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Abstract

Chicken meat results from overall biochemical and mechanical changes of the muscles after slaughtering process. The
transformation of muscle in meat is a control point in the determinism of meat quality. Several and complex factors can
affect poultry meat quality properties. Therefore, genotype, age, sex, type of muscle, structure of muscle fiber, production
system, feeding, feed and water withdrawal, transport, slaughter process, post mortem aging time promote a significant
difference in parameters of technological, sensorial and nutritional quality of chicken meat. However, differences in meat
quality exist between fast and slow growing chicken genotypes. Furthermore, older chickens present a lower ultimate pH,
redder breast meat, higher shear force and drip loss, lower yield and more important intramuscular fat. At equivalent age,
the male chickens are less fatty than the females, while crude protein content is higher in males than females. Production
systems, such as traditional free range and improved farming, promote differences in color, texture, chemical
composition and the fatty acid composition of meat, with the higher protein content, the lower fat content and favorable
fatty acid profile reported from chicken of free range system. The motory activity of birds in free range results in tough
texture and high cooking loss in the meat during heating (80-100°C). Diet composition affects the fatty acid composition
and meat flavor. Higher breast meat redness was found in birds that were transported for a shortest distance or not

transported than in those after a longer distance.
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Introduction

Today, the greatest challenge of the United State
Organization for Food and Agriculture (FAO) is food
security, and consists on obtaining and guaranteeing
an increasing food production of best quality for the
population which increase year by year (FAOSTAT,
2010). In the sector of animal production, poultry
breeding in general and chicken breeding in
particular represents one of the ways on which sub-
Saharan Africa countries were committed to increase
their production of animal proteins. Avian genetic
resources in West Africa are mainly represented by
domestic local hen (Gallus gallus domesticus), guinea
fowl (Numida meleagris) and ducks (Cairina sp.).
These indigenous avian species are mainly exploited
by rural families under traditional breeding system
(FAO,

constitutes the second source of meat after cattle with

2004). In Benin for example, poultry

a consumption rate of 21% (Onibon and Sodegla,
2006). Generally, West African indigenous chickens
are from a slow-growing type with relatively small

body size (FAO, 2004; Missohou et al., 2002).

The development of this avian sector and the
importance of the consumption of the chicken meat
nowadays worldwide in general and in West Africa in
particular requires a better knowledge and control of
characteristics of the product. The taste and the
texture of this meat meet the requirements of the
consumers who generally ignore their implicit needs
from meat consumption. Several and complex factors
can affect poultry meat quality properties (Jaturasitha
et al., 2008a). It is the reason why the present work
aims to sum up the factors of variation of chicken
meat quality. These factors can be either intrinsic
(species, race, type of muscle, sex, genetic origin and
slaughtering age) (Mourot, 2008), or extrinsic
(conditions of breeding, and slaughtering, feed,
technological treatments and post mortem
biochemical changes). Therefore, a review on the
factors that influence the technological, sensorial and
nutritional quality of chicken meat is essential to have
knowledge for developing research on this way and
for promoting this poultry meat in the future. The

outcomes of this review should be wuseful for

controlling the fundamental quality factors on further
development in chicken production efficiency and

processing.

Meat quality concept

According to the standard ISO 8402-94, the quality is
the set of characteristics of an entity that give that
entity the ability to satisfy the expressed and implicit
needs of its user or consumer. This definition reveals

the complex character of quality (Touraille, 1994).

As a matter of fact, the meat quality concept is used to
add the overall meat characteristics including its
chemical, biochemical,

physical, morphological,

microbial,  sensory, technological,  hygienic,
nutritional and culinary properties (Jassim et al.,
2011; Ingr, 1989). In general, the consumers judge
meat quality from its appearance, texture, juiciness,
water holding capacity, firmness, tenderness, odor
and flavor. According to Cross et al. (1986), those
meat features are among the most important and
perceptible that influences the initial and final quality
judgment by consumers. Furthermore, the quality of
poultry meat gathers quantifiable properties of meat
such as water holding capacity, shear force, drip loss,
cooking loss, pH, shelf life, collagen content, protein
solubility, cohesiveness, and fat binding capacity,
which are indispensable for processors involved in the
manufacture of value-added meat products (Allen et

al., 1998).

According to Touraille (1994), the quality of poultry
meat can be defined from a certain number of
accurate features: the nutritional quality, the hygienic

quality, the technological quality and the sensory
quality.

The nutritional quality is tied to the ability of the
meat to feed the consumer in proteins, lipids,
carbohydrates, as well as many other essential
compounds (vitamins, minerals, trace elements...). In
addition to the contribution of nutriments, the meat
must preserve the consumer's health. It must not
content any toxic residue, nor to be the settle of a

bacterial development susceptible to produce harmful
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elements: it’s the hygienic quality of meat. This
requirement is well evidently recognized by the
legislation. Furthermore, the technological quality of
the chicken meat corresponds to the ability of meat to
undergo the set of the transformations, preservations
and packing during an industrial or artisanal process
(Boutten et al., 2003). The technological quality of
chicken meat is mainly appreciated from the color,
the water-holding capacity, and the texture of the
meat at raw state or at the time of industrial

transformations (Gigaud et al., 2006).

Concerning sensory quality, it is about features
discerned by the consumer's senses. They regroup the
aspect and the color, the taste and the flavor, the odor
and the aroma, as well as the consistence and the
texture of a food. They have a fundamental role in the
food preference determination (Touraille, 1994;
Gigaud et al., 2008). The sensory properties of a food
are features that the consumer can discern directly
thanks to its senses. These sensations can be
qualitative, quantitative, or hedonic. For chicken, the
main sensory features are: color, tenderness, juiciness
and flavor (Touraille, 1994, Clinquart, 2000; Santé et

al., 2001).

