CHAPTER 11
LITERATURE REVIEW
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O

2l Broiler Chicken (Gallus gallus domesticus) Y'

Ntheir meat. The

A broiler chicken is a class of chicken bred and raised specific

breeds. They are distinguished for having excellent feggd c
of activity, and fast growth rates reaching market W
weeks. (Beutler, 2007). \,z
2.1.1 Taxonomy of Broiler Chicken \

Kingdom: Animalia

i q
Phylum: Chordata Y. , : 0
Class: Aves :J &
LIRS
Sub Class: Ncomith\&

Order: Gal@
Family: Aﬂ%ﬁidac ’ X
Sub Fum@usiuninac
Gengs: Gallus
Species: Gallus

Sub Species:  G. g. domesticus



Figure 1: A typical Broiler Chicken

these factors are: Y} ’ Aj é‘&

e Environment (temp Yweathér, h uslng}ld competition for feed).
’ &
e Breed, sex and &bacl‘gro\ of t]édliCkﬂS.
k>

e Health statu@'dl P | (_)(J

e Energy @at?# i;é')

e Levgl OSfeeding, such as 1.1\ d feeding versus ad libitum feeding.

o Av\?ility and absorption of dietary nutrients.

For brWers. the formulation of the feed is done to enhance rapid growth and such

.

feeds are usually high in energy (3000 kcal) and high protein (22 - 24%) for the first 5
- 6 weeks to obtain early rapid growth. After the first 5-6 weeks, the protein can be

reduced to 19 - 20% with the energy still 3000 kcal per kg of feed for fattening



(Banerjee, 1998). McDonald er a/. (1988) argued that growing poultry are normally
fed ad libitum (fed to satisfaction) and feeding standards for them are expressed not as
amounts of nutrients but as the nutrient proportions of the diet. The nutrientsgyorth of

feed ingredients for poultry depends on many factors such as \'arict)cf t ource,

eing fed.

processing and storage conditions, species. season and the class of poues

Table 1: Nutrient Requirements of Broiler chicken

Nutrients Units Starter
0-10 days
Protein % 22-25
Metabolisable energy Mj/Kg 12.6
Kcal/kg 30
Total Arginine % -
Digestible Arginine % \; ’.33

Total Lysine
Digestible Lysine
Total Methionine

Digestible Methionine

Total Methionine +Cystine %
Digestible Methionine &
+Cystine & {Q

Total Threonine ¢ N 0.93 0.82 0.71
Digestible Threont % l 0.80 0.70 0.61
Total Trypophan& fb.): 0.25 0.22 0.19
Digestible Trypt&ghan 0.22 0.19 0.17
Total Vali \ 1.09 0.96 0.81
Diges \l1ine % 0.94 0.83 0.70
Cald % 1.0 0.90 0.85
Available Phosphorous % 0.50 0.45 0.42
Sodium % 0.10 0.16 0.16

Source: http://www poultryhub.org/nutrition ‘nutrient-requirements/nutrient
requirements-of-meat-chickens-broilers/. April, 2015



2.1.3 Broiler Chicken Meat Industry in Malaysia

The Malaysian livestock industry is basically dominated by the poultry industry which
supplies more than 80 percent of the total meat requirements/consumptio?l’the
country. This industry is regarded as the most important sector of, %\'vestock
industries and perhaps has the highest output value per worker in th $ture sector
(DVS, 2011). Malaysia has one of the highest per capita consufagtigh of chicken in

the world. Per capita consumption of chicken/duck meat p eion is about 35 kg in

2010 (DVS, 2011; Jayaraman et al., 2013). Chicken mtagis tl Wopular and

. ; . N
cheapest source of meat protein among Malaysm@ely c lh_i@ are no
’
c

Sum . Over the

rieq‘gﬁcken (KFC),

dietary prohibitions or religious restrictions agaix?ﬂic <
h_is&\'en consumption in

years, quick service restaurants (QSR) su@(el
McDonald’s. Nando's etc. have propeljed th® agdwgh
N
Malaysia. Malaysian consumers to@malﬁis S ang‘plgh quality food at a
&

Y

Sé towards issues related to

reasonable price from the industl%y al
\

food safety and halal matters%l npm?
consumers will not ac@ultrﬂ progucts Q&t are not certified halal by the

\
Department of Islami lo m?/?la)ﬁ%/ (JAKIM). The Malaysian consumers
are also price-sen 'tl%nd 19 foff v lu.é%r—money products. The poultry industry is
WY

increasingly ¢

tt Qc!te‘}at the majority of the Muslim

A

1ged to produce @w innovative products at lower costs without

\ N
compromisu\m the quality.
Zed varview of Current Slaughter Practises of Animals

Animal production deals with rearing of animals while processing deals with the
slaughtering, distribution and storage of animals to produce finished products called

meat. Processing of animals has a key role to play because badly processed meat can



adversely affect the quality of the end product. Undesirable defects that can occur if a
meat is badly processed include; haemorrhages, broken bones, bruising, Pale Soft

Exudative (PSE) and Dark Firm Dry (DFD) meat, short shelf life en

condemnation of the meat (Anil, 2012). %\

Slaughtering procedures are controlled by rules and codes of practi ational and

International Councils relating to ritual and conventional slaught@of animals. The
suitability of the method used is dependent on the guidel %t h'ave been set by
these domestic and International councils. \d
{ 2
\y
i
2.3 Religious Slaughter Methods 2

In recent times, the guidelines used in the ri%m_lgl t

|
Y\_}'

aniials before it can

cigversial. The most

be deemed fit for consumption in some ‘mas l@
. NS _
common ritual/religious slaughter meth e e Haldf ( Lﬁ;'m) and Kosher (Jewish

q
method) which are usually done w%r V\,}Nmié%efore sticking is actually
done. z ( 0

’ &
NN @

Poultry slaughtered for@lic 'on 1pti\ m accordance with Shari’a law 1s

e D! Y |
usually slaughtered n% yly a dAukh ‘1'& who has been certified by competent

S
authorities on H@ghﬁvjyd @mning is to be used, electric head stun or

clectrified w th 1s recommend@’ for poultry (MS 1500:2009). However, Halal

slaughte%poultry for commercial purpose may require the use of mechanical
- gfle

slau@ to the numbers of chickens slaughtered daily. For chickens slaughtered

using the mechanical slaughter to be Halal, the following conditions must be strictly

followed:

e The operator of the mechanical knife shall be a Muslim.



e The slaughterer shall recite “Bismillah Wallahuakbar™ prior to switching on
the mechanical knife and shall not leave the slaughter area.

e Should the slaughterer leave the slaughter area, he shall stop the ma ine

and switch off the mechanical knife. To restart the operation lg\nother

Muslim slaughterer shall recite “Bismillah Wallahuakbar™ before Switching on

the line and mechanical knife. Vz
e The knife used shall be of single blade type and shal bew.
e The slaughter act shall sever the trachea, oesopl > bot &e'\cytid arteries
Ly
and jugular veins to hasten the bleeding and (@ the agima | @
" slaa.&;tered and

e The slaughterer is required to check that e rrd r&@
\&

any birds that missed the mechanical ltNall bg‘sl 1ter€~ manually.

e

e A backup slaughterer with knife shall D®r ad{ ck &Qneck not cut well

during mechanical slaughtering a

e Bleeding period shall be mnn
shall be increased by %;onds IC s, 2009)
v
N &
2.3.1 Halal Slaughte\ od &)

\
YIS
r.>
Halal slaughter me S a tyge of igéa\&i slaughter practised by people following

:
the Islamic faiﬁ% a met od"pr%Wbed in the Quran and Hadith (sayings of
G,

Prophet M Nled). It involves pronouncing the name of Allah (God) before actual

slaught®ggNe performed. Animals are restricted but there is no rule guiding how the
animal uld be restricted. Slaughtering is done as quickly as possible by severing

the neck at one stroke using a sharp knife (OIC Standards, 2009).

A maximum blood loss is essential during halal slaughtering process in order to make

the meat fit for Muslim to consume because consumption of blood is forbidden for
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Muslims (Al-Ma’idah 5:3). Complete blood loss causes occulsions which delayed
bleed out rate and consciousness was observed in ruminants (Anil et al. (a), 1995; Anil
et al. (b), 1995). Stunning the ruminants before the Halal slaughtered was rekw to
hinder blood loss. However, this statement was disputed in 200@6 the

researchers observed no significant difference (P<0.05) in blood loss b*n stunned

and non-stunned sheep and cattle (Anil et al., 2004). \,z

2.3.2  Rules of Halal slaughter S’ z '

Halal slaughter method is guided by rules and regulggons.¥Th el\edzﬁe\‘-l-early
)

stated in the Quran and Hadith for permissible and fo%wn fgods aghv Q-s\he rules

|
vell

N
nsu@gn are pigs,

uslj “must ensure that

and practices of slaughter. Animals forbiddex% usld

carnivorous animals and carrions (Al Baqa& ). Henc

the slaughtering rules are adhered to. If l%atm@?&i
Lo ;i “
not meet the criteria then the meat n& regar aylunl @T
\oll RIS

Halal slaughter rules are basedcn:

1) The Holy Quran \ '

11) Sunnah and Hadglh Q {Q
YY)

N, .

111) Views of reaou chofar “S')

of indgctly referenced food and slaughter. These

—

Some Quranic dirce

chapters incl%

and 88; 1 chapter 6 verses 118, 119, 121, 145 and 146; Quran chapter 16 verses

Mses 168-173; Quran chapter 5 verses 1, 3,5, 87

114-1

Some of the Prophet’s Hadith concerning humane treatment and slaughtering of

animals are stated as follows:
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“Allah Who is Blessed and Exalted, has prescribed benevolence towards everything;
so when you must kill a living being, do it in the best manner and, when you slaughter

an animal, you should sharpen your knife so as to cause the animal as litile péw

possible” (Narrated by Muslim).

