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ALI ABDUL AMEER  

 

October 2016 
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The poultry industry would extremely appreciate natural antioxidants that could 

replace synthetic ones and satisfy consumer demands for food products without 

residues from substances that can possibly hurt human health. Besides health decay, 

lipid oxidation is also a major cause of meat quality deterioration, affecting color, 

flavor, texture, and nutritional value. 

 

 

The objective of this study was to investigate the impact of dietary supplementation 

of Borreria latifolia and Rosmarinus officinalis as natural antioxidant on 

performance and meat quality of finishing village chicken.  Two experiments were 

conducted, the first experiment was to confirm the antioxidant activity of BL through 

a comparison with Rosmarinus officinalis (RO) as a reference in addition to evaluate 

their effect on performance and meat quality. Three treatments were employed: T1 

(control basal diet without supplementation), T2 (basal diet with 1% of BL), T3 

(basal diet with 1% of RO). There was a significant difference (p < 0.05) between 

dietary treatments in cooking loss value. Cooking loss value was higher in T1 

compared to the T2 and T3. Significantly (p < 0.05), pH value was affected by 

dietary treatments with T2 and T3 having higher pH value compared to T1. 

Additionally, significant effect of dietary treatments was recorded during sensory 

evaluation test whereas T2, T3 had a higher score in overall acceptability compared 

to control with T2 higher (p < 0.05) than T3. Moreover, significant effect (p < 0.05) 

of dietary treatment on lipid oxidation value was observed. T2 and T3 had a lower 

malondialdehyde (MDA) concentrations compared to T1. Additionally, there was 

significant (p < 0.05) difference between males and female detected in final body 

weight, weight gain, feed intake, carcass weight, breast and thigh weight, wing 

weight, neck and loin weight. Moreover, the sex effect was significant (p < 0.05) on 

MUFA, PUFA, PUFA:SFA ratio, n6:n3 ratio, pH value, yellowness (b*) and lipid 

oxidation. In addition, significant (p < 0.05) increase in tenderness, pH, and lipid 

oxidation through post mortem aging period (1, 3, 5 d) were recorded, while cooking 

loss (CL) and redness (a*) were decreased. Significant interactions between herb and 
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sex on pH parameter, and herb by sex, herb by post-mortem period, sex by post-

mortem period, and herb by sex by post-mortem period interactions in regards with 

lipid oxidation were observed. 

 

 

The second experiment was to evaluate the effect of three different levels of BL on 

meat quality and growth performance. Four treatments applied were: T1 (control 

basal diet without supplementation), T2 (basal diet with 1.5% of BL), T3 (basal diet 

with 2% of BL), and T4 (basal diet with 2.5% of BL). There was a significant (p < 

0.05) effect of the dietary treatments on redness (a*) value. T4 showed higher value 

than T1, T2, and T3. Furthermore, T4 produced higher (p < 0.05) scores than T1, T2, 

and T3 in both overall acceptability and texture through sensory evaluation test. 

With regard to lipid oxidation test, T4 showed the lowest malondialdehyde 

concentration whereas T1 had the highest concentration of MDA. Meanwhile, T2 

and T3 had a higher concentration of MDA compared to T4. Furthermore, there was 

significant (p < 0.05) difference between males and females in MUFA, PUFA, 

PUFA:SFA ratio, n6:n3 ratio, yellowness (b*) and lipid oxidation. In addition, 

significant (p < 0.05) effect of sex on final body weight, weight gain, feed intake, 

carcass weight, breast and thigh weight, wings weight, neck and loin weight, and 

liver weight was recorded. The obtained result of the current studies showed 

significant (p < 0.05) decreases in redness (a*) and cooking loss (CL) during post 

mortem aging period while pH value, tenderness, and lipid oxidation were elevated. 

Additionally, there were significant interactions between herb and sex, herb and 

aging period, sex and aging period, and the herb by sex by aging period interaction 

on lipid oxidation as well as a significant interaction between herb and sex on pH 

was noticed in the study. 

 

 

Generally, the present study revealed that dietary supplementation of 2.5% BL 

improved oxidative stability which could have extended meat shelf life and may 

enhance meat acceptability including a partial improvement in meat color. While, the 

enhancement of growth performance was not revealed. 
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Oktober 2016 

 

 

Pengerusi :  Profesor Madya Azhar Kasim, PhD  

Fakulti :  Pertanian 

 

 

Potensi keupayaan anti oksidan bagi Borreria latifolia dikaji dalam kajian ini. Dua 

eksperimen telah dijalankan untuk mengkaji kesan daripada suplemen pemakanan 

Borreria latifolia (BL) pada prestasi pertumbuhan, ciri-ciri bangkai, dan kualiti 

daging ayam kampung. Dua eksperimen telah dijalankan, percubaan pertama adalah 

untuk mengesahkan aktiviti antioksidan BL melalui perbandingan dengan Officinalis 

Rosmarinus (RO) sebagai rujukan di samping menilai kesannya pada prestasi dan 

kualiti daging. Tiga rawatan adalah digunakan: T1 (mengawal diet basal tanpa 

suplemen), T2 (diet basal dengan 1 % daripada BL), T3 (diet basal dengan 1 % 

daripada RO). Terdapat perbezaan yang signifikan (p < 0.05) antara rawatan 

pemakanan dalam nilai penurunan memasak. Penurunan nilai memasak adalah lebih 

tinggi pada T1 berbanding dengan T2 dan T3. Secara ketaranya (p < 0.05), nilai pH 

terjejas oleh rawatan diet dengan T2 dan T3 yang mempunyai nilai pH yang lebih 

tinggi berbanding dengan T1. Selain itu, kesan yang ketara bagi rawatan pemakanan 

dicatatkan semasa ujian penilaian deria manakala T2, T3 mempunyai skor yang lebih 

tinggi dalam penerimaan keseluruhan berbanding untuk mengawal dengan T2 lebih 

tinggi (p < 0.05) berbanding T3.  Selain itu, kesan yang signifikan (p < 0.05) rawatan 

pemakanan nilai pengoksidaan lipid diperhatikan. T2 dan T3 mempunyai kepekatan 

MDA yang lebih rendah berbanding dengan T1. Selain itu, terdapat perbezaan 

signifikan (p < 0.05) antara jantan dan betina dikesan dalam berat akhir badan, berat 

badan, pengambilan makanan, berat bangkai, payudara dan berat paha, berat sayap, 

leher dan berat pinggang. Selain itu, kesan seks itu yang signifikan (p < 0.05) pada 

MUFA, PUFA, PUFA: Nisbah SFA, n6: Nisbah n3, nilai pH, kekuningan (b *) dan 

lipid pengoksidaan. Di samping itu, peningkatan ketara (p < 0.05) dalam 

kelembutan, pH, dan lipid pengoksidaan melalui bedah siasat penuaan period (1, 3, 5 

d) telah direkodkan penuaan, semasa penurunan memasak (CL) dan kemerahan (* a) 

telah menurun. Interaksi yang signifikan antara herba dan seks di parameter pH, dan 

di antara herba dan seks, herba dan penuaan tempoh, seks dan penuaan tempoh, dan 

herba mengikut jantina oleh penuaan interaksi tempoh dalam hal dengan 

pengoksidaan lipid diperhatikan. Percubaan kedua adalah untuk mengkaji kesan tiga 
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tahap yang berbeza BL kepada kualiti daging dan prestasi pertumbuhan. Empat 

rawatan digunakan iaitu: T1 (mengawal diet basal tanpa suplemen), T2 (diet basal 

dengan 1.5 % daripada BL), T3 (diet basal dengan 2 % daripada BL) dan T4 (diet 

basal dengan 2.5 % daripada BL). Terdapat perbezaan yang bererti (p < 0.05) kesan 

rawatan pemakanan pada kemerahan (a *) nilai. T4 menunjukkan nilai lebih tinggi 

daripada T1, T2 dan T3. Tambahan pula, T4 dihasilkan (p < 0.05) pada skor yang 

lebih tinggi daripada T1, T2, T3 dan dalam kedua-dua penerimaan keseluruhan dan 

tekstur melalui ujian penilaian deria. 

 

 

Berhubung dengan ujian lipid pengoksidaan, T4 menunjukkan kepekatan MDA yang 

paling rendah manakala T1 mempunyai kepekatan tertinggi MDA. Sementara itu, T2 

dan T3 mempunyai kepekatan yang lebih tinggi MDA berbanding T4. Tambahan 

pula, ada perbezaan signifikan (p < 0.05) antara jantan dan betina dalam MUFA, 

PUFA, PUFA: Nisbah SFA, n6: Nisbah n3, kekuningan (* b) dan lipid 

pengoksidaan. Di samping itu, ketara kesan (p < 0.05) seks pada berat akhir badan, 

berat badan, pengambilan makanan, berat bangkai, payudara dan berat paha, berat 

sayap, leher dan berat badan pinggang, dan berat hati direkodkan. keputusan yang 

diperolehi daripada kajian semasa menunjukkan signifikan (p < 0.05) mengurangkan 

kemerahan (* a) dan kehilangan memasak (CL) semasa bedah siasat tempoh penuaan 

manakala nilai pH, kelembutan, dan pengoksidaan lipid dinaikkan. Selain itu, 

terdapat interaksi yang signifikan antara herba dan seks, herba dan penuaan tempoh, 

seks dan penuaan tempoh, dan herba mengikut jantina oleh  penuaan tempoh 

interaksi pada pengoksidaan lipid serta interaksi yang signifikan antara herba dan 

hubungan seks pada pH telah disedari dalam kajian ini. Secara umumnya, kajian ini 

mendedahkan bahawa suplemen pemakanan sebanyak 2.5% BL bertambah baik 

kestabilan oksidatif yang boleh dilanjutkan hidup daging rak dan boleh 

meningkatkan daging penerimaan termasuk peningkatan separa dalam warna daging. 

Sementara itu, peningkatan prestasi pertumbuhan tidak didedahkan. 

 



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 

 

 

My sincere thanks to the Almighty Allah for giving me the health and patience to 

complete this work. 

 

 

I‗m indebted to my wonderful supervisor, Associate Professor Dr. Azhar Kasim. It is 

difficult to find suitable words to show my deepest thanks and gratitude, for his 

guidance, patience, willingness to help, kindness and valuable advice. Special thanks 

for his endless support during the preparation of this thesis. 

 

 

I am also thankful to the members of my supervisory committee, Prof. Dr Yazid 

Abdul Manap and Dr. Awis Qurni Bin Sazili for their suggestions and support 

during my study. 

 

 

My sincere thanks and appreciation to my friends and my lab mates, the academic 

and supporting staff of Department of Animal Science, Faculty of Agriculture, and 

Poultry Unit for their technical assistance, kind cooperation and help during the field 

study at UPM. 

 

 

I would like to express my appreciation to my loving, caring mother and father who 

advised me and supported me in my pursuit for my higher education and expressed 

understanding and consideration towards me. My deepest gratitude is extended to 

my brothers and sisters for their encouragement and support. I would like to extend 

my special sincere thanks to my bigger brother Ahmad Abdul Ameer for his advice 

and support. 