Nevertheless, many factors such as genetic (Debut et
al., 2005), non-genetic factors (Gigaud, et al., 2008;
Boutten et al., 2003), environmental (Berri and Jehl,
2001) and pre-slaughter factors and post mortem
changes of muscle (Maltin et al., 2003; Owens et al.,
2000; Barbut 1997) can affect the quality of poultry

meat.

Conversion of chicken muscle to meat

The conversion of chicken muscle to meat results
from the overall biochemical and mechanical changes
of the muscles after slaughtering process. This
biochemical and mechanical evolution of the muscle
after slaughtering that comes progressively to its
conversion to meat occurs in two phases: the
dissipation of the energy reserves of the muscle
during the installation of the rigor mortis, and the
modification of the organization of muscular proteins

structure during the maturation of meat (Santé et al.,

2001; Maltin et al., 2003). The transformation of the
muscle in meat is a control point in the determinism
of meat quality. Stunning and bleeding modify
potentially the muscular metabolism (El Rammouz et
al., 2003).

The interruption of blood circulation suppresses
oxygen and exogenous energy substrata (glucose,
amino acids and fatty acids) supplies. However, the
mechanisms of homeostasis maintenance continue to
function in the cell during a short time. The
deprivation of oxygen decrease very quickly the
oxidation power of cells, and only the anaerobic
reactions persist, essentially the glycolysis (Lawrie,
1966; Bendall, 1973). The muscle, deprived of oxygen,
becomes anoxic. The maintenance of the muscular
homeostasis requires the synthesis of compound rich
in energy such as ATP (Santé et al., 2001). The
reactions of ATP synthesis are assured by creatine
phosphate  utilization @ and  essentially by
glycogenolysis and anaerobic glycolysis. Anaerobic
glycolysis generates lactate that accumulates,
lowering the intracellular pH, so that by 24 h post
mortem, the pH falls to an ultimate pH (pHu) of
about 5.4 to 5.7. Muscle is highly sensitive to both
ATP and Ca2?*, which are both involved in the
contraction—relaxation process. Consequently, as ATP
levels are reduced and Ca2* levels increase in post
mortem, irreversible link between myosin and actin,
and rigor mortis occurs in the tissue (Maltin et al,,
2003). The reactions of ATP utilization and that of
glycogen have been described in detail by Bendall

(1973).

The fall in post mortem pH is characterized by its
speed and its amplitude. The speed of the fall is
mainly determined by the ATPasique activity,
whereas the amplitude of fall in post mortem pH
depends mainly on glycogen reserves of the muscle at
the time of slaughtering (Santé et al, 2001).
According to Stewart et al. (1984), and Schreurs
(1999), the post mortem biochemical reactions of
broiler breast (Pectoralis major) meat of 7 to 9 weeks
of age submitted to refrigeration stops between six

and eight hours after slaughtering.
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The kinetics and the intensity of these reactions
influence strongly the technological, sensory and

hygienic qualities of meats (Valin, 1988).

Factors affecting chicken meat quality

Intrinsic factors

The genotype

Genetic studies on meat quality traits in poultry are
more recent. At the present state of knowledge, the
genetic type, the breed, the line or the strain can
affect strongly several properties of chicken meat

qualities.

The speed and the amplitude of pH post mortem
decline depend on the genetic type. Indeed, Berri et
al. (2001) and Le Bihan-Duval et al. (2001) observe
some differences in the post mortem biochemical
evolution between different genotypes of chickens at
equal age. These authors show that the selection for
growth and / or muscular development leads for this
species on a slowdown of pH post mortem decline,
and on the other hand, an increase of ultimate pH of
muscle. Furthermore, Debut et al. (2003) showed
significant differences in most of the meat quality
indicators between a slow-growing French Label-type
line and a fast-growing standard line of chickens
exposed to different pre-slaughter stress condition
when estimating breast and thigh meat quality (pH
decline, color, drip loss and curing-cooking yield). It
comes out from their study that the breast muscle of
Label chickens had more important reserves in
glycogen at the time of slaughtering than the standard
chickens. This difference can be due to the variability
of muscle fiber structure among genetic types.
Indeed, Jaturasitha et al. (2008b) showed that slow-
twitch oxidative (STO), fast twitch oxidative-glycolytic
(FTO) and fast twitch glycolytic (FTG) fibers
diameters varying among genotype. Moreover, the
speed of pH decline of slow-growing chicken lines is
faster than in fast growing chicken lines (Debut et al.,
2003). In contrast, the study of Youssao et al. (2009)
in Benin on Label Rouge and indigenous chickens of
North and South ecotypes showed no significant
difference among genotype in pH recorded 1 hour and

24 hours post mortem.

The chicken meat quality comparison carried out by
Lonergan et al. (2003) on chickens from 5 genetic
groups (inbred Leghorn, inbred Fayoumi, commercial
broilers, F5 broiler-inbred Leghorn cross, and F5
showed high

differences in breast meat composition and quality.

broiler-inbred  Fayoumi cross)
Their results indicated that the Leghorn inbred line
breasts were a more pure and more intense red color
than the crossbred contemporary whereas Kramer
shear force (kg/g of sample) was higher in breasts

from broilers than in breasts from the inbred lines.

