund, M.M. Aly, M. 

 Beer, T.C. Harder, H.M Hafez (2012). 

 Influence of maternal immunity on vaccine 

 efficacy and susceptibility of one day old  

 chicks against Egyptian highly pathogenic 

 on lipid metabolism in cholesterol-fed rats. 

38. Sandhya, V.G. and T. Rajamohan (2006). 

 Beneficial effects of coconut water feeding 

 cholesterol: physiological background, 

 10.2165/00003495-200363180-00003

 10.1089/jmf.2006.9.400

39. Hersberger, M. and A. von Eckardstein 

 avian influenza H5N1. Veterinary 

 10.1016/j.vetmic.2011.08.004

 Journal of Medicinal Food, 9(3):400-7. doi: 

 clinical importance and drug treatment. 

 (2003). Low high-density lipoprotein 

 Microbiology, 155:13–20. doi: 

 Drugs, 63(18): 1907-1945. doi: 


