CHAPTER 11

¥
LITERATURE REVIEW *
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2.1 Broiler Chicken (Gallus gallus domesticus) Y.
k I

A broiler chicken is a type of chicken bred and raised specifically for their meat. The

broiler chickens grow much quickly and become larger than laying or einy other

AN 1 D1 &

traditional dual purpose breeds (Figure 2.1). They are distinguished for having
Yo I nsl O

excellent feed conversion ratio, low levels of activity, and fast growth rates reaching

AV =
market weight of 1.8-2.3 kg within 5-6 weeks (Beutler, 2007). <§
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Figure 2.1: The Commercial Broiler Chicken



2.2 Malaysian Native Chicken

The Native chicken, known in Malaysia as village chicken or “Ayam Kamp g’qs an

important breed distributed in Malaysia Peninsular and some parts of s%ia and
pop

Thailand. The Malaysian native chickens (Figure 2.2) are diverse tion that
resulted from uncontrolled crossbreeding of the Red jungle fowl (indigenous

Southeast Asian chickens) and mixed Europeans exotic dom?&reeds, mainly the

British (Kadhim et al. 2014).

%\e dual-purpose birds that are reared by most rural households and serve as an

Gortant source of meat and eggs (Khor & Sharif, 2003; Diwyanto & Iskandar 1999).

They are known as slow-growing birds that take over 4 months to reach market weight

of between 1.1 and 1.5 kg and the females produce about 100 eggs/year (Azahan



1994); therefore they have lower productivity and a longer production cycle than that
of the improved breeds (Diwyanto & Iskandar, 1999; Lokman et al., 2015). TlTh

differences between native and broiler chickens are summarized in Table %\

er Chigkens

Table 2.1: The main differences between Malaysian Native and Broil
Native Chicken gc'hicken

Crossbreeding of red jungle fowl and :
Breed i ) us gallus domestics
mixed Europeans domestic breeds i
Market weight 1.1-1.5kg 823
Market age Over 4 months 5- $

A"
Activit High levels of activit Low 1 ity
ctivity igh levels of activity ev Sf@y
. Extensive and relatively fImltnsi anvcj?ﬁvely
Rearing systems : .

higher resistance to dise ~Jig nsiti diseases
—~ g

plumage colours are variable an%the pop\ﬁog_lg‘
? 0

common is the black-red variet

important issue i

the meat ind ou

and safefor conau

Zotte, 302 >

Arx?s by Food and Agricultural Organization of the United Nations (FAO) had
0

n a significant increase in the meat consumption over time on a global basis. A

Q;nd is about 60% between 1990 and 2009, from 175,665 thousand tons to 278,863



thousand tons as seen in Table 2.2. This increase in aggregate meat consumption is

partly due to increasing population (Popkin & Gordon-Larsen, 2004).

However, global consumption per capita raised by nearly 25% from 3 %1.9 kg
rowin

per capita. This suggests other factors that are responsible for a demand
which may be most likely due to the improvement of living standards in many

developing countries. Although these data are likely r-estimate meat

consumption, they have been widely used as @id@gra‘tural and food
strategies (Goldewijk, 2001). @ Y.

S

< |
Table 2.2: Global Meat Consumption from 1990 to 2009 (in ¥000 tofs). Y"
N

q \\\‘ o
Meat Type 1990 01‘ Q\ %
o)
4

Beef 54065 \(ﬁ 63

Mutton and Chevon 9100
Pork

[\®]
=

Poultry Meat

Other Meats 3

Aggregate 5665

Source: FAO (2014). % 2. F %"
S

&

NS
asi ﬁ;u dominated by the poultry meat which

1,
i@

The Malaysi 1
4
supplies 80% of the t% t consumption of the country. Malaysia has
one o West pé 1tafconstpti0n of chicken in the world, with about 35 kg
N
pe% ecorded in 2010 (13%, 2011; Jayaraman et al., 2013). The consumption of
é-\ meat is the highest in Malaysia among other sources of meat, mostly because

Oits healthy and tasty image and also because it is the cheapest source of protein and

there are no religious prohibitions for eating. The Malaysian consumers are very



sensitive towards issues related to meat quality and food safety, while the majority of

the Muslim consumers are aware about the halal food and they will no ?@t

products that are not labeled halal by the Department of Islamic @m

Malaysia (JAKIM) (Hasnah, 2011). In this respect chicken mea rticularly

beneficial and may have nutritional advantages as a result of consumption

o

ge and rural areas as

compared to other animal products.

