Effects of Storage Time on the Quality of Local Chicken Meat
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Abstract

An experiment was carried out to investigate the proximate composition and effects of aging time
on local chicken meat quality. For proximate analysis, 24 male and 24 female breast, thigh and
drumstick samples from one half of the carcass were skinned, de-boned and frozen at -20oC. The
samples were minced through a 5mm plate meat-grinding machine and vacuum packed prior to
analyses. Proximate composition analysis of minced meat samples were performed on wet basis.
The other half carcasses samples were chilled for 4, 6, 12 and 24 hours post mortem (PM) at 4oC.
pH values were measured for each sample followed by storage at -20oC to arrest further changes in
meat. Cooking loss and meat tenderness were determined for these samples. The proximate analysis
showed that females had higher (P<0.05) overall dry matter and ether contents than males, while
CP% and ash content were similar in the two sexes. Breast meat had higher (P<0.05) CP and ash
content than meat cuts from the leg. Generally, breast meat had lower (P<0.05) pH (5.89) compared to meat from the thigh (6.14) and drumstick (6.15). pH of breast meat at 24 hours PM (5.82)
was lower than that recorded at 4, 6 and 12 hours PM. Tenderness of meat as measured by shear
force values significantly improved with storage time and decline in shear force values was more
accentuated in the first six hours of aging. After this period, the values were less than 13.3N for
drumstick and 18.9 N for both breast and thigh. The effect of storage time on cooking loss was more
pronounced in leg meat than breast meat and cooking loss was much less when meat parts stored for
24 h. For production of acceptable tender meat from local chicken, the ideal cold storage time can
be set at between 4 to 6 hours.
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Introduction
research has focused on evaluating meat quality
he poultry industry in Tanzania is divided from the local/indigenous chicken stock.
into traditional and commercial production. Addressing factors that affect meat quality
The traditional poultry sector is the largest from these chickens will enhance formulation
contributing to about 70% of the flock and of grading standards and increase acceptability
supplying 100% of poultry and eggs consumed of meat produced from local chicken in various
in rural and 20% in urban areas. Between 2003 niche market segments such as tourist hotels,
and 2008 the sector grew at 5.6% annually supermarkets and mining industry.
(NBS, 2012) and FAO (2012) projected that by
2030 the indigenous chicken population will However, most of the local poultry are
reach 63.8 million and production of chicken raised under scavenging or semi-scavenging
will reach 170.7 million tons. This implies that environment and often slaughtered late
poultry meat and eggs will play a leading role given their low genetic potential for growth
in solving the problem of the growing demand compared to broilers. The slow growth leads
for animal protein. Despite the contribution to late attainment of sizable slaughter weight,
of local chicken in various culinary and the consequently resulting to production of tough
ever increasing demand and consumption of meat (Katarzyna, 2011). There are two major
its meat and eggs as sources of protein, limited aspects of meat quality, nutritional quality which
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is objective and “eating” quality as perceived by
the consumer - flavour, juiciness, tenderness and
colour - which is highly subjective (Sogunle
et al., 2010), though, colour and tenderness
can be quantified. In the developing world,
the nutritional quality of local raised chickens
has received less attention in research, though
some studies such as that of Cheng et al. (2008)
reported that free-range chickens tended to
have significantly higher percentage of breast
crude protein content but, less crude fat content
compared to conventional raised chickens.
In addition, it is customary that local chicken
are slaughtered and processed for consumption
immediately after slaughter. The birds are often
stressed immediately or prior to slaughter due
to rough handling during transport or at the
slaughter point which cause the muscle glycogen
to be released into the blood stream in which
after slaughter, is rapidly broken down to lactic
acid while the carcass is still warm. Short period
after slaughter as the glycogen in the tissues is
exhausted rigor mortis sets in and the whole
carcass become stiff. This is due to the contraction
of the muscle fibres when the actin filaments
of the muscle fibres slide inwards between the
myosin filaments so shortening the myofibrils.
This condition can be is prevented by “aging”
or “ripening” after slaughter which is achieved
by storing the meat until the muscles gradually
recover their extensibility and become more
tender through partial enzymatic breakdown of
the muscles fibres (FAO, 1992). Under these
circumstances, local poultry meat can therefore
benefit from conditioning or aging which is
known to improve meat quality especially the
textural characteristics (Wattanachant, 2004).
The objectives of this study were therefore, to
explore the nutritional qualities of local chicken
meat and find out to what extent does storage
time (or conventionally referred to as aging)
influence tenderness, cooking loss and meat pH.