4 good deed done to an animal is as meritorious as a good deed r@& a human

being, while an act of cruelty to an animal is as bad as an act q “z ty to a human
being” (Narrated by Bukhari). Y'

When one of you slaughters, let him complete it, “meanil, 1 one houldgharpen

L
the knife well and feed, water, and soothe the animal @kﬂ/in it" ;fra@y

Ibn Umar). Y'

S
2.3.3 Rulings (Fatwas) on Halal Slaugh\mg{l

Decisions on halal matters are usuall an mi1 ho%gs on issues relating to

spirituality using the Quran and hadw Mes Qh‘?ulmos on Halal slaughter
have been controversial. Fo%zle j\l’uu-h} W, %sued in 1978 by a special

committee consisting of re Nntatl\'e he fo éﬁ(nowledoed Schools of Thought

in Islam (Shafii, Ha N/lal
' 4

allowing stunnmgD als i; am@dx as long as it clean, do cause maximum
\)

nh) at Al- Azhar University in Cairo

bleeding and q asrl 198
Also the J ol mmttee of the League of the Muslim World and World Health
OrganiSiy et at the Institute of Veterinary Medicine in West Berlin in 1986 to

witness (W0 stunning demonstrations on sheep. The Joint Committee observed that the
sheep made a full recovery after being electrically stunned. The Joint Committee
concluded that animals being slaughtered to provide Halal meat for Muslims can be

electrically stunned provided the stun does not cause death (Masri, 1989). Similarly,
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clectrical stunning is also acceptable by the Halal Food Authority in United Kingdom
(Halal Food Authority, n.d) and by the Saudi Arabian Standards Organisation. In
addition, head only electrical stunning of mammals is accepted by the A Gulf
Cooperation Council (GCC) which is enforced in Bahrain, Kuwait, Omay; r and
the United Arab Emirates (The Poultry Site, 2004). &

Presently, the Organisation of Islamic Cooperation (OIC) wmm group and
Malaysian standards are the most prominent bodies that set uiav for slaughtering

animals. The following conditions have been set by the b or@?ng can be
L

\y
g
e Poultry shall be alive and in stable conditio?g g nd tunphg (loss of

&
consciousness) and upon slaughtering. CV '1 %

e The current and duration of electricm, ifat is ? sh@oe as specified in

Table 2. %% Py A &k
0

applied to an animal; |

S

e Any poultry that die before tm ’ %iinél 11 be considered as dead
and unlawful. z ( 0

F &y

O

e Shall be proven to&h@ane' ‘e,
{Q

e Shall not reduccmnlm b 9los§_§dring slaughtering process.

However, the Ma %sta}p

animals, but if, stsm g is to be used; QE- permitted types are electrical and pneumatic

\
percussive s%\ai g.

=R

A Y

&)

rd - :2009) do not recommend stunning of

<
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Table 2: Guideline parameters for electrical stunning according to OIC Standard.

Type of animal Current(Ampere) Duration(Second)
*Chicken 0.25-0.50 3.00-5.0
Lamb 0.50-0.90 2.00@
Goat 0.70-1.00 ﬂ&oo

Sheep 0.70-1.20 \2, 0-3.00

Calf 0.50-1.50 Y‘ 3.00

Steer 2.00:8.00
L ]
™ of
Cow 2 3
Bull 3.08:4:00
\ $
Buftalo 0-4.00

&
strich O
Ostricl : \1 é 10.00

Note: Electrical current and duration M i @;ﬂ determined by the
organization, taking into account th o 1imal and other varying
factors.

2.3.4  Effect of Halal @Nen

—
o]

¢

Effect of halal slaugegr ot megt qualyy

P N
2009; Alli et al. % AddEeiget 4., 3& Nakyinsige et al., 2014 and Sabow et al.,

A {

2015). Addeéget . (2014) 1‘eportea\l at birds slaughtered using the halal method had
a 10%&% and cook loss values compared with the other methods used namely,
decapitgh, conventional and unbled methods. The results were similar to that
reported by D’Agata et al. (2009) who observed that meat derived from halal

slaughtering  showed lower drip loss compared to those from conventional

slaughtering methods. Additionally, Addeen et al. (2014) concluded that [slamic
O (=] J
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slaughtering method yielded chicken meat with better quality which was stable during
post-mortem storage.

Nakyinsige et al. (2014) reported a significantly higher blood loss fo?@its
slaughtered using the halal method than those killed by gas stunning. %\sidual

blood in the gas-stunned rabbits increased the microbial load since bﬂ*avours the

multiplication of spoilage microorganism. However, the stude%z;rried out by

D"Agata et al. (2009) gave a contradicting report. It was ob, elwat meat obtained
from cattle slaughtered by the halal method showed hj ulfim te' pHgvalues and

higher petechial haemorrhages caused by the incre b

pr S,.n.e{%xa the

lo
breaking of the vasal endothelium which ma)?g rcb\aﬁl = tgyghort—term
&

excitement of cattle prior to slaughter compat Nattleﬁlau tere conventional

&
method. \ O
\ A
2.4 Conventional Methods of IN y N \A“Q
Cance i %

This method of slaughter is i% th sla@ds of the European Union. It
:

&
ey A%(No 1099/2009 that animals to be
3

\be, (ohsported or lairaged, restrained and

2.9

fopyell. Some permitted stunning methods for

stunned before slm%'\ﬂg cap bgJp
b o
poultry includes§glCWfrical stunhing al,\dyas stunning.
N 9

24.1 ical Stunning of Chickens

was stated clearly in the Awgnal P'O

slaughtered in the abgi®gs Sl 11.

—

The clecical water bath stunning is the most common method of stunning (or
stunning/killing) poultry under commercial conditions (Gregory & Wotton, 1985; Anil
et al.. 1997; Raj, 2006). It is done to produce a brain dysfunction and render the birds

unconscious before sticking is carried out (Anil & Mckinstry, 1992; Cook et al., 1996;
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Cook. 1999). Ali et al. (2011) reported the lowest weight of blood bled and an
increase in the bacteria count for birds slaughtered using the electrical stunning
method and concluded that this might be due to the residual blood left in the carcass of
the birds which serves as an excellent medium for growth of microorganisl 1\

Kuenzel and Ingling (1977) compared plate and water-bath stunner, A.% z) and

D.C. voltages to determine which among them gave the best w-out. They

Mst bleed-out 1n

tter bleed-out using

high frequency (480Hz) current. \d'
gh frequency ) | O}V-
There has been some Ievel of doubt in the poultry intystry ap 1egggds thélectrical
V
1 hat gsjults in poor
(G@nhs et al., 1985).

Therefore, some researchers have four %y of \MXg @ without leading to
,é 0 ]

% 6&11, 1990). Gregory and

cardiac arrest (Gregory & Wilkin
&
;:ljl t@tricular fibrillation in most
n

Wilkins (1989) reported that un‘gts that
broiler chickens can be rela{a 1' Vm’él gr é&cts such as deep breast muscle
1011'&3&4:5, wing-tip haemorrhages, shoulder

haemorrhages, superficigl lemus
‘ : ’ "l (,)
haemorrhages and Qe' ongs in the cclgy‘ region, all of which would reduce the

quality of the W and TGP M wrdat produced. They recommended that the
1§

concluded that an A.C. water-bath stunner set at 50 volts gav

broiler chickens. Also, Kuenzel and Walther (1978) reporte

stunning of birds leading to cardiac arrest beca%izs b

bleed-out and hence reducing the quality o laat prod

G

—

e,

N
defects coul(&‘ duced by using c}n(')'ents less than 130mA or greater than 190mA.

Howevag, 8gegory and Wotton (1990) reported that a minimum of 105mA was
require rovide at least 52 seconds of stunning but recommended a current greater
than 120maA.

Gregory et al. (1991) concluded that high frequency, pulsed. D.C. currents will ensure

a humane stunning with a minimum of carcass downgrading.
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2.4.2  Gas Stunning of Chickens

Controlled Atmosphere stunning (CAS) systems kills the birds by exposing them to

anoxic gas mixture (gas mixture that does not contain oxygen) which rapi enders

the birds insensible to pain or distress. The major advantage of gasco%xl ning is
that birds can be stunned in their transport crates thereby elimina®8&ghe handling
stress associated with uncarting and shackling in the electrical {gunning method

(Sparrey & Kettlewell, 1994). Yv

Carbon dioxide (CO») at fairly high concentrations sucg 1R 1'e‘c1\>reyoth broilers

and laying hens unconscious with laying hen talgwg a

itfle 10glggr ggecome

]
K
ds balagencon¥cious in 21-

Yy (B“‘ ). @r concentration

of gas has been reported to take 1011ch to stun gic bil@ In human, a CO>

i thﬁ f n é‘éﬂccntration respiratory

9 Q-
distressed i1s experienced. So it 1s N mende ta @("lcvcl of about 30% should
N

unconscious but at concentration of 55% CO-.

¢

—_—

22 seconds (Raj & Gregory (a), 1990; Raj & W

concentration of 30-60% 1s consi

age flu% this low level is that the birds
P

&

canngkbe used in commercial processing

cain consciousness rathg

be used to stun chickens buthe (z*advm
% and' \&‘,
¥
| s
Raj ct al. (199QaNgported tie | w% Tcidence of bone breakage for birds stunned

line. Therefore 1t 1s rg®ygmendec ‘vcl@ould not be less than 55% CO, (Raj &
z : ¢

Gregory (b). 199(

with 2% ¢ \n in argon, followed by birds stunned in 45% CO0-. then birds stunned

in 53 and lastly birds stunned clectrically. They recommended that if gas

stunni ™S to be used, it must not exceed 50%. Also Raj and Gregory (1991) reported
that gas stunned broilers bled out more slowly than electrically stunned broilers over
the first 60 scconds. They however reported no difference in the blood loss after 140

seconds. They therefore recommended a time interval of between 60 and 140 between
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neck cutting and scalding. There was fewer muscle haemorrhages, more tender breast
meat and breast muscles free of bruises for gas stunned birds when compared to birds
stunned electrically (Raj et al., 1990). The texture and eating quality of ﬂas stunned
chicken fillets 2 hours post mortem were rated higher by tasting pang n the
electrically-stunned chicken fillet (Raj et al., 1992). Raj et al. (1997) seQrt®d that gas

stunned chickens reduces meat quality defects and allows hot ﬁlletmél hours post

mortem without a reduction in quality when compared to electi stunned birds.
2.5  Conversion of Muscle to Meat '
| &
The overall mechanical and biochemical changes o mu?c affer tl?-plocess of
slaughtering largely determines the final m 11t de\ el 1ent of rigor

exsmnt eat <ﬁce important for

an n@i &uscle cells continue to

oy iNthe fon&{&' adenosine triphosphate

N
alss@ed up, the cells produce the

& . . ,
n 1me‘ga/tant biochemical process in the

mortis is essential in the process of mus

i

proper meat quality (Sams, 1999). A

respire, producing and consumm\

(ATP). As the remaining ox q tl
Gl}:

ft in
needed ATP anaexoblcall)\ i/
Py

post-mortem LOHVLISIO\
¢
nd J§gsic acid using the anaerobic respiration in

glucose 6-phosphe G(a), gliicoge
Qf N
order to plodu: Thc pfodu$is used for muscle metabolism after killing

wh et al., 20073{'&5 blood circulation hinders the removal of the

ol

at. 1 &olves the breakdown of glycogen to

the ammal
accumagla Ltlc acid in the system, intracellular pH drops to a level that hinders
furthe colysis and hence a stop to ATP production. As the ATP level drops to
about 0.1mmol/g, rigor mortis is developed (Sams, 1999).
The process of muscle conversion to meat is completed when all the energy reserves

in the muscles have been used up. The length of time required before rigor mortis can
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occur depends on the amount of glycogen available within the muscle at the time of
exsanguination and the continued activity of glycolytic enzymes (Swatland, 1994).
Rigor mortis sets in when all the energy in the muscle has been expendgd and a
temporary toughening of the muscle is noticed. Rigor mortis is not an in N €ess

it begins at a certain time after slaughter because of the gradual deplet%‘ glycogen.
This lag time is called the delay phase (Lyon & Buhr, 1999: meul.m The length

of delay phase is dependent on ultimate pH and time taken to r {, However, the
onset of rigor mortis is not pH dependent but occurs whg 1 ®0%% o'f thegnitial ATP

has been used (Khan, 1975). It has been reported that

wor 1n bfeast 1iat.8){YOCCU1‘
cle @bt mmlm’s to come
into rigor. However, full rigor occurs at ; mtu@h breast fillet