 

 

I‗m grateful to my true and actual souls mate my beloved wife Hawraa Hussein, for 

her patience, encouragement and support, and for caring for me and my beloved 

daughter. To my beloved daughter, Fatimah who is my life and make me a better 

father and man. You are an inspiration to me on a daily basis to be more than what I 

was the day before. 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

vii 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

 

 

Azhar Kasim, PhD  

Associate Professor  

Faculty of Agriculture  

Universiti Putra Malaysia  

(Chairman) 

 

 

Yazid Abdul Manap, PhD 

Professor 

Faculty of Food Science  

Universiti Putra Malaysia  

(Member) 

 

 

Awis Qurni Sazili, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia  

(Member) 

 

 

 

 

 

 

 

 

 

ROBIAH BINTI YUNUS, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

 

Date: 

 

 



© C
OPYRIG

HT U
PM

viii 
 

Declaration by graduate student 

 

 

I hereby confirm that: 

 this thesis is my orginal work 

 quotations, illustrations and citations have been duly referenced 

 the thesis has not been submitted previously or concurrently for any 

otherdegree at any institution 

 intellectual property from the thesis and copyright of thesis are fully-owened 

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be owend from supervisor and deputy vice-chancelor 

(Research and innovation) before thesis is published (in the form of written, 

printed or in electronic form) inclooding books, journals, modules, 

proceedings, popular writtings, seminar paper, manscripts, posters, reports, 

lecture notes, learning modules or any other materials as stated in the 

Universiti Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and 

scholarly integrity is upheld as according to the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra 

Malaysia (Research) Rules 2012. The thesishas undergone plagiarism detection 

software 

 

 

 

Signiture:     Date:  ____________________ 

 

 

Name and Matric No.:  Ali Abdul Ameer, GS39697 



© C
OPYRIG

HT U
PM

ix 
 

Declaration by Members of Supervisory Committee 

 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

 

 

 

Signature:  

Name of  

Chairman of 

Supervisory  

Committee: 

 

 

 

 

Signature:  

Name of  

Member of  

Supervisory  

Committee: 

 

 

 

 

Signature:  

Name of  

Member of  

Supervisory  

Committee: 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 
 

TABLE OF CONTENTS 

 

 

  Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES xiii 

LIST OF FIGURES xv 

LIST OF ABBRIVIATIONS xvi 

  

CHAPTER 

 

1 INTRODUCTION 1 

   

2 LITERATURE REVIEW 3 

 2.1     Village chicken in Malaysia 3 

 2.2     Medicinal herbs in chicken production 4 

 2.3     Borreria latifolia 4 

 2.4     Rosmarinas officinalis 5 

 2.5     Influence of herbs on growth performance 6 

 2.6     Chicken meat quality 7 

 2.6.1     Effect of color on meat quality 8 

 2.6.2     Water-holding capacity and meat quality 8 

 2.6.3     Effect of breast muscle pH on meat quality 9 

 2.6.4     Tenderness and meat quality 9 

 2.6.5     Influence of fatty acids on meat quality 10 

 2.6.6     Effect of lipid oxidation on meat quality 10 

 2.6.7     Effect of herbs on lipid oxidation 10 

   

3 GENERAL MATERIALS AND METHODS 12 

 3.1     Preparation of herbs 12 

 3.2     Bird husbandry 12 

 3.3     Slaughtering and  sample preparation 15 

 3.4     Proximate analysis 15 

 3.5     Determination of total phenolic compounds 15 

 3.6     PH measurement 16 

 3.7     Color measurement 16 

 3.8     Water holding capacity 16 

 3.8.1     Drip loss 16 

 3.8.2     Cooking loss 17 

 3.9     Meat tenderness 17 

 3.10   Fatty acid profile 18 

 3.11   Lipid oxidation 18 

 3.12   Sensory evaluation 19 

 3.13   Statistical analysis 19 



© C
OPYRIG

HT U
PM

xi 
 

4 CROSS COMPARISON BETWEEN DIETARY 

BORRERIA LATIFOLIA AND ROSMARINUS OFFICINALIS 

AND THEIR EFFECTS ON GROWTH PERFORMANCES, 

CARCASS CHARACTERISTICS AND MEAT QUALITY OF 

UPM-BRED VILLAGE CHICKEN 

20 

 4.1     Introduction 20 

 4.2     Objectives 20 

 4.3     Materials and Methods 20 

 4.3.1     Treatments 20 

 4.3.2     Bird husbandry 21 

 4.3.3     Sampling and slaughtering procedure 21 

 4.3.4     Proximate analysis 21 

 4.3.5     Total phenolic compounds 21 

 4.3.6     PH measurement 21 

 4.3.7     Color measurement 21 

 4.3.8     Water holding capacity 22 

 4.3.9     Shear force value 22 

 4.3.10   Fatty acid profile 22 

 4.3.11   Lipid oxidation 22 

 4.3.12   Sensory evaluation 22 

 4.3.13   Statistical analysis 22 

 4.4     Results 22 

 4.4.1     Growth performance 22 

 4.4.2     Carcass characteristics 23 

 4.4.3     Chemical composition of pectoralis muscle 24 

 4.4.4     PH values 25 

 4.4.5     Color 27 

 4.4.6     Water holding capacity 27 

 4.4.7     Tenderness 28 

 4.4.8     Fatty acid profile 28 

 4.4.9     Lipid oxidation 30 

 4.4.10   Sensory evaluation 32 

 4.5     Discussion 32 

 4.5.1     Effect of BL & RO on growth performance 32 

 4.5.2     Effect of BL & RO on carcass characteristics 33 

 4.5.3     Effect of BL & RO on meat composition 34 

 4.5.4     Effect of BL & RO on pH values 34 

 4.5.5     Effect of BL & RO on meat color 34 

 4.5.6     Effect of BL & RO on WHC 35 

 4.5.6.1     Cooking loss 35 

 4.5.6.2     Drip loss 36 

 4.5.7     Effect of BL & RO on shear force value 36 

 4.5.8     Effect of BL & RO on fatty acid profile 37 

 4.5.9     Effect of BL & RO on lipid oxidation 37 

 4.5.10   Effect of BL & RO on sensory Evaluation 38 

 4.6     Conclusion 39 



© C
OPYRIG

HT U
PM

xii 
 

5 THE EFFECT OF THREE DIETARY LEVELS OF 

BORRERIA LATIFOLIA ON GROWTH PERFORMANCE 

AND MEAT QUALITY IN CROSSBRED VILLAGE 

CHICKEN 

40 

 5.1     Introduction 40 

 5.2     Objectives 40 

 5.3     Materials and Methods 40 

 5.4     Results 41 

 5.4.1     Growth performance 41 

 5.4.2     Carcass characteristics 42 

 5.4.3     Chemical composition of pectoralis muscle 43 

 5.4.4     PH values 44 

 5.4.5     Meat color 45 

 5.4.6     Water holding capacity 46 

 5.4.7     Shear force value 46 

 5.4.8     Fatty acid profile 46 

 5.4.9     Lipid oxidation 48 

 5.4.10   Sensory evaluation 49 

 5.5     Discussion 49 

 5.5.1     Effect of BL on growth performance 49 

 5.5.2     Effect of BL on carcass characteristics 50 

 5.5.3     Effect of BL on chemical composition of meat 51 

 5.5.4     Effect of BL on pH values 51 

 5.5.5     Effect of BL on color 52 

 5.5.6     Effect of BL on WHC 52 

 5.5.6.1     Effect of BL on drip loss 52 

 5.5.6.2     Effect of BL on cooking loss 53 

 5.5.7     Effect of BL on shear force 53 

 5.5.8     Effect of BL on fatty acid profile 54 

 5.5.9     Effect of BL on lipid oxidation 54 

 5.5.10   Effect of BL on sensory evaluation 55 

 5.6     Conclusion 56 

   

6 GENERAL DISCUSSION 57 

   

7 CONCLUSIONS AND RECOMMENDATION FOR FUTURE 

WORK 

65 

  

REFERENCES 66 

APPENDICES 86 

BIODATA OF STUDENT  90 

LIST OF PUBLICATIONS  91 
 

 

 



© C
OPYRIG

HT U
PM

xiii 
 

LIST OF TABLES 

 

 

Table  Page 

3.1 Chemical composition and total phenolic compounds (TPH) of 

the dietary treatments, Borreria latifolia and Rosmarinus 

officinalis  

 

13 

4.1 Dietary supplementation of Borreria latifolia (BL) and 

Rosmarinus officinalis (RO) to the diet of village chicken 

 

21 

4.2 Effect of bird‘s sex and dietary supplementations of Borreria 

latifolia (BL) and Rosmarinus officinalis (RO) on body live 

weight, weight gain, feed conversion ratio, and feed intake in 

UPM-bred village chicken 

 

23 

4.3 Effect of bird‘s sex and dietary supplementations of Borreria 

latifolia (BL) and Rosmarinus officinalis (RO) on the weights of 

carcass, breast, thigh, wings, neck and loin and dressing 

percentage in UPM-bred village chicken 

 

24 

4.4 Effect of bird‘s sex and dietary supplementations of Borreria 

latifolia (BL) and Rosmarinus officinalis (RO) on the weights of 

heart, liver, spleen, and crop in UPM-bred village chicken. 

 

24 

4.5 Effect of bird‘s sex and dietary supplementations of Borreria 

latifolia (BL) and Rosmarinus officinalis (RO) on meat 

composition of Pectoralis major muscle in UPM-bred village 

chicken 

 

25 

4.6 Effect of bird‘s sex, post-mortem period and dietary 

supplementations of Borreria latifolia (BL) and Rosmarinus 

officinalis (RO) on the means of pH, lightness, redness, 

yellowness, cooking loss, drip loss and shear force of Pectoralis 

major muscle in UPM-bred village chicken 

 

26 

4.7 Effect of bird‘s sex and dietary supplementations of Borreria 

latifolia (BL) and Rosmarinus officinalis (RO) on fatty acid 

composition of Pectoralis major muscle in UPM-bred village 

chicken 

29 

4.8 Lipid oxidation values of Pectoralis major muscle during post- 

mortem aging periods in males and females of UPM-bred village 

chicken fed dietary treatments of Borreria latifolia (BL) and 

Rosmarinus officinalis (RO) 

 

31 

4.9 Effect of bird‘s sex and dietary supplementations of Borreria 

latifolia (BL) and Rosmarinus officinalis (RO) on sensory 

evaluation scores of Pectoralis major muscle in UPM-bred 

village chicken 

32 



© C
OPYRIG

HT U
PM

xiv 
 

5.1 Dietary supplementation of three levels of Borreria latifolia to 

the diet of village chicken 

 

41 

5.2 The effect of bird's sex and feeding different levels of Borreria 

latifolia (BL) on body live weight, weight gain, feed conversion 

ratio, and feed intake in.crossbred village chicken 

42 

5.3 The effect of bird's sex and feeding different levels of Borreria 

latifolia (BL) on the dressing percentage and weights of 

carcass, breast, thigh, wings, neck and loin in crossbred village 

chicken. 

43 

5.4 The effect of feeding different levels of Borreria latifolia (BL) 

and bird's sex on weights of heart, liver, spleen, and crop in 

crossbred village chicken 

 

43 

5.5 The effect of bird‘s sex and dietary supplementations of 

different levels of Borreria latifolia (BL) on meat composition 

of Pectoralis major muscle in crossbred village chicken 

 

44 

5.6 The effect of feeding different levels of Borreria latifolia (BL), 

bird‘s sex and post-mortem period on the means of pH value, 

lightness, redness, yellowness, cooking loss, drip loss and shear 

force of Pectoralis major muscle in crossbred village chicken 

 

45 

5.7 Effect of feeding different levels of Borreria latifolia and 

bird‘s sex on fatty acid composition (mg/100 g) of pectoralis 

major muscle in crossbred village chicken 

 

47 

5.8 Effect of post-mortem period, bird‘s sex and different levels of 

Borreria latifolia (BL) on lipid oxidation values of Pectoralis 

major muscle in crossbred village chicken 

 

48 

5.9 Effect of feeding Borreria latifolia (BL) and bird‘s sex on 

sensory scores of Pectoralis major muscle samples in crossbred 

village chicken 

49 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xv 
 

LIST OF FIGURES 

 

 

Figure  Page 

2.1 Borreria latifolia (BL) 

 

5 

2.2 Rosmarinus officinalis 

 

5 

3.1 Methodology of the research 

 

14 

3.2 Pectoralis muscle of village 

 

15 

4.1 Sex by herb interaction in pH value for males and females in 

Pectoralis muscle of village chicken. 