It has been reported that selection for fast growth and
high yield affects the sensory and functional qualities
of the meat (Dransfield and Sosnicki, 1999; Le Bihan-
Duval et al., 2001; Le Bihan-Duval, 2003); therefore,
differences in meat quality may exist between fast-
and slow-growing broilers. Fast-growing chickens
selected for their breast yield present a slow speed
and amplitude of pH decline comparatively to slow-
growing chickens (Berri, 2000). Thus, more the live
weight and therefore the one of the breast increases,
more the glycolytic potential of the Pectoralis major
decreases (Berri and Jehl, 2001). The important
differences of post mortem metabolism between
different genetic types reverberate on their water-
holding capacity in raw state but also on their
properties during transformation process (Jehl et al.,
2001). Important exudation water loss of raw meat
leads on faster pH post mortem decline (Debut et al.,

2003).

Hector (2002) mentions that the breast of feather
sexable line of chicken present a higher pH than the
breast of non-feather sexable line at different period
post mortem (15 minutes, 4 hours and 24 hours post
mortem). By the same way, El Rammouz et al. (2004)
showed breed differences in the biochemical
determinism of ultimate pH in breast muscles of
broiler chickens. Moreover, Xiong et al. (1993) and
(2006)

differences between the ultimate pH among genetic

Fernandez et al reported significant
types of chickens. According to Le Bihan-Duval et al.
(1999), the pHu of selected line chicken meat is

higher than that of control lines (5.78 vs 5.68). Culioli
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et al. (1990) observed a faster post mortem
metabolism in the Label Chicken breasts than in
those of the Standard ones. According to Larzul et al.
(1999), Le Bihan Duval et al. (2001), Le Bihan Duval
et al. (2008), the rate and the extent of decrease in
pH post-mortem in chicken are under the control of
different genes. These genetic results in short show
that Glycolytic Potential and pHu of chicken 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.

he investigations of Fanatico et al. (2005) on the meat
quality evaluation of slow-growing broiler genotypes
indicate that the drip loss and cooking loss (%) were
significantly affected by genotype, with the highest
losses occurring with the slow-growing genotype and
the lowest losses occurring with the commercial fast-
growing genotype and the medium-growing genotype.
These results confirm the report of Debut et al.
(2003), who found a higher drip loss in breast from
slow-growing broilers than in fast-growing broilers.
Lonergan et al. (2003) also showed a higher cooking
loss in slow-growing broilers compared with fast-
growing broilers. By the same way, Jaturasitha et al.
(2008b) showed, when studying carcass and meat
chickens from Thai

characteristics of male

indigenous, improved layer breeds and their
crossbred that the water holding capacity in terms of
drip, thawing and cooking (boiling and grilling
methods) losses of breast and thigh muscle was

significantly different among genotypes.

Furthermore, quite significant levels of heritability
(ranging from 0.35 to 0.57) were obtained for meat
pH, color and water-holding capacity in two studies
conducted on the same experimental broiler line
slaughtered under experimental conditions (Le
Bihan-Duval et al., 1999; Le Bihan-Duval, 2001).
More moderate heritability values (ranging from 0.12
to 0.22) were reported for the same meat traits
measured in turkeys slaughtered under commercial

conditions (Le Bihan-Duval et al., 2003). A study

performed in quails by Oguz et al. (2004) also
reported moderate to high levels of heritability (0.22—

0.48) of ultimate meat pH and color indicators.

As for the technological quality, genotype greatly

affected the physico-chemical and sensory
characteristics of chicken meat. Castellini et al
(2006), when making comparison of two chicken
genotypes (Ross 205 and Kabir) reared according to
the organic farming system, showed that the meat
from Ross chickens showed the higher Thiobarbituric
Acid Reactive Substances values and these higher
Thiobarbituric Acid Reactive Substances values were
negatively correlated to lightness and yellowness.
Stronger differences in the meat color were found
when  comparing commercial strains  with
experimental lines selected or not selected for
increased body weight and breast yield (Berri et al.,
2001). Furthermore, Quentin et al. (2003) and Kisiel
and Ksiazkiewicz (2004) reported in chicken that
lightness (L*), redness (a*) and yellowness (b*) of
breast and thigh meat differ significantly among
genotypes. As Roy et al. (2007) reported, slow
growing genotypic chickens show a lower ratio of
white to dark meat than conventional broilers, and
are selected to produce dark meat rather than white
(Fanatico et al., 2005). The slow growing birds had
lower redness (a*) values compared with the fast-
growing birds. Other authors have found that slow-
growing birds are redder and darker than fast-
growing or high-performance birds (Le Bihan-Duval
et al., 1999; Berri and Jehl, 2001; Debut et al., 2003).
This difference in meat color among genotype can be
due to the difference of their slaughter age which can
affect the content of myoglobin in muscle. According
to Gordon and Charles (2002), older (slower-
growing) birds have redder meat due to a higher
content of myoglobin. Lonergan et al. (2003) believed
that difference in redness among genotypes was due

to a difference in muscle fiber type.