S@hc muscle at this
sﬁ% begins to relax again

as a result of the breakage of sau is due to the activity of

proteolytic enzymes. Some oc z:]m d,.\ o wPvthe aging process include the

degradation of the thin prégin ban e aulg aments are attached in a striated

muscle fibre (Z-line) 1\

major proteolytic S ¢

calcium 1is re l:&om the Sar 0})@7’11(. recticulum and mitochondria during the

\(_)

1<Ootun nebulin. titin and desmin. The

¢ Qa'\hcpsin are calcium dependent and this

process of 1 ortem aging.

WCat Quality Attributes of Broiler Chicken Meat
Meat quality can be described as the qualitative characteristics that make up the meat.
These include physical, chemical. nutritional. microbial. biochemical. sensory and

cooking propertics of the meat. Physical attributes such as appearance (colour).
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texture, juiciness, tenderness, odour and flavour are mostly used by consumers to
determine the quality of the meat prior or after purchase but a processor is more
concerned about the shelf life, cook loss, drip loss, pH, shear force, wate ing
capacity, protein solubility and fat content of the meat (Allen et al., 19@1 these
attributes are essential in order to reduce downgrading of the meat pro&(}rading of
poultry product is usually based on the physical attributes wi@sideﬁng the
functional properties of the meat which is the bases for fu ech’essing of meat by

food and meat industries (Barbut, 1996). pH, colour; T llh\gapacity and
{ 2

tenderness are the major quality parameters usu%d to fasse 'niﬂ%'uality
\: \3'

(Dadgar et al., 2010). Y.
Vi &
2.6.1 Meat pH \% O<<
Meat pH is the most important factocrespons1 1 ’@quality and protein
N

functionality. There is a strong relatic%)etwq—:en scl@ and other meat quality
Ay

attributes such as colour, WHC, t ess,rulc? s andyshelf life due to its effect on

| S

ﬁa{@n in the quality of chicken meat

77]

protein structure and hydration profertie

@)

is caused by the initial ra@‘{\pl d@ﬂer @ghter and the ultimate pH (pH,) of
O
meat reached at 5-6 %p t-@ k)strong relationship between pH, and

@

%’ S
lightness (L* val% the prLa }neat«$ chicken has been reported (Allen et al.,
b

1997; Barbut, : Qiao et al., 200(\—,)\'1'\113don, 2002; Barbut et al., 2005). Such has
also been @1 for turkey (Owen et al., 2000). In addition, drip loss of raw meat
are si@nglYMelated and correlated with pH, and L* (Le Bihan-Duval et al., 2001).
Also pH, and L* are strongly linked and correlated with water-holding capacity and
cooking yield (Le Bihan-Duval et al., 2001; Debut et al., 2003). Solubility and water

binding capacity are minimal with a drop in pH of meat to the isoelectric point (where
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the positive and negative charges are equal on proteins) and this is due to the fact that
there is no net charge on the proteins to bind to water molecules and also there is no
enough space for water within the myofibrils due to increased afﬁniY@khin

myofibrils. Swatland (1994) reported a pH of 5.5 for isoelectric poi@musele

myofibrillar protein. In contrast, Srihari et al. (1981) reported dift%isoelectric

point for various components of myofibrillar protein with acti%zg a pl ranging

from 5.5-5.8; myosin heavy chain from 6.3-7.3 and myosin 'gIWn from 4.8-5.6.

\d.g
Table 3: pH rating Scale for Chicken Meat accordir 1gaud gt a (),1 ("N
4 \,Y'

R >

Quality Defects

PSE defect

Normal Meat %G) ﬁ;ﬁ S I
\

DFD defect

An understanding of the r@ shi
quality differentiation %ﬁr 1
L4

dry (DFD) meat wighisgh WHC, “pohr s@ge quality due to high moisture content
17
and a faster rat:woductio of‘ offgtours and an accelerated microbial growth
§;

9 .
e Bihan-Duval, 2004). On the other hand, a fast drop in pH post-

Py
en gﬁ}’and L* could be a marker for

igh éﬁ{nate pH produces a dark, firm and
&y

(Allen et al.

mortemiggni®yJow final pH results in Pale, soft and exudative meat (PSE defect)

althoug h better tenderness and reduced WHC.
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2.6.2 Meat Colour

Meat colour is also an important meat quality parameter that determines the overall
acceptability and purchase decision by consumers. Most consumers attrib neat
colour to freshness and overall quality. Poultry meat shows a remarkable L.§\J(:.e in
colour due to its muscle biochemistry and histology. Poultry are claﬂ% as either
white (breast meat with pale pink colour) or dark (leg and thigh 11eam red colour)
meat. The noticeable difference in the colour of meat is svult of myoglobin
pigment concentration. Anadon (2002) reported that ch inor megt colour 1s

more pronounced which is as a result of its natural lig

L ]
olour ahd b arsee’)tgﬁakes
R\
sensifl colg@ﬁ/ariations

up a large percentage of the carcass. Consumers ar
&
and if adequate care is not taken, it can lead ngr&‘lin f the&at and hence
causing great economic loss to the industr yﬁer@ﬁ O
Meat colour differs based on the my % ap lo@concentratlon (major
"

f IL@ reflection off the meat

(Froning, 1995). Haemoglobiyf'i i @ ells and its concentration in

P s
meat is dependent on Sﬁd? bleé.ﬂ'(% during slaughtering process

(Swatland, 1994). My in i a § peg‘é‘{l formed from a single polypeptide
’

chain, which is su by jn :c%{xymg heme group composed of an atom
’ X

of iron and a posw ring. THe n{y@Ein functions primarily for the transportation

C-)

of oxygen :Nthe muscle fibre (;}vatland, 1994). Factors such as age, sex, species

meat colour pigments), chemlcal

an affect the concentration of myoglobin (Barbut, 2002). Meat colour,

and g@

fibre com®t and myoglobin content are highly correlated because the basic difference
in meat colour is due to relative amounts of white and red fibres. pH and post-mortem
temperature play an important role on the extent of protein denaturation and physical

appearance of meat (Lawrie, 1998). The extent of protein denaturation is directly
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proportional to light scattering from a muscle surface. At pH > 6.0, protein
denaturation is minimal and water molecules are tightly bound thereby causing more
light to be absorbed by the muscle hence, the meat appears translucent in c?q; In

contrast, at pH < 6.0, protein denaturation is higher causing an incr

scattering and making the muscles darker. Lightness (L*) is atfe& by light

scattering but has a minimal effect on meat redness (a*) and yell%g (b*) (Barbut,

1997; Swatland, 1994). T

Evaluation of colour can be done using different syster osWn are CIE
LAB and Hunter L, a, b solids scale. In the CIE LA stemJ the ’7v. 1S an
expression of the lightness of the surface rangin 1‘ ck {Q,thlte), a*
value indicates red ranging from negative to (gre?n ed) * value also

ranging from negative to positive which st or blue t ello Barbut 2002). It
tl

has been reported that meat lightness e% 11a y%wer post-mortem time
4 Q—
hence the time at which L* value 1d ct reading values of L*

| \z~ 7S é‘
(McCurdy et al., 1996). (') [
J‘
Meat colour has been r ed to'
functional properties o w b

to meat quality parameters and

¥ cher et al., 2000; Owen et al., 2000;
’

Van Laach, 2000 al., 00 ianslyf & Fletcher, 2002; Bianchi et al., 2004,
:
2005, 2006, 200 easure en{cca‘,,;l;"e used as an indicator of poultry breast meat
\
quality for processed products as well as poultry meat defects including PSE

and % itions. L* values of dark broiler breast fillets are reported to have
significa lower values, higher redness values (a*) and lower yellowness values
(b*) than light broiler breast fillets (Allen et al., 1997, 1998; Petracci et al., 2004;

Barbut et al., 2005; Bianchi et al., 2007). A variety of lightness (L*) of breast meat

has been reported by different researchers ranging from; 35.3 to 55.6 (Barbut, 1997),
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42.0 to 71.0 (Woelfel et al., 2002), 45.0 to 67.0 (Wilkins et al., 2000), 47.7 to 66.5
(Anadon, 2002), 40.0 to 66.0 (Petracci et al., 2004) and 41.0 to 56.0 (Lesiow et al.,

2007). This wide variation in L* values are reflective of the wide distribution of

muscle pH values at 24 hours post-mortem because these traits aﬁﬁely

correlated. Factors such as genetics, age, sex, flock, nutrition, seas-&f the year

affects the lightness value (L*) of meat. Q

Water holding capacity is a significant quality param$ both fonsgmers aQTmeat
ith'Yend

2.6.3 Water Holding Capacity

O
processors. The ability of meat to hold water helps ergess, J cin‘e\’ y firmness
nS NN

and appearance of the meat leading to an impr in°1ua and@ omic value.

WHC of meat can be classified as waN;ing potgytial ®§<BP), expressible

moisture and free drip. WBP is define ab the régscle proteins to retain
(]
rnal

q
excess water under the influence e It ﬁlso be regarded as the

etain under external forces

maximum amount of water %&Escle

(Swatland, 1994). Expressiw st sent{ {Ne amount of water that can be

expelled from the meat b@use why eree drip is the amount of water lost

-
Fké
A _r_/;
/4

v |22 5 o
from the meat as a rg®ylt of gra 1t?S atla&d;, 1994) which is important for consumer

i N 4
acceptability an isplay trfy pagked meat.
. s >

Most of the Wr (88-95%) inside\‘t?le muscle is held within intracellular spaces
betwee ﬁnd myosin filaments and only a small portion (5-12%) is located
betwee myofibrils (Offer & Knight, 1988). Several factors such as pH, sarcomere
length, ionic strength, osmotic pressure and development of rigor mortis influence
WHC (Offer & Knight, 1988). After animal death, lactic acid production and pH

decline causes the reduction in water binding ability of the meat due to protein
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denaturation, loss of protein solubility and therefore reduction of reactive groups
available for water binding on muscle protein (Offer & Knight, 1988).