and frozen at -20oC. The samples were minced
through a 5mm plate meat-grinding machine and
vacuum packed prior to analyses. The other half
carcasses samples were chilled for 4, 6, 12 and
24 hours post mortem (PM) at 4oC. Chemical
composition analysis of minced meat samples
was performed on wet basis by proximate analysis
to determine dry matter, ash, crude protein and
fat content (AOAC, 2007). Dry matter of fresh
samples was analyzed by oven method set at
105oC. Ash was determined after subjecting the
samples to a furnace set at 500oC. For protein
and fat determination, frozen breast, thigh and
drumstick meats were thawed for 24 hours.
Protein was analyzed by the Kjeldah method
using a 2200 Foss Tector Kjeltec distillation unit
(Foss, Höganäs, Sweden). Fat was analyzed by
Soxthlet method using a 2050 Soxtec Avanti
Extract unit (Foss, Höganäs, Sweden). Breast,
thigh and drumstick meat samples from 48halfcarcasses were used to determine cooking loss
and shear force, as well as pH. First readings
were on fresh meat samples and subsequently
at 4, 6, 12 and 24 hrs PM. A portable digital
pH meter (Knick Portamess® 910, Germany)
was used to measure the pH of the breast, thigh
and drumstick samples of each individual bird
carcass. The pH meter was standardized by a
two-point method against buffers of pH 4.0 and
pH 7.0 standard solutions before each sample
measurement.
For determination of cooking loss aged samples
of chilled breast meat, thigh meat and drumstick
meat weighing 20–30 g were cut, weighed and
sealed in a plastic bag (30 microns) and cooked
in a thermostatically controlled water bath
(Fisher Scientific, Pittsburgh, PA) at 75oC for 45
minutes as described by Rizz et al. (2007). Then,
the samples were cooled under running water for
15 minutes, dried with soft tissue and weighed.
Cooking loss was calculated as percentage loss
of weight during cooking relative to the weight
of raw meat (Petracci and Baéza, 2009).

Proximate analysis
At the age of five month, 48 birds were Analysis of meat tenderness was done by
randomly sampled from the two rearing system taking uncooked muscle strips measuring about
half of them being males and the other half being 1.0×1.0×2.5 cm cut parallel to the muscle fibres.
females. For proximate analysis, 24 male and 24 The shearforce (N/cm2) required to cut through
female breast, thigh and drumstick samples from the meat cube at a right angle to the muscle fibre
one half of the carcass were skinned, de-boned direction was determined using Warner Bratzler
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shear blade attached to Zwick/Roell (Z2.5,
Germany) instrument.
Data analyses
Data were subjected to analysis of variance
using a General Linear Model (GLM) procedure
of SAS (2006). For proximate analysis, rearing
system, sex and meat cut were fitted as fixed
effects, including their interactions (model 1).
For the analysis of meat tenderness, cooking loss
and pH; storage time, cut type and interaction
between aging time and cut type as well as
rearing system were fitted as fixed effects
(model 2). In both analyses Duncan’s multiple
range tests was used to separate group means.
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in the two sex. To the contrary, Suchý et al.
(2002) reported higher DM and CP % in males
than female Ross 308 broiler chickens, while De
Marchi (2005) reported no differences between
males and females for chemical composition of
the breast except for percentages of dry matter
and ash (female > male). The observed high
ash content in female than males by De Marchi
(2005) was contrary to what was revealed in
the current study where sexes did not differ in
ash content whilst, higher ether (fat) content in
females may indicate more tender cuts as was
reported by Sanka and Mbaga (2014).