Nevertheless, the effect of genetic type on nutritional
chicken meat quality is controversial. Fanatico et al.
(2005) reveal that Pectoralis muscle dry matter, fat,

and ash contents were largely unaffected by genotype.
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This observation confirms the results of Latter-
Dubois (2000), who found no significant differences
in dry matter or ash in the breast meat (with skin)
among 5 crosses of fast-, medium-, and slow-growing
chickens. Nevertheless, Lonergan et al. (2003) found
that breast meat from fast-growing broilers had
higher lipid content than from slow-growing ones.
Furthermore, Havenstein et al. (2003) found that the
modern 2001 strain had more carcass fat than an
older 1957 strain of chicken. In Thailand, Jaturasitha
Wattanachant (2004),
(2007),
Chuaynukool et al. (2007) found that genotype (breed

et al. (2008a), et al

Wattanachant and Wattanachant and
and strain) of chickens plays a major role in carcass
fatness and meat quality (table I). In Nigeria, the
study carried out by Oluwatosin et al. (2007) reveals
very significant effect of genetic factors on the
nutritional quality of the breast and thigh of cockerels
of the Nera, Bovan, Harco and nigerian local strains.
Their results showed that local chickens of Nigeria
were nutritionally better than exotic cockerels. Crude
protein values from the thigh and breast muscles of
nigerian local strains were 63.58% and 63.32 + 0.03%
respectively, while the least crude protein contents of
thigh and breast muscles were obtained respectively
from Bovan exotic cockerels (60.72 %) and Nera
exotic cockerels (42.37 %). The same tendency was
observed for the ash content but not for the ether
extract content. The nigerian local strains had the
lowest lipid content (Oluwatosin et al., 2007).
Similary, in Thailand, Jaturasitha et al. (2008b)
reported that the indigenous chickens of Thailand
were nutritionally better than the crossbreeds and the
exotic strain (Bresse and Rhode Island Red). These
reports confirm the result of Brunel et al. (2006) who
showed that protein and lipid rates of chicken meat

depend on the genetic type.

Last decades, much effort has been spent on
obtaining knowledge about quantitative trait loci
(QTL) in several species including chicken (Van Kaam
et al. (1999). Usually, information from genetic
markers is used for detecting QTL on chromosomes.
In the chicken, a large number of genetic markers

were generated, which enabled QTL detection. Van

Kaam et al. (1999) showed when studying the whole
genome scan in chickens for quantitative trait loci
affecting carcass traits and meat quality that the most
significant QTL was located on Chromosome 1 at 466
c¢M and showed an effect on carcass percentage. The
other QTL, which affected meat color, was located on
Chromosome 2 and gave a peak at 345 and 369 cM.
Similarly, Nadaf et al. (2007) had recently identified
most significant QTL controlling the redness and the
yellowness in broiler breast meat. Number QTL were
also identified for the growth performance and
carcass composition in relation with the metabolism
by Nadaf et al. (2009). Moreover, Le Bihan-Duval et
al. (2009) confirm that several QTL areas were
detected for yellowness of breast meat (on the
chromosomes 2, 4, and 11). They also showed a
pleiotropic effect of QTL detected on the chromosome
4, of which allele increasing the live weight also has a
positive effect on the ultimate pH but negative on
fattening, pH at 15 minutes post mortem and

yellowness (b *).

Overall, chicken meat quality is stongly affected by
breed or genotype. However, other intrinsic factors,
such as type of muscle and muscle fibers, sex, age, live

weight may influence chicken quality.

The type of muscle and muscle fibers

The breast and thigh muscles of chicken represent the
highest proportion of chicken carcass and differ in
their chemical composition and technological and
sensory quality (Oluyemi and Roberts, 2000). Indeed,
Oluwatosin et al. (2007) revealed that the thigh
muscle is relatively more nutritive (crude protein,
ether extract, dries matter, organic matter, nitrogen
free extract) than the breast muscle in all cockerel
strains. This influence of the type of muscle on the
quality of meat is also reported by several authors
such as Oluyemi and Roberts (2000), Berri et al.
(2007), Jaturasitha et al. (2008a) and Latter-Dubois
(2000) on the chicken and Baeza (2006), Woloszyn et

al. (2006) and Huda et al. (2011) on duck meat.

However, according to Scheuermann et al. (2003),

selection in chicken can induce greater muscle weight
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at the same age by increasing the fiber size and
number. These authors concluded that increased
muscle fiber number may also participate to improve
breast yield. Now, according to Berri et al. (2007),
increased breast weight and yield were associated
with increased fiber cross-sectional area, reduced
muscle glycolytic potential, and reduced lactate
content at 15 min post mortem. Therefore, P. major
muscle exhibiting larger fiber cross-sectional area
exhibited greater pH at 15 min post mortem and
ultimate pH, produced breast meat with lower L* and
reduced drip loss, and was potentially better adapted
to further processing than muscle exhibiting small
fiber cross-sectional area. Moreover, when post
mortem time increases during storage (between 4 and
12°C), the lightness (L*) and the yelowness (b*) of
chicken breast meat increase but the redness (a*)
decreases (Zanusso et al., 2001; Petracci and
Fletcher, 2002). This variation of color with post
mortem aging time may be resulted from the
variation of concentration of pigments, the chemical
state of pigments, and the way light is reflected off the
meat (Abdullah and Matarneh, 2010). The higher
myglobin content in biceps femoris muscle of the
indigenous chicken contributed to higher a* value and
lower L* value compared to that of the lower
myoglobin  content in  pectoralis  muscle
(Wattanachant and Wattanachant, 2007; Abdullah

and Matarneh, 2010).

On the basis of their biochemical and functional
properties, Brook and Kaiser (1970) classified the
muscle fibers into three groups: slow-twitch oxidative
(STO), fast twitch oxidative-glycolytic (FTO) and fast
twitch glycolytic (FTG). Jaturasitha et al. (2008b)
reported that no significant difference in the
percentage of each breast muscle fiber type among
Thai native chickens, Thai native x Bar Plymouth
Rock, Bar Plymouth Rock and Shanghai chickens was
observed. Dark muscles contain predominantly STO,
while light muscles contain primarily FTG. Lengerken
Von et al. (2002) reported that the FTG content of
pectoralis muscle of broiler and turkey was
respectively 99.5 and 99.8 %; whereas Jaturasitha et
al. (2008b) found the type IIB between 82.2-95.0 %.