On the other hand, native chickens play an important role

& Iskandar 1999). Although the growth perfo f native ¢hickens ’ ﬂfbe)rior to
4 b 4§
that of broiler chickens, they are known to aWell tB\QQ 1ve 1 g systems

with relatively higher resistance to dis Mzaha . Fr ﬂe consumer-
preference viewpoint, native chicken r% ke Q cqu1 popular1ty among
domestic consumers due to its p able ta é;{\ource of high quality
protein and vitamins that pr in nutrition ( tura %et al., 2008; Chipondeni,
2015). Furthermore, nativ kens mayghave .®monal advantages over the
conventional broilers and t refore‘t aﬂle}aosmve nutritional and economic
impact in most andlcost- fectlve%ay (Chipondeni, 2015). Considering
biodiversity a serV t1 n o oqltr%(he native chickens are essential part of the

genetlc diyCrsit pri’es indi gnl)us poultry (Delany, 2003). This diversity is
sa

neede re advan Ad 1m$zrevement in case of changing environments and/or

co u emands (Yousif, 2&%
Meat Quality Attributes of Chicken Meat

eat quality can be described as the qualitative characteristics that make up the meat.

These include physical, chemical, nutritional, microbial, biochemical, sensory and



cooking properties of the meat. Physical attributes such as appearance (colour),
texture, juiciness, tenderness, odour and flavour are mostly used by consu VQ
determine the quality of the meat prior or after purchase but a proceeﬁ\m

concerned about the shelf life, cook loss, drip loss, pH, shear forc@,*r holding
capacity, protein solubility and fat content of the meat (Allen.,w. All these
attributes are essential in order to reduce downgrading of the meat pféduct. Grading of
poultry product is usually based on the physical attribu mt'considering the

functional properties of the meat which is the bases for farther wa meat by
[ ]

food and meat industries (Barbut, 1996). pH, colourjywater holdi ‘a@ and

tenderness are the major quality parameters % ess .@'t quality
(Dadgar et al., 2010). V S.

2.4.1 Meat pH O

Meat pH is the most important r réspon 1b ; for at quality and protein
functionality. Meat pH is asso us O‘T{é(r/neat quality attributes such

as color, water-holding”capa€ity WH cmess and microbial stability
? . -‘ :
(shelf-life) due to its eff {el structe%/and hydration properties (Cheng,

2008). Meat qua 1ati0 ong chic @pulations is caused by the initial rate

of pH dechn tér%t’e Eljﬂnate pH (pH.) of meat reached at 5-6 hours

post-mo trorig lation 1p®veen pHuand lightness (L* value) of the breast

meat 1 ch en has been repegég (Dadgar, (2010). In addition, drip loss, water-
capa01ty and cooking yield of raw meat are strongly linked and correlated

pHu and L* (Le Bihan-Duval et al., 2001; Debut et al., 2003). Solubility and
ter binding capacity are minimal with a drop in pH of meat to the isoelectric point

(where 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 increasedw
within myofibrils (Zayas, 1997). In contrast, high ultimate pH produces @ﬁrm
and dry (DFD) meat with high WHC, poor storage quality due tf& moisture
content and a faster rate of production of off-odours and an achd microbial
growth (Allen et al., 1998; Le Bihan-Duval, 2004). On the other hand, a fast drop in
pH post-mortem and low final pH results in pale, sof %

udafive meat (PSE

defect) although with better tenderness and reduced W Dadgar, (201 Qd

2.4.2 Meat Colour ' A
J
\d \‘/Z~

a eteﬁ the overall

nsu s attributes meat

Meat colour is also an important meat qu%zamete
acceptability and purchase decision \%mers_ q\
P