Table 1 also reveals that thigh cuts had higher
(P < 0.05) dry matter content than breast and
Yijkl = µ + Si + M j + ( S × M )ij + Rk + eijkl
(1) drumstick cuts. Breast cut had higher CP content
than thigh and drumstick cuts, the values
Where,
being higher by 1.93 and 2.75% compared to
Yijk
= the meat proximate variables
drumstick and thigh cuts, respectively. Thigh
μ
= overall mean to all observations
cut had the lowest CP content probably due to
Si
= effect of sex (male and female)
the numerically highest ether extract. Overall,
Mj
= effect of meat cut (breast, thigh and
CP values were within range reported in broilers
		 drumstick)
by Suchý et al. (2002) (22.5 to 22.6%) and
(S*M)ij = interaction effect between sex and
Jaturasitha et al. (2008) in indigenous Thai
		 meat type
chickens (23.6 and 24.8%). Although breast cut
Rk
= effects of rearing system
was found to have higher CP content, it had lower
eijkl
= the residual error.
fat content than leg meat (thigh and drumstick).
These results conforms the findings by Petracci
Yijk = µ + Ai + M j + ( A × M )ij + Rk + eijkl (2) et al. (2007) and Sogunle et al. (2010). Similarly,
ash content in breast cuts was much higher (p<
Where,
0.001) compared to values obtained for thigh
Yijk
= the meat quality variables (shearforce, and drumstick meats and values were generally
cooking loss and pH)
higher than the value (1.03±0.04%) reported
μ
= overall mean to all observations
for Thai indigenous chicken by Wattanachant
Ai
= effect of aging time (4h, 6h, 12h and et al. (2004); Lee et al. (2003) and Cheng et
24h)
al. (2008). The large difference in ash content
Mj
= effect of meat type (breast, thigh and between these studies could not be explained
drumstick)
since similar method was used and the fact that
(A*M)ij = interaction effect between aging time both stock were indigenous. Nonetheless, ash
and meat type
in food determines largely the extent to which
Rk
= effects of rearing system
the dietary minerals would be available in a
eijkl
= the residual error.
particular food sample. Whilst, the difference
in ether extract was not significant among cuts,
Results and discussion
thigh muscle had slightly higher EE than breast
Proximate composition of meat cuts
and drumstick implying that thigh stored more
The results of the proximate composition of local energy than other parts, presumably as a source
chicken meats are presented in Table 1. Females of energy for walking. The variability in the
had higher (P<0.001) overall dry matter (DM) proximate composition of different meat have
and ether extract (EE) contents than males, while also been reported by other scholars (Suchý et
crude protein (CP) and ash content were similar al., 2002., Jaturasitha et al., 2008 and Tougan et
Tanzania Journal of Agricultural Sciences (2014) Vol. 13 No. 1, 48-54
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Table 1. Least square means (±SEM) for proximate composition of local chicken meat summarized by sex and type of meat
Parameter
DM (%)
CP (%)
EE (%)
ASH (%)

Sex
Male Female
26.37 28.66
21.88 21.59
1.38
3.24
4.26
4.20

SEM P-value
0.34
0.18
0.22
0.09

0.0001
0.2426
0.0001
0.6674

Type of Meat
Breast Thigh
Drumstick
27.32b 28.45a 26.78b
23.29a 20.57b 21.36c
2.10
2.68
2.14
4.55a
3.96b
4.18b

SEM

P-value

0.42
0.21
0.27
0.11

0.0186
0.0001
0.2483
0.0009

abc

Means within the same row with different superscript letters differs significantly at p<0.05

al., 2013). This implies that consumers can have
a choice on the meat cut based on its expected
nutritional value in addition to other physical
attributes, such as tenderness.
Effect of meat cut and storage time on pH
Generally, breast meat had lower pH values
(P<0.05), followed by thigh, and the least
was drumstick (Table 2). The findings are in
agreement with those reported by Wattanachant
(2008) who observed similar pattern in Thai
indigenous chicken meat. The pH at the
beginning in the current study was in accordance
with Lesiak et al. (1996) who reported the
postmortem pH values of 6.27 for breast and
6.44 for thigh at 25 minutes post slaughter. Meat
with high ultimate pH retains moisture but may
appear dark (Husak et al., 2008). The trend in
pH of local chicken breast, thigh and drumstick
with storage time (Table 2) shows that during the
first 4 to 5 hours of storage, pH declined more
rapid and thereafter, the decline was gradual.
Nevertheless, the rates of pH decline between
the three meat cuts were similar, but, being
slightly higher in the thigh cut. This observation
is similar to what were reported by Lyon et al.
(1985) and Thielke et al. (2005). Husak et al.
(2008) contends that the rate and the extent of
pH decline have a large influence on meat quality
characteristics and variation in meat pH is likely
to influence color and the ability of meat to hold
water. Accordingly, the postmortem pH decline
is a clear indication of the biochemical status of
the meat and the rate of intramuscular glycolysis
(Bendall, 1979, cited by Thielke et al., 2005).
The down trend in pH decline is explained by
the fact that energy metabolism postmortem
proceeds anaerobically (mainly gylcolysis)
producing lactic acid as the end product which