Moreover, Jaturasitha et al. (2008b) showed that the
STO, FTO and FTG diameters varying among
genotype. In conclusion, difference between
genotypes is not only related to the different
proportions of muscle, but also to their different

diameter.

The Sex

The sex has an influence on several parameters of the
chicken meat quality (Le Bihan-Duval et al., 1999;
Mehaffey et al., 2006; Jaturasitha et al., 2008a).

At 24 h post mortem, the pH values on breast meat
between sex found by Lopez et al. (2011) when
studying broiler genetic strain and sex effects on meat
characteristics showed female broilers having a lower
pH24 (5.87). This difference in pH value can be due
to the glycogen content in the muscle. Gigaud et al,,
(2007) had observed a sex effect on glycogen rate;
this rate in glycogen was more important at the

females with a lower pH.

Moreover, this author reported that females broilers
exhibited a higher yellowness (b*) than males. This
influence of the sex on the color of chicken meat had
also been observed by Fanatico et al. (2005).
Furthermore, the meat of female is less exudative and
tenderer than that of the male (Debut et al., 2004;
Berri et al., 2000). The study of Abdullah and
Matarneh (2010) on the influence of carcass weight,
bird sex, and carcass aging time on meat quality traits
of pectoralis major muscles in broiler birds showed
that cooking loss was affected by bird sex with the
highest value recorded in females (27.8%) than males
(26.7%), while the carcasses of male birds exhibited
higher thawing loss values than those from female
birds. The highest thawing loss found in male by
these authors may have resulted from the excess
amount of moisture picked up by carcasses from male
birds because of differences in breast thickness or the
space between muscle fibers. In contrast, these
authors found no effect of sex on water-holding
capacity, color, and chemical composition of meat.
Similarly, Lopez et al. (2011) reported on the same

broiler birds that no difference existed for sex for
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mean shear force. Indeed, in their study, all shear
force values of breast were lower than 30 N, and then
suggesting that meats were sufficiently tender and

therefore would be highly accepted by consumers

(Owens et al., 2000; Schilling et al., 2003; Corzo et

al., 2009).

Table 1. Chemical composition and some quality characteristics of different genotypes of chicken muscles.

Parameters Chicken genotype

Shanghait Bar Broiler> Black Northern Southern Naked  Kai

Playmouth Bones Thais Thais Necks Dangs
Rock!?

Breast muscle
Chemical composition
Moisture (%) 73-3 73-3 73.733  72.10 72.9 734 73 72.8
Protein (%) 23.9 24.2 23.72 24.4 24.7 24.2 24.1 23
Fat (%) 0.59 0.56 1.96 0.53 0.51 2 0.22 2.88
Collagen (mg/g) 17.1 14.8 - 28.3 26.20 7.15 8.5 7.76
Shear value (N) 21.9 30.9 - 41.7 51.20 2.4 1.8 2.7
Cooking loss (%) 21.07 14.93 - 22.08 18.99 20.78 20.28 24.04
Meat Color
L* 59.1 55.8 - 50.70 54.90 67.3 61.7 53.6
a* -0.08 1.86 - 1.66 1.27 4.22 1.04 -0.6
b* 11.9 9.9 - 10.5 13.60 8.8 3.2 9
Thigh muscle
Chemical composition
Moisture (%) 74.5 73.2 73.502  74.10 75.7 74.8 74.2  80.80
Protein (%) 19.8 21.3 19.50 21.7 20.4 21.4 20.7 17.4
Fat (%) 5.55 3.83 6.29 2.81 2.94 0.48 0.56 1.14
Collagen (mg/g) 22.2 22.1 - 36.3 42.2 13.12 14.05 10.33
Shear value (N) 39.2 35.8 - 36.1 44.3 3.2 2.4 4.2
Cooking loss (%) 25.78 20.04 - 20.12 23.38 20.46 21.05 19.66
Meat Color
L* 57.9 54-3 - 45.90 51.9 61.4 57.1 48.5
a* 3.92 3.47 - 3.87 5.27 8.84 3.16 0.16
b* 6.32 5.13 - 3.40 7.8 8.8 5.1 5.30

Note: - backyard production system and 1.3 kg of carcass weight was noted for naked-neck chicken while intensive rearing

system and 1.0 - 1.1 kg of carcass weight noted for the Black Bone, Northern Thai, Southern Thai and Kai Dang. All types of

chicken studied by Wattanachant (2008) were males and females slaughter age at 16 weeks old. Breast muscle: pectoralis

major, Thigh muscle: biceps femoris. Source : Adapted from Jaturasitha et al. (2008b), 2Bogosavljevic-Boskovic et al. (2010)

and 3Wattanachant (2008).

It is recognized that the males are less fatty (at
equivalent age) than the females. Sunday et al. (2010)
found that lipid content of chicken meat was higher in
females than males, whereas crude protein content
was significantly higher in males than females.
Moreover, these authors found also that the
interaction between genotype and sex significantly
affected crude protein and lipid contents. Similarly,
Bogosavljevic-Boskovic et al. (2010) observed that at
equal age, male broilers in both rearing systems had

higher protein content in leg muscle than females,

while the fat content and dry matter was significantly
higher in females than in males. The results obtained
by Holcman et al. (2003) also confirmed a significant
effect of sex on broiler meat quality (females having
more fat than the males of the same age). However,
Konrad and Gaal (2009) found that sex has a
significant impact only on ash content of thigh meat
of Yellow Hungarian Cockerel and Pullet kept in free
range for 84 days with the highest ash content
recorded in pullet (0.98% vs 0.89%).
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Furthermore, the sex of the chicken influences the
profile in fatty acids of the chicken muscles (Brunel et
al., 2006). De Marchi et al. (2005) found that female
Padovana breed of chicken had most important rate
of C16:0, C18:3w3 fatty acids than male, while had the
highest content in C18:1w7t and C20:4w6 fatty acids

than female.