colour to freshness and overall qualc' y. Poultr s remarkable difference in
colour due to its muscle biochemis d histolo oult re categorized as either

white or dark meat. Evaluatiorm 0 ne u. d fferent systems, the most
\L b l]lds

common are CIE LABfand gnter L

In the CIE LAB system, the

lightness of the surf ce is Va e d is ranging from 0-100 (black to
white), meat r gi from\ ative to positive (green to red), and
yellowness ( in nsg;tlve to positive which stands for blue to
yellow ( a 002) h b nr ed that meat lightness increases significantly

over p t- rtem time hence thg,;.me at which L* value is measured could affect

Values of L* (McCurdy et al., 1996).

noticeable difference in the colour of meat is a result of myoglobin pigment

oncentration. Anadon (2002) reported that changes in breast meat colour is more



pronounced which is as a result of its natural light colour and because it makes up a

large percentage of the carcass. Y'

Meat colour differs based on the myoglobin and haemoglobin concens%(major
fi

meat colour pigments), chemical state of pigments, light reflection off the meat
t

(Froning, 2002). Haemoglobin is found in the red blood cells and its dencentration in

meat is dependent on the efficiency of bleeding durin ghtering process

(Swatland, 1994). Myoglobin is a soluble protein fo@ a ir'gle polypeptide

chain, which is surrounded by an oxygen-carrying heme gréup mp\d;f a\ m
o)

of iron and a porphyrin ring. The myoglobin funetiéfis primarily| forthe t ans}sortation

of oxygen within the muscle fibre (Swatland, Wa tw as ag%éx, species

and genotype can affect the concentratio(o globm( t, 2@ Meat colour,
fibre content and myoglobin content ar ly\
meat colour due to relative amou hite Sres ddition, pH and post-
[} 2
mortem temperature play im roles™en the'exte ‘& protein denaturation and
physical appearance of Law'ie, 98). denaturation of protein is
(

proportional to light %ing fro @c%surface. The minimal of protein

denaturation at pK%and vlater e tightly bound causing more light to

be absorbed \mu cle a e]lcecgld meat appears translucent in colour. In
'
contrast, r_protein’ denatu tior&al pH < 6.0 is causing an increase in light
L owes Qés\

wit sic differences in

V

/4

4
&

mus darker. Lightness (L*) is affected by light

scatter'w making
sc%but has little effec
,%swaﬂand, 1994).

eat colour has been reported to relate to other meat quality parameters and

£

n meat redness (a*) and yellowness (b*) (Barbut,

functional properties of meat (Barbut, 1997; Qiao et al., 2001). The breast meat



quality can be measured by using L* indicator. Dark broiler breast fillets shown to
have lower L* values, higher redness values (a*) and lower yellowness Valu?')
compared to light broiler breast fillets (Allen et al., 1997; Barbut et al., @east
meat with variety of lightness (L*) has been reported with wide variati * values.
The differences are due to the wide scattering of muscle pH valuesyat post-mortem

(Barbut 1997; Petracci et al. 2004). Factors such as genetics, qéei sex; flock, nutrition,

NY.

2.4.3 Water Holding Capacity
&
| &
Water holding capacity is a significant quality traithat det nes/both q?ﬂsumer’s
N

satisfaction and meat processors. The a ilityz mea \mld vé@. helps with

tenderness, juiciness, firmness and ap a%of the t and ultS@tely impact meat
quality. WHC of meat is classified as the at% p e/n{j@ (WBP), expressible
moisture and free drip. WBP is the abi 2/ of'the mus¢le p@s to retain excess water

q
under external forces (Swatlam 4)’ Ne n@‘%re indicates the amount of

water separated from ghe meat by the use flf% while free drip represents the

amount of water lot\free fr e incat 5‘ %ﬁtesult of gravity (Swatland, 1994)

season of the year affects the lightness value (L*) of meat.

which is importa consumer ac tabil@d retail display of tray packed meat.