When pH decreases to values close to the isoelectric point of protein, waterginding
ability of the protein is impaired causing the myofibrils to shrink and tb@ ne of
sarcoplasm increases. As muscle fibres depletes all their ATP, theﬂ&branes no
longer confine the cell water and fluid is lost from the 1nusclc¥1;e that may

contribute to the exudate lost from the meat (Swatland, 1994). Yw

2.7  Factors Affecting Meat Quality | 0}
A
This can be broadly categorised into intrinsic and exgtg fa@ \3'
2.8 Intrinsic factors V "" g
G) &
2.8.1 Genotype \ O
AL

jter‘i_;s&ts of poultry are very
9 Q-
recent. Several studies have investig he ef] gelﬁfé line and growth rate on

N
several quality properties of clfic zneat (Berrt tla@m; Anadon, 2002; Debut et
g a Bhﬁhoi et al., 2006).
Genetic type has bee ?\&o e t:) "spo&lggf with the rate of post-mortem pH
decline (Berri et ). Jomg Wisi ifferences were recorded in the post-
:

mortem bioches&develop

L et al., 2001; Le B.i?an—Duval et al., 2001). These differences were

enf‘ @een chickens of same age but different
G,

genotypes (

growing line which was associated with lower level of activity on the
shackle a decrease in the extent of pH drop. In addition, Debut et al. (2003)
reported significant differences in most of the meat quality parameters investigated
between a slow-growing French Label-type line and a fast-growing standard line of

chickens exposed to different pre-slaughtering stress conditions. It was reported that



the breast muscle of Label chicken has more glycogen reserves at the time of slaughter
than the standard chicken types. This difference was attributed to the variability of
muscle fibre structure among genetic types. So, they concluded that the extent of pH
decline of slow-growing chicken lines is faster than in fast-growing chicken\x~

In contrast, Youssao et al. (2009) reported in their study on Lab bge and
indigenous chickens of North and South ecotypes that there wa significant

Nmortem.

difference among genotypes in pH recorded at 1 hour and 24 ho

Furthermore, Lonergan et al. (2003) reported in their findin

from 5 genetic groups (inbred Leghorn, inbred Fayqumi, N
| &

broiler-inbred Leghorn cross and F5 broiler-inbre ayouxyi crogs) t@ompare
V

chicken meat quality showed high differences i% meﬁl\mposn' and quality.

Their results suggested that the Leghorn ir@ne brea ereé&re pure and has

more intense red colour than the crossbeﬁinesm }Q%hear forces values
o S

(kg/g of sample) was higher in brex at ofNgroil s‘{hmgﬁ breast meat from the

A\
inbred lines. Y’ , : §'
Selection for fast growth an higl)f' d»Lé en“@wrted to affects the sensory and

&(§8mcki, 1999; Le Bihan-Duval et al.,

|
&f nces in meat quality may exist between

L4

2001; Le Bihan-Duv %);t erefo

i
fast and slow-grow ilefS. f 4 Y

o ot it 850

It has been 1”% that different gg?es are responsible for the rate and extent of
decreas 'éost-mortem in chickens. These results show that glycolytic potential
and p hicken meat have close genetic control and can be modified by selection.
The slow-growing chicken meat tends to have a longer time of rigor inset with lower
ultimate pH compared to broiler meat resulting in lower water holding capacity

(Larzul et al., 1999; Le Bihan Duval et al., 2008). Also Fanatico et al., (2005)



indicated that percentage drip loss and cooking loss were reported to be significantly
affected by genotype in slow-growing broilers. This result is in agreement with the
earlier report of Debut et al. (2003) who reported a higher drip loss in breagt from
slow-growing broilers when compared with the fast-growing broilers. % ion,
Jaturasitha et al. (2008a) indicated in their study of carcass and meat ¢ eristics of
male chickens from Thai indigenous, improved layer breeds and the&?gssbred that

N

drip, thawing and cooking losses of breast and thigh much*re significantly

different among the various chicken genotypes. é (d

Castellini et al. (2006) outlined that physico-chemical sensoty ch! aitgr(;lsjgﬁs of

A
chicken meat are greatly affected by genotype. Theyggonpared C cke\n}'enotypes

(Ross 205 and Kabir) reared using the same liiw It W?s T ortedgt. meat from

&

Ross chicken had a higher Thiobarbituric N active stan@ (TBARS) value

when compared to their Kabir chicken r%? y r‘;@ reported that these
9

higher TBARS values were also n@ ly col d tﬁﬁtness and yellowness.
S

Some researchers recorded thajfthe [¥ghtnessf(L* )¢ r¢d (a*) and yellowness (b*) of

breast and thigh meat difqugmﬁ

Other authors reported hQ W-

F 3
onié,%otypes (Quentin et al., 2003).

Pirdéﬁve a redder and darker meat when
.9

compared with fast- iffe or highyp rfo@nce birds (Le Bihan-Duval et al., 1999;
:

Berri & Jehl, 2§%ebut et

O .
genotypes 1::“ as a result of variations in their slaughter age which significantly
0

JO(&?‘This dissimilarity in meat colour between

affecte globin content in the muscle. The work of Gordon and Charles (2002)
was in SPement with this statement but Lonergan et al. (2003) on the other hand

attributed the distinction in redness between genotypes to a difference in the muscle

fibre type.



27

The effect of genotype on nutritional chicken meat quality is contentious. Fanatico et
al. (2005) showed that the Pectoralis muscle dry matter, fat and ash contents were
mostly uninfluenced by genotype. This result is in agreement with earlier report by
Latter-Dubois (2000) who found no significant differences in dry matter o &e
breast meat among 5 crosses of fast-, medium-, and slow—growingﬁ ns. In
contrast, Lonergan et al. (2003) reported that lipid content were higher?r%reast meat
obtained from fast growing broilers compared to the slowgg ones. This
§

statement was also supported by Havenstein et al. (2003) 0 ed more carcass

fat for modern 2001 strain of broiler chicken than strai from 1957. 'hﬁ&ﬁfd, it
R\

was also reported (Wattanachant et al., 2004; WaftanaOrant & Wa aclvﬂt 2007,
V
Chuaynukool et al., 2007 Jaturasitha et al.(a), 2$ \e (b@g' and strain)

alitéﬁuwatosin et al.

of chicken plays a pivotal role in carcass fN nd meat

(2007) revealed a notable effect of ge cto&j
] )
ns

q
breast and thigh of cockerels of eon ( ovm&(%n'd Harco) and the local
N

Nigerian strains. Their resu szsted, thap the al Nigerian strains were
, V') P s

nutritionally better than the e%: coiv‘}ef\
& g
\ ¢ | G)(J
' 4
2.8.2 Muscle Fibr. usdie fYp \SJ
? >
en

The highest pro % of chi "car&'sS meat is located in the breast and thigh
muscles an: N iffer in their cheical composition, technological and sensory
qualitie mi & Roberts, 2000). Oluwatosin et al. (2007) reported that the thigh
muscle 1€latively more nutritive in terms of crude protein, crude fat, dry matter,
organic matter and nitrogen free extract than the breast muscle in all cockerel strains.

Many other authors have also reported the influence of the type of muscle on the

quality of meat of chickens and ducks (Oluyemi & Roberts, 2000; Latter-Dubois,
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2000; Baeza, 2006; Woloszyn et al., 2006; Berri et al., 2007; Jaturasitha et al. (a),
2008; Huda et al. 2011).
Scheuermann et al. (2003) reported that selection in chicken can induce?iter

muscle weight at the same age by increasing the fibre size and n\.@ They

concluded that increased muscle fibre number may also participate to impweve breast

yield. Berri et al. (2007) on the other hand associated increase% t weight and

yield with an increased fibre cross-sectional area, reduced musc colytic potential
and reduced lactate content at 15 min post-mortem. It nc ud%”ectoralis

{ 2
major muscle exhibiting a larger fibre cross-sectional a as a great I'Hig;min

post-mortem and at 24hours post-mortem thus proc)Y'nv e@Q werﬁz reduced
\¢

drip loss and were more potentially adaptetwurth'eﬁ p essi<< than muscles

exhibiting small fibre cross-sectional area. ad%rs he:nkQ)st-mortem time
S

increases during storage (between 4 and Ea’ th e ($ and yellowness (b*)

4 Q—
of chicken breast meat increases but d e%}dec\%és (Zanusso et al., 2001;
Petracci & Fletcher, 2002). T ion oi;%rlw@%post-mortem aging time was

’

£
attributed to the variation (&wentrzitl \ﬁpign@vs, the chemical state of pigments
0

&/
and the way light is reﬂ@ fther (ﬁbé’@h & Matarneh, 2010).
R ¢
Brooke and Kaiser (@.classgﬁtl e fibres into three groups based on their
:
1

biochemical andS onal pro ert‘:zs,@'follows; slow-twitch oxidative (STO), fast

9 |
twitch oxid 'Nycolytic (FTO) and fast twitch glycolytic (FTG). Jaturasitha et al.
(2008b) ‘Megicld no significant difference in the percentage of each breast muscle fibre
type amomg Thai native chickens, Thai native X Bar Plymouth Rock, Bar Plymouth

and Shanghai chickens. Dark muscles contain predominantly STO while light muscles

contain primarily FTG. The FTG content of Pectoralis muscle of broiler and turkey
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was reported as 99.5 and 99.8% respectively by Lengerken Von et al. (2002). In

conclusion, STO, FTO and FTG diameters varies among genotype.

2.8.3 Sex %\T

The gender of an animal may influence post-mortem metabolism M& different
responses of sex to pre-slaughter stress. Findings on the effect 0% n breast meat
quality are conflicting; Ngoka et al. (1982) reported no effegt cV!on breast muscle
pH, WHC, cooking loss and colour L*, a* and b* of t . ar@search by
Anadon (2002) on broiler chickens, it was discovered t ectorglis 1 j'n:.flqsgle of

er Lga'l* and b*
&

values and lower WHC compared to males. of f&?ﬁnal irds@ved a greater
&

female birds exhibited lower pH values at all time Forte;

rate and extent of pH decline (pHu=5.69), er, reddergnd .@ower breast meat

colour and lower WHC (15.8%) co Lr& W% plaf,%.m; WHC=18.8%).
“ &

Higher rate of protein denaturation 1& ely onsiﬂ? for this result in muscles
N

from female birds that exhibit@H v
s

In addition, Lopez et al. (%epor'e
24 hours post-mortem:w a‘%e

responsible. The rE@ of igapd
:
e
\

>

luegfatlal]-Whe post-mortem.