The Slaughter age

The composition of chicken muscle and technological
quality of its meat change as the animal gets older.
When slaughter age decreases the flavor of meat
decreases whereas the tenderness and the juiciness
increase (Gigaud et al., 2008; Fletcher et al., 2002).
Moreover, Berri et al. (2005) reported that the
content in glycogen of Pectoralis major chicken
muscle seems to decrease with the age of the animals
apart from their speed of growth. This reduction of
glycogen content in breast muscle is associated to the
increase of the fiber cross-sectional area. According to
the study of Berri et al. (2007) carried out on
consequence of muscle hypertrophy on characteristics
of pectoralis major muscle and breast meat quality of
broiler chickens revealed that increasing muscle fiber
cross-sectional area and thus muscle weight in
chicken was linked to a number of changes in muscle
and meat characteristics. Indeed, as the fiber cross-
sectional area increased, the muscle postmortem pH
fall slowed down and its glycolytic potential
decreased, whereas breast meat ultimate pH
increased. The chickens bred during a long period will

have a higher pH.

Furthermore, it had been noticed an increase of the
quantity of collagen and decrease of its solubility with
the age of the animals (Fiardo, 2003). The decrease of
tenderness in chicken meat during muscle growth can
thus due to the structural changes of collagen
(Nakamura et al., 2004). According to Fletcher
(2002), differences in tenderness can be due to the
fact that older birds are more mature at the time of
harvest and have more cross-linking of collagen. A
similar effect of the age on the flavor, the tenderness
and the juiciness were observed on the turkey meat by

Owens et al. (2000).

Castellini et al. (2002) attributed poor water-holding
capacity in slow-growing birds to a less mature age
than fast-growing birds at a slaughter age of 81 days.
Indeed, the slow-growing birds had a higher
percentage of moisture in the meat. Moreover, the
breast muscle skin (L*, a* and b*) color coordinates
increased while b* value of muscle decreased with
increasing age. Poultry breast meat, typically, tends to
become darker and redder as bird age increases
because of highest contents of myoglobin in the
muscles (Fletcher, 2002). Janish et al. (2011)
reported that the electrical conductivity, lightness,
grill loss, and shear force values increased but the
drip loss and a* values decreased with the age of the
broiler.

Moreover, the age of the chicken influences strongly
nutritional quality of its meat through the profile in
fatty acids of the muscles (Brunel et al., 2006).
Similarly, dry matter content of chicken meat can be
affected by the age of animal. In Thailand, the studies
of Wattanachant and Wattanachant (2007) and
Wattanachant (2008) on changes in composition,
structure, properties of muscle protein and meat
quality of Thai indigenous chickens during growth
from 6 to 24 week old confirm that moisture content
in muscle 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. The same observation
was made by Suchy et al. (2002) on chemical
composition of muscles of hybrid broiler chickens
during prolonged feeding. Similarly, De Marchi et al.
(2005) found significant difference for protein
content of Padovana breed of chicken slaughtered at
150 and 180 days of age with the highest protein
concentration recorded at 180 days old.

In short, older chickens present a lower pHu, redder
breast meat, higher drip loss and protein content,

lower yield and more important intramuscular fat.

The live weight

At the same age, the live weight can affect the chicken
carcass composition and the meat quality properties
(INRA, 2008). The weight variability of the chickens
can be very important within a batch (Gigaud and
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Berri, 2007). This variability can be tied to individual
variability but also to the sexual dimorphism. Thus,
some differences in post mortem metabolism of
chicken muscle could be explained by the difference
in growth rate. The investigation of INRA (2008)
indicated that heavier chickens present a lower pHu,
redder breast meat, higher drip loss, lower yield and
more important intramuscular fat. Furthermore, a
study conducted to determine the influence of
genotype, market live weight, transportation time,
holding time, and temperature on broiler breast fillet
color under commercial processing in Italy by Bianchi
et al. (2006) reveals that with regard to the market
live weight of broilers, the heavier birds (>3.3 kg)
produced a darker breast meat (L* = 51.67) than did
the lighter birds (<3.0 and 3.0 to 3.3 kg; L* = 52.63
and 52.84, respectively) (P < 0.001). Nevertheless,
the influence of carcass weight, bird sex, and carcass
aging time on meat quality traits of pectoralis major
muscles was studied in broiler birds by Abdullah and
Matarneh (2010) and it comes out from their study
that lighter carcasses had a higher thawing loss
percentage in breast muscle while higher shear force
values were recorded in breast muscle from heavier
carcasses. This could have been due to a greater
denaturation of muscle protein in the lighter

carcasses compared with heavier ones. Carcass weight

in chicken is then critical to meat quality
characteristics.