N O ,?b
As reporte %@r & [Knigh IJSSU out 88-95% of water in the muscle is held

S
within ifitr: lar sp ?twee ctin and myosin filaments, and about 5-12% is
loc ithin the myoﬁbrils.@mal factors are also reported influencing WHC, such

as%?arcomere length, ionic strength, osmotic pressure and development of rigor
@) is. After animal death, lactic acid production and pH decline causes the reduction
n water binding ability of the meat due to changes in protein postmortem (e.g.

denaturation, loss of protein solubility) causing the reduction in the availability to



holding water in muscle protein (Offer & Knight 1988). As muscle fibres depletes all
their adenosine triphosphate (ATP), the membranes no longer confine the celv!'r

and fluid is lost from the muscle fibre that may contribute to the exudate % the

meat (Swatland, 1994). A
2.5 Skeletal Muscle Structure Vz

A single muscle contains around 1000 muscle fibers run the whale length of the

muscle and joined together at the tendons (Swatland, . Typically_a miuscle spans

®
a joint and is attached to bones by tendons at b@. One of the (P@ins
relatively fixed or stable while the other end moves as a resilt_ of scle\;whtraction
(Berchtold et al., 2000). Skeletal muscle c@s') \mclea containing a

range of quantities of components su@ochon

0S0 soluble protein,

ted in Figure 2.3 the

o~
QL tect the subtle cells to

passqéof blood vessels and nerves

(Coulis & Ouali, 2002). S lzl muscle haglanl a@nt supply of blood vessels and
) 4 4
nerves which are Viws elei c contr@ n (Karlsson et al., 1999).

F

/)

Perirmysium Elood wessel

ruscle fiber

Fascicle

Tendon Epirnysium Endar:n'y-sium

Figure 2.3: The structure of skeletal muscles, a cross-sectional model

Source: http://people.eku.edu
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2.6 Sarcomere

ey

Study the sarcomere architecture is important to understand the contractile unit and its

N

relation to muscle growth and meat development or tenderness. The sarcomere is

smallest unit contractile in the myofibril (Ouali, 1992). Under the_light m!croscope,
zd dark bands

muscle tissue shows a typical alternating banding pattern of %

(Figure 2.4). The dark A-bands (A = anisotropic) consist thick or myosin

filaments with on both sides some overlap of the thin filaments. T@ight colored I-
b A

bands (I = isotropic) consist of thin or actin filaments on both sides of a thin but

N I T

distinct Z-line. These two filaments are linked inside two adjacent Z-disks, which

\ , v Y-
extend from the thick filaments (Karlsson et al.v C%K&Buali, 2@2’)

Thick flamanl

{
Q
RN
S
Q

igure 2.4: Biochemical components and microscopic structure of muscle tissue.

Source: http://meat.tamu.edu
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The degree of consistency and arrangement of the filaments may significantly

influence meat tenderness. The disturbance in the I-band postmortem can also

AN

contribute to the tenderness of meat. However it is believed that enzymatic

\

degradation of proteins in the Z-band has the most significant role in meat tenderness.

The calcium activated calpain system, including lysosomal cathepsiR and the multi-
a .

catalytic proteinase complex, has an important role for the proteolysis of the I-band.

2.7 Conversion of muscle to meat é .Ld

@
The overall mechanical and biochemical changes ofithe muscl¢ afte hi: pr%x; of
| | . A
slaughtering largely determines the final meat quality. le ev pme?of rigor
N

mortis is important to allow for the converswszuscle \at and e, important
for proper meat quality (Sams, 1999). l%sangul on, the le cells continue
energy i

to respire, producing and consumi 1:ﬁe\fT f lé\”[ . As the remaining

cells produ o the ﬁe\yded ATP anaerobically.