 

27 

4.2 Herb by sex by period interaction (p < 0.05) in lipid oxidation 

test for males 

 

30 

4.3 Herb by sex by period interaction (p < 0.05) in lipid oxidation 

test for females 

30 



© C
OPYRIG

HT U
PM

xvi 
 

LIST OF ABBREVIATIONS 

 

 

a* Redness 

b* Yellowness 

BL Borreria latifolia 

o C Celsius degrees 

CL Cooking loss 

CP Crude protein 

cm2 Square centimeter 

d Day 

ddH2O Deionized distilled water 

DL Drip loss 

DM Dry matter 

EE Ether extract 

FA Fatty acid 

FCR Feed conversion ratio 

g Gram 

GC Gas chromatogaphy 

HCL Hydrochloric acid 

h Hour 

H2SO4 Sulfuric acid 

kg kilogram 

KOH Potassium hydroxide 

L Liter 

L* Lightness 

MDA Malondialdehyde 

mg Milligram 

min Minute 

ml Milliliter 

MUFA Monounsaturated fatty acids 

OM Organic matter 

PBS Phosphate buffered saline 

PSE Pale Soft Executive 

PUSFAs Polyunsaturated fatty acids 

PUFA:SFA ratio Total PUFA to Total SFA ratio 

RCBD Randomized completely block design 

RO Rosmarinus officinalis 

SE Standard error 
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Se Second 

SFA Saturated fatty acids 

TBA Thiobarbituric acid 

TBARS Thiobarbituric acid reactive substances 

TCA Trichloroacetic acid 

USFA Unsaturated fatty acid 

USFS:SFA ratio Total USFA to Total SFA ratio 

μl Micro liter 

μΜ Micromole 

VSF Volodkovitch Shear Force 

v/v Volume per volume 

WHC Water holding capacity 
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CHAPTER 1 

1 GENERAL INTRODUCTION 

 
Traditionally, herbs have been used for centuries in many civilizations to treat certain 

medical conditions due to the efficiency and availability of these herbs (Schulz et al., 2001). 

Primitive man had been impressed by the diversity of plants that could be obtained, which 

provided food, clothing and medicine. The attention given on the use of medicinal herbs was 

the result of years of struggle against sicknesses which drove man to seek medication in tree 

barks, seeds and different parts of plants. Herbs have been the source of treatment and 

prophylaxis (Kelly, 2009). In addition, substances from herbs offer great promise to the 

pharmaceutical industry for the production of medication to treat coronary illness, 

hypertension, torment, asthma, and various other medical conditions. 

In poultry production, the utilization of intricate intensive poultry production systems creates 

the revelation and prevalence of using various herbs as feed additives. The principle goal of 

adding herbs is to boost animal performance and production quality. Herbs and their extracts 

are included in chicken feed to improve the utilization of feed nutrients and lead to better 

feed efficiency and higher production. Several herbs and spices contain synthetic substances, 

like polyphenols, quinines, and polypeptides. Some of them show remedial qualities, such as 

antioxidant activities (Li, 1993). 

Poultry meat is particularly prone to oxidative deterioration due to high concentration of 

polyunsaturated fatty acids (PUFA; Igene and Pearson, 1979). There are many studies 

showing an improvement in the oxidative stability of tissue after feeding poultry with 

antioxidant compounds added into the diet (BotsoglouT et al., 2002; Lee et al., 2004; 

Govaris et al., 2005), There is a trend to search for compounds that may allow a shift from 

synthetic to natural antioxidants (Sheehy et al., 1995; Yanishlieva, 2001; Botsoglou et al., 

2002). This trend is justified because a carcinogenic potential from the use of synthetic 

antioxidants has been suspected (Madavi & Salunkhe, 1995). 

Plant phenols show in vitro antioxidant activity, acting to restrain lipid peroxidation as 

chain-breaking peroxyl radical scavengers (Proestos et al., 2006; Miguel, 2010). Along these 

lines, they can assume a defensive part aimed at unsaturated lipids in food against oxidative 

damage (Couladis et al., 2003). Oxidative deterioration is the major non-microbial element 

that causes value crumbling in foods (Descalzo et al., 2005). Throughout the handling, 

processing and storage of fresh meat, lipid oxidation is associated with discoloration, drip 

losses, off-flavor and off-odor development in addition to the ability to form toxic 

compounds (Gray et al., 1996). 

A few in vivo studies have been directed to test natural substances capable of enhancing the 

stability of lipid in meat. It has been shown that dietary supplementation with natural 

antioxidants, for example, rosemary (Rosmarinus officinalis), sage (Salvia officinalis) and 

oregano (Origanum vulgare) derivatives may improve antioxidant defenses and meat shelf 

life (Lopez-Bote et al., 1998, Florou-Paneri et al., 2006). Among many kinds of herbs, 

Borreria latifolia is an annual herb and a member of the Rubiaceae family, which develops 

as a prevailing weed on waste ranges and/or agricultural farms. It originated from tropical 
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America and was ordinarily dispersed in India, Southeast Asia, and Malaysia. Borreria 

alata, Borreria scaberrima bold, Spermacoce latifolia Aubl, are synonyms for Borreria 

latifolia.  

In the present study, addition of Borreria latifolia and Rosmarinus officinalis as feed 

additives was to improve meat quality and evaluating the performance at finishing stage of 

village chicken. However, there is a dearth of information and published scientific data on 

the effects of Borreria latifolia as feed supplementation for growth performance and meat 

quality in chicken diets. Therefore, the present study was carried out to determine the effect 

of adding Borreria latifolia to the finisher diets on growth performances, carcass 

characteristics and meat quality. Hence, this study is aimed at achieving these objectives: 

1. To determine the capability of Borreria latifolia as a natural antioxidant. 

2. To examine the impact of feeding Borreria latifolia on the performance of 

village chicken. 

3. To evaluate the effect of feeding Borreria latifolia on chicken meat 

parameters. 

 

 

 

 



© C
OPYRIG

HT U
PM

66 
 

8 REFERENCES 

Aberra, M., Tegene, N., (2011). Phenotypic and morphological characterization of 

indigenous chicken populations in southern region of Ethiopia. Animal 

Genetic Resources, 49, 19–31. 

Acamovic T. and Brooker J.D. (2005). Biochemistry of plant secondary metabolites 

and their effects in animals. Proceedings of the Nutrition Society, 64(3), 

p.403. 

Ahmad R, Ali A.M., Israf D.A., Ismail N.H., Shaari K. and Lajis N.H. (2005). 

Antioxidant, radical-scavenging, anti-inflammatory, cytotoxic and 

antibacterial activities of methanolic extracts of some Hedyotis species. Life 

Science, 76: 1953-1964. 

Ahn, D.U., Wolfe, F.H. and im, J. (1995). Dietary α‐Linolenic Acid and Mixed 

Tocopherols, and Packaging Influences on Lipid Stability in Broiler Chicken 

Breast and Leg Muscle. Journal of Food Science, 60(5), pp.1013-1018. 

Aji, S.B., Ignatuius, K., Ado, A.Y., Nuhu, J.B. and Abdulkarim, A. (2011). Effect of 

feeding onion (Allium cepa) and garlic (Allium sativum) on some 

performance characteristics of broiler chickens. Research Journal of Poultry 

Science, 4: 22-27. 

Alçiçek, A, Bozkurt, M. and Çabuk, M. (2003). The effects of an essential oil 

combination derived from selected herbs growing wild in Turkey on broiler 

performance. South African Journal of Animal Science, 33: 89–94. 

Alçiçek, A., Bozkurt, M. and Çabuk, M. (2004). The effect of a mixture of herbal 

essential oils, an organic acid or a probiotic on broiler performance. South 

African Society for Animal Science. 34 (4). pp: 217-222 

Al-Harthi, M.A. (2002). Performance and carcass characteristics of broiler chicks as 

affected by different dietary types and levels of herbs and spices as non 

classical growth promoters. Egypt. Poult. Sci, 22(1), pp.325-343. 

Al-Kassie, G.A.M. (2009). Influence of two plant extracts derived from thyme and 

cinnamon on broiler performance. Pakistan Veterinary Journal, 29: 1-5. 

Allen, C.D., Fletcher, D.L., Northcutt, J.K. and Russell, S.M. (1998). The 

relationship of broiler breast color to meat quality and shelf-life. Poultry 

Science, 77(2), pp.361-366. 

Allen, C.D., Russell, S.M., and Fletcher, D.L. (1997). The relationship of broiler 

breast meat color and pH to shelf life and odor development. Poultry Science, 

76:1042–1046 

Allinson, I.B., Ekunseitan, D.A., Ayoola, A.A., Ogunade, I.M., and Njoku, C.P. 

(2013). Effect of herbal supplement on growth response and faecal egg 

counts of cockerels. Online Journal of Animal Feed Research, 3: 68-73. 

Altinier, G., Sosa, S., Aquino, R.P., Mencherini, T., Loggia, R.D. and Tubaro, A. 

(2007). Characterization of topical anti-inflammatory compounds in 

Rosmarinus officinalis L. Journal of Agricultural and Food Chemistry, 

55(5), pp.1718-1723. 



© C
OPYRIG

HT U
PM

67 
 

Alvarado, C.Z., and Sams, A.R. (2004). Early postmortem injection and tumble 

marination effects on broiler breast meat tenderness. Poultry Science, 83(6), 

1035–1038. 

AMSA. 2012. AMSA Meat Color Measurement Guidelines. American Meat Science 

Association, Illinois, USA. 

AOAC. (1984). Official Methods of Analysis, 14th edn. Association of Official 

Analytical Chemists, Arlington, VA. 

Ayeleso, A.O., Oguntibeju, O.O. and Brooks, N.L. (2014). In Vitro Study on the 

Antioxidant Potentials of the Leaves and Fruits of Nauclea latifolia. The 

Scientific World Journal, 2014. 

Bakhiet, A.O. and Adam, S.E.I. (1995). Therapeutic Utility, Constituents and 

Toxicity of Some Medicinal Plants: A Review. Veterinary Human Toxicol, 

37: 255-258. 

Bampidis, V.A., Christodoulou, V., Florou-Paneri, P., Christaki, E., Chatzopoulou, 

P.S., Tsiligianni, T. and Spais, A.B. (2005). Effect of dietary dried oregano 

leaves on growth performance, carcase characteristics and serum cholesterol 

of female early maturing turkeys. British Poultry Science, 46, 595–601. 

Basmacıoğlu, H., okuşoğlu, Ö. and Ergül, M. (2004)." The effect of oregano and 

rosemary essential oils or alpha-tocopheryl acetate on performance and lipid 

oxidation of meat enriched with n- PUFA‘s in broilers." South African 

Journal of Animal Science, 34.3: 197. 

Battula, V., Schilling, M.W., Vizzier-Thaxton, Y., Behrends, J.M., Williams, J.B. 

and Schmidt, T.B. (2008). The effects of low-atmosphere stunning and 

deboning time on broiler breast meat quality. Poultry Science, 87:1202-1210. 

Bendall, J.R. (1975). "Cold‐contracture and atp‐turnover in the red and white 

musculature of the pig, post mortem." Journal of the Science of Food and 

Agriculture, 26. (1) 55-71. 

Benkeblia, N. (2004). Antimicrobial activity of essential oil extracts of various 

onions (Allium cepa) and garlic (Allium sativum). LWT-Food Science and 

Technology, 37: 263–268. 

Biswas, A.H. and Wakita, M. (2001). Effect of Dietary Japanese Green Tea Powder 

Supplementation on Feed Utilization and Carcass Profiles in Broilers. 

Journal of Poultry Science, 38(1), pp.50-57. 

Bogosavljević-Bošković, Pavlovski, Z., Petrović, M.D., Dosković, V. and Rakonjac, 

S. (2015). Broiler meat quality: Proteins and lipids of muscle tissue. African 

Journal of Biotechnology, 9(54), pp.9177-9182. 

Bölükbaşi, Ş.C., Erhan, M.K. and Özkan, A. (2006). "Effect of dietary thyme oil and 

vitamin E on growth, lipid oxidation, meat fatty acid composition and serum 

lipoproteins of broilers." South African Journal of Animal Science, 36.(3) 

189-196. 

Botsoglou, E., Govaris, A., Fletouris, D. and Iliadis, S. (2013). Olive leaves (Olea 

europea L.) and α‐tocopheryl acetate as feed antioxidants for improving the 

oxidative stability of α‐linolenic acid‐enriched eggs. Journal of animal 

physiology and animal nutrition, 97(4), pp.740-753. 



