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PROCESSING, PRODUCTS, AND FOOD SAFETY
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and Imported Extensive Breeds (Bresse and Rhode Island Red)
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ABSTRACT This study examined the effects of 4 geno-
types of chicken, all suitable for extensive fattening, on
carcass and meat quality using 320 chickens divided into
4 equally sized groups. The comparison included 2 indig-
enous chicken strains from Thailand, Black-boned and
Thai native (Thai), and 2 imported chicken breeds, Bresse
and Rhode Island Red (Rhode, a layer breed). The animals
were fed until 16 wk of age. Breast (pectoralis major) and
thigh (biceps femoris) muscles were studied in detail.
Chickens of the imported breeds were heavier at slaugh-
ter than indigenous strains, especially Black-boned chick-
ens. Proportions of retail cuts with bones were similar
among genotypes, whereas deboned breast meat and
lean:bone ratio were lowest in the layer breed (Rhode).
The meat of the Black-boned chickens was darker than
that of the other genotypes. Thai and Rhode chickens had
a particularly yellow skin. The ratio of red and intermedi-

ate to white fibers was higher in the thigh muscle, and
the diameter of all muscle fiber types in both muscles was
smaller in the indigenous compared with the imported
breeds. The meat of the 2 indigenous Thai strains had
lower contents of fat and cholesterol compared with that
of the imported breeds, especially relative to the Rhode
chickens (thigh meat). The meat of the indigenous origins,
especially of the Thai chickens, was higher in shear force
and collagen content (thigh only) than meat of the im-
ported breeds. The meat lipids of the Thai chickens had
particularly high proportions of n-3 fatty acids and a
favorably low n-6/n-3 fatty acid ratio compared with
the other genotypes. In conclusion, meat of indigenous
chickens has some unique features and seems to have
more advantages over imported breeds than disadvan-
tages, especially when determined for a niche market
serving consumers who prefer chewy, low-fat chicken
meat.
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INTRODUCTION

White meat such as chicken meat is considered supe-
rior in health aspects to red meat because of comparably
low contents of fat, cholesterol, and, important for men,
iron. Consumers also acknowledge the relatively low
price, the typically convenient portions, and the lack of
religious restriction against its consumption (Jaturasitha,
2004). Globally, few fast-growing broiler strains, pro-
vided by commercial breeding companies, are used to
produce chicken meat in intensive fattening systems.
Less-intensive fattening is expected to result in leaner
carcasses (Khantaprab et al., 1997) and, consequently, in
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a higher proportion of retail cuts. However, genotype
(breed and strain) also plays a major role in carcass
fatness (Jaturasitha et al., 2004a; Shahin and Elazeem,
2005; Chaosap and Tuntivisoottikul, 2006). These 2 fac-
tors have also repeatedly been shown to influence meat
quality, too. Some of the meat quality traits are especially
affected by muscle fiber types and sizes (Klont et al.,
1998), properties strongly determined by genotype. Con-
cerning the fatty acid profile of the muscle lipids, the
effect of genotype is low compared with that of feeding,
but a different growth intensity resulting from genotype
might still affect fatty acids relevant to human health.
A group of Thai consumers have acquired a preference
for the taste of meat from native chicken, still having
a small market but with a rapidly growing popularity
(Wattanachant et al., 2005). Chicken strains indigenous
to Thailand also have traits important for cock fighting
(Ausungnern, 1999). This behavioral trait is suspected
to result, for instance via a high collagen content, in the
development of tough meat when compared with the



MEAT QUALITY OF THAI INDIGENOUS AND IMPORTED CHICKENS 161

very tender meat of broilers. Some Thai consumers even
prefer meat that is not too tender (chewy) and low in
fat at the same time (Jaturasitha et al., 2002). Black-boned
chickens and Thai native chickens are such indigenous
strains of Thailand, where they are currently reared in
the rural and mountainous areas. The dark bones in
the Black-boned chickens are another special property
searched for by certain consumers, and also the meat is
known to be darker (Siriwan et al., 2004). Both indige-
nous strains are suitable for extensive low-cost scaveng-
ing-type production systems. Previous investigations on
these strains have aimed at obtaining fundamental data
to improve growth performance and carcass traits (Siri-
wan et al., 2004). However, other imported breeds suit-
able for extensive fattening have been introduced to
Thailand. Bresse chickens, originating from the south
of Burgundy County (France), have been imported to
Thailand because of their described intensively red meat.
Rhode Island Red is a layer breed but is occasionally
fattened in Thailand to complement indigenous chickens
in times of high demand for meat of indigenous origin
such as New Year’s celebrations (DLD, 2002).

The objective of the present study was to compare
carcass and meat quality traits as well as muscle fiber
characteristics in Blacked-boned and Thai chickens as
opposed to Bresse and Rhode Island Red chickens to
confirm or disprove the hypothesis that the indigenous
strains have developed unique features. The results
could give indications as to which genotypes should
be used for which situation, eventually resulting in an
upscaling of the production of meat from such extensive
fattening systems based on either native or imported
genotypes. Because breast and thigh meat are the major
valuable cuts, both meat types were followed in the
present study.

