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Preventing weight loss and quality deterioration of
poultry raw material remains a topical issue. Numerous
studies show that the quality of meat and meat products
is affected by a variety of factors, such as the genetic
potential of broiler lines (1, 2, 7), sex (1, 5, 7, 23), pro-

duction system (18), and pre-slaughter stress (4, 8, 15,
24, 25). Transport, including its duration, distance, con-
ditions (12) and season of the year (9), is also a major
stressor.

Broiler chickens have to be transported over long
distances because EU approved slaughterhouses are
often located far away from poultry houses. This is an
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Summary
The aim of this study was to determine the effect of different variants of pre-slaughter procedures in the

winter on body weight loss in broiler chickens, and on the proximate chemical composition and physico-
chemical properties of meat. At the completion of a six-week rearing period, 240 ROSS 308 chickens were
subjected to the following variants of pre-slaughter transport: no transport (N-T), transport to a distance
of 100 km (T-100), 200 km (T-200) and 300 km (T-300).

The acidity of breast muscles (pH15 and pH24) was measured with a portable meat pH-meter, HI 99163
(Hanna Instruments, Germany) supplied with an FC 232D electrode. Meat color (15 minutes and 24 hours
post mortem) was determined with the use of a Minolta CR-400 chroma meter (Japan), in the CIE L* a* b*
system. Water-holding capacity (24 hours post mortem) was determined as drip loss. The content of
water, protein and fat in meat was determined using an InfraLab 710 near-infrared analyzer (NDC Infrared
Engineering, UK).

The results of the conducted study showed that the elongation of transport length for a distance of 200 km
and 300 km influenced the increase of broiler weight loss. Significantly higher (P = 0.01) weight loss was
observed after transport to a distance of 200 and 300 km, compared to a group of chickens from group T-100
(respectively 2.65%, 2.36% and 1.41%).

It cannot be stated clearly that variants of transportation have contributed to the deterioration of the
quality of the meat acquired. The longest transport distance resulted in a faster rate of the pectoral muscle
glycolysis in group T-300 (0.69 units) compared to the other groups (0.60-0.62 units). The broiler meat
from group T-300, as compared to the other groups, was also characterized by a significantly higher surface of
drip loss and the parameters L * 24 and b * 24, which reflected in its significantly lighter color and lower
water-holding capacity. However, the final pH values were similar in all groups and did not show any meat
defects. In addition, the basic chemical composition of chicken muscles showed their good nutritional value.
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important consideration, since transportation stress
cannot be eliminated completely in poultry production.
Therefore, efforts should be made to increase aware-
ness of the consequences of pre-slaughter treatment,
including transport, for meat quantity and quality.

The objective of this study was to determine the
effect of different distances of pre-slaughter transport
in the winter on body weight loss in broiler chickens,
and on the chemical composition and physicochemical
properties of meat.

Material and methods
The experimental materials comprised 360 unsexed

ROSS 308 broiler chickens reared for six weeks in a con-
trolled environment, in the winter season. At the comple-
tion of rearing, 240 chickens were subjected to various
distance of pre-slaughter transport: no transport (N-T),
transport to a distance of 100 km (T-100), 200 km (T-200)
and 300 km (T-300). The chickens were divided into four
groups, each of 60 birds (30 males and 30 females).

Identical management conditions were provided to all
groups. Broilers were fasted from 9.00 p.m. on the day
preceding slaughter, with free access to water. At 7.00 a.m.
on slaughter day, the chickens were weighed and randomly
allocated to groups based on the applied pre-slaughter han-
dling procedure. The birds were transported in perforated
containers adapted for use in poultry processing plants, with
the dimensions of 30 × 60 × 90 cm. The number of birds
per container conformed to the Council Regulation (EC)
1/2005 of 22 December 2004 on the protection of animals
during transport and related operations (OJ L 3, 5.01.2005,
pp. 1-44). The broilers that had not been transported prior to
slaughter were sacrificed starting from 8.00 a.m. The other
birds were transported to the abattoir between 8.00 a.m.
and 1.00 p.m., in a vehicle adapted for poultry transporta-
tion, traveling at an average speed of 60-70 km per
hour. The chickens were slaughtered in accordance
with the relevant regulations. The experiment was
approved by the Local Ethics Committee (Resolu-
tion No. 77/2008 of 29 October 2008).

Body weight loss was determined based on
weighing before and after transport. After carcass
chilling, meat acidity and color were measured on
the right breast muscles, 15 minutes and 24 hours
post mortem. Samples were also collected to de-
termine the water-holding capacity and proximate
chemical composition of meat.

Meat acidity was measured with a portable meat
pH-meter, HI 99163 (Hanna Instruments, Germany)
supplied with an FC 232D electrode. Meat color
was determined with the use of a Minolta CR-400
chroma meter (Japan), based on light reflectance
values in the CIE L* a* b* system, at illuminant
D65 and observer angle 20 (14). Water-holding
capacity was determined as drip loss, by the
method proposed by Grau and Hamm, modified
by Pohja and Niinivaara (16). Before determining
the proximate chemical composition of meat, sam-
ples were thoroughly homogenized with a Buchi
B-400 mixer (BUCHI, Switzerland), and then the

content of water, protein and fat was determined using
an InfraLab 710 near-infrared analyzer (NDC Infrared
Engineering, UK).