oxygen left in the carcass is used u

Glycolysis is an important blw

\
muscle to meat. It involves tR breakdewn gkyc@‘%to glucose 6-phosphate (G6P),

glucose and lactic acid using th ‘m& 1c rg‘ ﬁ‘s’tion in order to produce ATP. The

cal n th,g‘ﬁ,ost-mortem conversion of

—_

ATP produced i&fer cle tabo@fter killing the animal (Hartschuh et

al., 2002). A@cir lafio @'ers(ﬂ') removal of the accumulated lactic acid in
the syste %ellu}ar H drops t@%wel that hinders further glycolysis and hence a
1 el 4

stop tos roduction. As thesAYP level drops to about 0.Immol/g, rigor mortis is

d:v ed (Sams, 1999).
& process of muscle conversion to meat is completed when all the energy reserves
n the muscles have been used up. The length of time required before rigor mortis can

occur depending 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 expendeaw
temporary toughening of the muscle is noticed. Rigor mortis is not an 1ns% cess;
it begins at a certain time after slaughter because of the gradual deplet\ﬁ&glycogen.
This lag time is called the delay phase (Lyon & Buhr, 1999; Barbut,m It has been
reported that rigor in breast meat can occur within 15 minutes post-mortem, whereas it
takes leg muscle about 3 minutes to come into rigor. How Y;l r occurs at 2-4
hours post-mortem in breast fillet compared to less than 2shours i W(KI_]OWSKI
et al., 1982). The muscle at this time is inextensible fter a certai eiloi tlme
the muscle begins to relax again as a result of ka e of e@ponents
which is due to the activity of proteolytic $ e of the maj@hanges during
the aging process include the degr f the thi otei nd which actin

filaments are attached in a striated e ﬁbrﬁx}%n QQE‘?adatlon of the protein
o

nebulin, titin and desmin. The%rote(ﬂytic zymzQ pains and cathepsin are
calcium dependent and this calci J P%arcoplasmic recticulum and

mitochondria during th%e of post-mo e ag@ (Kijowski et al., 1982).
4

F &
2.8 Factors C& tmg‘@i\wrnesséj
&
2.8.1 cOnaﬁ} l ‘? P
Q& 12) ¢

Collaged is most commonly found in the skin, bones and connective tissue, making up
A i
from 25 % to 35 % of the Whole body protein content, therefore, it is providing
~TT

structural support, strength and a degree of elasticity. There is a relationship between

\collagen and toughness, as it can be resistant to physical breakdown during cooking.
qnagen molecules are bound together through intermolecular crosslinks that

providing structure and strength. Crosslinks are less soluble, and thermally stable



when the initially reducible crosslinks are replaced with mature crosslinks(Cooke
&Wien 1971). The proportion of mature to reducible crosslinks increases WW

resulting in older animals that often have less tender meat than younger a

2.8.2 Muscle shortening, cold shortening and sarcomere length

When muscle entered rigor outside a temperature range of 1 , the muscle
should shorten at lower temperatures. Proteins myosin @nd gin in the contractile
muscle will be shortened due to muscle contracti ing to arcomere

length. When applied higher temperature or cooki he shorténed rlei\;gvoﬁ be

tough suggesting that sarcomere length has an 1mp nt eff’ct on ndemzs's Many

experiments have been subsequently cond ed exa relat h1p between
sarcomere length and shear force andx of te (Offgz & Knight 1988).
Longer sarcomere lengths of musclescontri te

shearforce values compared
&
« &
<o

Rapid cooling process afte ter s to ever scle shortening in carcasses

to shorter sarcomere lengths (Barbu 2) 0

meat. This condition % 1ng c lin ‘}IISC emperature below 10°C. In the

process a muscle ntracti pre- state with high concentration of
calcium ion ca%a 1vat f my ATPase The cold temperatures reduce
the efficie e caleiu gs eeded to pump calcium out of the muscle cell
1nt0 th asmié ‘um ng, 2012). At a temperature well above 20°C,

y also undergo ‘h@ortenmg or ‘rigor shortening’. High temperatures
y to speed up the glycolytic rate because of enhanced action of glycolytic
es contributing to increased rate of pH decline. Interaction between faster pH

ecline and higher temperature contribute to the shortening conditions. Rigor



shortening contributes to muscle being tough that is resulted from isometric tension

and diminished proteolytic enzyme activities (Kazeem, 2014).