© C
OPYRIG

HT U
PM

68 
 

Botsoglou, N., Florou-Paneri, E. Botsoglou, P., Dotas, V., Giannenas, I., Koidis, A. 

and Mitrakos, P. (2005). The effect of feeding rosemary, oregano, saffron 

and α-tocopheryl acetate on hen performance and oxidative stability of eggs. 

South African Journal of Animal Science, 35: 143-151. 

Botsoglou, N.A.P. Florou-Paneri, E. Christaki, D.J. Fletouris and A.B. Spais, (2002). 

Effect of dietary oregano essential oil on performance of chickens and on 

iron-induced lipid oxidation of breast, thigh and abdominal fat tissues. British 

Poultry Science, 43: 223-230. 

Botsoglou, N.A., Christaki, E., Fletouris, D.J., Florou-Paneri, P. and Spais A.B. 

(2002). The effect of dietary oregano essential oil on lipid oxidation in raw 

and cooked chicken during refrigerated storage. Meat Science, 62:259–265. 

Bragagnolo, N. (2001), December. Aspectos comparativos entre carnes segundo a 

composição de ácidos graxos e teor de colesterol. In Conferência 

Internacional Virtual sobre Qualidade de Carne Suína (Vol. 2, pp. 393-402). 

Concórdia: Embrapa Suínos e Aves. 

Bravo, L. (1998). Polyphenols: chemistry, dietary sources, metabolism, and 

nutritional significance.Nutrition Reviews, 56, 317–333. 

Brenes, A., Viveros, A., Goñi, I., Centeno, C., Saura-Calixto, F. and Arija, I. (2010). 

Effect of grape seed extract on growth performance, protein and polyphenol 

digestibilities, and antioxidant activity in chickens. Spanish Journal of 

Agricultural Research, 8(2), pp.326-335. 

Byarugaba, D. (2007). "The structure and importance of the commercial and village 

based poultry systems in Uganda." Kampala, FAO. (Consultancy report). 

Available at: apfuganda. ning. Com /forum/attachment/download. 

Cabuk, M., Bozkurt, M., Alcicek, A., Akbaþ, Y. and Küçükyýlmaz, K. (2006). 

Effect of a herbal essential oil mixture on growth and internal organ weight 

of broilers from young and old breeder flocks. South African Journal of 

Animal Science, 36(2), pp.135-141. 

Campo, J.D. and Amiot, M.J. (2000). Antimicrobial effect of rosemary extracts. 

Journal of Food Protection®, 63(10), pp.1359-1368. 

Candan, F., Unlu, M., Tepe, B., Daferera, D., Polissiou, M., Sokmen, A. and 

Akpulat, A. (2003). Antioxidant and antimicrobial activity of the essential oil 

and methanol extracts of Achillea milllefolium subsp. millefolium Afan. 

(Asteraceae). Journal of Ethnopharmacology, 87: 215–220. 

Cañeque V. La canal de cordeiro. (1989). In: Producción de Carne de Cordeiro. 

(1989). México, MEX. México. 367-436. 

Cavitt, L.C., Meullenet, J.F., Gandhapuneni, R.K., Youm, G.W. and Owens, C.M. 

(2005). Rigor development and meat quality of large and small broilers and 

the use of Allo-Kramer shear, needle puncture, and razor blade shear to 

measure texture. Poultry Science, 84(1), pp.113-118. 

Chen, A., Xu, J., Yang, C. and Hong, Q. (2009). Effects of cinnamon extracts on 

growth performance and excreta urease activity and nitrogen loss in broilers. 

In Livestock Environment VIII, 31 August–4 September 2008, Iguassu Falls, 

Brazil (p. 46). American Society of Agricultural and Biological Engineers. 



© C
OPYRIG

HT U
PM

69 
 

Chen, X.D., Ma, Q.G., Tang, M.Y. and Ji, C. (2007). Development of breast muscle 

and meat quality in Arbor Acres broilers, Jingxing 100 crossbred chickens 

and Beijing fatty chickens. Meat science, 77(2), pp.220-227. 

Chen, Y.J., Kim, I.H., Cho, J.H., Yoo, J.S., Wang, Q., Wang, Y. and Huang, Y. 

(2008). Evaluation of dietary L-carnitine or garlic powder on growth 

performance, dry matter and nitrogen digestibilities, blood profiles and meat 

quality in finishing pigs. Animal feed science and technology, 141(1), 

pp.141-152. 

Choudhury, K.D., Choudhury, M.D. and Baruah, M. (2012). Antibacterial activity of 

some plants belonging to the family Rubiaceae: a review. World Journal of 

Pharmacy and Pharmaceutical Sciences, 1(3), pp.1170-1192. 

Chouliara, E., Karatapanis, A., Savvaidis, I.N. and Kontominas, M.G. (2007). 

Combined effect of oregano essential oil and modified atmosphere packaging 

on shelf-life extension of fresh chicken breast meat, stored at 4 C. Food 

Microbiology, 24(6), pp.607-617. 

Christaki, E. (2012). Naturally derived antioxidants in poultry nutrition. Research 

Journal of Biotechnology, 7(3). 

Coleman, R.A., and Korver, D.R. (2004). "Amino acid requirements of broilers: 

relationships with growth and meat quality." Proceedings of the 16th 

Australian Poultry Science Symposium, Sydney, New South Wales, 

Australia, 9-11 February. Poultry Research Foundation. 

Conserva, L.M. and Jesu Costa Ferreira, J. (2012). Borreria and Spermacoce species 

(Rubiaceae): A review of their ethnomedicinal properties, chemical 

constituents, and biological activities.Pharmacognosy reviews, 6(11), p.46. 

Corzo, A., Schilling, M.W., Loar, R.E., Jackson, V., Kin, S. and Radhakrishnan, V. 

(2009). The effects of feeding distillers dried grains with solubles on broiler 

meat quality. Poultry Science, 88(2), pp.432-439. 

Cosgrove, J.P., Church, D.F., and Pryor, W.A. (1987). The kinetics of the 

autoxidation of polyunsaturated fatty-acids. Lipids, 22, 299–304. 

Couladis, M., Tzakou, O., Verykokidou, E. and Harvala, C. (2003). Screening of 

some Greek aromatic plants for antioxidant activity. Phytotherapy research, 

17(2), pp.194-195. 

Cross D.E., Acamovic T., Deans S.G., Cdevitt R.M. (2002). The effects of dietary 

inclusion of herbs and their volatile oils on the performance of growing 

chickens. British Poultry Science, 43, S33–S35. 

Cross D.E., McDevitt R.M., Hillman K., Acamovic T., (2007). The effect of herbs 

and their associated essential oils on performance, dietary digestibility and 

gut microflora in chickens from 7 to 28 days of age. British Poultry Science, 

48, 496–506. 

Cuppett, Susan L., and Clifford A. Hall. (1998). "Antioxidant activity of the 

Labiatae." Advances in food and nutrition research 42: 245-272. 

De Marchi, M., Cassandro, M., Lunardi, E., Baldan, G. and Siegel, P.B. (2005). 

Carcass characteristics and qualitative meat traits of the Padovana breed of 

chicken. International Journal of Poultry Science, 4(4), pp.233-238. 



© C
OPYRIG

HT U
PM

70 
 

Debersac, P., Vernevaut, M.F., Amiot, M.J., Suschetet, M. and Siess, M.H. (2001). 

Effects of a water-soluble extract of rosemary and its purified component 

rosmarinic acid on xenobiotic-metabolizing enzymes in rat liver. Food and 

Chemical Toxicology, 39(2), pp.109-117. 

Demir E., Sarica S., Ozcan M.A., Suicmez M. (2003). The use of natural feed 

additives as alternatives for an Antibiotic growth promoter in broiler diets. 

British Poultry Science, 44, S44–S45. 

Denbow, M. D. (2003). Factors Affecting Meat Quality. 

http://www.poultryscience.org/pba/1952-2003/2000/2000%20 Denbow.pdf. 

Accessed on February 7th, 2010. 

Denli, M., Okan, F. and Uluocak, A.N.  (2004). "Effect of dietary supplementation 

of herb essential oils on the growth performance, carcass and intestinal 

characteristics of quail (Coturnix coturnix japonica)." South African Journal 

of Animal Science 34: 174-179. 

Descalzo, A.M., Insani, E.M., Biolatto, A., Sancho, A.M., Garcia, P.T., Pensel, N.A. 

and Josifovich, J.A. (2005). Influence of pasture or grain-based diets 

supplemented with vitamin E on antioxidant/oxidative balance of Argentine 

beef. Meat Science, 70(1), pp.35-44. 

Dickens, J.A. and Lyon, C.E. (1995). The effects of electric stimulation and 

extended chilling times on the biochemical reactions and texture of cooked 

broiler breast meat. Poultry Science, 74(12), pp.2035-2040. 

Doley, S., Gupta, J.J. and Reddy, P.B. (2009). Effect of supplementation of ginger, 

garlic and turmeric in broiler chicken. Indian Veterinary Journal, 86(6), 

pp.644-645. 

Dorman, H.J.D., Deans, S.G., Noble, R.C., Surai, P. (1995). Evaluation in vitro of 

plant essential oils as natural antioxidants. Journal Essential Oil Research, 7, 

645–.651. 

Dransfield, E. and Sosnicki, A. A. (1999). Relationship between muscle growth and 

poultry meat quality. Poultry Science, 78(5), pp.743-746. 

Durrani, F.R., Ismail, M., Sultan, A., Suhail, S.M., Chand, N. and Durrani, Z. 

(2006). Effect of different levels of feed added turmeric (Curcuma longa) on 

the performance of broiler chicks. Journal of Agricultural and Biological 

Science, 1(2), pp.9-11. 

Ebrahimi, M., Rajion, M.A., Goh, Y.M. and Sazili, A.Q. (2012). Impact of different 

inclusion levels of oil palm (Elaeis guineensis Jacq.) fronds on fatty acid 

profiles of goat muscles. Journal of Animal Physiology and Animal Nutrition, 

96(6), pp.962-969. 

Edwards, H.M. and Denman, F. (1975). Carcass composition studies 2. Influences of 

breed, sex and diet on gross composition of the carcass and fatty acid 

composition of the adipose tissue. Poultry Science, 54(4), pp.1230-1238. 

El-Deek, A.A., Attia, Y.A., Maysa, M., Hannfy, M. (2002). Effect of anise 

(Pimpinella anisum), ginger (Zingiber officinale Roscoe) and fennel 

(Foeniculum vulgare) and their mixture on performance of broilers Archiv 

für Geflügelkunde, 67(2), pp.92-96. 

http://www.poultryscience.org/pba/1952-2003/2000/2000


© C
OPYRIG

HT U
PM

71 
 

Engberg, R.M., Jensen, B.B. and Hojberg, O., (2007), August. Plant of the 

Juglandaceae family as alternative to antibiotic growth promoters in broiler 

production. In 16th European Symposium on Poultry Nutrition, Strasbourg, 

France. 

Engku Azahan, E.A., Yeong, S.W. and Noraziah, M. (1990), October. Intensive 

rearing of kampung chickens for meat production. In Proc. 2nd Conf. 

Veterinary Assoc. Malaysia (pp. 6-10). 

Fadlalla, I.M.T., Mohammed, B.H. and Bakhiet, A.O. (2010). Effect of feeding  

garlic on the performance and immunity of broilers. Asian Journal of Poultry 

Science, 4(4), pp.182-189. 

Falowo, A.B., Fayemi, P.O. and Muchenje, V. (2014). Natural antioxidants against 

lipid–protein oxidative deterioration in meat and meat products: A review. 

Food Research International, 64, pp.171-181. 

Fellenberg, M.A. and Speisky, H. (2006). Antioxidants: their effects on broiler 

oxidative stress and its meat oxidative stability. World's Poultry Science 

Journal, 62(01), pp.53-70. 

Fletcher, D.L. (1992). Methodology for achieving pigment specifications. Poultry 

science, 71(4), pp.733-743. 

Fletcher, D.L. (2002). Poultry meat quality. World's Poultry Science Journal, 58 

(02), pp.131-145. 

Fletcher, D.L. (1999). Broiler breast meat color variation, pH, and texture. Poultry 

Science, 78:1323-1327. 