£
em%broiler have a lower pH of 5.87 at

&
glyg)@n content in the muscle as a factor
'

t §(2007) was in agreement with previous

work that sex&msewab t{ecq‘)\&l' glycogen use rate and this rate in glycogen
is importan Nnnale birds with lower pH. Abdullahi and Matarneh (2010) in their
study o %‘luence of carcass weight, birds sex and carcass aging time on meat
quality triits of Pectoralis major muscles in broiler birds reported that cooking loss
was affected by bird sex with the highest value recorded in females (27.8%) than in

male (26.7%). Also it was observed that the carcass of the male birds exhibited higher

thawing loss values than those from female birds. The highest thawing loss found in



male carcasses may have been as a result of excess amount of moisture picked up by
carcasses from male birds because of the thickness of breast or the space between
muscle fibres. In contrast, these authors found no significant effect of sex O%C,
colour and chemical composition of meat. %

Similarly, Lopez et al. (2011) reported no difference existed for seAfor mean
shear force. All shear force values were lower than 30N which Y'gestmg that
meats were sufficiently tender and will therefore be highly cc?&e by consumers.
It has also be documented that male birds are usually less a eqv@? age) than

their female counterparts. Sunday et al. (2010) found

t lipid jcont t'o.f(};&:ken
N

meat was significantly higher in females than male

S @ ein\cgﬁtent was
ort@q b ese@;‘l:)rs that the
&

affected e cn@protem and lipid

higher in males than in female birds. It was

interaction between genotype and sex signific

contents. In a similar study by Bogos %OA QQOIO) they reported

q
that male broiler had higher protein N t 1n | scleﬁﬁﬁn females provided age
N
and rearing conditions are hel%; nt. It eported that fat content and
’ J‘
dry matter was s1gn1ﬁca tl her IT S ﬂ%m male birds. However, Konrad

and Gaal (2009) found 'ﬁc@iﬁ‘fmpact only on ash content of thigh
coc

r.>
meat of Yellow Hu B kept in free range for 84 days with the
highest ash co orded in ulﬁat @8% vs 0.89%). It was further revealed that
the sex of t cken influences the}atty acid profile of chicken muscles (Brunel et

al. 2 @ archi et al. (2005) found that female Padovana breed of chicken had
higher cOfent of C16:0, C18:3w3 fatty acid than male, while male had the highest

content in C18:1w7t and C20:4w6 fatty acids than female.
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2.8.4 Slaughter Age

Several studies have studied the effect of slaughter age on the overall meat quality of
broiler chicken (Sandercock et al., 2001; Anadon, 2002; Smith et al., 2002; Bignchi et
al., 2006, 2007). They all reported that the composition of chicken muscle$§ty
changes as the animal gets older. Fletcher et al. (2000) and Gigau@&l. (2008)
reported that as slaughter age decreases, the flavour of meat de¥s.es whereas
tenderness and juiciness increases. Sandercock et al. (ZOOI)Yﬁed a lower pH
immediately post-slaughter; lower shear force values, hig ti¥at pl—I ang drip loss

higher rate of post-mortem glycolytic metabolis

Anadon (2002) further reported higher WHC f; egst ﬁﬁ?ts m 53&& birds than

42d old birds despite the lack of any 51gmﬁca ferences ¢t pH, @ and a* values at

24h post-mortem. It was however obseaé at tl%y &alues at 15mins and
e m bi

4h post-mortem were significantly h it cess &&at 53d thus, resulting in

improved protein functionalityfind h;;fold@opemes of breast meat for
these birds. The study from adon e‘t 2) s ested that rigor mortis and post-

mortem glycolysis occ % ilger@«rds than in old birds. This fact was
disputed by Sander ) Als&Anadon (2002) reported an age related
change in col A% ctor: ah?%‘ ok’ﬁi'uscle where L* values tended to increase
linearly w1tl Slng age at slaughter which did not agree with their earlier study.

In a % age of chicken influences strongly nutritional quality of its meat
through profile in fatty acids of the muscle (Brunel et al, 2006). In Thailand,

Wattanachant & Wattanachant (2007) studied the changes in composition and
structural properties of muscle protein and meat quality of Thai indigenous chickens

during growth from 6 to 24 week old and confirmed that moisture content in muscle
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decreased from 77.8 to 71.6% whereas fat and protein contents increased from 1.35 to
3.90% and 21.5 to 24.0% respectively. This result was similar to the research by

Suchy et al. (2002) on chemical composition of muscles of hybrid broiler chigkens

during prolonged feeding. In addition, De Marchi et al. (2005) also foundgsi
difference for protein content of Padorana breed of chicken slaughteA 150 and
180 days of age with the highest protein concentration recorded at 80 s old.

In conclusion, older chickens present a lower ultimate pH, reddYnast meat, higher

drip loss and protein content, lower yield and intramuscul \d
L

J K
2.8.5 Live Weight \3'

At the same age, the live weight can affect h c n c‘ﬁrcas com&on and the

meat quality properties (INRA, 2008). The variabiligy of t@chlckens can be

AN

L, % S V b111ty can be tied to

very important within a batch (Gigaud

q

individual variability but also to thM 1 d%im iﬁbs, some differences in
N

post-mortem metabolism of gfic ez musc,e

c 111 xplained by difference in
re

re

d that heavier chickens present

’

growth rate. According to 200‘3 S

ip lé‘iower muscle percentage yield and

(.)

Fprt a.&ﬂore Bianchi et al. (2006) reveals that

more 1mportant1y 1 cul fati’
heavier birds (>3 ve welg od@l a darker breast meat (L*= 51.67) than the

a lower pHu, redder bre

lighter birds 0 and 3.0-3.3kg; L* 52.63 and 52.84 respectively) (P<0.001). In
add1t1 lah and Matarneh (2010) reported that lighter carcasses had a higher
thawmg S percentage in breast muscle while higher shear force values were
recorded in breast muscles from heavier carcasses. This could be due to a greater

denaturation of muscle protein in the lighter carcasses compared with heavier ones.



2.9 Extrinsic factors

2.9.1 Production system

The breeding mode of chicken affects the characteristic of their meat qual'?.;he
study of Fanatico et al. (2005) on the meat quality evaluation of sloegdowing

broiler genotypes with or without outdoor access indicated tha*t quality

differences exist among production systems particularly on the s@q.uality. They

reported that outdoor access enhanced the meat to be yelloyer e slow-growing
genotype (P < 0.05), but there was no effect of outdoor a n the@rcial fast-

[ ]
growing genotype (P> 0.05). Mikulski et al. (2011) fou at colqur o h': @;and

thigh muscles of chickens bred with outdoor \{' ficagtly darker,

e y .

compared with birds raised in confinement. in°q1e lour 8 meat in their
&

study were accompanied by a better water- 1ng<pa of Qast muscles and

lower juiciness of breast from ﬂee-rz@kw%jverganatico et al. (2005)

4 Q—
reported an increase in drip loss forN-gr 1 not@%hickens when they had
access to outdoor movement. %Cr, whl; t?;rdv@ outdoor access, there was

little or no impact on watemg cap

The shear force of th w also Isi antly according to the production
R ¢
system. The study ellinifet gl. §20Q on the effect of organic production on
ol
broiler carcass arf{ mNft quality’ show@at the production system affected the shear
force value, was higher in either the breast or drumstick of the organic animal,
presum a consequence of their motor activity. The same tendency was
observed Santos et al. (2005) in free range broiler chicken strains raised in

confined or semi-confined systems, Husak et al. (2008) for the breast meat from
chickens reared under a lower stocking density. Thus, rearing systems, such as

intensive and extensive farming, promote differences in meat texture.
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In term of nutritional value, fat content variation can be tied to the production system
since the organic system reduces by three times the lipid content of chicken breast
meat (Brunel et al., 2006). Indeed, the conventional production system and the organic

production system were compared on the chickens of 56 and 81 days old ag: lini

1
et al. (2002) and it comes out from their study that a fat content 2.37% was

observed for conventional production system vs 0.74% for the organ?ﬁckens at 81

i Ning in term of

t@Konréd &
Bogkovi al.&?@lO).

| &
Furthermore, dry matter content of chicken meat c G af?c ed py thébbreeding
V

i eté&im 1) when
of éﬁver- growing and

range chickens contained signiﬁcar@e gje‘f in&)rotein than the breast
meat of chickens raised with ut?&or 'cce .lSi '\rly, according to Fletcher
er a

(2002), differences in dry matt. tenhafdy cii‘rt%uof meat, may be due to the fact

i
that free-range birds hav@e
S / ’

days old. Thus, the organic production system is then very

nutritional quality of meat since it allows not only obtaining

Gaal, 2009) but rich in haem iron and protein (Bogosagljevi

%)
—t
c
(=N
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Q
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weyer

without outdoor accegs"
év N
muscle dry matte% fat (’/ asé\0 o) were largely unaltered (P > 0.05) by
@;u i =3
outdoor acces,\ ction system). N\
In short, t% of free-range chickens may be darker in colour, with higher protein

contel® better water-holding capacity, but it may be less juicy than the meat of

birds raised indoors. This is because free-range chickens have less percentage of fat

due to the fact that the fat deposit serves as a source of energy for the birds to move
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around. Hence, the more the muscle is used, the tougher and less juicy the meat cut

will be.

2.9.2 Water, feed withdrawal and Pre-slaughter stress \

The energy stock available at the end of fasting of chicken before slaug@uences
the kinetics of pH reduction in chicken meat (Immonen et al., 2000) is normally
withdrawn for several hours before catching in order to reduce t er of microbial
(Salmonella, Campylobacter) contamination of carcass lidrawal before

slaughter allows emptying of the digestive system and reducestthe fikelj d’of@ecal

contamination during processing (Shawkat et al., 2008)Nghe eft;ec 0 astlﬁon meat
V

quality of poultry are particularly important beqguse d,,iv waﬁods of 8 to

12 hours before slaughtering are common. pa tice haS\p€en éﬁm to accelerate

rigor mortis and final product quality b asin \g t‘é‘ glycogen available
i é ig

or Iyeid& 1thdrawal from broilers

for energy production prior to the on

prior to slaughter significantly Edmuscle en S@s that could be used during
r

post mortem metabolism (S{ &cﬂ'eover Savenije et al. (2002)

reported that there is no @

f fis§wv1thdrawal (5 hours of fasting) on

the colour (L *,a * a of t e i e{ 1;{:;? at 96 hours after slaughtering.