2.8.3 Intramuscular fat :%

Intramuscular fat is located in adipose cells that along with connectiTe comprise
the endomysium and perimysium that cover muscle fibers an les of muscle

fibers. Intramuscular fat (marbling) is considered as one af,the Thain 1uality attributes

of meat (Young, 2012). However, intramuscular ft s a d&%e role in
providing flavour and juiciness that may extend eat tenderne eve&b)g ent

(Young, 2012). Many studies have proposed that t cont‘oin g high quqrntities of
Y g, ‘?’
In general, fat is made up of triglyce&at stay withi

have lubricating effect while meat %wed, maxwe n’g-\éSier as muscle fibers
. ¢! >
and bundles slip past one anot ng !
\J g re ultin‘%ﬁom cooking. However, high

insulator towards heat-ind? ghtu
quantities of fat with e provide r‘gslisfa} layer that diminishes the heat
4 &
transfer througho&%msclel. vely édts containing a high quantity of fat
will tend to be ‘w oke gin e‘(}r tender meat (Grandin, 2007).
¢ 2 C,)

2.84 M@ and meat tende
4

Duringﬁe ansformation of ne%egg to meat pH is related to biochemical processes.

fat tend to be tenderer (Young, 2012).

r

.

T Nolytic cycle starts immediately after slaughter in the muscle tissue, in which

: gen, the main energy supplier to the muscle, is broken down to lactic acid. The

ild-up of lactic acid in the muscle produces an increase in its acidity, as measured

by the pH. In a normal animal, after slaughtering during 24 hours the ultimate pH falls
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to around pH 5.8-5.4 (Barbut, 2014). At the isoelectric point, thick and thin filaments
in myofibrils move closer together and reduce the water space between them. 1?'!5
the pH declines post mortem, filaments move closer together, myofibril \ and
the volume of sarcoplasm increases. Eventually, muscle fibres deplet&uelr ATP,
their membranes no longer confine the cell water, and fluid is losWthe muscle
fibre and may contribute to exudate lost from the meat (Locker, 196§). Extracellular
space in muscle is greatly increased after short periods o S ac'ivity caused by
ante mortem extracellular fluid unknown as a meat ¢ te. std spaces

between muscle fibre bundles contribute to the soft e and feasi eiar& fibre

bundles in PSE muscle because the amount of ound\ usc@l;res may

cﬁTn ults @vate that the

detachment of myosin molecule hea\ ontribute™te’the @7653 of PSE pork
(Barbut, 2014). % \ET
% %

=\
A
S
2.8.5 Proteolysis A&
\
The activities of the cdrozzed proteol Cl enzymes play a significant role in

breaking down st ctural and“ e?}éskeletal proteins leading to the
l

development of &md tenderness (Barbug 2002). The enzymatic degradation of
L\ L Y \V. - (‘\

proteins is reported occurs at the Z- band and the proteolysis of the I-band (Figure 2.4).
~AJ )
These activated™e: enZ}?‘l ei @myoﬁbrlllar (desmin), intra-myofibrillar (titin

and n%&! and proteins thc') ink proteins to sarcolemma and cell membrane

( Maraie, 1992). Titin anhesmin are considered key factors in the development

have an effect on meat tenderness. X

\ tenderization of meat. The activities of these proteolytic systems can be up to 14

day postmortem in sheep. The calcium activated calpain system, including lysosomal
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cathepsins and the multi-catalytic proteinase complex, have been investigated for their

possible role in postmortem proteolysis and tenderization (Koohmaraie, 1992).Y~

29 Calpain System and Meat Tenderness :%

Meat tenderness is determined by specific protein degradat d protein
modification which contributed to the disruption of the muscle sWe and improves
tenderization (Laville et al., 2009; Maltin et al., 200 CW system includes
calpain 1 (CAPNI) and calpastatin (CAST) are fou ave strong reldtions with
meat tenderness. They are involved in a wide range of physiolo c71 E)\&)&gses

including muscle growth and differentiation, pathological co?ii onsfand pqet-mortem
N