MATERIALS AND METHODS
Fattening and Slaughter

The present experiment was conducted based on a
completely randomized design (Steel and Terrie, 1980).
A total of 320 chickens were fattened in pens of 10 birds
from 1 d to 16 wk of age at Chiang Mai Livestock Breed-
ing and Research Center, Chiang Mai, Thailand. Ad libi-
tum access to feed, composed as recommended by NRC
(1994), was provided. Each genotype [Black-boned
chicken, Thai native chicken (later on called Thai
chicken), Bresse chicken, and Rhode Island Red (Rhode
chicken)] was represented by 80 birds. Sixty randomly
selected chickens of each genotype (equivalent to 7 or 8
birds per pen) were fasted for 12 h, weighed, killed by
manual neck cut, bled for 2 min, scalded at 60°C for 2
min, put in a rotary drum picker for 30 s to pluck feath-
ers, and eviscerated as outlined by Jaturasitha (2004).
The experiment was approved by the Animal Care and
Use Committee of the Livestock Department following
the guidelines of the Federation of Animal Science Socie-
ties (1999).

Analyses

After chilling for 24 h, all carcasses were dressed by
both the international (Henrickson, 1978) and Thai
(boneless) cutting style (Jaturasitha, 2004). In all car-
casses, pH (model 191, Knick, Berlin, Germany) and elec-
trical conductivity (model LF 196, WTW, Weilheim, Ger-
many) were measured at 45 min and 24 h postmortem
(p-m.) in the breast muscle at a 2-cm depth. Skin and
meat (breast and thigh) color were evaluated at 48 h
p-m. with the Chroma Meter (model CR-300, Minolta
Camera Co. Ltd., Osaka, Japan) to record lightness, red-
ness, and yellowness (L*, a¥, and b*, respectively). From
40 birds per genotype, randomly selected out of the 60
slaughtered animals each, breast (pectoralis major) and
thigh muscles (biceps femoris) were harvested during
dressing and refrigerated at —20°C until being analyzed.

In the 2 muscles, water-holding capacity was deter-
mined as drip loss (according to Honikel, 1987; using half
of the slaughtered birds), thawing, and cooking losses
(either boiled in a water bath in sealed bags or grilled
in a convection oven until an internal temperature of
80°C was reached).

Samples of breast and thigh muscle were taken from
a quarter of the samples from the center of the ventral
side of these muscles for histological analyses. Serial
cross-sections (10-pwm thick) were cut and stained for
combined ATPase-nicotinamide A dinucleotide diapho-
rase treatment (modified after Horak, 1983). The density
of the histochemical reaction product in the ATPase-
nicotinamide A dinucleotide diaphorase staining was
determined for each fiber. By using 3 density classes for
ATPase, different fiber types could be identified using
an image analyzer (LUCIA E600, Nikon, Tokyo, Japan).
Muscle fibers are commonly classified into 3 groups ac-
cording to their biochemical and functional properties
(Brooke and Kaiser, 1970; Peter et al., 1972): type I, slow-
twitch oxidative (red); type IIA, fast-twitch oxidative-
glycolytic (intermediate); and type IIB, fast-twitch glyco-
lytic (white). Because the number of type I fibers is typi-
cally very small in poultry muscles (von Lengerken et
al., 2002), we decided to combine type I and IIA fibers.
The proportion of each fiber type in muscle was deter-
mined, and the cross-sectional area (um?) of individual
myofibers was measured by a microscope at a magnifi-
cation of 1:10 (Klont et al., 1998). At that occasion, photo-
graphs were taken.

Homogenized, uncooked breast and thigh muscles
were analyzed for contents of moisture, protein, and fat
as outlined by AOAC (1995). Triglyceride and choles-
terol concentrations were determined in both muscles
after extraction of the fat from the tissue according to
Folch et al. (1957). In this extract, triglyceride contents
were measured as outlined by Biggs et al. (1975). The
extract was further saponified as described by Abell et
al. (1951) to eliminate triglycerides. In the remainder,
total cholesterol was determined according to Jung et
al. (1975). Collagen determinations were performed by
a 3-step procedure allowing the separation of soluble
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Table 1. Carcass quality of the chickens slaughtered at an age of 16 wk'

Chicken genotype

Black-
Item boned Thai Bresse Rhode SEM P-value
Slaughter weight (kg) 1.10¢ 1.28b¢ 1.52% 1.58° 0.057 0.001
Dressing (%) 63.7 65.9 63.6 64.4 0.05 0.084
Retail cuts (% of chilled carcass weight)
Breast with bones 16.6 17.7 18.6 16.1 0.08 0.279
Thigh with bones 20.6 19.6 20.4 19.3 0.09 0.354
Drumstick with bones 16.7 16.7 16.6 17.6 0.04 0.429
Tenderloin (pectoralis minor) 5.8 53 55 4.2 0.03 0.081
Four-portion cut 60.0 59.3 61.2 57.2 0.11 0.290
Thai cutting style without bone (% of chilled carcass weight)
Breast 12.5% 15.5? 14.8° 11.7% 0.05 0.002
Thigh 13.4 13.0 13.3 12.7 0.04 0.673
Drumstick 10.6 10.5 10.7 10.6 0.04 0.997
Tenderloin 5.8 5.3 5.5 42 0.03 0.081
Total lean 50.8 50.4 53.1 48.2 0.11 0.095
Bone 43.7% 41.4° 41.0° 45.22 0.08 0.010
Lean:bone ratio 1.17b 1.23% 1.30° 1.08° 0.004 0.022

““Means within a row with no common superscripts are significantly different (P < 0.05).

'n = 60 per genotype.

and insoluble collagen as described by Hill (1966). Sepa-
ration was performed by centrifugation (Polytron PT
1200B, Kinematic AG, Littau, Switzerland) for 1 min at
3,540 x g. This was followed by hydrolysis and ultravio-
let detection in the 2 fractions of hydroxyproline at a
558-nm wavelength with a spectrophotometer (Gynesys,
Spectronic Instruments Inc.,, New York, NY) as sug-
gested by Bergman and Loxley (1963).

