&~
W UNIVERSITEIT VAN PRETORI

RIA
. UNIVERSITY OF PRETORIA
QW YUNIBESITHI YA PRETORIA

Meat quality of selected Ethiopian goat genotypes under
varying nutritional conditions.
By

AMEHA SEBSIBE

Submitted in partial fulfillment of the requirements for the degree
of
Doctor of Philosophy (Animal Science) (Meat Science)
in the
Department of Animal and Wildlife Sciences
Faculty of Natural and Agricultural Sciences
University of Pretoria

Pretoria

Supervisor: Prof. N.H. Casey
Co-supervisors: Prof. W.A. Van Niekerk and Dr. Azage Tegene

June 2006



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

A A

| dedicate this thesis to the almighty GOD
who

gave me the strength and patience to complete this study.



A

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
QW YUNIBESITHI YA PRETORIA

Declaration

I hereby declare that this thesis submitted by me to the University of Pretoria for the degree of
PhD (Animal Science) (Meat Science) has not previously been submitted for a degree at any

other University.

Ameha Sebsibe
Pretoria

June 2006



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

4
e

ﬂ UNIVERSITEIT VAN PRETORIA

o

Acknowledgements

Certainly, this study called for the participation of many individuals and institutions
with out whose help, financial, technical and moral support, I would not have completed it.
First of all, I am very grateful to Professor Norman Casey, my supervisor and former head of
Department of Animal & Wildlife Sciences, for his valuable suggestions during our
discussions and encouragement throughout the study period. I also greatly appreciate the
advice and comments of Professor Van Niekerk, my co-supervisor. I would also like to thank
both supervisors for their visit of the PhD project to Ethiopia in spite of their busy schedule. I
also thank Dr. Azage Tegegne, my co-supervisor, for his advice during the execution of the
project in Ethiopia.

I would like to gratefully acknowledge the financial support of the Ethiopian
Agricultural Research Organization /Agricultural Research and Training Project and the
Amhara Regional Agricultural Research Institute. I also appreciate the International
Livestock Research Institute (ILRI) for offering me a graduate fellowship during the
experimental period.

I would also like to thank Prof. L.J. Erassumus for his comments on one of the journal
manuscripts, Prof. J.B.J. Van Ryssen for his comments during the planning of the
degradability study and on the reference lists of the thesis, Prof. E.C. Webb and Prof. E.F.
Donkin for their encouragements. The technical assistance of nutrition laboratory, Dr. S.
Fernandez-Rivera, biometry (particularly Mr. Amare Atale) and the barn staff of ILRI,
National Veterinary Institute, Ethiopia and Mrs. Gerda Kotze of the Department of Animal &
Wildlife Sciences, University of Pretoria are well acknowledged.

I thank the export abattoirs, Ethiopia for their time to discuss and the permission to
visit their facilities. My sincere appreciation goes to Ato Hashim, owner of HELIMEX for his

collaboration to fetch the experimental goats. I also thank the Livestock Marketing Authority



(=i

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
QW YUNIBESITHI YA PRETORIA

(LMA) for its interest in the project and appreciate Ato Addisu Abera from LMA for his
assistance during initial screening of the experimental goats.

A word of thanks to my friends: Dr. Mehari Endale for his assistance during the
experimental work particularly during the carcass dissection, Seyoum Bediye for his technical
suggestions on the feeding study, Chilot Tizale, Abi Tadesse, Drs. Adamu Molla, Teferi
Yeshitila, Amsal Tarekegne and Solomon Gebeyehu and members of our Sunday school in
Pretoria for their moral support and encouragement at different stages of my study, Ato
Fetene and Aklilu Bogale of Debrezeit (ILRI) for digital documentation of the research
activities.

Special acknowledgement goes to my wife, Asnakech Tekalign, my children Eyoel
Ameha and Yanet Ameha, who gave me loving encouragement and for their patience in my
absence. Asnakech also helped me in data entry. I also thank my father, mother, brothers and
sisters and my wife’s family members for their moral support throughout the study period.

Above all, I wish to thank the Almighty God, who heard me when I called on him.