meat aging. Calpains are calcium-activate%;lysis %ﬂa with endogenous

q
physiological candidate gene M t ten CIt reqﬁ'%s micro-molar calcium ion

\
concentration to endoenouz activate. | pps‘@m due to the failure of the
m

\c‘g\ ntra{ ﬁ%f calcium ion rises from 107 M to

sarcoplasmic reticulm\ e,
around 10* M lﬁto th l ctivify of 1{@ ain (Vidalenc et al., 1983). However

the activity 0%\1 ] teﬁ?w' g(oﬁ@ned by specific endogenous activity of the
calpastati %t as }'n yt th@otein degradation (Odeh, 2003).
& 7

2.1Qaracterization of date Genes for Meat Quality Traits

calpain, m-calpain and skeletal musele-spe 1% Y
m-calpain, calpastatin. It is wide!? eptéd that the u-@in gene (CAPN1) is a
c

%\tioned above, meat quality traits are very complex, involve many genes and

0 greatly influenced by environmental factors (Dunner et al., 2013). The appearance

and quality require analysis and classification of fat content, composition, tenderness,
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water holding capacity, color, oxidative stability and uniformity. They are influenced
by breed, genotype, feeding, fasting, pre-slaughter handling, stunning, sl

methods, chilling, storage conditions and other factors (Rosenvold @rsen,
2003). The main goal of genome research is to map and charac rait loci.
Unknown numbers of quantitative trait loci (QTL) affect and control'the meat quality

trait. There are two main strategies used to identify trait loci, asso€iation tests using
gDN

candidate genes and genome scans based on linkage m '\ markers. The

information of the meat quality trait loci can be applied eedidg M@s by using
@

marker—assisted selection (Dunner et al., 2013). é ' _\"}
s b5
In breeding research of farm animals, single Wt' rphisnﬁ\.(’SNPs) are

used as genetic markers to track inherit@ems 0 ﬂgions across

OSOEZ
generations. They are also considered effective tool

=\
associated with traits of anim ith ec 16, 1 erea)é(Zhang et al. 2008).
1 t i

Polymorphism markers are CK.

trait locus mapping and can?!!gene
2.11 Single Nucleotide g'l i

2.11.1 Deﬁniti&f P '
¢
'
A single ide polymorphism ( is a nucleotide variation at a specific region

’ 4
in the ge . Typically, SI{PS afe bi-allelic and by definition found in more than 1

e

, 1998). Although very rarely tri-allelic SNPs are also

% of the population (Wang et

%n the population with variations less than 1% SNPs. Over 3.1 million human

OPS have been characterized in the international HapMap with SNP density of

approximately one per kilobase of DNA (Frazer et al., 2007). The genetic variants can
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potentially untangle the molecular foundation of strains and attain insight solutions for
functional genomics. SNPs have been broadly used in studies of disease asso

for the detection and prediction of human genome diseases. Most pharm@m
studies use SNPs to explore the genetic basis of drug response. A wm&e of SNP
studies for breeding programs have been carried out to p&t' phenotypic

characteristics and their link to the variations of specific SNPs iMac et al., 2009)

The polymorphisms in general are not equally distributed across gen li s ces.

They happen much rarely frequent in coding reg rather‘oth n in the I]Qﬂ coding.
N

SNPs located in regulatory areas of a gene an c ge a c1ﬁc t{&%nptlon and

transcription rates, and thereby inﬂl@c‘uon c Szgf corresponding
ng

proteins. The exonic SNPs in

ﬁ e/(WHOD}’mOus or non-
synonymous. The synonymous su tiods do not ¢ @the amino acid in the

2.11.2 The Way SNPs Impact Different Phenotypes

4]

protein, but that can still alte ferenﬂ ay (Chamary et al., 2006)

(Kudla el al., 2009). c congg ta nlj substltutlon alters the primary
sequence of amino 01d t € pro ﬁﬁéd protein or develops phenotypic

e fo@ and structure of mRNA could be

-h—-

differences (Lla al " 2

influenced b nd orfse y clfa‘f)ge the mRNA associated function.