Shear values of the boiled breast and thigh muscles
were determined in six 1.27-cm diameter cores cut per-
pendicular to the muscle fibers using a Warner-Bratzler
shear device attached to a universal testing machine
(model 5565, Instron Ltd., Buckinghamshire, UK). A
crosshead speed of 200 mm/min and a 5-kN load cell
calibrated to read over range of 0 to 100°N were applied.

The fatty acid profile of breast and thigh muscle lipids
was analyzed in the lipids extracted by chloroform and
methanol (2:1 vol/vol; Folch et al.,, 1957). Fatty acid
methyl esters were prepared by the method of Morrison
and Smith (1964) and quantified by a gas chromatograph
(model GC-2010, Shimadzu, Tokyo, Japan) equipped
with a 0.25 mm x 30 m x 0.25 wm wall-coated fused
wax capillary column. The temperature of the oven was
programmed with an initial temperature of 160°C, held
for 2 min, and a final temperature of 230°C, held for 5
min. The temperature was increased at a rate of 5°C/
min. Injector and detector temperatures were 230 and
280°C, respectively. Helium was used as a carrier gas,
and flow rate was 1 mL/min when measured at the
outlet terminal. Split ratio of injector was approximately
1:50. Eluting peaks were identified by comparison with
retention time of known mixed standards (Supelco 37,
Bellefonte, PA).

Statistical Analyses

Data were subjected to ANOVA by the GLM proce-
dure considering genotype as effect and animal within

genotype (replicate) as random effect using SAS (2001;
version 8.2 for Windows). Comparisons among treat-
ment means were carried out by Tukey’s method. The
tables give the least square mean values for the geno-
types, the corresponding SEM, and the probabilities of
error (P-value).

RESULTS AND DISCUSSION

Carcass Characteristics

Live weights at slaughter at the same age clearly dif-
fered (P <0.001) among genotypes (Table 1), with a lower
growth rate of the indigenous genotypes, especially
Black-boned chickens, compared with the imported,
moderately improved, genotypes, even though there
were also certain attempts to improve Black-boned
chickens (Siriwan et al., 2004). Chickens from indigenous
origin in the present study were still better-growing than
AC chickens (Black-boned) in Vietnam, where Phuong
(2002) reported a slaughter weight of 495 g at 12 wk of
age, whereas the growth of the imported breeds was far
lower than that of commercial broiler strains. Similar
growth differences have also been found when compar-
ing indigenous Thai and crossbred (Thai x Rhode) chick-
ens (Jaturasitha et al., 2002). Dressing percentage did
not differ (P > 0.05) among genotypes, and there were
also no clear differences in most traits among genotypes
in retail cuts with bones and cuts obtained via Thai
cutting style when expressed as percentages of chilled
carcass weights. However, bone proportion was high
and lean:bone ratio was low in Rhode chickens (P < 0.05
against Bresse chickens). Additionally, breast proportion
in deboned material (Thai cutting style), but not in the
bone-containing retail cuts, was low in Rhode followed
by the Black-boned chickens. This can probably be ex-
plained by the fact that Rhode is basically a layer breed
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Table 2. The pH, conductivity, color, and water-holding capacity of the meat of the chickens'

Chicken genotype

Black-
Item boned Thai Bresse  Rhode SEM  P-value
Breast meat pH and electrical conductivity (EC)
PHu5 min 5.95 5.86 5.92 5.96 0.006 0.902
pHoun 5.88 5.77 5.88 5.86 0.003 0.196
EC45 min (MS/cm) 4.69 4.00 6.86 4.02 0.027 0.137
ECosn (MS/cm) 5.26 5.33 557 5.32 0.027 0.924
Meat color
Breast
L* 50.7° 54.9° 54.8P 61.6° 0.09 0.001
a* 1.66% 1272 298 -0.60°  0.036 0.001
b* 10.5° 13.6° 8.4¢ 14.1° 0.03 0.001
Thigh
L* 45.9¢ 51.9° 52.0° 55.5 0.06 0.001
a* 3.87%0 5.27° 5.22° 3.53° 0.033 0.007
b* 3.4° 7.8 43P 7.3% 0.04 0.001
Skin color
Breast
L* 71.7¢ 68.5° 40.1¢ 63.2° 0.03 0.001
a* 7.62° 4.32° 4.98° 7.68° 0.010 0.001
b* 4.2¢ 23.22 -0.64 16.3° 0.02 0.001
Thigh
L* 68.4° 67.6° 42.8° 73.22 0.02 0.001
a* 8.30 3.95P 4.39° 747 0.016 0.001
b* 6.2° 19.12 0.84 10.0° 0.02 0.001
Water-holding capacity (loss, % of total)
Breast meat
Drip 8.26 10.39 8.43 11.14 0.253 0.690
Thawing 5.54 3.64 4.67 5.42 0.074 0.140
Boiling 22.08 18.99 22.10 22.89 0.179 0.277
Grilling 24.65 20.66 19.18 20.16 0.298 0.418
Thigh meat
Drip 422 3.42 3.66 4.09 0.177 0.975
Thawing 3.87 2.73 3.12 2.99 0.220 0.423
Boiling 20.12 23.38 22.70 19.92 0.061 0.423
Grilling 3021*  27.65°  21.06° 2448 0245 0.032

*dMeans within a row with no common superscripts are significantly different (P < 0.05).

In = 20.

and therefore not selected for lean proportion (Kasetsu-
wan, 1995).