is responsible for pH decline PM. The decline
in pH ceases upon onset of rigor, following
depletion of glycogen reserves (FAO, 1992).
Based on the results from the present study, it
can be postulated that the beginning of the onset
of rigor mortis was around 6 hours postmortem.
On the other hand, the relatively lower pH of
breast muscles both at slaughter and at 24hrs PM
may indicate that breast muscles are rich in white
muscle fibres types which metabolise energy
mainly anaerobically, even when an animal is
alive. Berri et al. (2005) reported that regardless
of the chicken line, increased glycolytic potential
in breast muscle was associated with lower
ultimate pH and higher drip loss. Such muscle
types are recruited by animals to produce sprint
movements.
Effect of aging on meat tenderness
The effect of rearing system was found to be
insignificant on meat tenderness (Sanka and
Mbaga, 2014), while the post-mortem storage
significantly improved (p<0.05) tenderness of
meat cuts (Table 2). Generally, all cuts showed
a more accentuated decline in shear values in
the first six hours of aging. After this period, the
declines was gradual with values less than 13.3
N for drumstick and 18.9 N for both breast and
thigh within 12 hours PM. Dransfield (1992)
postulated that the change in tenderness during
the period of accentuated decline is not just
due to proteolysis, but also as a consequence
of actin/myosin cross-bridge interaction from
resting (weak) state to a contractile (strong)
meat state, followed by a gradual weakening of
the contractile meat state. Thus, improvement in
meat tenderness, commonly called meat aging,
during refrigerated postmortem storage occurs
due to weakening of skeletal muscle structure.

An International Journal of Basic and Applied Research

Effects of Storage Time on the Quality of Local Chicken Meat

52

Table 2. Least square means (± SEM) for Shearforce (SF), cooking loss (CL) and pH local
chicken breast, thigh and drumstick meat aged at different time intervals
Traits
SF (N)

CL (%)

pH

abcd

Breast
Thigh
Drumstick
Breast
Thigh
Drumstick
Breast
Thigh
Drumstick

Storage time (Hours)
6
12
24

SEM

P-Value

4
22.80a
22.21a
20.97a
22.82a
21.44b
19.15b
5.96a
6.27a
6.24

20.19b
18.89b
18.86b
23.61a
23.01a
21.71a
5.90ab
6.17ab
6.19

0.50
0.51
0.52
0.52
0.45
0.50
0.03
0.04
0.03

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0206
0.0096
0.0725

18.93bc
18.92b
13.25c
20.59b
19.86c
17.78c
5.91ab
6.12b
6.15

17.69c
18.27b
13.85c
19.82b
18.21d
16.09c
5.83b
6.09b
6.13

Means within the same row with different superscript letters differs significantly at p<0.05.

The weakening is due to the breakdown of
myofibrillar proteins by proteolytic enzymes
mainly calpains and cathepsin (Zhang and
Barbut, 2005 and Muchenje et al., 2008a,
b). Stewart et al. (1984) and Northcatt et al.
(2001) suggested a minimum aging time of 4
hours in poultry meat, while Perlo et al. (2010)
recommended 6 hours aging at around 4oC to
obtain meat of high quality. Takahashi (1996)
contended that, in addition to improvement in
tenderness as aging time advances there is also
a corresponding improvement flavor. Thus, the
difference in shear force values observed in the
current study may as well be related to among
others the composition of the meat and the type
of fibers the meat contains.

lower water holding capacity. This observation
is similar to what was reported by Petracci et al.
(2004) in broilers. Significantly higher cooking
losses at 6 h may be related to the pH and
optimum time for the meat to relax after rigor
mortis.
Conclusions
It is concluded that breast meat had higher CP and
ash content than leg muscles and breast meats
displayed highest cooking loss across storage
time while drumstick was the tenderest cut.
Furthermore, storage at 4oC influence meat pH,
tenderness and cooking loss. It is recommended
that poultry meat from local chicken should
be chilled for at least 4 to 6 hours postmortem
before further processing.

Effect of aging on cooking loss
Cooking loss was highly (P<0.0001) affected by Acknowledgement
aging time as presented in Table 2. Interaction This study was made possible through the
of meat type and chilling time was also noted financial support obtained from Ministry of
to be significant (p<0.05). Although breast Livestock and Fisheries Development, Tanzania.
meat had a higher cooking loss than thigh and
drumstick meat, aging time had a greater effect References
on drumstick meat compared to the other two AOAC, (2007). Official methods of analysis
cuts and at 24 hours drumstick showed the
(18th Ed.). Association of Official Analytical
lowest cooking loss. This pattern corresponds
Chemists. Arlington, VA, USA.
to what was observed for tenderness among Bendall, J.R. (1979). Relations between meat
the three meat types (Table 2). Furthermore,
pH and important biochemical parameters
cooking loss in meats depend on ultimate pH
during the postmortem changes in
(Mushi et al., 2009), and intramuscular fat
mammalian meat. Meat Sci. 3:143–157.
content (Safari, 2010). In this regard, breast Berri, C.I., Debut, M., Santé-Lhoutellier V.,
had less intramuscular fat, but lower pH, hence,
Arnould. C., Boutten, B., Sellier, N., Baéza,
less tender with highest cooking loss implying
E., Jehl, N., Jégo, Y., Duclos, M.J., and
Tanzania Journal of Agricultural Sciences (2014) Vol. 13 No. 1, 48-54