Florou-Paneri, P., Giannenas, I., Christaki, E., Govaris, A. and Botsoglou, N.  

(2006). Performance of chickens and oxidative stability of the produced meat 

as affected by feed supplementation with oregano, vitamin C, vitamin E and 

their combinations. Archiv fur Geflugelkunde, 70(5), pp.232-239. 

Folch, J., Lees, M. and Sloane-Stanley, G.H. (1957). A simple method for the 

isolation and purification of total lipids from animal tissues. The Journal 

Biological chemistry, 226(1), pp.497-509. 

Freitas, R.D., Fonseca, J.B., Soares, R.D.T.R.N., Rostagno, H.S. and Soares, P.R. 

(2001). Utilization of garlic (Allium sativum L.) as growth promoter of 

broilers. Revista Brasileira de Zootecnia, 30(3), pp.761-765. 

Froning, G.W. (1995). Color of poultry meat. Poultry and avian biology reviews. 

Ghazalah, A.A. and Ali, A.M. (2008). Rosemary leaves as a dietary supplement for 

growth in broiler chickens. International Journal of Poultry Science, 7(3), 

pp.234-239. 

Gill, C. (2000). Botanical feed additives. Feed. Int, 21, pp.14-17. 

Gollnisch, K., Halle, I., Schubert, R., Flachowsky, G., Jahreis, G. and Bitsch, R. 

(2001). Effects of essential oils and herbs in animal nutrition. In Vitamine 

und Zusatzstoffe in der Ernährung von Mensch und Tier. 8. Symposium, 

26.and 27. September, 2001, Jena/Thüringen, Germany. (pp. 197-204). 

Friedrich-Schiller-Universität. 

 



© C
OPYRIG

HT U
PM

72 
 

Gopi, M., Karthik, K., Manjunathachar, H.V., Tamilmahan, P., Kesavan, M., 

Dashprakash, M., Balaraju, B.L. and Purushothaman, M.R., (2014). Essential 

oils as a feed additive in poultry nutrition. Advances in Animal and 

Veterinary Science, 2(1), pp.1-7. 

Govaris, A., Botsoglou, E., Florou-Paneri, P., Moulas, A. and Papageorgiou, G. 

(2005). Dietary supplementation of oregano essential oil and-tocopheryl 

acetate on microbial growth and lipid oxidation of turkey breast fillets during 

storage. International Journal of Poultry Science, 4(12), pp.969-975. 

Govaris, A., Botsoglou, E., Moulas, A. and Botsoglou, N. (2010). Effect of dietary   

olive leaves and rosemary on microbial growth and lipid oxidation of turkey 

breast during refrigerated storage. South African Journal of Animal Science 

40: 145-155. 

Gray, J.I., Gomaa, E.A. and Buckley, D.J. (1996). Oxidative quality and shelf life of 

meats. Meat science, 43, pp.111-123. 

Grela, E.R. (2000). Influence of herb supplements in pig feeding on carcass traits 

and some organoleptic and chemical parameters of meat. Roczniki Naukowe 

Zootechniki, (Supplement z. 6), pp.167-171. 

Griggs, J.P. and Jacob, J.P. (2005). Alternatives to antibiotics for organic poultry 

production. The Journal of Applied Poultry Research, 14(4), pp.750-756. 

Groom, G.M. (1990). Factors affecting poultry meat quality. L’Aviculture en 

Méditerranée. Opt Mediterr Ser A, 7, pp.205-210. 

Guo, F., wakkel R.P.K. and Verstegen, M.W.A. (2000). The use of Chinese herbs as 

alternative for growth promoters in broiler diets. Proc. of XII World‘s 

Poultry. Cong., 20-24 Aug., 2000, Montreal, Canada. 

Halima, H., Neser, F.W.C., van Marle-Koster, E. and de Kock, A. (2007). 

Phenotypic variation of native chicken populations in northwest 

Ethiopia.Tropical animal health and production, 39(7), pp.507-513. 

Hascik, P., Elimam, I.O.E., Garlik, J., Kacaniova, M., Cubon, J., Bobko, M., 

Vavrisinova, K. and Arpasova, H. (2013). The effect of bee pollen as dietary 

supplement on meat chemical composition for broiler Ross 308. Acta 

Universitatis Agriculturae et Silviculturae Mendelianae Brunensis (Czech 

Republic). 

Hassan W.A. and Adamu U.A. (1997). Pigeon genetic resources in semi-arid zone of 

Nigeria: Initial results from characterization studies. Paper submitted at 

INFPD Workshop and General Meeting, 9-13 December 1997, M‘Bour, 

Senegal. 

Havenstein, G.B., Ferket, P.R. and Qureshi, M.A. (2003). Carcass composition and 

yield of 1957 versus 2001 broilers when fed representative 1957 and 2001 

broiler diets. Poultry Science, 82(10), pp.1509-1518. 

Heim, K.E., Tagliaferro, A.R. and Bobilya, D.J. (2002). Flavonoid antioxidants: 

chemistry, metabolism and structure-activity relationships. The Journal of 

Nutritional Biochemistry, 13(10), pp.572-584. 

 



© C
OPYRIG

HT U
PM

73 
 

Hernandez, F., Madrid, J., Garcia, V., Orengo, J. and Megias, M.D. (2004).  

Influence of two plant extracts on broilers performance, digestibility, and 

digestive organ size. Poultry Science, 83(2), pp.169-174. 

Hertrampf J.W. (2001). Alternative antibacterial performance promoters. Poultry 

International, 40:50–52. 

Ho, C.T., Wang, M., Wei, G.J., Huang, T.C. and Huang, M.T. (2000). Chemistry and 

antioxidative factors in rosemary and sage. Biofactors, 13(1‐4), pp.161- 166. 

Holcman A., Vadnjal R., Žlender B., tibilj V. (2003): Chemical composition of 

chicken meat from free range and extensive indoor rearing. Arch. Geflügelk., 

67, 120–124]. 

Honikel, K.O. (1998). Reference methods for the assessment of physical 

characteristics of meat. Meat Science, 49(4), 447-457. 

Huff, E.J. and Parrish, F.C. (1993). Bovine longissimus muscle tenderness as 

affected by postmortem aging time, animal age and sex. Journal of Food 

Science, 58(4), pp.713-716. 

Hughes, R.J., Brooker, J.D. and Smyl, C. (2005). Growth rate of broiler chickens 

given condensed tannins extracted from grape seed. In Australian Poultry 

Science Symposium (Vol. 17, pp. 65-68). 

Hunt, M.C. (1980). Meat color measurements. Meat Conference of the American 

Meat Science Assoc. Purdue University, Lafayette, Ind. 41-46. 

Igene, J.0. and Pearson, A.M. (1979). Journal of Food Science, 44, 1285. 

Isidahomen, C.E., Ilori B.M. and Akano, K. (2012). Genetic and Sex 

Differences in 

Carcass Traits of Nigerian Indigenous Chickens. Journal of Animal Science 

Advances. 2: 637-648. 

Ismail, N.H., Ali, A.M., Aimi, N., Kitajima, M., Takayama, H. and Lajis, N.H. 

(1997). Anthraquinones from Morinda elliptica. Phytochemistry, 45(8), 

pp.1723-1725. 

Jamroz D, Kamel C. Wiliczkiewicz A. Wertelecki T. Orda J. and Skorupinska J. 

(2005). Use of active substances of plant origin in chicken diets based on 

maize and locally grown cereals. British Poultry Science, 46: 485–493. 

Jang, A., Liu, X.D., Shin, M.H., Lee, B.D., Lee, S.K., Lee, J.H. and Jo, C. (2008). 

Antioxidative potential of raw breast meat from broiler chicks fed a dietary 

medicinal herb extract mix. Poultry Science, 87(11), pp.2382-2389. 

Janz, J.A.M., Morel, P.C.H., Wilkinson, B.H.P. and Purchas, R.W. (2007). 

Preliminary investigation of the effects of low-level dietary inclusion of 

fragrant essential oils and oleoresins on pig performance and pork quality. 

Meat Science, 75(2), pp.350-355. 

Jaturasitha, S., Srikanchai, T., Kreuzer, M. and Wicke, M. (2008). Differences in 

carcass and meat characteristics between chicken indigenous to northern 

Thailand (Black-boned and Thai native) and imported extensive breeds 

(Bresse and Rhode Island Red). Poultry Science, 87(1), pp.160-169. 

 



© C
OPYRIG

HT U
PM

74 
 

Jensen, C., Skibsted, L.H. and Bertelsen, G. (1998). Oxidative stability of frozen- 

stored raw pork chops, chill-stored pre-frozen raw pork chops, and frozen- 

stored pre-cooked sausages in relation to dietary CuSO4, rapeseed oil and 

Vitamin E. Zeitschrift für Lebensmitteluntersuchungund-ForschungA, 207 (5), pp. 

363-368. 

Jensen, C., Skibsted, L.H., Jakobsen, K. and Bertelsen, G. (1995). Supplementation 

of broiler diets with all-rac-alpha-or a mixture of natural source RRR-alpha-, 

gamma-, delta-tocopheryl acetate. 2. Effect on the oxidative stability of raw 

and precooked broiler meat products. Poultry Science, 74(12), pp.2048-2056. 

Kähkönen, M.P., Hopia, A.I., Vuorela, H.J., Rauha, J.P., Pihlaja, K., Kujala, T.S. 

and Heinonen, M. (1999). Antioxidant activity of plant extracts containing 

phenolic compounds. Journal of Agricultural and Food Chemistry, 47(10), 

pp.3954-3962. 

Kannan, G., Kouakou, B. and Gelaye, S. (2001). Color changes reflecting myoglobin 

and lipid oxidation in chevon cuts during refrigerated display. Small 

Ruminant Research, 42(1), pp.67-74. 

Kanner, J. (1994). Oxidative processes in meat and meat products: quality 

implications. Meat Science, 36(1), pp.169-189. 

Karpinska, M., Borowski, J. and Danowska‐Oziewicz, M. (2000). Antioxidative 

activity of rosemary extract in lipid fraction of minced meat balls during 

storage in a freezer. Food/Nahrung, 44(1), pp.38-41. 

Kelly-Pieper, K., Patil, S.P., Busse, P., Yang, N., Sampson, H., Li, X.M., 

Wisnivesky, J.P. and Kattan, M. (2009). Safety and Tolerability of an 

Antiasthma Herbal Formula (A HMI™) in adult subjects with asthma: a 

randomized, double-blinded, placebo-controlled, dose-escalation Phase I 

study. The Journal of Alternative and Complementary Medicine, 15(7), 

pp.735-743. 

Kgwatalala, P.M., Bolowe, A.M., Thutwa, K. and Nsoso, S.J. (2013). Carcass traits 

of the naked-neck, dwarf and normal strains of indigenous Tswana chickens 

under an intensive management system. Breast, 62, pp.0-91. 

Khan, R.U., Nikousefat, Z., Tufarelli, V., Naz, S., Javdani, M. and Laudadio, V. 

(2012). Garlic (Allium sativum) supplementation in poultry diets: effect on 

production and physiology. World's Poultry Science Journal, 68(03), pp.417- 

424. 

Kidd, M.T., Corzo, A., Hoehler, D., Miller, E.R. and Dozier, W.A. (2005). Broiler 

responsiveness (Ross x 708) to diets varying in amino acid density. Poultry 

Science, 84(9), pp.1389-1396. 

Kim, Y.J., Jin, S.K. and Yang, H.S. (2009). Effect of dietary garlic bulb and husk on 

the physicochemical properties of chicken meat. Poultry Science, 88(2), 

pp.398-405. 

Kołodziej-Skalska, A., Rybarczyk, A., Matysiak, B., Jacyno, E., Pietruszka, A., and 

Kawęcka, M. (2011). Effect of dietary plant extracts mixture on pork meat 

quality. Acta Agriculturae Scandinavica, Section A—Animal Science, 6, 80– 

85. 



© C
OPYRIG

HT U
PM

75 
 

Kotula, K.L. and Wang, Y. (1994). Characterization of broiler meat quality factors 

as influence by feed withdrawal time. The Journal of Applied Poultry 

Research, 3(2), pp.103-110. 