Physiochemical Characteristics
and Water-Holding Capacity

The pH and electrical conductivity values measured
in the breast muscle at 45 min and 24 h p.m. were not
significantly different among genotypes (Table 2). This
could reflect favorable conditions during transport and
slaughter (resting period). Even though the indigenous
strains are known to have a more aggressive and alert
behavior than the imported breeds (Jaturasitha et al.,
2004a), all of the genotypes investigated probably were
less stress-susceptible than high-bred broiler strains any-
way. The pH level was similar to that of 5.92 reported
by Arslan (2006) for the breast meat of spent hens.

Breast and thigh meat color, described by L*, a*, and
b* values, were largely different among genotypes (P <
0.001). Breast and thigh of Rhode chickens were paler
(high L*), more yellow (high b*), and less red (low a*)
than that of all other genotypes, whereas Bresse chicken
meat had the expected relatively intensive red color,

the trait which, among others, led to its introduction in
Thailand. Within the indigenous strains, meat of Black-
boned chickens was slightly darker (significant in thigh
muscle and corresponding to the dark bones), whereas
the meat of the Thai chickens had a higher redness.
Similarly, Jaturasitha et al. (2004a) and Chaosap and
Tuntivisoottikul (2006), studying Thai and other indige-
nous strains, found darker and redder, but less yellow,
meat compared with broilers. The skin of the Bresse
chickens was lighter and less yellow compared with the
other genotypes. Breast and thigh skin had a higher (P
< 0.05) redness in Black-boned and Rhode chickens than
in Thai and Bresse chickens, and Thai chickens had a
very yellow skin. The latter is consistent with description
of visual appearance, whereas the also typically ob-
served darker color of the skin of the Black-boned chick-
ens (Wattanachant et al., 2004) was not reflected by the
color measurements in the present experiment. Meat and
skin color are influenced by various factors including
heme pigments, genetics, and feeding (Fletcher, 1999;
Xiong et al., 1999), and the present study confirmed the
presence of a strong genetic influence.

The indicators of water-holding capacity of breast and
thigh meat mostly were not significantly different
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Table 3. Muscle fiber' counts and size in the chickens?

JATURASITHA ET AL.

Chicken genotype

Black-
Item boned Thai Bresse Rhode SEM P-value
Breast muscle
Fiber count (% of total)
Type I and ITA 5.7 7.2 3.9 5.5 0.18 0.135
Type IIB 94.3 92.8 96.1 94.5 0.31 0.860
Cross-sectional area (diameter, pm?)
Type I and IIA 21.5¢ 17.74 26.3° 36.5% 0.03 0.001
Type 1IB 47.8° 45.74 52.5° 48.9° 0.00 0.001
Thigh muscle
Fiber count (% of total)
Type I and TIA 34.0° 39.0° 31.25¢ 25.8¢ 0.35 0.001
Type 1IB 66.0° 61.0° 68.8° 74.2° 0.34 0.001
Cross-sectional area (diameter, pm?)
Type I and TIA 31.8¢ 33.9¢ 41.1° 36.4° 0.01 0.001
Type 1IB 54.8° 55.5° 60.3% 59.9% 0.00 0.001

*dMeans within a row with no common superscripts are significantly different (P < 0.05).
Type I = slow-twitch oxidative (red); type IIA = fast-twitch oxidative-glycolytic (intermediate); type IIB =

fast-twitch glycolytic (white).
n = 10.

among genotypes. Joseph et al. (1997) reported that fat
loss from high temperature (85°C) caused increasing
fluid loss in meat, but the internal temperatures of the
samples investigated in the current study did not exceed
80°C. One exception for genotype differences in water-
holding capacity was that the thigh meat of Black-boned
chickens had higher (P < 0.05) grilling losses than that
of Bresse chickens, with the other genotypes ranging in
between. This may have been the result of the small size
of the muscles of the Black-boned chickens (grilling loss
was numerically highest also in breast muscle), making
it easier to lose water compared with larger pieces of
meat (Jaturasitha et al., 2004a).

Histological Properties

There was no significant difference in the proportions
of fiber types in breast muscle among genotypes, with
the white fibers accounting for 93 to 96% of the total
(Table 3). The dominance of this fiber type is also obvious
from Figure 1. Von Lengerken et al. (2002) even found
99.5 and 99.8% of white fibers in the pectoralis muscle
of broilers and turkeys, respectively. In the thigh muscle,
the indigenous strains, especially when compared with
Rhode chickens, had more (P < 0.05) red and intermedi-
ate fibers at the cost of white fibers (with the latter being
much lower in percentage compared with the breast
muscle in all groups; Figure 1). In the imported breeds,
this probably reflects breeding for higher muscle accre-
tion, which is often associated with a shift from oxidative
to glycolytic muscle metabolism (Jurie et al., 1995) and,
at very high selection intensity (which is probably not
yet the case for Bresse and Rhode), a higher frequency
of meat-quality problems. The cross-sectional areas of
the breast muscle fibers, independent of their type, were
smallest in Thai chickens, intermediate in Black-boned
chickens, and highest in the imported breeds (P < 0.05).

In thigh muscle, no such difference was found between
the indigenous strains, but the difference to the imported
breeds persisted. These results are in a certain contrast
to Wattanachant et al. (2005), who found a larger fiber
diameter in breast and thigh muscles in Thai indigenous
chicken than in that of broilers.