The dissimila ;oldué RNﬁodlng degrades more rapidly and consequently

)Ae produced protelr\(@'dlng to phenotypic variation. Synonymous codon

? hism may vary protein substitutions, thus producing a protein with a

rent biological conformation and function. SNPs might also affect mRNA silent

ubstitutions and ultimately produce non-functional protein.
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2.11.3 Techniques to Identify a SNP

The analyses of SNPs can be performed by mapping and sequencing the Kl tide
sequence of a gene and looking for SNPs in the coding regions. %es the
associations of SNPs with phenotypic variations are also considered new strategies to
monitor allelic specificity and for SNP discovery. DNA frag ntXp.hﬁcatlon by

the polymerase chain reaction (PCR) are one the most rec le techniques to

examine efficiency and allelic structure of SNP. This @ 1'1g PCR primers

to amplify the target regions of a specific gene. PCR produc ce?-and

compared in gene sequences to reveal SNP sﬁe@gh this a oacll féx a SNP
4 b 3

i i i i phﬁca@ﬁ of DNA

fragments are expensive especially Whe ers h. n de&e‘&ed with large
ciz@(pressed sequence

number of data produced by DNA amp 1 1on and se
tags (ESTs) is another way to alIoK hort sub-sequence of
complementary DNA (cDN. uenc ec se t %ouble stranded DNA is

synthesized from a messew m h%}nerated sequences for SNP

discovery may result in"ove pplng é&quences of another gene. This may

result in low disc K\e o@ % (Ga@k et al., 2009).
\

Another wa rc :1s lgy)analyzing and hybridizing the candidate

sequenc Nﬁ br'cy a a}@tis method is based on PCR amplification of

spe011 cleotides Whos$ntain a relatively small number of nucleotides

\
Net al., 1999) (Imelfort et al., 2009).

S
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2.11.4 SNP Detection in CAPN1 Gene

The CAPNI gene play an important role in the degradation of myoﬁbrillwqeins

and meat tenderization postmortem. The human CAPNI1 gene has 22 ex%anning

. X

approximately 30kb (Figure 2.5).

# | Marker 5331
* | Marker 316
* | Marker 530
# | Marker 947
# | Marker 4751
# | Marker 4753

Exons 1 to 10 | Exons 11 to 22

Intron 10 (~15 kb)

< , N
Figure 2.5: Organization of the %Nl en \Nﬁ&t}n of SNP markers.
N\
ey

<> G §
The SNP markers in the Am geT een tously investigated for their

association with meat quali d tendernes (Phg@-al., 2002; Okumura et al., 2006;
4
2008

' g
Zhang et al., 2007 olik éja/l (2014) reported eight missense

mutations in five ‘ex of t
) \ ¢ '
in pork. A ye

1 the same uth%rsciji&overed polymorphic sites in 3’UTR of the

gelto-%s( molecular markers for meat tenderness

. . \
CAPNI geneand thejr dss tlonkéhlean meat percentage.
A\ o) R
In \ s, 4 polymorphistas,” 3 synonymous single nucleotide polymorphisms

@ (i.e., C2546T, G3535A, and C7198A), and one SNP within the 3'-UTR
G%OA) of the CAPN1 gene have been found to have significant effects on meat
tenderness (Zhang et al., 2007a,b, 2008). Chinese scientists Zhang et al. (2008) and

Shun et al. (2015) calculated the effect of CAPN1 on economically important chicken
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traits. The mutations in the fifth and sixth exons are found to change fiber density, and
that the C2546T / G3535A / C7198A haplotype affected live, carcass, breastw
muscle weights. Moreover, a mutation within exon 4 are associated with %\reast
muscle and intramuscular fat content. Observation studies by Sun 2013) and
Felicio et al. (2013) confirmed the effects of mutations in the C gene with

documented evaluations performed on different indigenous clqi'cke eeds. However,

there are no available publication that studied the ass@€iation ofjthese SNPs in
Malaysian indigenous chickens. ' \d
'§ o X
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