A
UNIVERSITY OF PRETORIA
" YUNIBESITHI YA PRETORIA

4
e

ﬂ UNIVERSITEIT VAN PRETORI

G

Content pages

DECIarationN. ... .e ettt e il
ACKNOWIEAZEMENLS. . ..ottt et e v
ADSTTACT. . .t e X
LiSt Of TabIeS. ..o et xiil
LSt Of FigUICS. .ttt e Xiv
Chapter 1

L INtrOdUCHION. . .. e 1
1.1 Objectives 0f the STUAY.....c.iveiii e e 4
1.2 Hypothesis teSted. . .....eniie ittt e 5
L3 RETETEINCES. . . .ttt 5
Chapter 2

2. LAterature REVIEW ... ... 9
B B 10 1 43T | P 9

2.1.1. Global CONSUMPLION. .. .. utitteetee ettt et et et e e eeeeeans 9

2.2. Overview of goat and goat meat in Ethiopia.................coiiiiiiiiiiii . 9
2.2.1 Social and cultural Tole....... ... 10
2.2.2 ECONOMIC TOIC. ..ottt e e e e 11

2.2.2.1 Domestic market and traditional preparation.................cooeviiiiiiiiiiiiiiannan.. 11

2.2.2.2 EXPOrt Market. .....o.ooiiiii i e 12
2.2.2.2.1 PotentialS/OpPOrtuNIties. . ...o.ueuetet ettt ettt e 13
2.2.2.2.2 ConStraints/WeaKNESS. . . ... .uuettetet ettt ettt 13

2.2.3 Description of the studied goats..........c.oovuiiiiiiii i e 15
2.3. Native pastures and agro-industrial by-products in Ethiopia........................... 16
2.3.1 Significance of the feedstuffs.............cooiii i 16
2.3.2 Production and nutritive value of the feedstuffs....................c 17
2.4. Dry matter intake, feed effeciency, rumen fermentation and degradation................ 19
2.4.1 Dry matter intake and feed effeciency.............coooiiiiiiii i 19
2.4.2. Fermentation parameters and rumen degradation..................ccoevvviiiiiinennn.. 21
2.4.3 RESCATCH GaPS. ..t ettt ettt ettt 24
2.5. Effect of nutrition on growth performance, carcass and meat quality traits.............. 24

2.5.1. Growth performancCe. .........couiiiuiii i e e e e aae e 24

vi



UNIVERSITY OF PRETORI
" YUNIBESITHI YA PRETORI

> > >

4
e

ﬂ UNIVERSITEIT VAN PRETORI

G

2.5.2. CarCASS IS . ..ttt ettt ettt ettt e e e 27
2.5.3. Meat QUALIEY . .. ettt et 32
2.6. Effect of genotype on the growth performnance, carcass and meat quality traits...... 34
2.6.1 Growth performance. ..........oouiiiuiiii i e e 34
2.6.2 CarCaSS trATES. ..o u ettt ettt ettt et ettt e 35
2.6.3 Meat QUAlILY. ...ttt 39
2.7, RESEAICH GaPS. . ettt e e, 42
2.8. Other factors affecting meat quality............ccoouiiiiiiiiiii e 42
2.8.1 Pre- and post-slaughter management...............ccooiiiiiii i 42
2.8.2 Factors affecting meat colour...........cooiiiii i 44
2.9 REICTEINCES. ... ettt 45
Chapter 3
3. Dry matter intake, feed efficiency, rumen degradation and fermentation parameters of

Ethiopian indigenous goats fed a grainless diet...............ccoooiiiiiiiiiiiii i, 67
3L ADSIIACE. .ottt e 67
3.2 INtrOUCHION. ..ttt e e e 68
3.3 Materials & Methods. ... ..o 69
3.4 Results & DISCUSSION. .. ...ttt e, 72
3.5 CONCIUSIONS . . ..ottt e et 79
3.0 REfCTONCES. ..ttt 81
Chapter 4
4. Carcass characteristics and meat quality of Ethiopian goats reared under an extensive