Chemical Composition and Texture

Moisture and protein contents of the breast muscles
did not significantly differ among genotypes (Table 4).
In thigh muscle, higher moisture and protein contents
were found in the indigenous strains (P < 0.05 between
several groups). Nowsad et al. (2000) reported higher
moisture and less protein in the meat of spent hens
compared with that of broilers, whereas Shaarani et al.
(2006) found moisture contents of broiler meat being as
high as 76%. The i.m. fat content of the breast muscle
was lower in the 2 indigenous strains compared with
the imported breeds (P < 0.05 when comparing Thai
and Bresse). Triglyceride contents were not as clearly
different as i.m. fat content. In thigh muscle, i.m. fat and
triglyceride contents varied among treatments to a larger
extent, being low in the indigenous strains and 1.5 and
2 to 3 times higher in Bresse and Rhode chickens, respec-
tively. Cholesterol was far lower (P < 0.05) in the breast
and thigh meat of the indigenous strains compared with
the imported breeds. Also, Jaturasitha et al. (2002) found
lower cholesterol contents in the meat of Thai chickens
compared with that of broilers. Reasons for that might be
sought in selection for growth and fat retention (Lawrie,
1998), with the latter being sometimes associated with
increased cholesterol deposition.

Contents of soluble and insoluble collagen in breast
muscle were not significantly different among groups,
whereas values were low with Bresse chickens compared
with the other genotypes (P < 0.05 relative to Thai chick-
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100 pm

Breast muscle: Black-bone chicken Breast muscle: Thai chicken

Breast muscle: Bresse chicken Breast muscle: Rhode Island Red chicken

Thigh muscle: Black-bone chicken Thigh muscle: Thai chicken

100 pm

Thigh muscle: Bresse chicken Thigh muscle: Rhode Island Red chicken

Figure 1. Microscopic view of the cross-section of breast and thigh muscles of the chickens. Bar on lower right corner of each panel = 100 pm.
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Table 4. Chemical composition, texture, and sensory grading of meat from the chickens'

Chicken genotype

Black-
Item boned Thai Bresse Rhode SEM P-value
Breast muscle
Chemical composition (g/100 g)
Moisture 72.1 72.9 733 73.7 0.05 0.210
Protein 24.4 24.7 23.6 24.8 0.06 0.561
Fat 0.53% 0.51° 0.76° 0.72% 0.006 0.013
Triglycerides (g/100 g) 0.48 0.37 0.47 0.54 0.004 0.288
Cholesterol (mg/100 g) 27.9° 30.5° 36.5° 40.5° 0.091 0.001
Collagen (mg/g)
Soluble 11.2 11.4 10.4 10.4 0.11 0.903
Insoluble 17.1 14.8 14.4 16.7 0.15 0.580
Shear values
Force (N) 41.7°%° 51.22 35.8° 26.3° 0.43 0.037
Energy (m]) 1842b 2252 13920 118° 2.0 0.040
Extension (mm) 18.1%° 19.52 17.7° 18.2% 0.03 0.041
Thigh muscle
Chemical composition (g/100 g)
Moisture 74.1%° 75.7° 73.7° 72.8 0.05 0.003
Protein 21.72 20.4%° 20.6%° 20.1° 0.04 0.053
Fat 2.81° 2.94P 421° 6.04° 0.041 0.001
Triglycerides (g/100 g) 2.07b¢ 1.50° 3.24° 6.15° 0.023 0.001
Cholesterol (mg/100 g) 53.9 58.7° 67.2% 83.3% 0.35 0.002
Collagen (mg/g)
Soluble 14.6% 16.7 9.5" 12.7%® 0.14 0.020
Insoluble 21.7% 25.5° 18.8° 20.6% 0.15 0.053
Shear values
Force (N) 36.1% 443 28.1° 42.6° 0.25 0.009
Energy (m]) 1327 1717 80° 1607 1.3 0.004
Extension (mm) 17.8 17.5 17.6 18.6 0.03 0.173

““Means within a row with no common superscripts are significantly different (P < 0.05).

nh = 20.

ens) in thigh muscle. In the present study, the birds had
been slaughtered at the same age and, therefore, could
not have differed in collagen content because of age
(Dawson et al., 1991) but mainly because of genotype.
Here the mentioned cock-fighting behavior might in-
deed have contributed to collagen contents. The shear
force of the breast muscle of Rhode chickens was lower
(P <0.05) by a factor of almost 2 compared with the Thai
chickens, with the other 2 genotypes ranging in between.
Ranking was different for extension, reflecting chewi-
ness, which was lowest in Bresse breast meat. In thigh
meat, shear force was lowest in Bresse and not in Rhode
chickens, whereas extension did not differ significantly
among genotypes. Also, Nute (1999) reported panelists
to judge the texture of improved chicken genotypes to
be more favorable than that of indigenous strains. This
was consistent with differences in texture described by
Wattanachant et al. (2004) for Thai indigenous strains
and broilers. Reasons for the differences found in shear
values might be several. Age effects, as particularly ap-
parent from comparisons of meat from layers (72 wk)
and broilers (Lee et al., 2003), had been deliberately ex-
cluded. Muscle fiber size also does not appear to have
caused the differences in shear values, because these
were larger in the imported genotypes, thus leaving fiber
type as a possible source of variation of shear values.
Additionally, in thigh muscle, collagen content probably
explained a large part of the genotype differences in
shear values (Klandorf et al., 1996; De Smet et al., 1998),

whereas in breast muscle, with its smaller variation in
collagen among genotypes, shear force differences had
been correspondingly smaller.