Extrinsic factors

Production system

The breeding mode of chicken affects the

characteristic of their meat quality. The study of
Fanatico et al. (2005) on the meat quality evaluation
of slower-growing broiler genotypes with or without
outdoor access indicated that meat quality differences
exist among production systems particularly on the
sensory quality. Indeed, it comes out from their study
that the principal effect of outdoor access was to make
the meat yellower in the case of the slow-growing
genotype (P < 0.05), but not in the commercial fast-
growing genotype (F) (P> 0.05). Mikulski et al. (2011)
found that color of the breast and thigh muscles of

chickens bred with outdoor access was significantly

darker, compared with birds raised in confinement.
Changes in the color of meat in their study were
accompanied by a better water-holding capacity of
breast muscles and lower juiciness of breast from
free-range chickens. Moreover, Fanatico et al. (2005)
showed that when the slow-growing genotype
chickens had access to the outdoors, their drip loss
increased significantly; when they hadn’t outdoor
access, there was little impact from production

system on water-holding capacity.

The shear force of the meat also varied significantly
according to the production system. The study of
Castellini et al. (2002) on the effect of organic
production on broiler carcass and meat quality
showed that the production system affected the shear
force value, which was higher in either the breast or
drumstick of the organic animal, presumably as a
consequence of their motory activity. The same
tendency was observed by 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 and Wattanachant (2008) for Thai
indigenous chickens bred with or without outdoor
access. Thus, rearing systems, such as intensive and
extensive farming, promote differences in meat

texture.

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 by Castellini et al. (2002) and it
comes out from their study that a fat content of 2.37%
was observed for conventional production system vs
0.74% for the organic chickens at 81 days old. Thus,
the organic production system is then very interesting
in term of nutritional quality of meat since it allows
not only obtaining less fatty meat (Konrad and Gaal,
2009) but rich in heme iron and protein
(Bogosavljevic-Boskovic et al., 2010). Furthermore,

dry matter content of chicken meat can be affected by

Tougan et al.

Page 10



the breeding system (Brunel et al., 2006). According
to the finding of Mikulski et al. (2011) when studying
growth performance, carcass traits and meat quality
of slower-growing and fast-growing chickens raised
with and without outdoor access, the breast meat of
free-range chickens contained significantly more dry
matter and protein than the breast meat of chickens
raised without outdoor access. Similarly, according to
Fletcher (2002), differences in dry matter content
and juiciness of meat, may be due to the fact that free-
range birds have a greater motor activity than indoor
confinement chickens without outdoor access.
However, Fanatico et al. (2005) reveal that Pectoralis
muscle dry matter (%), fat (%), and ash (%) were
largely unaffected (P > 0.05) outdoor access
(production system).

In short, the meat of free-range chickens may be
darker in color, with higher protein content and a
better water-holding capacity, but it may be less juicy

than the meat of birds raised indoors.

Feeding

The feeding mode is very important factor of meat
quality since the feed composition can affect or
change strongly the characteristics of chicken meat
(Jaturasitha et al., 2004 and 2008a), including the

fatty acid profile (Brunel et al., 2006).

The sensory characteristics of chicken meat depends
on the specific raw materials used in the feed
composition such as vitamin, oil, fish flours

(Sauveur, 1997). For example, Mellor et al. (1958)
showed that fasted broilers have been observed to
have higher glycogen stores than broilers fed with a
diet supplemented with sugar. These authors also
found that meat from sugar-fed broilers was more
tender than meat from their control counterparts. The
study of Garcia et al. (2005) on the inclusion of
sorghum replacing corn in broiler feeds shows not
only a significant negative correlation between meat
pH decrease and corn replacement but sorghum
inclusion also affected meat color, promoting paler
meat. Baracho et al. (2006) reported that diet
supplementation with different level of vitamin E (a-

tocopheryl acetate) led on significant difference in

chemical composition and sensory quality of meat.
According to these authors, HPLC analyses showed
that muscle a-tocopherol levels of the chickens fed
with the supplemented diet were 6-7-fold higher than
those of the chickens fed with the control diet.
Moreover, they showed that vitamin E
supplementation had a beneficial effect on sensorial
data, and on oxidative stability of the meat, as
measured by thiobarbituric acid. GC-MS analyses also
showed from their study that the concentration of
aldehydes, which are considered responsible for
rancid off-flavors, was much more important in the
control samples as compared to the supplemented

samples.

Furthermore, diet composition affects the fatty acid
composition of every fatty depot. The investigation of
Shen and Du (2005) on effects of dietary a-lipoic acid
on the pH value, AMP-activated protein kinase
(AMPK) activation and the activities of glycogen
phosphorylase and pyruvate kinase in post mortem
muscle revealed that dietary a-lipoic acid
supplementation can significantly reduce prevalence
of quality default of pale, soft, and exudative (PSE)
meat. The work carried out by Guillevic et al. (2010)
on the effect of flax seed supply in diet of fast growing
chicken and turkey on nutritional quality of meat
showed that the proportion of mono saturated fatty
acid in thigh meat of chicken fed with diet supplied
with flax seeds decreases significantly (P<0.05)
compared to the one recorded in chicken feed with
the control diet (without flax seeds). The content in
poly-unsaturated fatty acid (PUFA) was also
significantly affected by the type of diet, with an
increase of poly-unsaturated fatty acid in meat of
chicken fed with diet supplied with flax seeds.
Moreover, the content in n-3 PUFA increases 2.3
times in thigh and 2.1 times in breast meat in chicken
fed with diet supplied with flax seeds than thigh and
breast meat of birds fed with the control diet
(P<0.001). Similar results were reported by Shen et
al. (2005) on chicken meat, when they were studying
performance, carcass cut-up and fatty acids
deposition in broilers fed with different levels of

pellet-processed flaxseed.
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Groom (1990) showed that increase the level of lysine
in chicken diet may lead on more important breast
yield, higher abdominal and visceral fat contents.
Similarly, high nutrient density diets (high energy +
protein) increase breast meat but also abdominal fat,
but by altering energy: protein ratio; narrow ratios

reduce fat content.