According to B hl (‘2 .fstre$ before slaughter in chicken like fasting,
manipulation ortation, cratmde extreme temperatures accelerates the fall of
the pH easmg the ATP activity of the muscle. The same impact of stress on
the me lity was reported in turkey by McKee and Sams (1998) who recorded a

low initial and ultimate post-mortem and higher rates of post mortem pH decline for

breast meat from heat stressed turkeys compared to non- stressed birds.
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2.9.3 Post mortem aging time

The pH and cooking loss increase with the aging time while colour (L*, a*, b*, C*,
and H*) and Warner-Bratzler shear force decrease (Northcutt et al., 2001; Bi pct
al., 2006). Qiao et al. (2001) and Petracci & Fletcher (2002) reported tha@ time
had a significant effect on broiler breast meat colour. However, the influer®e of aging
time on meat quality traits of Pectoralis major muscles was smdie@er birds by

Abdullah and Matarneh (2010) and it appears that water-hol 'ngv&ity, colour, and

chemical composition were not affected by this fa hereWing loss
]
percentage decreased significantly with an increase in @aigg timg. re,ov.f’)&.hear

force values were significantly higher for breast fill d f@ h.@wever, a

&
major improvement in tendemness resulted afttwof aan ith <tﬁamess being
at
hara

comparable among carcasses of all weights. I nd@ &Q chilling carcass

-

aging duration is critical to chicken%ea cw% @nstics (Abdullah &

4 &
Matarneh, 2010). N \‘0
X" | 7S
's &
210 Meat Quality DefelmQ ® O
defi

2.10.1 Pale, soft, exud

N F
|
@ ? (.)
Pale, soft and exud SE) e?i a ﬁity defect in the meat industry, which
rl

:
accounts for huﬁ%es parti ula"yc‘,' the pork and poultry sectors. PSE meat
\

developme%earlier related to increased rate of early post-mortem glycolysis,
indicate vated muscle temperature and rapid pH decline, which results in
sarcoplasifiC and myofibrillar protein denaturation and meat with pale colour, soft
texture and high water loss (Briskey, 1964). More recently, it has been shown that

extended glycolysis and low ultimate pH could also result in PSE meat (Sellier &

Monin, 1994). PSE pork occurs in 5-20% of pig carcasses, with reported 15.5% PSE
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in pork produced in the USA (Stetzer & McKeith, 2003). The tendency to produce

PSE pork might have a genetic basis (porcine stress syndrome; PSS) (Eikelenboom &

Minkema, 1974) or might be a result of excess glycogen content at time of hter
(Monin & Sellier, 1985). Pigs with a single point mutation, Rendement &),
that was first found in the hampshire breed (LeRoy et al., 2000) ar?& prone to
develop PSE meat. PSE pork is undesirable and costly for both fan. and further
processed products, by having 10-12% more drip than normaY}k, after 2-5 d of

by, 1964). PSE

storage (Honikel, 2002), and showing as high as 40% co s WBr1

meat costs the pork industry around $30 million e%ear as fepo bx;ESDA

N
(Smith & Northcutt, 2009).

\ V
The PSE defect has also been reported in tur arb 7) ané;'icken (Van
. . X
Laack et al., 2000; Woelfel et al., 2002), resp v PEE 1den@of 5-40% and 0-

AN
@(Owens et al., 2000)

47% were reported respectively for com %1 f‘l\ \Jr
q
and chickens (Barbut, 1997; Woelfe&?&, 200 ile Qc;rigin for development
Ne

of PSE meat is already establj ed% pork

R | . s d :
PSE in broiler breast meat rew cb : ev%}’owing evidence suggests that it
is very likely that therma %con &m <‘:”fltel rior to slaughter is one of the

\ ; i o,n@‘ yp g

1 htry ﬁzms, 1998; Sams, 1999; Owens et al.,

causes of PSE meat@_ M &$
:
2000). Several &)ave stu dfoum stress syndrome (PtSS) to evaluate if PSE

L

>
development Nu try is related to htress syndrome similar to PSS related to PSE

pork. O %al. (2000) reported that PtSS could lead to PSE meat; however, the
3.5% tur identified as Hal+ did not end up with a significantly higher incidence of
PSE at slaughter. On the other hand, Soares et al. (2007) reported 47% incidence of
PSE breast meat from the Hal+ population. Therefore, the genetic basis of PSE

development in broilers is not established as strongly as it is known in pork. However,
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Hal+ broilers are prone to produce PSE breast meat, but PSE development in broilers
needs further investigation. It is assumed that PSE in broiler breast meat is comparable
to PSE pork meat (Barbut, 1998), but it is not established if PSE breast meat happens

to the same extent as PSE pork meat. PSE turkey has pale colour and pog ;ssing

characteristics (Pietrzak et al., 1997) similar to PSE pork, but the fres&gdnp loss

was not comparable (Dransfield & Sosnicki, 1999). In addition, a er of studies
Mr to pork PSE

owelver, in a review

have reported broiler breast meat to exhibit PSE symptom

(Barbut, 1997; VanLaack et al., 2000; Zhang & Barbut, 20

by Smith and Northcutt (2009) it was concluded that proild¥ brafst sel d as

PSE are mainly based on the pale colour, and midhg not '[?11 b exh@hng PSE

n}%n } tha gﬁnght not be
appropriate to use the term PSE for pale br@ast me ce&oes not meet the

criteria for PSE as originally derived fr e pork ; dﬁ@k{o very pale colour,
o

soft texture and excess drip. Curre, resegerir'é &@g to better explain the
PSE-like condition in poultry anwﬂ the,pos pble @n or causes of this quality
"a '

defect in the poultry meat industr and ﬁ@s already been published on the

properties as seen for pigs. Furthermore, these %th

et al., 2000; Woelfel et

causes behind the PSE- 11 ultrz\.@Kee & Sams, 1997, 1998; Owens
00 S%&

%5?007 Smith & Northcutt, 2009).

Pre-slaughter str av,%_ een reported to accelerate metabolism in
chicken and reast meat, resu‘l@g in accumulation of lactic acid in the muscle
right aﬁer er to a level comparable to or even greater than that reported for PSE

pork Q(Smlth & Northcutt, 2009). A severe depletion in glycogen stores and

increase in the level of lactic acid early post-mortem was reported for PSE breast meat
(Berri et al., 2001). Slow chilling of turkey meat after slaughter was reported as an

important factor in development of PSE-like meat characteristics (McKee & Sams,



1998; Rathgeber et al., 1999; Alvarado & Sams, 2004). From a morphological point of
view, PSE meat is shown to have gaps of variable width between fibre bundles but no
structural irregularities (Barbut et al., 2005). These intracellular open spaces Vgn

the muscle bundles, along with more extensive protein denaturation fo@meat

compared to DFD meat resulted in higher drip loss and unbound brine m*raw state

of fresh and further processed products, respectively (Barbut et al.,%g

b?ﬁffective method
k'a e

8;'Ng 1., 1982)

Several studies have shown that early post-mortem pH mi

of detecting low quality (PSE-like) turkey (Froning et a
breast meat. Turkey carcasses with low initial pH (¥%§7; fag gl o'yz.'ngg.are
reported to have higher drip loss and L* value OWK:}) e&.ctabﬂlty
compared to the medium pH (5.7 to 6.18) an tz pH 'q> 3 sld!?glycolyzmg)

carcasses (Wynveen et al., 1999). In addltlon m thast glycolyzing

group was tougher than the normal (R@ageber et al.,, 1999;
l‘»l
Wynveen et al., 1999; Molette et al., t{ﬁ’ese studies, Sandercock
et al. (2001) also found that hlg@ss il the is@% heat-stressed broilers was
's &

closely associated with the of mL'SC

im%ﬂately post-slaughter. However,
&

Owens et al. (2000) did ow ]elzgfg}ship between pH at either 1.5 or 24

h post-mortem and oss r )ﬁéat, and reported that drip loss was
significantly af L valu ratﬁ @n the pH.
Different bo pomts have been suggested by various researchers to classify

poultry Q at as PSE. McCurdy et al. (1996) suggested a cut off value of L* >50
tu

for PSE y that was based on lower WHC above this range, whereas, Owens et al.

(2000) proposed a cut-off point of L*> 53 for PSE turkey meat based on the
relationship between pH, colour and expressible moisture. However, Woelfel et al.

(2002) established a cut-off point of L*=54 based on poor WHC of meat with
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lightness of 54 and above. Barbut (1997, 1998) recommended a truncation value of
L*> 49/50 and L*> 52/53 for broiler chickens and turkey hens respectively, whereas,
Petracci et al., (2004) suggested a boundary value of L*=56 to identify P i

broiler breast meat. However, it was recommended that each processing pla% s to
determine its own lightness values for sorting PSE meat depending on typ®&of birds,

processing factors, and final product specifications (Barbut, 1997; xelfel et al.,

2002; Petracci et al., 2004). T

From a consumer point of view, sensory aspects and nutsg§@#al vallks\arahe most

{ 2
important factors for quality evaluation. Komiyama et 2008y did (f i V;my

difference based on consumers’ general acceptabifg

a% ten@ﬁess of

&
g{%fage (2010)

an

cooked pale chicken breast meat and normal brcw .

also did not find any effect of raw fillet colour oMg§lavaur in

: (Q N
However, it was shown that the averagé™agt siw% or (@(tural attributes, the
o Q—
h

light fillets were significantly (P<0.0 1the\&é dark or the medium
i w

fillets (Zhuang & Savage, 201(%%& ow pH @@ E meat can influence the
o‘v.) L g

&y
sensory and textural properti cook ry filles
| 4
\ N

¢
2.10.2 Dark, firm, d ot l RS
AW AL
in

Meat with DFD CS ¥on is dar cc‘,o r, has a firm texture and dry appearance,
\

which are n%lated to its high pH and higher protein functionality resulting in
i

higher wa ng ability and in return a firm texture and dry surface characteristic
for this meat (Owens & Sams, 2000; Barbut et al., 2005). The high WHC of DFD
meat might increase its susceptibility to microbial contamination and therefore result

in a shorter shelf life for this meat (Allen et al., 1998). In addition, higher WHC of

DFD meat results in lower light scattering from the surface and therefore a
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substantially darker colour for DFD meat (Swatland, 1994; Barbut et al., 2005). Breast
meat with DFD characteristics was investigated for both broiler chickens (Barbut,
1997; Qiao et al., 2001; Woelfel et al., 2002; Barbut, 2005) and turkeys (Z &
Barbut, 2005). From a morphological point of view the muscle fibres in DEP 1 are
arranged in a much denser and more compact manner compared to ﬂ&al meat,
which had a fairly loose microstructure with no abnormalities (B rbxwal., 2005).
The cut off point for pHu of poultry breast meat with DFD de ect?teen established
at 6.1 or higher by the majority of researchers (Barbut, 19, 9%, I‘!‘l etgl., 2001;

Qiao et al., 2001; Woelfel et al., 2002; Petracci et al §RQ04; Bfrbut t,al 7 2B05).