53

Mbaga et al.

Le Bihan-Duval, E. (2005). Variations in
growing broiler chickens. Annals of Animal
chicken breast meat quality: implications
Science 12(4): 621–631.
of struggle and muscle glycogen content at Lee, S.O., Min, J.S., Kim, I.S. and Lee, M.
death. British Poultry Science 46(5):572-9.
(2003). Physical evaluation of popped
Cheng, F.Y., Haung, C.W., Wan, T.C., Liu,
cereal snacks with spent hen meat. Meat
Y.T., and Lou Chyr, C.Y. (2008). Effect of
Sci.64:383–390.
Free-range Farming on Carcass and Meat Lesiak, M.T., Olso, D.G., Lesiak, C.A. and
Qualities of Black-Feathered Taiwan Native
Ahd, D.U. (1996). Effects of Postmortem
Chicken. The Free Library. http:/www.
Temperature and Time on the Waterthefreelibrary.com.
Holding Capacity of Hot-Boned Turkey
De Marchi, M., Cassandro, M., Lunardi, E.,
Breast and Thigh Meat. Meat Science, Vol.
Baldan, G. and Siegel, B.P. (2005). Carcass
43, No. 1, 51- 60.
Characteristics and Qualitative Meat Lyon, C.E., Hamm, D. and Thomson, J.E. (1985).
Traits of the Padovana Breed of Chicken.
pH and tenderness of broiler meat deboned
International Journal of Poultry Science 4
various times after chilling. Poultry Science
(4): 233-238.
Journal 64: 307-310.
Dransfield, E. (1992). Modeling post-mortem Muchenje, V., Dzama, K., Chimonyo, M.,
tenderization. III Role of calpain in
Strydom, P.E., Hugo, A. and Raats,
conditioning. Meat Science, Savoy, v.31,
J.G. (2008a). Sensory evaluation and
p.57-73.
its relationship to physical meat quality
FAO. (1992). Meat and meat products in human
attributes of beef from Nguni and Bonsmara
nutrition in developing countries. FAO
steers raised on natural pasture. Animal,
Corporate Document repository (http://
2(11): 1700-1706.
www.fao.org/docrep/t0562e/T0562E02. Muchenje, V., Dzama, K., Chimonyo, M.,
htm) accessed 30 Oct 2014.
Strydom, P.E. and Raats, J.G. (2008b).
FAO. (2012). Scoping Study on Value Chain
Meat quality of Nguni, Bonsmara and
Initiatives and Studies in Tanzania. Study
Angus steers raised on natural pasture on
Undertaken by Match Maker Associates
the Eastern Cape of South Africa. Meat
Limited. Final Report, April 2012.
Science, 79: 20–28.
Husak, R.L., Sebranek, J.G., and Bregendahl, Mushi, D.E., Safari, J., Mtenga, L.A., Kifaro,
K. (2008). A Survey of Commercially
G.C. and Eik, L.O. (2009). Effects of
Available Broilers Marketed as Organic,
concentrate levels on fattening performance,
Free-Range, and Conventional Broilers for
carcass and quality attributes of Small East
Cooked Meat Yields, Meat Composition,
African × Norwegian crossbred goats fed
and Relative Value. Journal Poultry Science.
low quality grass hay. Livest. Sci. 124,
87, 2367–2376.
148–155
Jaturasitha, S., Kayan A. and Michael, W. NBS. (2012). National Bureau of Statistics.
(2008). Carcass and meat characteristics
National Sample Census of Agriculture,
of male chickens between Thai indigenous
2007/2008 Small Holder Agriculture
compared with improved layer breeds and
Volume III: Livestock Sector – National
their crossbred. Arch Tierz Dummerstorf
Report, United Republic of Tanzania.
51(3): 283-294.
Northcutt, J.K., Buhr, R.J., Young, L.L., Lyon,
Jaturasitha, S., Srikanchai, T., Kreuzer, M., and
C.E. and Ware, G.O. (2001). Influence of
Wicke, M. (2008). Difference in carcass
age and post chill carcass aging duration on
and meat characteristics between chicken
chicken breast fillet quality. Poultry Science
indigenous to Northern Thailand (Black
Journal 80: 808-812.
boned and Thai native) and improved Petracci, M., Betti, M., Bianchi, M. and
extensive breeds (Bresse and Rhode Island
Cavani, C. (2004). Color variation and
Red). Poultry Science 87:160-169.
characterization of broiler breast meat
Katarzyna, P. (2011). Effect of slaughter age
during processing in Italy Poultry Science
on performance and meat quality of slow83:2086-2092.
An International Journal of Basic and Applied Research