Kumar, M., Choudhary, R.S. and Vaishnav, J.K. (2005). Effect of supplemental 

prebiotic, probiotic and turmeric in diet on the performance of broiler chicks 

during summer. Indian Journal of Poultry Science, 40(2), pp.137-141. 

Kwiecien, M. and Mieczan, W. (2009). Effect of addition of herbs on body weight 

and assessment of physical and chemical alterations in the tibia bones of 

broiler chickens. Journal of Elementology. 14, 705-715. 

Langhout, P. (2000). New additives for broiler chickens. World Poultry-Elsevier, 

16(3), 22-27. 

Lawrie, R. A. (2005). Ciência da Carne. 6 ed. Porto Alegre: Artmed, 384 p. 

Le Bihan-Duval, E., Millet, N. and Remignon, H. (1999). Broiler meat quality:  

effect of selection for increased carcass quality and estimates of genetic 

parameters. Poultry Science, 78(6), pp.822-826. 

Ledward, D.A. (1985). Post-slaughter influences on the formation of metyyoglobin 

in beef muscles. Meat Science, 15(3), 149-171. 

Lee K.W., Everts, H., Kappert, H.J., Frehner, M., Losa, R., Beynen, A.C. (2003). 

Effects of dietary essential oil components on growth performance, digestive 

enzymes and lipid metabolism in female broiler chickens. British Poultry 

Science, 44, 450–457. 

Lee, W.K., Everts, H. and Beynen, A.C. (2004). Essential oils in broiler nutrition. 

Internatinal Journal of Poultry Science, 3:738–752. 

Lestingi, A., Laudadio, V., Marsico, G., Caroli, A. and Vicenti, A. (2004). Effects of 

dietary safflower oil on growth performance, carcass characteristics and meat 

chemical and  fatty  acid  composition  of  wild  duck  (Anas 

platyrhynchos).Journal of Food, Agriculture and Environment, 2, pp.47-50. 

Li, T.S. (1993), July. Evaluation of chemical and non-chemical treatments for the 

control of ginseng replant disease. In III International Symposium on Replant 

Problems, 363 (pp. 141-146). 

Liu, Y., Lyon, B.G., Windham, W.R., Lyon, C.E. and Savage, E.M. (2004). 

Principal component analysis of physical, color, and sensory characteristics 

of chicken breasts deboned at two, four, six, and twenty-four hours 

postmortem. Poultry Science, 83(1), pp.101-108. 

Lo, A.H., Liang, Y.C., Lin-Shiau, S.Y., Ho, C.T. and Lin, J.K. (2002). Carnosol, an 

antioxidant in rosemary, suppresses inducible nitric oxide synthase through 

down-regulating nuclear factor-κB in mouse macrophages. Carcinogenesis, 

23(6), pp.983-991. 

Lonergan, S.M., Deeb, N., Fedler, C.A. and Lamont, S.J. (2003). Breast meat quality 

and composition in unique chicken populations. Poultry Science, 82(12), 

pp.1990-1994. 

López, K.P., Schilling, M.W. and Corzo, A. (2011). Broiler genetic strain and sex 

effects on meat characteristics. Poultry Science, 90(5), pp.1105-1111. 



© C
OPYRIG

HT U
PM

76 
 

Lopez-Bote, C.J., Gray, J.I., Gomaa, E.A. and Flegal, C.J. (1998). Effect of dietary 

administration of oil extracts from rosemary and sage on lipid oxidation in 

broiler meat. British Poultry Science, 39(2), pp.235-240. 

Lovland, A. and Kaldhusdal, M., (2001). Severely impaired production performance 

in broiler flocks with high incidence of Clostridium perfringens-associated 

hepatitis. Avian Pathology, 30(1), pp.73-81. 

Luna, A., Labaque, M.C., Zygadlo, J.A. and Marin, R.H. (2010). Effects of thymol 

and carvacrol feed supplementation on lipid oxidation in broiler meat. 

Poultry Science, 89(2), pp.366-370. 

Lyon, C.E. and Wilson, R.L. (1986). Effects of sex, rigor condition, and heating 

method on yield and objective texture of broiler breast meat. Poultry Science, 

65(5), pp.907-914. 

Lyon, C.E., Lyon, B.G., Papa, C.M. and Robach, M.C. (1992). Broiler tenderness: 

Effects of postchill deboning time and fillet holding time. The Journal of 

Applied Poultry Research, 1(1), pp.27-32. 

Lyon, C.E., Hamm, D., Hudspeth, J.P. and Benoff, F.H. (1983), January. Effects of 

age and sex of the bird on thaw and cook losses and texture of broiler breast 

meat. In poultry science (Vol. 62, No. 7, pp. 1459-1459). 1111 NORTH 

DUNLAP AVE, SAVOY, IL 61874: Poultry Science Assoc Inc. 

Madavi, D.L. and Salunkhe, D.K. (1995).Toxicologicalaspectsoffood antioxidants. 

In D. L. Madavi, S. S. Deshpande, & D. K. Salunkhe, Food antioxidants (pp. 

267). New York: Marcel Dekker Inc 

Mahan, L.K. and Escott-Stump, S. (2005). Krause, alimentos, nutrição and 

dietoterapia. Editora Roca. 

Mahmoud, El-Sayed, R., Ibrahim, Doaa. and Badawi, El-Sayed, M. (2013). Efect of 

supplementation of broiler diet with guava leaves and /or oliveoil on growth, 

meat composition, blood metabolites and immune response. Benha 

Veterinary Medical Jornal. Vol.25, No. 2:23-32. 

Maki, A.A. and Froning, G.W. (1987). Effect on the quality characteristics of turkey 

breast muscle of tumbling whole carcasses in the presence of salt and 

phosphate. Poultry Science, 66(7), pp.1180-1183. 

Makkar, H.P., Blümmel, M., Borowy, N.K. and Becker, K. (1993). Gravimetric 

determination of tannins and their correlations with chemical and protein 

precipitation methods. Journal of the Science of Food and Agriculture, 61(2), 

pp.161-165. 

Manzanilla, E.G., Baucells, F., Kamel, C., Morales, J., Perez, J.F. and Gasa, J. 

(2001). Effects of Plant Extracts on the Performance and Lower Gut 

Microflora of Early Weaned Piglets. Journal of Animal Science, Suppl., 1: 

47. 

Mathis, G.F., Hofacre, C. and Scicutella, N. (2007). Performance improvement with 

a feed added coated blend of essential oils, a coated blend of organic and 

inorganic acids with essential oils, or virginiamycin in broilers challenged 

with Clostridium perfringens. In World Poultry Science Association, 

Proceedings of the 16th European Symposium on Poultry Nutrition, 



© C
OPYRIG

HT U
PM

77 
 

Strasbourg, France, 26-30 August, 2007. World's Poultry Science Association 

(WPSA). 

McKenna, D.R., Mies, P.D., Baird, B.E., Pfeiffer, K.D., Ellebracht, J.W. and Savell, 

J.W. (2005). Biochemical and physical factors affecting discoloration characteristics 

of 19 bovine muscles. Meat Science, 70(4), 665-682. 

McNeal, W.D., and Fletcher, D.L. (2003). Effects of high frequency electrical 

stunning and decapitation on early rigor development and meat quality of 

broiler breast meat. Poultry Science, 82:1352–1355. 

Mehaffey, J.M., Pradhan, S.P. Meullenet, J.F. Emmert, J.L. Mckee, S.R. and Owens, 

C.M. (2006). Meat quality evaluation of minimally aged broiler breast fillets from 

five commercial genetic strains. Poultry Science, 85:902–908. 

Meilgaard, M.C., Civille, G.V. and Carr, B.T. (2007). Introduction to sensory 

techniques. Sensory Evaluation Techniques, pp.1-5. 

Miguel, M.G. (2010). Antioxidant activity of medicinal and aromatic plants. A 

review. Flavour and Fragrance Journal, 25(5), pp.291-312. 

Mikulski, D., Jankowski, J., Zdunczyk, Z., Juskiewicz, J. and Slominski, B.A. 

(2012). The effect of different dietary levels of rapeseed meal on growth 

performance, carcass traits, and meat quality in turkeys. Poultry Science, 

91(1), pp.215-223. 

Min D.B., and Boff, J.M. (2003). Crude fat analysis. In: Nielsen SS, editor. Food 

analysis. 3rd ed. New York, New York: Kluwer Academic. P 113-129. 

Mirzaei-Aghsaghali, A. (2012). Importance of medical herbs in animal feeding: A 

review. Ann. Biol. Re, 3, pp.918-923. 

Missohou A, Sow R.S. and Ngwe-Assoumou C. (1997). Caractéristiques 

morphobiométriques de la poule du Sénégal. Paper presented at INFPD 

Workshop and General Meeting, 9- 13 December 1997, M‘Bour,   Senegal. 

Mottaghitalab, M. (2000). "Beneficial effects of garlic (Allium sativum) as a growth 

promoter for broilers and their economic performance." Proc. of XXI World’s 

Poult. Cong, 20-24. 

Musa, H.H., Chen, G.H., Cheng, J.H., Li, B.C. and Mekki, D.M. (2006). Study on 

carcass characteristics of chicken breeds raised under the intensive condition. 

International Journal of Poultry Science, 5(6), pp.530-533. 

Musa, H.H., Chen, G.H., Cheng, J.H., Shuiep, E.S. and Bao, W.B. (2006). Breed and 

sex effect on meat quality of chicken. International Journal of Poultry 

Science, 5(6), pp.566-568. 

Nakatani, N. (1994). Chemistry of antioxidants from Labiatae herbs. In ACS 

symposium series (USA).National Research Council, 1988. Designing Food- 

Animal product options in the market place. Existing technological options 

and future research needs. P.115. National Academy Press, Washington.D.C. 

Naveena, B.M. and Mendiratta, S.K. (2004). The tenderization of buffalo meat using 

ginger extract. Journal Muscle Foods, 15:235–239. 

Newman, K.E. and Devegowda, G. (1999). Merging modern agriculture with the 



© C
OPYRIG

HT U
PM

78 
 

herbal revolution: possibilities for livestock production, what we do and do 

not know. In Proc. of Alltech‘s 15th Annu. Symp, Biotechn. In the Feed 

Industry. Alltech Technical Publications, Nottingham University Press. 

Nicholasville, KY (pp. 301-306). 

Ngoka, D.A., Froning, G.W., Lowry, S.R. and Babji, A.S. (1982). Effects of sex, 

age, preslaughter factors, and holding conditions on the quality 

characteristics and chemical composition of turkey breast muscles. Poultry 

Science, 61(10), pp.1996-2003. 

Ngoupayou, J.D. (1990), October. Country report on small-holder rural poultry 

production in Cameroon. In CTA seminar proceedings (Vol. 2, pp. 39-47). 

Nielsen, S.E., Young, J.F., Daneshvar, B., Lauridsen, S.T., Knuthsen, P., Sandström, 

B. and Dragsted, L.O. (1999). Effect of parsley (Petroselinum crispum) intake on 

urinary apigenin excretion, blood antioxidant enzymes and biomarkers for 

oxidative stress in human subjects. British Journal of Nutrition, 81(06), 

pp.447-455. 

Nigussie, D. (2011). Breeding programs for indigenous chicken in Ethiopia, 

Analysis of diversity in production systems and chicken populations. PhD 

.Thesis submitted in fulfillment of the requirements for the degree of doctor at 

Wageningen University Netherlands, 148. 

Niu, Z., Shi, J., Liu, F., Wang, X., Gao, C. and Yao, L. (2009). Effects of dietary 

energy and protein on growth performance and carcass quality of broilers 

during starter phase. International Journal of Poultry Science, 8(5), pp.508- 

511. 

Nkukwana, T.T., Muchenje, V., Pieterse, E., Masika, P.J., Mabusela, T.P., Hoffman, 

L.C. and Dzama, K. (2014). Effect of Moringa oleifera leaf meal on growth 

performance, apparent digestibility, digestive organ size and carcass yield in 

broiler chickens. Livestock Science, 161, pp.139-146. 