N T£S] 157 00 Pt 89
AT ADSEIACE. .. ettt 89
O 1413 (014 o150 U 90
4.3 Materials & Methods. ..o 91
4.4 ReSUILS & DISCUSSION. .. .. uutttt et 93
4.5 CONCIUSIONS. ..ttt e e 101
4.6 ReICTEINCES. . .. ettt 103
Chapter 5
5.0 Growth performance and carcass characteristics of three Ethiopian goat breeds fed a

grainless diet varying in concentrate to roughage ratios.............coocvviiiiiinnnnnn... 110

ST ADSIIACE. .ottt e 110

Vii



&
&b

" UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
A 4

YUNIBESITHI YA PRETORIA

5.2 INtrOUCHION. ...ttt e e
5.3 Materials & Methods. .......ooouiiniii i
5.4 Results & DISCUSSION. ... ..uunet ettt e
5.5 CONCIUSIONS. .« .ttt e e e e e e

S0 REIETEIICES . . . . e
Chapter 6

6. Meat quality of Ethiopian indigenous goats influenced by genotype and a grainless

0.1 ADSIIACE. ...ttt e
6.2 INtrOdUCHION. ... u ettt e
6.3 Materials & Methods. ... ..o
6.4 Results & DiSCUSSION. . .....uutit e,
0.5 CONCIUSION. ... ettt e et

0.6 R CTONCES. ettt e
Chapter 7

7. General conclusions, recommendations and critical evaluation........................

7.1 General CONCIUSIONS. .. .uuutt ittt et e e e e e e e e e aeeenss
7.2 RECOMMENAATIONS. ...\ utttttt ettt et et et et e et et e e e e et et e e et e e naeeneanaans
7.3 Critical @Valuation. ... .....oiuiiti e
B S5 ) (3317

TS5 CUFFICUIUIN VIEQ@. ..o e e et e,

viii



R
UNIVERSITY OF PRETORI
RI

A
A
YUNIBESITHI YA PRETORIA

_"&_

e

W UNIVERSITEIT VAN PRETORI
o

ABSTRACT

Meat quality of selected Ethiopian goat genotypes under varying
nutritional conditions
By
AMEHA SEBSIBE
Supervisor: Prof. N.H. Casey

Co-supervisors: Prof. W.A. Van Niekerk and Dr. Azage Tegegne
Department: Animal and Wildlife Sciences

Degree: PhD (Animal Science) (Meat Science)

The study evaluated the effects of genotype and grainless diets under stall-fed (n=72)
conditions on the following parameters using the Afar, Central Highland goats, (CHG) and
Long-eared Somali, (LES) goats. The diets varied in concentrate: roughage ratios. Diet 1 was
a 50: 50 ratio (8.5 MJ ME/kg DM), Diet 2, 65:35 (9.2 MJ ME/kg DM) and Diet 3 an 80:20
ratio (10 MJ ME/kg DM), respectively. The same genotypes reared under the extensive
grazing systems were also evaluated.

Intake, feed efficiency (FE) and rumen parameters

Total DMI ranged between 2.6 and 3.0 % on a body weight basis and between 53.5
and 62.3 g per kg metabolic body weight. The LES had a higher (P<0.001) DM roughage
intake, total DMI (P<0.01) and FE (P<0.05). Goats on Diet 3 had higher (P<0.001) total DMI
(g/d). Diet 1 however, displayed higher (P>0.05) FE. The mean concentration of NHj3-N
(39.4-53.7 mg/100ml rumen fluid) was above the N requirements for optimal microbial
activity. The mean pH was similar between diets and ranged from 6.43 to 6.63. Total VFA
was depressed (P<0.01) with increased grainless concentrate in the diet. Diet 1 recorded a

higher (P<0.01) total VFA and lower (P<0.01) NH3-N concentration, indicating that feed
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nitrogen was more efficiently utilized in Diet 1. The molar proportions of acetate, propionate
and butyrate varied (P>0.05) from 64.5 to 65.7, 17.7 to 18.8 and 10.7 to 12.8 %, respectively.
The ratio of acetic: propionic was not affected by diet (P>0.05) and ranged from 3.5 to 3.81.
The values for degradation constants were similar (P>0.05) between the diets. However, the
hay DM and neutral detergent fibre were more degradable (P<0.05) in goats fed Diet 1.
Differences in DMI and FE between the genotypes were recorded with the LES breed being
superior. Among the grainless diets, the 50:50 ratio created a favorable rumen environment
and resulted in a better FE under a feedlot system.