Fatty Acid Composition

Various fatty acids were different in proportion
among genotypes, but not all differences were similar
in both muscles (Table 5). Nevertheless, some differences
were characteristic for certain genotypes. Meat of Black-
boned chickens had relatively low contents of saturated
fatty acids and, in breast muscle, high contents of poly-
unsaturated fatty acids compared with the other geno-
types (P < 0.05 relative to several other genotypes, each).
In previous studies (Qiao et al., 2002; Jaturasitha et al.,
2004b; Wattanachant et al., 2004), lipids from indigenous
chickens other than Black-boned chicken were found to
be similarly different from that of layer breeds. Thai
chicken meat was characterized by relatively low
C18:1trans fatty acids and high proportions of individual
and total n-3 fatty acids and had a favorable n-6/n-3
fatty acid ratio (P < 0.05 in thigh meat). Differences in
fatty acid profile were mostly less pronounced between
the 2 imported breeds.

Conclusions

The present study revealed several different character-
istic features for the 2 indigenous strains chosen for the
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Table 5. Fatty acid! composition of the meat of the chickens?

Chicken genotype

Black-

Item boned Thai Bresse Rhode SEM P-value

Breast muscle % of total analyzed fatty acids
C12:0 0.32% 0.572 0.27° 0.53% 0.005 0.013
C14:0 1.20° 0.72° 0.93% 0.61° 0.005 0.001
C16:0 24.50° 27.00%° 28.22° 25.18 0.033 0.001
C16:1 2.65° 3.46%° 4272 2.97% 0.022 0.012
C18:0 8.75 8.05 8.24 8.58 0.015 0.157
C21:0 0.16" 0.35% 0.13¢ 0.30%° 0.003 0.001
C23:0 0.35 0.54 0.55 0.57 0.005 0.268
C24:0 0.13° 1.00° 0.32° 0.90° 0.010 0.001
C18:1n-9 24.22 23.82 24.10 24.35 0.046 0.963
C18:1trans 1.47° 1.63 1.63 1.63 0.002 0.001
C20:1 0.44% 0.18° 0.33% 0.30° 0.002 0.001
C18:2n-6 31.33° 26.38° 27.04° 27.58P 0.032 0.001
C20:2 0.26° 0.03° 0.09° 0.11° 0.002 0.001
C18:3n-3 0.68° 0.52% 0.61%° 0.46° 0.033 0.005
C20:4n-6 2.36 3.72 2.25 4.03 0.036 0.062
C22:6n-3 1.19 2.03 1.04 1.90 0.019 0.050
Total SFA 35.41° 38.23% 38.65° 36.68 0.031 0.001
Total MUFA 28.78 29.08 30.33 29.25 0.064 0.729
Total PUFA 35.812 32.69% 31.02° 34.08% 0.063 0.010
Total n-6 FA 33.68° 30.10° 29.29° 31.60°° 0.048 0.001
Total n-3 FA 1.87 2.55 1.64 2.36 0.017 0.076
n-6/n-3 21.06 15.24 22.16 16.33 0.131 0.056

Thigh muscle
C12:0 0.33° 0.63° 0.53? 0.28° 0.003 0.001
C14:0 0.81 0.75 0.71 0.77 0.002 0.137
C16:0 25.82° 27.46% 26.61% 26.00° 0.020 0.002
C18:0 7.61° 9.82° 8.43P 8.71%0 0.019 0.001
C21:0 0.13° 0.35% 0.21% 0.16° 0.003 0.018
C23:0 0.34° 0.57° 0.47°® 0.35° 0.003 0.005
C24:0 0.41° 0.90% 0.59°® 0.62%® 0.007 0.032
C16:1 3.782 2.59° 3.11% 2.96% 0.015 0.011
C18:1n-9 25.11° 21.17° 24.71° 25.43° 0.028 0.001
C18:1trans 1.55° 1.67%° 1.73 1.54° 0.003 0.005
C20:1 0.312 0.08° 0.282 0.33% 0.002 0.001
C18:2n-6 29.17° 24.45° 26.11° 28.21° 0.031 0.001
C20:2 0.06 0.05 0.05 0.04 0.002 0.964
C18:3n-3 0.58 0.68 0.51 0.68 0.003 0.032
C20:4n-6 2.58° 5.922 3.95° 2.75° 0.032 0.001
C22:6n-3 1.42b¢ 2912 2.00° 1.17¢ 0.013 0.001
Total SFA 35.45¢ 40.48° 37.55° 36.88° 0.022 0.001
Total MUFA 30.75° 25.52° 29.83% 30.272 0.041 0.001
Total PUFA 33.80 34.01 32.62 32.05 0.032 0.167
Total n-6 FA 31.75% 30.37°0 30.07° 30.96% 0.024 0.014
Total n-3 FA 2.00° 3.592 2.51P 1.85° 0.014 0.001
n-6/n-3 18.01° 9.77° 13.29% 17.422 0.080 0.001

““Means within a row with no common superscripts are significantly different (P < 0.05).
ISFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids;

FA = fatty acids.
n = 20.

present investigation. Apart from meat color, this in-
cluded muscle fiber diameter, texture, and fatty acid
profile. Both strains clearly differed from the imported
breeds in some aspects (shear force). In the 2 alternatives
of extensive imported breeds, Bresse was preferable to
the layer breed due to its lower bone proportion and
the intensive red meat color, meeting the preference of
those consumers looking for chicken meat in this niche
market. From a health point of view, the indigenous
strains, especially Thai native chicken, seem superior,
because fat and cholesterol contents were low (both
strains) and the fatty acid profile was favorable (Thai).
The indigenous strains therefore have the potential to

provide a successful product for a niche market serving
consumers who prefer low-fat chicken meat, because
from several studies, it is known that a large proportion
of Thai people prefer chewy chicken meat to the soft
broiler meat (Khiaosa-ard et al., 2004; Siriwan et al., 2004;
Wattanachant et al., 2004).