Northcutt, J.K. (2009). Factors Affecting Poultry Meat Quality. University‘s Bulletin 

1157.http://pubs.caes.uga.edu/caespubs/pubcd/B1157/B1157.htm. Accessed 

on March 20th 2009. 

Northcutt, J.K., Buhr, R.J., Young, L.L., Lyon, C.E. and Ware, G.O. (2001). 

Influence of age and postchill carcass aging duration on chicken breast fillet 

quality. Poultry science, 80(6), pp.808-812. 

Nuernberg, K., Slamecka, J., Mojto, J., Gasparik, J. and Nuernberg, G. (2011). 

Muscle fat composition of pheasants (Phasianus colchicus), wild    ducks 

(Anas platyrhynchos) and black coots (Fulica atra). European Journal of Wildlife 

Research, 57(4), pp.795-803. 

Nyachoti, C.M., Atkinson, J.L. and Leeson, S. (1997). Sorghum tannins: a review. 

World's Poultry Science Journal, 53(01), pp.5-21. 

Ocak, N., Erener, G., Burak A.k.F., Sungu, M., Altop, A. and Ozmen, A. (2008). 

Performance of broilers fed diets supplemented with dry peppermint (Mentha 

piperita L.) or thyme (Thymus vulgaris L.) leaves as growth promoter 

source. Czech Journal of Animal Science, 53(4), p.169. 

http://pubs.caes.uga.edu/caespubs/pubcd/B1157/B1157.htm


© C
OPYRIG

HT U
PM

79 
 

O'neill, L.M., Galvin, K., Morrissey, P.A. and Buckley, D.J. (1998). Comparison of 

effects of dietary olive oil, tallow and vitamin E on the quality of broiler meat 

and meat products. British Poultry Science, 39(3), pp.365-371. 

Onibi, G.E., Adebisi, O.E., Fajemisin, A.N. and Adetunji, A.V. (2009). Response of 

broiler chickens in terms of performance and meat quality to garlic (Allium 

sativum) supplementation. African Journal of Agricultural Research, 4(5), 

pp.511-517. 

Pai, S.T. and Platt, M.W. (1995). Antifungal effects of Allium sativum (garlic) 

extract against the Aspergillus species involved in otomycosis. Letters in 

Applied Microbiology, 20(1), pp.14-18. 

Papa, C., LYON, C. and Wilson, R. (1992). Moisture retention and textural 

properties of ground chicken meat as affected by sodium tripolyphosphate, 

ionic strength and pH. Journal of Food Science, 57(6), pp.1291-1293. 

Papageorgiou, G., Botsoglou, N., Govaris, A., Giannenas, I., Iliadis, S. and 

Botsoglou, E. (2003). Effect of dietary oregano oil and α‐tocopheryl acetate 

supplementation on iron‐induced lipid oxidation of turkey breast, thigh, liver 

and heart tissues. Journal of Animal Physiology and Animal Nutrition, 87(9‐
10), pp.324-335. 

Parthasarathy, S., Bin Azizi, J., Ramanathan, S., Ismail, S., Sasidharan, S., Said, M. 

I. M. and Mansor, S. M. (2009). Evaluation of antioxidant and antibacterial 

activities of aqueous, methanolic and alkaloid extracts from Mitragyna 

speciosa (Rubiaceae family) leaves. Molecules, 14(10), pp.3964-3974. 

Paschma, J., and Wawrzynski, M. (2003). Effect of dietary herb supplement for pigs 

on growth parameters, slaughter traits and dietetic value of pork. Roczniki 

Naukowe Zootechniki, 30(1), 79–88. 

Peng, Y., Yuan, J., Liu, F., Ye, J. (2005). Determination of active components in 

rosemary by capillary electrophoresis with electrochemical detection. Journal 

of Pharmaceutical and Biomedical Analysis 39, 431–437 

Pilarski, R., Zieliński, H., Ciesiołka, D. and Gulewicz, K. (2006). Antioxidant 

activity of ethanolic and aqueous extracts of Uncaria tomentosa (Willd.) DC. 

Journal of Ethnopharmacology, 104(1), pp.18-23. 

Poole, G.H., Lyon, C. E., Buhr, R J., Young, L.L., Alley, A., Hess, J.B., Bilgili, S.F. 

and Northcutt, J.K. (1999). Evaluation of age, gender, strain, and diet on   the 

cooked yield and shear values of broiler breast fillets. The Journal of Applied 

Poultry Research, 8(2), pp.170-176. 

Proestos, C., Boziaris, I.S., Nychas, G.J. and Komaitis, M. (2006). Analysis of 

flavonoids and phenolic acids in Greek aromatic plants: Investigation of their 

antioxidant capacity and antimicrobial activity. Food Chemistry, 95(4), 

pp.664-671. 

Qiao, M., Fletcher, D.L., Smith, D.P. and Northcutt, J.K. (2001). The effect of 

broiler breast meat color on pH, moisture, water-holding capacity, and 

emulsification capacity. Poultry Science, 80(5), pp.676-680. 

Raes, K., De Smet, S. and Demeyer, D. (2004). Effect of dietary fatty acids on 

incorporation of long chain polyunsaturated fatty acids and conjugated 



© C
OPYRIG

HT U
PM

80 
 

linoleic acid in lamb, beef and pork meat: a review. Animal Feed Science and 

Technology, 113(1-4), 199-221. 

Rahal, A., Kumar, A., Singh, V., Yadav, B., Tiwari, R., Chakraborty, S. and Dhama, 

K. (2014). Oxidative stress, prooxidants, and antioxidants: the interplay. 

BioMed research international, 2014. 

Rahayu, H.I., Zulkifli, I., Vidyadaran, M.K., Alimon, A.R. and Babjee, S.A. (2008). 

Carcass variables and chemical composition of commercial broiler chickens 

and the red jungle fowl. Asian-Australasian Journal of Animal Sciences, 

21(9), pp.1376-1382. 

Rahim, A., Aghazadeh, A.M. and Daneshyar, M. (2011). Growth performance and 

some carcass characteristics in broiler chickens supplemented with Thymus 

extract (Thymus vulgaris) in drinking water. Journal of American Science, 

7(11), pp.400-405. 

Rahimi, S., Teymori Zadeh, Z., Torshizi, K., Omidbaigi, R. and Rokni, H. (2011). 

Effect of the three herbal extracts on growth performance, immune system, 

blood factors and intestinal selected bacterial population in broiler chickens. 

Journal of Agricultural Science and Technology, 13, pp.527-539. 

Rajion, M.A., McLean, J.G. and Cahill, R.N. (1985). Essential fatty acids in the fetal 

and newborn lamb. Australian Journal of Biological Sciences, 38(1), pp.33- 

40. 

Rice-Evans, C.A., Miller, N.J., Bolwell, P.G., Bramley, P.M. and Pridham, J.B. 

(1995). The relative antioxidant activities of plant-derived polyphenolic 

flavonoids. Free Radical Research, 22, 375-383. 

Rios, J.L. and Recio,  M.C.  (2005). Medicinal plants and antimicrobial activity. 

Journal of ethnopharmacology, 100(1), pp.80-84. 

Rondelli, S., Martinez, O. and Garcia, P.T. (2003). Sex effect on productive 

parameters, carcass and body fat composition of two commercial broilers 

lines. Revista Brasileira de Ciência Avícola, 5(3), pp.169-173. 

Ruberto, G., Baratta, M.T., Sari, M. and Kaâbeche, M. (2002). Chemical 

composition and antioxidant activity of essential oils from Algerian 

Origanum glandulosum Desf. Flavour and Fragrance Journal, 17(4), 

pp.251-254. 

Sacchetti, G., Maietti, S., Muzzoli, M., Scaglianti, M., Manfredini, S., Radice, M. 

and Bruni, R. (2005). Comparative evaluation of 11 essential oils of different 

origin as functional antioxidants, antiradicals and antimicrobials in foods. 

Food chemistry, 91(4), pp.621-632. 

Sahin, K., Orhan, C., Tuzcu, M., Ali, S., Sahin, N. and Hayirli, A. (2010). 

Epigallocatechin-3-gallate prevents lipid peroxidation and enhances 

antioxidant defense system via modulating hepatic nuclear transcription 

factors in heat-stressed quails. Poultry Science, 89:2251-2258. 

Sang-Oh, P., Chae-Min, R., Byung-Sung, P. and Jong, H. (2013). The meat quality 

and growth performance in broiler chickens fed diet with cinnamon powder. 

Journal of Environmental Biology, 34(1), p.127. 

 



© C
OPYRIG

HT U
PM

81 
 

Sarica, S., Ciftci, A., Demir, E., Kilinc, K. and Yildirim, Y. (2005). Use of an 

antibiotic growth promoter and two herbal natural feed additives with and 

without exogenous enzymes in wheat based broiler diets. South African 

Journal of Animal Science, 35(1), pp.61-72. 

Sarker, M.S.K., Yim, K.J., Ko, S.Y., Uuganbayar, D., Kim, G.M., Bae, I.H., Oh, J. 

I., Yee, S.T., and Yang, C.J. (2010). Green tea level on growth performance 

and meat quality in finishing pigs. Pakistan Journal of Nutrition, 9, 10–14. 

Sartowska, K.E., Korwin‐Kossakowska, A., Polawska, E., Lipinska, P. and Sender, 

G. (2014). Sex‐related differences in the nutritional value of Japanese quail 

meat. International Journal of Food Science & Technology, 49(12), pp.2635- 

2642. SAS. (2007). User’s Guide. 9.4 ed. In SAS Inst. Inc, Cary, NC. 

USA. 

Savell, J.W., Cross, H.R., Francis, J.J., Wise, J.W., Hale, D.S., Wilkes, D.L. and 

Smith, G.C. (1989). National consumer retail beef study: Interaction of trim 

level, price and grade on consumer acceptance of beef steaks and roasts. 

Journal of Food Quality, 12(4), pp.251-274. 

Sazili, A.Q., Parr, T., Sensky, P.L., Jones, S.W., Bardsley, R.G. and Buttery, P.J. 

(2005). The relationship between slow and fast myosin heavy chain content, 

calpastatin and meat tenderness in different ovine skeletal muscles. Meat 

Science, 69(1), 17-25 

Schilling, M. W., Schilling, J.K., Claus, J. R., Marriott, N.G., Duncan, S.E. and 

Wang, H. (2003). Instrumental texture assessment and consumer 

acceptability of cooked broiler breasts evaluated using a geometrically 

uniform-shaped sample. Journal of Muscle Foods 14:11-23. 

Schilling, M.W., Radhakrishnan, V., Thaxton, Y.V., Christensen, K., Thaxton, J.P. 

and Jackson, V. (2008). The effects of broiler catching method on breast 

meat quality. Meat Science, 79(1), pp.163-171. 

Schneider, B.L., Renema, R.A., Betti, M., Carney, V.L. and Zuidhof, M.J. (2012). 

Effect of holding temperature, shackling, sex, and age on broiler breast meat 

quality. Poultry Science, 91(2), pp.468-477. 

Schultz, V., Hänsel, R. and Tyler, V.E. (2001). Rational phytotherapy: a physician's 

guide to herbal medicine. Psychology Press. 

Sebastian, S., Touchburn, S.P., Chavez, E.R. and Lague, P.C. (1996). The effects of 

supplemental microbial phytase on the performance and utilization of dietary 

calcium, phosphorus, copper, and zinc in broiler chickens fed corn-soybean 

diets. Poultry Science, 75(6), pp.729-736. 

Shafey, T.M., Al-Mufarej, S., Shalaby, M.I. and Jarelnabi, A.J. (2001). The effect of 

feeding mannan-oligosaccharides (Bio-Mos) on the performance of meat 

chickens under two different vaccination programs. Asian Australasian 

Journal of Animal Sciences, 14(4), pp.559-563. 

Sheehy, P.J.A., Morrissey, P.A. and Buckley, D.J. (1995). Advances in research and 

application of vitamin E as an antioxidant for poultry meat. Pages 425–433 in 

Poultry Meat Quality. Proc. XII Eur. Symp. Qual. Poult. Meat, Zaragoza, 

Spain. R. Cepero Briz, ed. 