However the cut off point for colour lightness (L*

been set at different points among the aforem

suggested L* < 50, whereas, L* < 46 hasN recommeyded @Barbut (1997),
Woelfel et al. (2002), Qiao et al. 200% R tla &005). However, as
3
previously mentioned it is suggested w acc OOQ%{at cut off points should
Ne
be determined for each pr@lanﬁd ,§ flock and final product
</’

specifications. \ Q %C)Q
&
It is believed that DFD 1 Qe ate pg- stress before slaughter that causes
tipg

depletion in muscle n reful er post-mortem muscle pH because of

the preventlon 1 ysis b:y hmm%’gﬁ of its substrate (Owens & Sams, 2000).
Many factors4 mg transport exhaustlon (Warris et al., 1999; Lesiow et al., 2007),
feed wng (Kotula & Wang, 1994), climatic stress, in particular cold stress
(Webster ctal., 1993), resting prior to slaughter (Warris et al., 1999), and aggressive

behaviour could contribute to the depletion of muscle glycogen and in return limit the
amount of lactate formed post-mortem. The occurrence of DFD breast meat in poultry

has been studied by Lesiow et al. (2007) and Petracci et al. (2004). Petracci et al.



(2004) reported that breast meat colour was significantly darker in winter compared to
summer. Lesiow et al. (2007) further confirmed that transportation during winter
season caused a significant increase in the incidence of DFD broiler breast m In a
study by Zhuang and Savage (2010), no difference in average flavour integsi ores
of breast meat was reported between different groups categorized baseﬁ*aw meat
colour (light, L*>60; medium, 55<L*<59; dark, L*< 55). However,Y;;se authors

NV

reported no significance difference between cooked medium aTe dark fillets in

term of textural profile. { (d

The characteristics of DFD breast meat are already establfalged, howgver, hi cﬂae)@E for
| | e

this defect in the poultry industry are not clear. It has beenShownghgt cgld \XQJ rs could

increase the incidence of DFD breast meat in broilégchi ens‘ \ver, @s studies are

required to establish the exact causes of thi%aand the Di che@Qﬁy behind DFD

development in poultry breast meat. It is i %nt tcyﬁ\$$n @ challenges to lower
0 )
Ly

the incidence of DFD in the poultry K 5 i

espegiallyf ih &h&vinter season and find
solutions to use this meat properl invmer p'oce : pr0 ts, i.e. by manipulating the
pH. ) \" ‘&

2.11 Meat Spoilage l%anifn
Substantial amoun% eat isdj o sP8ilage annually. Kantor et al. (1997) stated

that approxun\A billion kg of pb&llry meat are wasted yearly during processing,

distributior e and final consumption. This wastage has a considerable economic
and enWgoniyental influence. A large amount of this loss is mostly due to microbial
spoilage.

The process of animal conversion into meat involves series of inter-related steps such

as transporting the animals to abattoir, loading and unloading and slaughtering of the



animals (Chambers & Grandin, 2001). Poor handling and inadequate facilities in any
of these processes will lead to animals inhumane treatment causes injuries and
sufferings. This may result to loss of meat, poor quality meat and meat deterx?@

(Chambers & Grandin, 2001). Prevention of contamination after slaughte rmg

processing and storage is therefore important (FAO, 1991). Storage‘k can be

extended through hygienic slaughtering and clean carcass handling%x 1991).

Slaughtering involves different procedural processes suc asYMning, bleeding,

skinning and evisceration. All these operations are depe henc@ll at one

stage may have severe negative impact on the product O, 19p1). ?tt-\ egs-lage

tends to be affected by meat acidity and muscular

tr% ins@fce, liver
will tend to spoil rapidly than striated muscle o erka The animal

comes to rigor mortis few hours after slaught®gag apd t Vi@lent of stiffness

after death is dependent on the pre-sla 9 st cq;,@urmg the course of

slaughtering (Miller et al., 2002). Pre- wurmgﬂaughtenng and method
of slaughter has been implicat% fect f\'[sh cht %ty (Chambers & Grandin,
.‘v.)
NN ()

2001; Miller et al., 2002). \ ' ‘é
Meat nutritional compo &m u ety pro &} minerals, carbohydrate and water
b s’

Di est}/e Iﬁ’{e, microbial spoilage and fat oxidation
gra

are respon51ble uallty € C‘; n during post mortem storage (Berkel et al.,

t10n protein breakdown and loss of other valuable molecules are

(Heinz & Hautzinge

2004). Lipid
some of ors that aid meat spoilage mechanism. The breakdown of protein and
lipid resulf® in the formation of new compounds initiating changes in the flavour,

tenderness, juiciness, odour and texture of meat.
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2.11.1 Causes of Meat Spoilage
Pre-slaughter handling of livestock and post-slaughter handling of meat play a
significant role in meat spoilage. Glycogen content in animal muscles is low b

subjecting the animal to pre-slaughter stress which either raises or lowersfth of
the meat subject to levels of lactic acid production (Rahman, l999"%1bers &

Grandin, 2001; Miller, 2002). Lactic acid is produced as a result o th eakdown of
glycogen content in animal muscles through an anaerobic lytlc pathway
(Rahman, 1999). Higher levels of pH (6.4-6.8) cause Daré Il' (DFD) meat
defect. Extended stress level in animals can cause DFD t defedt w l) aa;g'sult
in shorter shelf life (Chambers & Gradin, 2001; Mlllﬁ Sév m%ﬁ' y stress
leads to a Pale, Soft and Exudative (PSE) me P eyt has&g less than
the standard final value of 6.2 which is 11ab1e tem de datl(Qlence providing
a favourable medium for bacteria grow ma ,\ l\iﬁ?@ 2002). The meat

spoilage process after slaughtering rm 4f~6es microbial spoilage,

q
i
lipid oxidation and autolytic enz% sp011 e. I 0
’$ s
N a C"
AP S
2.11.1.1 Microbia m (}

Meat and meat pro erve fas l}n ex nt media for growth of varieties of

bacteria, yeast a : ds som t“ w%&f are pathogenic (Jay et al., 2005). These

nncroorga is e highly populated in the intestines and on the animal skin. The

microtlo Q osition in meat is dependent on various factors such as production

practices, #Mimal slaughter age, management of animals during slaughter, processing

and distribution, preservation methods, type of packaging, handling and storage by

consumer (Cervery et al., 2009).
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Hayes et al. (2003) discovered Enterococcus spp. as the most prevalent bacteria in
meat (Chicken, turkey, pork and beef). Cervery et al. (2009) reported that storage
condition influenced the nature of microorganisms detected in meat productadiewas

also stated that Pseudomonas spp., Moraxella spp., Psychrobacter spp., A¢ne/dacter
spp.. and Gram-negative psychrotropic members of the family Entero paceac are
often found in refrigerated meat product. It was similarly reporte%zsychrotropic
lactic acid bacteria, Enterococci, micrococci and yeasts are prwminantly found in
raw, salted-cured products because of their resistance to clg alts. '
. b4 . . . .
Jouki and Khazaei (2011) observed that storage tim ificagtly fbue@)&' the
R\

microbiological quality of packaged camel meat. T ortedt tal %?516 count

\ &
(TVC), Pseudomonas count, LAB count and Mand 10U u% all increase
&

during 18 d of storage at 4°C. The effect o ermg m ods@microbiological
Y

quality during refrigerated storage is w i} et£201 1; Addeen et al.,

2014; Nakyinsige et al., 2014 Sab All ,Q‘&e authors reported that

slaughtering methods influenc t egnicro olo cql @ ity of meat as storage time

£ &y
increased. \ é}

QS

Garcia-Lopez et al. (IE&%u 1d tISOQ}torage temperature, the growth of
Enterobacteliaceae seu om?n unate the microflora of modified
atmosphere pac Swat than Bn %%Nﬁ packed meat. Sentence (1991) however
reported tha xtent of growth of)seudomonas spp. was significantly retarded at

0°C. Q Ily improved at 2°C and this influenced the meat keeping quality. He

similarly ®served a slow Salmonella growth at temperature lower than 7°C, the
orowth increased at temperature exceeding 7°C and this influenced the shelf life of
meat. Borch et al. (1996) noticed a decrease of 2 and 4 times in the growth lactic acid

bacteria on bologna-type sausage when storage temperature declined from 7-2°C and
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from 7-0.6°C, respectively. Russell et al. (1996) indicated that a pH range of 5.5-7.0 is
favourable for the growth of spoilage bacteria in meat. Microbial growth within this
pH range results in slime formation, degradation of structural constituents, off ?\gs

and changes in physical appearance in meat. Volatile compound@ as

methylamine, dimethylamine and trimethylamine are generally disco*in meat

products during bacterial spoilage (Garcia-Lopez et al, 199%izinty (1996)

indicated that microbial digestion produces fatty acids, keto es?mlcohols, which

display a range of pleasant odours. However, the produgi y (lgen ulphide,
methylsulphide and dimethylsulphide can result in rarfg and splph y, 05%85 in
A
meat. Jay et al. (2005) reported that the formati di% ad%Wne and
putrescine in meat products during storage is an 4ri¥agghor oi‘Wfpm ge. g
D\ )
2.11.1.2 Lipid Oxidation 0

N
“ QO
Lipids oxidation is a natural process N volv oxidéﬂe degradation of lipids

and the production of free radig@ls 'Rhe cell mephbt: hich affect fatty acids and

results in oxidative deteriOKN) mf

’ &
rand O urs development (Gray, 1978;

o

Pearson et al., 1983; S is" & | gis 10). After an animal has been
slaughtered, the fatty@qn tigueg eperd
:
ceased and metabimcesses ocgeck(;ﬁ'ray & Pearson, 1994; Linares et al., 2007).
C-, .

o et : N :
Lipid oxidati \curs in the presence of oxygen with double bonds of fatty acids

e oxidation after blood movement has

(Hultin, NIt is a three phase mechanism of free radicals that involves initiation,
propagatiofrand termination (Frankel, 1985; Khayat & Schwall, 1983; Fernindez et

al., 1997).