Carcass characteristics and meat quality of extensively managed goats

Genotypes were similar (P>0.05) for most of carcass traits, at an average slaughter
weight of 13.8 kg. The genotypes had a mean hot carcass weight of 5.9 kg and a dressing
percentage (DP) on a slaughter body weight basis of 42.8 %. The CHG had a 52 % higher
(P<0.01) chilling loss than the other genotypes. The rib physical composition was similar
between genotypes, except for fat proportion. The CHG had the lowest (P<0.05) fat
proportion. The chemical composition was similar between the genotypes, with the CHG
having the lowest (P>0.05) chemical fat percentage.

The composition of most muscle fatty acids was affected by genotype. The LES breed
presented a beneficial ratio of n-6: n-3 PUFA favorable to consumers’ health. The goats under
the extensive system in general, were characterized by a lower carcass weight and poor
carcass fat cover. Hence, to improve the carcass characteristics it is essential that grazing
goats should be supplemented or stall-fed with locally available concentrates depending on
the grazing resources of the agro-ecologies and the objectives of the goat farmers.

Growth and carcass characteristics of stall-fed goats
The LES breed had significantly higher growth rates (ADG), heavier pre-slaughter,

slaughter, empty body weight (EBW) and carcass weights than the Afar and CHG goats.
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Effect of diet was also significant on ADG, but similar for carcass traits, except for DP on
EBW basis and some non-carcass components. The DP on an EBW basis, was the highest
(P<0.01) for Diet 1. Stall-feeding of the goats improved the mean carcass weight by 38 %
over the initial slaughtered groups. Genotype affected the DP and it ranged from 42.5 to 44.6
% and 54.3 to 55.8 % on a slaughter weight and on EBW basis, respectively. The ultimate
carcass pH was between 5.61 and 5.67 and chilling losses ranged from 2.5 to 3.1 %. The rib
physical composition (fat and bone) differed between genotype and ranged from 72-73 %,
6.9-10.9 % and 17.1-20.2 % for muscle, fat and bone respectively. The findings indicate that
breed differences were reflected in carcass characteristics.
Meat quality of stall-fed goats

Genotype significantly influenced the carcass fat and crude protein (CP)
concentration, with the values ranging from 10.3 to 14.0 % and 19.3 to 21.1%, respectively.
The Afar and LES goats had higher fat concentration (P<0.001) compared to the CHG while
the CP was higher (P<0.01; P<0.05) for the CHG. The effect of diet was significant on CP %,
but was similar for fat concentration although Diet 3 tended to have a higher value. Cooking
and drip loss differed (P<0.01, P<0.05) between genotypes and both traits increased with
increased fatness. The effect of diet however, was similar for cooking and drip loss. Genotype
and diet significantly influenced the composition of most muscle fatty acids. An interaction
between genotype and diet was also exhibited on certain fatty acids. Compared to CHG, Afar
and LES breeds had a higher PUFA, MUFA and UFA: SFA ratio, which are considered
healthier for human consumption due to their lowering effect of cholesterol content. The
relatively higher carcass fat, which is useful in reducing chilling loss and improves eating
quality, the absence of C12:0 and lower concentration of C14:0, hypercholesterolemic, and

higher C18:1, hypocholesterolemic fatty acids, are some of the important traits observed in

Xi
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Ethiopian goats. These findings suggest that a potential exists in the use of Ethiopian goat
breeds fed a grainless diet, for the production of meat with specific quality characteristics.

Keywords: Indigenous Ethiopian goats; growth; carcass yield and composition; meat chemical

composition and long chain fatty acid; intake; feed efficiency; rumen parameters; grainless diet.
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