© C
OPYRIG

HT U
PM

82 
 

Simitzis, P.E., Deligeorgis, S.G., Bizelis, J.A., Dardamani, A., Theodosiou, I. and 

Fegeros, K. (2008). Effect of dietary oregano oil supplementation on lamb 

meat characteristics. Meat Science, 79(2), pp.217-223. 

Sirri, F., Petracci, M., Bianchi, M. and Meluzzi, A. (2010). Survey of skin 

pigmentation of yellow-skinned broiler chickens. Poultry science, 89(7), 

pp.1556-1561. 

Skrabka-Blotnicka, T., Rosin‘ski, A., Przysie-Zzna, E., Woloszyn, J. And 

Elminowska-Wenda, G. (1997). Effect of Dietary Formulation Supplemented 

with Herbal Mixture on Goose Breast Muscle Quality. Report I. The Effect 

on the Chemical Composition. Archiv fu¨r Geflu¨gelkunde, 61(3): 135-138. 

Smet, K., Raes, K., Huyghebaert, G., Haak, L., Arnouts, S. and De Smet, S. (2008). 

Lipid and protein oxidation of broiler meat as influenced by dietary natural 

antioxidant supplementation. Poultry Science, 87(8), pp.1682-1688. 

Smith, S. B., Smith, D.R. and Lunt, D.K. (2004). Chemical and physical 

characteristics of meat: adipose tissue. Encyclopedia of Meat Sciences, 

pp.225-238. 

Solomon, M.B., Laack, R.L.J.M. and Eastridge, J.S. (1998). Biophysical basis of 

pale, soft, exudative (PSE) pork and poultry muscle: A review. Journal of 

Muscle Foods, 9(1), pp.1-11. 

Soltan, M.A., Shewita, R.S. and El-Katcha, M.I. (2008). Effect of dietary anise seeds 

supplementation on growth performance, immune response, carcass traits and 

some blood parameters of broiler chickens. International Journal of Poultry 

Science, 7(11), pp.1078-1088. 

Song, J.H. and Miyazawa, T. (2001). Enhanced level of n-3 fatty acid in membrane 

phospholipids induces lipid peroxidation in rats fed dietary docosahexaenoic 

acid oil. Atherosclerosis, 155(1), pp.9-18. 

Souri, H., Khatibjoo, A., Taherpoor, K., Hassan Abadi, A., Fattahnia, F. and Askari, 

M. (2015). Effect of Thymus vulgaris and Satureja khuzestanica ethanolic 

extracts on broiler chickens‘performance and immune response. Iranian 

Journal of Applied Animal Science, 5(2), pp.437-446. 

Souza, P.A., Kodawara, L.M., Pelicano, E.R.L., Souza, H.B.A., Oba, A., Leonel, F. 

R., Norkus, E.A. and Lima, T.M.A. (2005). Effect of deboning time on the 

quality of broiler breast meat (Pectoralis major). Revista Brasileira de 

Ciência Avícola, 7(2), pp.123-128. 

Standard Malaysia. (2009). Halal food-production, preparation, handling and 

storage- general guidelines (second revision). Department of Standard 

Malaysia, MS1500:2009. 

Swennen, Q., Everaert, N., Debonne, M., Verbaeys, I., Careghi, C., Tona, K., 

Janssens, G.P.J., Decuypere, E., Bruggeman, V. and Buyse, J. (2010). Effect 

of macronutrient ratio of the pre‐starter diet on broiler performance and 

intermediary metabolism. Journal of Animal Physiology and Animal 

Nutrition, 94(3), pp.375-384. 

Symeon, G.K., Athanasiou, A., Lykos, N., Charismiadou, M.A., Goliomytis, M., 

Demiris, N., Ayoutanti, A., Simitzis, P.E. and Deligeorgis, S. G. (2014). The 



© C
OPYRIG

HT U
PM

83 
 

Effects of Dietary Cinnamon (Cinnamomum Zeylanicum) Oil 

Supplementation on Broiler Feeding Behaviour, Growth Performance, 

Carcass Traits and Meat Quality Characteristics. Annals of Animal Science, 

14(4), pp.883-895. 

Takayama, H., Kurihara, M., Kitajima, M., Said, I. M. and Aimi, N. (1998). New 

indole alkaloids from the leaves of Malaysian Mitragyna 

speciosa.Tetrahedron, 54(29), pp.8433-8440. 

Tavárez, M.A., Boler, D.D., Bess, K.N., Zhao, J., Yan, F., Dilger, A.C., McKeith, F. 

K. and Killefer, J. (2011). Effect of antioxidant inclusion and oil quality on 

broiler performance, meat quality, and lipid oxidation. Poultry science, 90(4), 

pp.922-930. 

Teixeira, A., Pereira, E. and Rodrigues, E.S. (2011). Goat meat quality. Effects of 

salti airdrying and ageing processes. Small Ruminant Research, 98(1), 55-58. 

Thielke S, Lhafi, S.K. and Ku¨hne M. (2005). Effects of Aging Prior to Freezing on 

Poultry Meat Tenderness.  Poultry Science, 84:607–612. 

Tjitrosoedirdjo S.S. (1992). Borreria latifolia (Aubl.) K. Sch. Weed Info Sheet   No. 

13. Bogor, Indoesia: The Southeast Asian Weed Information Centre 

(SEAWIC). 

Toghyani, M., Toghyani, M., Gheisari, A., Ghalamkari, G. and Mohammadrezaei, 

M. (2010). Growth performance, serum biochemistry and blood hematology 

of broiler chicks fed different levels of black seed (Nigellasativa) and 

peppermint (Mentha piperita). Livestock Science, 129(1), pp.173-178. 

Tollba, A.A.H. and M. Hassan, S.H. (2003). Using some natural additives to 

improve physiological and productive performance of broiler chicks under 

high temperature condition. 2. Black cumin (Nigella sativa) or garlic (Allium 

sativum). Poultry Science, 23: 327-340. 

Tsinas, A.C., Giannakopoulos, C.G., Papasteriades, A., Alexopoulos, C., 

Mavromatis, J. and Kyriakis, S.C. (1998), July. Use of origanum essential 

oils as growth promoter in pigs. In Proceedings of 15th IPVS Congress, Vol. 

3, p. 221. 

Tucker, L. (2002). Botanical broilers: Plant extracts to maintain poultry 

performance. Feed International, 23, pp.26-29. 

Tudor, G.D., Coupar, F.J. and Pethick, D.W. (1996). Effect of silage diets on 

glycogen concentration in the muscle of yearling cattle. In proceedings-

australian society of animal production (Vol. 21, pp. 451-451). Australian 

Society of Animal Production. 

Van Laack, R.L.J.M., Liu, C.H., Smith, M.O. and Loveday, H.D. (2000). 

Characteristics of Pale, Soft, Exudative broiler breast meat. Poultry Science, 

79(7), pp.1057-1061. 

Vignola, G., Lambertini, L., Mazzone, G., Giammarco, M., Tassinari, M., Martelli, 

G. and Bertin, G. (2009). Effects of selenium source and level of 

supplementation on the performance and meat quality of lambs. Meat 

Science, 81, 678–685. 

 



© C
OPYRIG

HT U
PM

84 
 

Wang, R., Li, D. and Bourne, S. (1998). Can 2000 years of herbal medicine history 

help us solve problems in the year 2000.In alltechs annual symposium (Vol. 

14, pp. 168-184). 

Wang, Y.X., Zhan, X.A., Yuan, D., Zhang, X.W. and Wu, R.J. (2011). Effects of 

selenomethionine and sodium selenite supplementation on meat quality, 

selenium distribution and antioxidant status in broilers. Czech Journal of 

Animal Science, 56(7), pp.305-313. 

Weber, G.M. and Antipatis, C. (2001). Pork meat quality and dietary vitamin E. In 

International Virtual Conference on Pork Quality (Vol. 2, pp. 122-128). 

Wei, A. and Shibamoto, T. (2007). Antioxidant activities and volatile constituents of 

various essential oils. Journal of agricultural and food chemistry, 55(5), 

pp.1737-1742. 

Wenk, C. (2000). Herbs, spices and botanicals: ‘Old fashioned’or the new feed 

additives for tomorrow‘s feed formulations?  Concepts for their    successful 

use in biotechnology in the feed industry. Proceedings of Alltech's 16th 

Annual Symposium (Lyons, TP and Jacques, KA (Eds.). Nottingham Press, 

Nottingham: 79-95. 

Wheeler, B.R., Matthews, N.S., Miller, R.K. and Sams, A.R. (1999). A halothane 

test to detect turkeys prone to developing pale, soft, and exudative meat. 

Poultry science, 78(11), pp.1634-1638. 

Williams, P. and Losa, R. (2001). The use of essential oils and their compounds in 

poultry nutrition. World Poultry, 17(4), pp.14-15. 

Wojdyło, A., Oszmiański, J. and Czemerys, R. (2007). Antioxidant activity and 

phenolic compounds in 32 selected herbs. Food chemistry, 105(3), pp.940- 

949. 

Wood, J.D., Enser, M., Fisher, A.V., Nute, G.R., Sheard, P.R., Richardson, R.I., 

Hughes, S.I. and Whittington, F.M. (2008). Fat deposition, fatty acid 

composition and meat quality: A review. Meat Science, 78(4), 343-358. 

Wulf, D.M., Morgan, J.B., Sanders, S.K., Tatum, J.D., Smith, G.C. & Williams, S. 

(1995). Effects of dietary supplementation of vitamin E on storage and 

caselife properties of lamb retail cuts. Journal of Animal Science, 73(2), 399- 

405. 

Yang, C.C., and Chen, T.C. (1993). Effects of refrigerated storage, pH adjustment, 

and marinade on color of raw and microwave cooked chicken meat. Poultry 

Science, 72:355–362. 

Yanishlieva, N.V., Marinova, E.M., Gordon, M.H. and Raneva, V.G. (1999). 

Antioxidant activity and mechanism of action of thymol and carvacrol in two 

lipid systems. Food Chemistry, 64(1), pp.59-66. 

Yanishlieva-Maslarova, N.V., Pokorny, J., Yanishlieva, N. and Gordon, M. (2001). 

Inhibiting oxidation. Antioxidants in food: Practical applications, pp.22-70. 

Yates, J.D., Brunson, C.C. and Webb, J.E. (1976). Relationships of certain 

biochemical, physical, and quality characteristics of broiler muscles. Poultry 

Science, 55(1), pp.369-378. 



© C
OPYRIG

HT U
PM

85 
 

Yin, M.C. and Cheng, W.S. (1998). Antioxidant activity of several Allium members. 

Journal Agriculture and Food Chemistry, 46: 4097–4101. 

Young, J.F., Stagsted, J., Jensen, S.K., Karlsson, A.H. and Henckel, P. (2003). 

Ascorbic acid, a-tocopherol and oregano supplements reduce stress-induced 

deterioration of chicken meat quality. Poultry Science, 82, 1343–1351. 

Young, L.L., Lyon, C.E., Searcy, G.K. and Wilson, R.L. (1987). Influence of 

Sodium Tripolyphosphate and Sodium Chloride on Moisture‐Retention and 

Textural Characteristics of Chicken Breast Meat Patties. Journal of Food 

Science, 52(3), pp.571-574. 

Zhang K.Y., Yan F., Keen C.A. and Waldroup P.W. (2005). Evaluation of 

microencapsulated essential oils and organic acids in diets for broiler 

chickens. International Journal of Poultry Science, 4: 612–619. 

Zhang, G.F., Yang, Z.B., Wang, Y., Yang, W.R., Jiang, S.Z. and Gai, G.S. (2009). 

Effects of ginger root (Zingiber officinale) processed to different particle 

sizes on growth performance, antioxidant status, and serum metabolites of 

broiler chickens. Poultry science, 88(10), pp.2159-2166. 

Zollitsch, W., Knaus, W., Aichinger, F. and Lettner, F. (1997). Effects of different 

dietary fat sources on performance and carcass characteristics of broilers. 

Animal Feed Science and Technology, 66(1), pp.63-73. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	823 A4-title
	823 A4-chapter
	Blank Page
	Blank Page
	Blank Page