ACKNOWLEDGMENTS

We appreciate the partial financial support of The Royal
Project, Thailand.



168 JATURASITHA ET AL.

REFERENCES

Abell, L. L., B. B. Brodie, and F. E. Kendall. 1951. A simplified
method for the estimation of total cholesterol in serum and
demonstration of its specificity. J. Biol. Chem. 195:357-366.

AOAC. 1995. Official Method of Analysis. Assoc. Off. Anal.
Chem., Arlington, VA.

Arslan, S. 2006. Effects of salt and phosphate levels on the emul-
sion properties of fresh and frozen hen meat. Afr. J. Biotech-
nol. 5:1006-1012.

Ausungnern, C. 1999. Thai Chickens. 4th ed. Asia Pac. Printing,
Bangkok, Thailand.

Bergman, M., and R. Loxley. 1963. Two improved and simplified
methods for the spectrophotometric determination of hy-
droxyproline. Anal. Chem. 35:1961-1965.

Biggs, H. G., J. M. Erikson, and W. R. Moorehead. 1975. A
manual colorimetric assay of triglycerides in serum. Clin.
Chem. 21:437-441.

Brooke, M. H., and K. K. Kaiser. 1970. Muscle fibre types: How
many and what kind? Arch. Neurol. 23:369-379.

Chaosap, C., and K. Tuntivisoottikul. 2006. Carcass quality and
some muscle properties of broiler, native, Sritong and Tanaw-
sri chickens. Pages 52-60 in Proc. 43rd Annu. Conf. Kasetsart
Univ., Bangkok, Thailand. (In Thai)

Dawson, P. L., B. W. Sheldon, and ]. J. Miles. 1991. Effect of
aseptic processing on the texture of chicken meat. Poult. Sci.
70:2359-2367.

De Smet, S., H. Bloemen, G. van de Voorde, G. Spineemaile,
and D. Berckmans. 1998. Meat and carcass quality in two pig
lines of different stress-susceptibility genotype and crosses.
Anim. Sci. 66:441-447.

DLD. 2002. Chicken in Thailand. Anim. Husbandry Div., Minist.
Agric. Coop., Bangkok, Thailand.

Federation of Animal Science Societies. 1999. Guidelines for
the Care and Use of Agricultural Animals in Agricultural
Research and Teaching. 1st rev. ed. Fed. Anim. Sci. Soc.,
Savoy, IL.

Fletcher, D. L. 1999. Broiler breast meat color variation, pH, and
texture. Poult. Sci. 78:1323-1327.

Folch, J., M. Lees, and G. H. S. Stanley. 1957. A simple method
for the isolation and purification of total lipids from animal
tissue. J. Biol. Chem. 226:497-509.

Henrickson, R. L. 1978. Meat, Poultry and Seafood Technology.
Prentice-Hall Inc., Englewood Cliffs, NJ.

Hill, F. 1966. The solubility of intramuscular collagen in meat
animals of various ages. J. Food Sci. 31:161-166.

Honikel, K. O. 1987. How to measure the water-holding capacity
of meat? Recommendation of a standardized method. Pages
129-142 in Evaluation and Control of Meat Quality in Pigs.
P. V. Tarrant, G. Eikelenboom, and G. Monin, ed. Martinus
Nijhoff Publ., The Hague, the Netherlands.

Horak, V. 1983. A successive histochemical staining for succinate
dehydrogenase and “reversed” -ATPase in a single section
for the skeletal muscle fibre typing. Histochemistry
78:545-553.

Jaturasitha, S. 2004. Meat Management. Mingmuang Press,
Chiang Mai, Thailand.

Jaturasitha, S., V. Leangwunta, A. Leotaragul, A. Phongphaew,
T. Apichartsrungkoon, N. Simasathitkul, T. Vearasilp, L.
Worachai, and U. ter Meulen. U. 2002. A comparative study
of Thai native chicken and broiler on productive perfor-
mance, carcass and meat quality. Page 146 in Deutscher Tro-
pentag 2002: Challenges to Organic Farming and Sustainable
Land Use in the Tropics and Subtropics. Book of Abstracts.
A. Deininger, ed. Univ. Kassel, Germany. Witzenhausen,
Germany.

Jaturasitha, S., R. Khiaosaard, A. Pongpaew, A. Leawtharakul,
S. Saitong, T. Apichatsarangkul, and V. Leaungwunta. 2004a.
Carcass and indirect meat quality of native and Kai Baan
Thai chickens with different sex and slaughter weight. Pages

116-126 in Proc. 42nd Annu. Conf. Kasetsart Univ., Bangkok,
Thailand. (in Thai)

Jaturasitha, S., R. Khiaosaard, A. Pongpaew, A. Leawtharakul,
S. Saitong, T. Apichatsarangkul, V. Leaungwunta, and N.
Langani. 2004b. The effects of strain, sex, weight, and muscle
on fat quality of Thai native and crossbred chickens (Kai
Baan Thai). Pages 137-146 in Proc. 42nd Annu. Conf. Kasets-
art Univ., Bangkok, Thailand. (In Thai)

Joseph, J. K., B. Awosanya, A. T. Adeniran, and U. M. Otagba.
1997. The effect of end-point internal cooking temperatures
on the meat quality attributes of selected Nigerian poultry
meats. Food Qual. Pref. 8:57-61.