Initiation: during this stage, lipid free radicals are formed as a result of heat, metal
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ions and irradiation which act as catalyst. These free radicals react with oxygen to
form peroxyl radicals as follows:
R.+0, —> R.+.00H .
Propagation: During this stage, hydroperoxides and new free radicals ara%e?l from

the reaction of peroxyl radicals and other lipid molecules as follows Rultin, 1994;

Fraser & Sumar, 1998): Y\.,

R.+ O, —> ROO.

RH+ROO. —> ROOH +R. \d'\y-
S j'*“’
b 4 \T

Termination: Termination ensues when these fr \0 foggl'on-radical

products as follows (Hultin, 1994): \:, O‘:Q
R.+R —> R-R E:' )

R.+ROO. —> ROOR. ‘N Aj
ROO. + ROO. ——>Ro<%? \:, J
QS

Lipid oxidation in meatfls erIe% ?ﬂma&ds factors which include: fatty acid
4

@

composition, the e@ﬁ‘ agtibxighr vi{%mn E (o tocopherol) and prooxidants

(presence of freg irsl i1 the muscles).\ saturated fatty acids are more vulnerable to

lipid oxidatiom™\¥droperoxides are formed as a result of lipid oxidation of highly

unsatu@y acid fractions of membrane phospholipids, which are prone to further

oxidation (Enser, 2001; Simitzis & Deligeorgis, 2010). Their breakage results in the
development of secondary reaction products such as pentanal, hexanal, 4-
hydroxynonenal and malondialdehyde (MDA) in addition to other oxygenated

compounds such as aldehydes, acids and ketones (Shahidi, 1994; Fernindez et al.,



1997). These secondary products can result in colour loss and loss of nutritive value
caused by severe effects on lipids, pigments, proteins, carbohydrates and vitamins

(Simitzis & Deligeorgis, 2010) and are directly associated with carcmoge d

mutagenic processes (Raharjo & Sofos, 1993; Liu et al, 1995). In @hpld

hydrolysis can occur enzymatically or non-enzymatically. Lipolysis 1s$zymatlc

hydrolysis of fats or deterioration of fat. It usually occurs in the %ze of specific

enzymes such as lipases, estarases and phospholipase. Lipolygic st could either
be endogenous of the food product (such as milk) or pr u@otmphic

microorganisms (Ghaly et al., 2010). Lipases enzymes aturalfy oc ur'mgg. the

mmﬂ%/ referred to
as rancidity (FAO, 1986; Huis, 1996). The ewni nv IQi in meat lipid

free fatty acids which are responsible for the u

skin, blood and tissue of animals. During lipolysis, I} it h endgformmg
Qf:v ur

hydrolysis are phospholipase Al and hal ase dra, 2006). Lipid
hydrolysis process involves three f hetz&‘f)athway cleavage of
triacylglycerol, acyl migration d 1 vage (]f 1 dn 1 -sn-glycerol (Belitz et al.,

f
2009; Christie, 2010). \ '
KR {7 §
(a) Cleavage of triacylgl@ Ijth!s %aﬁQeatlc lipase hydrolyses the 1% and 3™

RS
positions of the tna% rolgt ’U'd o @oacylglycerols and fatty acids.
A >
C-,
\

CH 00C R CH,OH
Pancreatic
CHOOCR' + RCOOH + R”COOH

|
CHOOC H 0]
Lipase |
CH 00C CH,OH

Triacylglycerol 2-monoacylglycerol Fatty acid

v
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(b) Acyl migration: in this step, 2- monoacylglycerol isomerizes to 1-monoacyl-sn-

glycerol by acyl migration as follows;

?HZOH CH,OOCR’

acyl migration . | i
CHOOCR® - o CHOH N
I h |
CH>OH CH,OH
2-monoacylglycerol l-mono%l- -glycerol
(c) Cleavage of 1-monoacyl-sn-glycerol: the 1-monoacyl- cerol i!l thig stage is

4

hydrolysed completely to glycerol and free acid in the @me of gancr t'r livaSe as
A
follows; Y. F 4 b &

CH>OOCR’

|
CHOH +H,0

I
CH,OH

1-monoacyl-sn-glycerols

The non-enzymatic hydrolysql 1ae‘1e' oteins such as haemoglobin,

0 c@étion and produce hydroperoxides

S

ur@haem catalysis, a Fe*" protoporphyrin

myoglobin and cytochrom@h ar

c ’
(Love & Pearson, 197 awher, b
complex (P-Fe™ %myogl s wil?- e oxidized to P-Fe’*. The produced
! NV

superoxide radiﬁ%n on O> reacts wit]ﬂ and will produce H,O,. Hydrogen peroxide

iron redo e contributed by ascorbic acid is the main initiator of lipid peroxidation

will th%e —Fe** to the oxene species P-Fe = O (Belitz et al., 2009). The free
in fresh muscle foods and it considerably upsets the oxidation of oxymyoglobin

(Cascone, 2005):

P-Fe” +0, ——> P-Fe™ +0>,
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20, +2H" —> H,0, +0O,

_H P-Fe”=0
P- Fe"*+ H,0, —> P* N +H,0
~— Fe™...0-0-H @

P- Fe™...0-H+ROOH ——> P - Fe"> + ROO. + H,0

P- Fe™- O + ROOH ———> P- Fe™*...OH + ROO 3 )

2.11.1.3 Autolytic enzymatic spoilage {t
e clefce 1 Is

Enzymatic activities are naturally occurring process in t anl
N

q‘ﬁ_g post

mortem storage. The enzymes are capable of chem {11} com '\hg\w tREr organic

compounds which help to speed up chemlca\&}n leath nét deterioration
(Tauro et al., 1986). The autolysis proc%nv IV}\heYb q@gwn of complex

compounds (carbohydrates, fats and pr@f the tissye¥ 1r@51mpler ones causing

\

A\
softening and greenish discoloration?&e m'at se e@matlc autolytic changes
l

involve proteolysis and fat hydraym Whi tﬁ{é}orequlrement for microbial
NN

\ T
Tissue proteases are res % e fgr 50 s reakdown of polypeptides causing

after slaughtering and are one of the leading causes eat ?) lagf du

]
a

breakdown.

\
flavour and textural S in 81 ldr Flores, 2000). Aging of red meat post-
mortem particul ef is recommend@to enhance the tenderization process (Huss,
1995). Post autolysis occurs in all animal tissues but at varying rates in

d1fferen® It is faster in glandular tissue such as the liver and slower in muscle
(Fearon & Foster, 1922). The enzymes calpains, cathepsins and amino peptidases have

been reported to be responsible for the post mortem autolysis of meat by digestion of

the z- line proteins of the myofibril (O’Halloran et al., 1997; Huss, 1995). Among
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these enzymes, calpains has been termed as a primary contributor to the proteolytic
tenderization process of meat. Similarly, cathepsins also aid tenderization of meat but
at low pH. Proteolytic enzymes has been described to be active at low tempeles

(5°C) leading to deterioration of meat caused by growth of microbes and fig tion

of biogenic amines (Kuwahara & Osako, 2003). ) 2
2.12 Proteomics in Meat Science T

a }% of the
L
techniques of molecular biology, biochemistry and gen@o anglyse qs_tkﬁre,
oaq

functions and interactions of the proteins produced Yb partighlar cell,

Proteomics is a branch of biotechnology concerned &

tissue or organisms. Since more than 20% of M (m?:‘at) ss <ii%)mposed of

proteins, therefore a link between musclmein ani ee@ality must be

established. Most work on proteomics of 1 Gtacw onpheat qga ity especially meat
4 Q—

tenderness properties in beef and to SON el't i NS

A
$
| |
Post-mortem changes in muscles Hav@been it ’.‘tg)bwith proteomics (Lametsch &

Bendixen, 2001; Hwang, 29@01‘ ﬂet ), 20 and it was reported that a large

\
\ eyl . 2 .
part of the proteome cl% pgst-m .(ﬁms may probably be due to protein
ied

: : N :
degradation because@mc the -q&nges are protein fragments that increase

in spot intensity&mm’tem (Lamets@}ét al., 2002). Other factors that may likely
contribute to ortem protein changes are changes in protein modification such as
phosphagylati§m or oxidation and protein expression. It was reported that protein
expression is unlikely to cause a major post-mortem protein change after muscle has

entered the state of rigor mortis because protein expression is an energy requiring
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process and energy is almost depleted after muscle has entered the state of rigor mortis

(Henckel et al., 2002).

Several reports have claimed that neither actin nor myosin heavy chain prote

degraded post-mortem (Koohmaraie, 1994; Huff-lonergan et al., 2005). Ver,
Lametsch et al., (2003) and Hwang et al., (2005) reported otherwise thatb%proteins
can be degraded post-mortem. Some of these actin and myosin hagy ghain proteins

fragments were reported to correlate significantly to meat ten eR.

In addition, several other structural proteins such as my, sin Wght Fhaim pou%g T,

H{ N
desmin, cofilin 2, capZ and titin were also found to ade postfmdyte .V-ﬁfany of

’
them have not been previously reported to degrad%g:nou‘ \('Rendg 005).
N )

2.12.1 Proteomics and Poultry Meat Quali

c Y
Some studies were reported on poultr% qudlity. ert al., (2004) reported

that characterisation of the proteo% lage® C kengtoralis muscles showed
'g (
0

dramatic changes in relative ex n lev g.vg%)roteins during growth. This

N O
study shows the complexigg oI ¥his Jnaly S beizése isoenzyme shifts, associations

\
with structural element@os tré&n i‘ehal difications all characterise growth in

muscle system. %k ?
' v

N
Molette et al.,@ 2005) reported ?‘P;aieir research of PSE syndrome in turkeys that

‘M?/C‘

turkeys agiT®g{ing fast post-mortem glycolysis in breast muscle (-0.5 pH unit at 20 min
post mo compared to normal glycolysing birds) presented meat quality alterations
such as lower water holding capacity, lower processing yield and lower tenderness.
They also reported that meat from fast glycolysing animals (FG) had a lower buffering

capacity and a lower sarcoplasmic protein extractability suggesting modifications of



protein functionality when the rate of pH decline was accelerated. With the use of
SDS-PAGE electrophoresis of different protein fractions, differences in banding
patterns were undetected but with the use of 2DE (whole muscle protein extraVEF
between 5 and 8), the differences between the 2DE gels were shown on 1s of
presence or absence of spots in the FG or NG samples. 3 spots were idcimied from
the NG muscles and were identified to be myosin heavy chain a%x'fragments,
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) en nvamples for this
analysis were collected 24 hr post-mortem when me ng is n'ot mpletely
achieved. This may be due to the fact that meat aging see activd earl rrri @han
in FG muscles. This result is in agreement with th. OQ' t alJl. 999) on

43'

PSE of pork meats where meat aging was report 2 lo&Fre .

N
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