Transportation

During transportation, several stress factors such as
high or low temperature, high moisture, noise, feed
and water withdrawal... occur in animal. These factors
influence strongly the properties of final meat quality.
It has been suggested that transportation may affect
meat quality because of the chickens' hormonal and
metabolic response to the stressor, with the resulting
loss of body equilibrium. Fortunately, birds recover
from stress relatively quickly, but even brief stress
may account for varying meat quality. Preslaughter
stress may affect the acidity, color and water binding
properties of the meat (Northcutt, 2001a). Bianchi et
al. (2006) reported a significant effect of transport on
the color of the meat; the breast fillets from birds
transported for the shortest distance (<40 km)
exhibited a higher breast meat redness (a*= 3.59)
when compared with transport distances of 40 to 210
or >210 km (a* = 3.28 and 3.04, respectively). But
Debut et al. (2003) found no differences in breast
meat color between transported and non-transported
broiler chickens. Moreover, Savenije et al. (2002)
reported that chicken transport during 75 minutes
before slaughter process doesn’t affect the post

mortem pH evolution in the muscle.

Pre-slaughter temperature and holding time
and Charles

temperature fluctuations can cause variation in

According to Gordon (2002),
carcass quality. Heat may increase abdominal fat, and
in cold temperatures, less fat and meat are deposited.
A study conducted to determine the influence of
genotype, market live weight, transportation time,
holding time, and temperature on broiler breast fillet
color under commercial processing in Italy by Bianchi

et al. (2006) revealed that the holding temperature

significantly affected meat color. Breast fillets from
birds held at <12°C were darker (L* = 51.32) than
fillets from birds held at 12 to 18°C (L* = 52.85) or
>18°C (L* = 53.11) (P <0.001). Moreover, when
holding temperature increases, the breast meat a*, b*,
C*, and H* decrease. The shortest holding time (<6 h)
produced the highest (P <0.05) L* values (52.84)
compared with holding periods of 6 to 9 h and more
than 9 h (L* = 52.12 and 52.04, respectively).
Furthermore, an increase of both meat a* and
saturation (C*) was observed with the advance in
holding time. Moreover, Petracci et al. (2001) also
reported significantly lower breast meat a* (2.48 vs.
3.04) in broilers held at higher temperatures (34 vs.
25°C).

Water and feed withdrawal and pre-slaughter
stress

The energy stock available at the end of fasting of
chicken before slaughtering influences the kinetics of
pH reduction in chicken meat (Immonen et al.,
2000). Feed is normally withdrawn for several hours
before catching in order to reduce the danger of
microbial (Salmonella, Campylobacter)
contamination of carcass. Feed withdrawal before
slaughter allows emptying of the digestive system and
reduces the likelihood of faecal contamination during
processing (Shawkat et al, 2008). The effects of
fasting on meat quality of poultry are particularly
important because feed withdrawal periods of 8 to 12
hours before slaughtering are common. This practice
has been shown to accelerate rigor mortis and final
product quality by decreasing the amount of glycogen
available for energy production prior to the onset of
rigor mortis. Feed withdrawal from broilers prior to
slaughter significantly reduces muscle energy stores
that could be used during post mortem metabolism
(Sams and Mills, 1993). Moreover, Savenije et al.
(2002) reported that there is no influence of feed
withdrawal (5 hours of fasting) on the color (L *, a *
and b *) of the chicken meat at 96 hours after
slaughtering. However, according to Hector (2002),
the stability of the color is very variable and it is
influenced by several factors as the fasting or feed

withdrawal.
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According to Berri and Jehl (2001), stresses before
slaughter in chicken like fasting, manipulations,
transportation, crating and extreme temperatures
accelerates the fall of the pH while increasing the
ATPasique activity of the muscle. The same impact of
stress on the meat quality was reported in turkey by
McKee and Sams (1998) who reported that breast
meat from heat stressed turkeys exhibited lower
initial and ultimate post mortem pH and higher rates
of post mortem pH decline when compared to non-

stressed birds.

Post mortem aging time

The pH and cooking loss increase with the aging time
while color (L*, a*, b*, C* and H*) and Warner-
Bratzler shear force decrease (Northcutt et al., 2001b;
Bianchi et al., 2006). Qiao et al. (2001) and Petracci
and Fletcher (2002) reported that aging time had a

significant effect on broiler breast meat color.

However, the influence of aging time on meat quality
traits of pectoralis major muscles was studied in
broiler birds by Abdullah and Matarneh (2010) and it
appears that Water-holding capacity, color, and
chemical composition were not affected by this factor,
whereas thawing loss percentage decreased
significantly with an increase in aging time.
Moreover, shear force values were significantly higher
for breast fillets aged for o and 2 h. However, a major
improvement in tenderness resulted after 4 h of
aging, with tenderness being comparable among
carcasses of all weights. It is undeniable that post
chilling carcass aging duration is critical to chicken
meat quality characteristics (Abdullah and Matarneh,

2010).

Conclusion

Chicken meat quality is affected by several factors
such as breeds or genotypes, age, sex, breeding
systems, feed, muscle pH, type of muscle, live weight,
post mortem aging, feed withdrawal, pre-slaughter
stress.... These factors influence not only meat quality
but muscle metabolic capabilities. This review shows
a determinative role of the hours preceding and

succeeding the death at the chicken. Better

understanding of these factors will help the chicken
breeding sector to obtain large scale and good quality

products.
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