Jung, D. H., H. G. Biggs, and W. R. Moorehead. 1975. Colorime-
try of serum cholesterol with use of ferric acetate uranyl
acetate and ferrous sulfate/sulfuric acid reagents. Clin.
Chem. 21:1526-1530.

Jurie, C., J. Robelin, B. Picard, and Y. Gray. 1995. Postnatal
changes in the biological characteristics of semitendinosus
muscle in male Limousine cattle. Meat Sci. 41:125-153.

Kasetsuwan, S. 1995. Chicken Production. Kasetsat Press, Bang-
kok, Thailand.

Khantaprab, S., T. Nikki, and K. Nobukuni. 1997. Effect of re-
stricted feed intake on the growth of muscle and fat deposi-
tion in broiler chickens. Jpn. Poult. Sci. 34:363-372.

Khiaosa-ard, R., S. Jaturasitha, A. Pongpaew, N. Pribwai, V.
Leaungwunta, A. Leawtharakul, S. Saitong, and T. Apichats-
arangkul. 2004. Meat quality of native and Kai Baan Thai
chickens as influenced by sex, slaughter weight and muscle.
Pages 127-136 in Proc. 42nd Annu. Conf. Kasetsart Univ.,
Bangkok, Thailand. (in Thai)

Klandorf, H., Q. Zhou, and A. R. Sams. 1996. Inhibition by
aminoguanidine of glucose-derived collagen cross-link in
skeletal muscle of broiler breeder hens. Poult. Sci. 75:432-437.

Klont, R. E., L. Brocks, and G. Eikelenboom. 1998. Muscle fibre
type and meat quality. Meat Sci. 49:219-229.

Lawrie, R. A. 1998. Lawrie’s Meat Science. 6th ed. Woodhead
Publ. Ltd., Cambridge, UK.

Lee, S. O.,].S. Min, I. S. Kim, and M. Lee. 2003. Physical evalua-
tion of popped cereal snacks with spent hen meat. Meat Sci.
64:383-390.

Morrison, W. R., and L. M. Smith. 1964. Preparation of fatty
acid methyl esters and dimethylacetals from lipids and boron
fluoride-methanol. J. Lipid Res. 5:600-608.

Nowsad, A. A. K. M., S. Kanoh, and E. Niwa. 2000. Thermal
gelation characteristics of breast and thigh of spent hen and
broiler and their surimi. Meat Sci. 54:169-175.

NRC. 1994. Nutrient Requirements of Poultry. 9th rev. ed. Natl.
Acad. Press, Washington, DC.

Nute, G. R. 1999. Sensory assessment of poultry meat quality.
Pages 369-376 in Poultry Meat Science. R. I. Richarson and
G. C. Mead, ed. Poult. Sci. Symp. Ser., Wallingford, UK.

Peter, J. B., R. J. Barnard, V. R. Edgerton, C. A. Gillespie, and
K. E. Stempel. 1972. Metabolic profiles of three muscle fibre
types of skeletal muscle in guinea pigs and rabbits. Biochem-
istry 11:2627-2633.

Phuong, P. T. M. 2002. Study on the productivity and meat
quality of AC chicken (black-bone chicken) in Vietnam. Pages
235-244 in Proc. SEAG Int.-cum-Workshop Symp., Hanoi,
Vietnam. Rukkaba Press, Jakarta, Indonesia.

Qiao, M., D. L. Fletcher, J. K. Northcutt, and D. P. Smith. 2002.
The relationship between raw broiler breast color and compo-
sition. Poult. Sci. 81:422-427.

SAS. 2001. SAS/STAT Software: Changes and Enhancements,
Release 8.2. SAS Inst. Inc., Cary, NC.

Shaarani, S. M., K. P. Nott, and L. D. Hall. 2006. Combination
of NMR and MRI quantitation of moisture and structure
changes for convection cooking of fresh chicken meat. Meat
Sci. 72:398-403.

Shahin, K. A., and F. A. Elazeem. 2005. Effects of breed, sex and
diet and their interactions on carcass composition and tissue



MEAT QUALITY OF THAI INDIGENOUS AND IMPORTED CHICKENS 169

weight distribution of broiler chickens. Arch. Tierztl.
48:612-626.

Siriwan, P., A. Rattanawaraha, S. Pimsarn, W. Sonloy, and S.
Nagkitset. 2004. A preliminary study in order to develop
and improve black-boned chickens. J. Anim. Husbandry
68:44-53. (In Thai)

Steel, R. G. D., and J. H. Terrie. 1980. Principles and Procedures
of Statistics. A Biometric Approach. 2nd ed. McGraw-Hill,
New York, NY.

von Lengerken, G., S. Maak, and M. Wicke. 2002. Muscle metab-

olism and meat quality of pigs and poultry. Vet. Zootec. T
20:82-86.

Wattanachant, S., S. Benjakul, and D. A. Ledward. 2004. Compo-
sition, color, and texture of Thai indigenous and broiler
chicken muscles. Poult. Sci. 83:123-128.

Wattanachant, S., S. Benjakul, and D. A. Ledward. 2005. Micro-
structure and thermal characteristics of Thai indigenous and
broiler chicken muscles. Poult. Sci. 84:328-336.

Xiong, Y.L.,C.T. Ho, and F. Shahidi. 1999. Quality characteristic
of muscle food. Pages 309-318 in Quality Attributes of Muscle
Foods. Y. L. Xiong, C. T. Ho, and F. Shahidi, ed. Kluwer
Acad./Plenum Publ., New York, NY.