Effects of Storage Time on the Quality of Local Chicken Meat
Petracci, M., and Baéza, E. (2009).
Harmonization
of
methodology
of
assessment of poultry meat quality features.
Working paper of WPSA Working Group 5
Poultry Meat July 2009.
Perlo, F., Bonato, P., Fabre, R., Teira, G.
andTisocco, O. (2010). Meat Quality
Evaluation of Broiler Breast Fillets
Affected by Aging Time and Marination.
International Journal of Poultry Science, 9:
1063-1068.
Rizz, C., Marangon, A. and Chiericat, G.M.
(2007). Effect of Genotype on Slaughtering
Performance and Meat Physical and Sensory
Characteristics of Organic Laying Chicken.
Poultry Science, 86:128–135.
Safari, J.G. (2010). Strategies for improving
productivity of small ruminants in Tanzania.
Dissertation for award of Philosophiae
Doctor (PhD) at Norwegian University of
Life Sciences
Sanka, Y.D. and Mbaga, S.H. (2014). Evaluation
of Tanzanian local chicken reared under
intensive and semi-intensive systems: II.
Meat quality attributes. Livestock Research
for Rural Development. Volume 26, Article
#156. Retrieved September 25, 2014, from
http://www.lrrd.org/lrrd26/9/sank26156.
html
SAS. (2006). Statistical Analysis Software. The
SAS system for Windows (Release 9.1).
SAS Institute, Cary, NC, USA.
Stewart M.K., Fletcher D.L., Hamm D.,
andThomson J.E. (1984). The influence of
hot boning broiler breast meat on pH decline
and toughening. Poultry Science Journal 63:
1935-1939.
Sogunle, O.M., Egbeyale, L.T., Alajo, O.A.,
Adeleye, O.O., Fafiolu, A.O., Onunkwor,
O.B., Adegbite, J.A. and Fanimo, A.O.

54

(2010). Comparison of meat composition
and sensory values of two different strains
of broiler chickens. Archivos de zootecnia
59: 226-314.
Suchý, P., Jelínek, P., Straková, E. and Hucl, J.
(2002). Chemical composition of meats of
hybrid Broiler chickens during prolonged
feeding. Czech Journal of Animal Science
47(12): 511–518.
Takahashi, K. (1996). Structural weakening of
skeletal meat tissue during post-mortem
ageing of meat: the non-enzymatic
mechanism of meat tenderization. Meat
Science, 43:67-S80.
Thielke, S., Lhafi, S.K. and Ku¨hne, M. (2005).
Effects of Aging Prior to Freezing on
Poultry Meat Tenderness. Poultry Science
84:607–612.
Tougan, P.U., Dahouda, M., Salifou, C.F.A.,
Ahounou, G.S., Kossou, D.N.F., Amenou,
C., Kogbeto, C.E., Kpodekon, M.T.,
Mensah, G.A., Lognay, G., Thewis, A. and
Youssao I.A.K. (2013). Nutritional quality
of meat from local poultry population of
Gallus gallus species of Benin. Journal of
Animal and Plant Sciences. 19(2): 29082922
Wattanachant, S. (2004). Factors affecting the
quality characteristics of Thai indigenous
chicken meat. Journal of Science and
Technology, 15(4): 317-332.
Wattanachant S., Benjakul S., and Ledward D.A.
(2004). Composition, Color and Texture
of Thai Indigenous and Broiler Chicken
Meats. Poult. Sci., 83:123–128.
Zhang, L. and Barbut, S. (2005). Rheological
characteristics of fresh and frozen PSE,
normal and DFD Chicken Breast Meat.
British Poultry Science, 46, 687–693.

Tanzania Journal of Agricultural Sciences (2014) Vol. 13 No. 1, 48-54