The data were verified statistically by one-way ANOVA
in an orthogonal design. Arithmetic means and standard
deviations were calculated, and the significance of diffe-
rences between the mean values at every level of experi-
mental factors was determined by Duncan�s test. Compu-
tations were performed using Statistica 9.0 PL software.

Results and discussion
The highest body weight loss (Tab. 1) was noted in

birds transported over a distance of 200 km and 300 km.
It reached 2.65% and 2.36%, respectively, and was
higher (P £ 0.01) than in group T-100 (1.41%). The
above values remain within the reference ranges reported
by other authors (5, 20, 22, 23). According to Wójcik
(23), body weight loss increases with an increase in the
distance traveled, from 1.1% to 4.5%, yet the total
weight loss in transported broilers should not exceed
3% as it could considerably decrease carcass weight (10).
In the present study, body weight loss did not exceed
3% even in birds transported to 200 km and 300 km,
which indicates that appropriate pre-slaughter handling
contributes to minimizing live weight losses during
transportation.

The protein content of meat was affected by variants
of pre-slaughter transport (Tab. 2), reaching 23.52% in
group N-T, compared with 23.41% in group T-100. An
increase in the protein content of meat was observed
in chickens transported over a greater distance (groups
T-200 and T-300). The difference between groups
T-100 and T-300 was statistically significant (P £ 0.05).
Other authors (19, 23) also observed a significant

Tab. 2. Chemical composition of breast muscles of broiler chicken in
relation to variants of transport (�x ± SD)

Tab. 1. Body weight of broiler chickens and body weight loss during
variants of transport (�x ± SD)

thgiewydoB
tropsnartfostnairaV

T-N 001-T 002-T 003-T

erofebthgiewydoB
)gk(tropsnart

92.0±69.2 74.0±01.3 63.0±80.3 43.0±40.3

retfathgiewydoB
)gk(tropsnart

� 82.0±29.2 74.0±20.3 53.0±10.3

)gk(ssolthgiewydoB � 40.0 A 20.0± 80.0 B 30.0± 70.0 B 40.0±

)%(ssolthgiewydoB � 14.1 A 66.0± 56.2 B 30.1± 63.2 B 61.1±

Explanations: A, B � p £ 0.01

stnenopmoC
tropsnartfostnairaV

T-N 001-T 002-T 003-T

)%(nietorP 57.0±25.32 14.32 a 96.0± 95.0±66.32 97.32 b 74.0±

)%(taF 1 84.0±28.1 1 34.0±68.1 1 83.0±19.1 1 14.0±99.1

)%(retaW 57.0±66.37 65.0±15.37 54.0±94.37 56.0±14.37

Explanations: a, b � p £ 0.05
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increase in the protein content of chicken meat, subject
to the transport distance. The percentage content of
protein in broiler breast muscles may vary from 18.40%
(20) to 26.99% (11), but in most cases it remains
within the 21%-24% range (6, 7). The protein content
of chicken meat is mostly determined by the origin of
birds (1, 6, 7), yet the current results as well as the
findings of Wójcik (23) and Pomianowski et al. (19)
point to the impact of pre-slaughter handling.

Distance of pre-slaughter transport had no signifi-
cant effect on the percentage content of water and fat
in meat. A tendency towards a gradual decrease in
water content and an increase in fat content was noted
in transported groups, as compared with the N-T group.
A significant decrease in the water content of chicken
meat in response to an increase in the distance traveled
in the summer was reported by Pomianowski et al. (19).
Similarly as in the present study, the cited authors and
Wójcik (23) observed an insignificant increase in fat
concentrations in meat from broilers transported over
longer distances. The proximate chemical composition of
broiler muscles determined in this study is comparable
with that described by other authors (7, 19, 23) and
indicative of a high nutritional value of meat.

Variants of pre-slaughter transport did not lead to
significant differences in meat acidity measured 15 minu-
tes and 24 hours post mortem (Tab. 3). A comparison
of pH

15
 and pH

24
 values in all groups revealed certain

differences in the rate of glycolysis � acidity decreased
by 0.69 units in group T-300, compared with 0.62, 0.60
and 0.62 units in groups N-T, T-100 and T-200, res-
pectively. The differences in the rate of glycolysis were
also reflected in the values of water-holding capacity

(Tab. 3). Drip loss was significantly (P £ 0.01) greater
in group T-300, in comparison with groups N-T, T-100
and T-200.

The values of CIELAB coordinates (L*, a*, b*) are
presented in Tab. 4. Measurements performed 15 mi-
nutes post mortem did not show a significant effect of
distance of pre-slaughter transport on color parameters
L * and a*, whereas significant differences were noted
with respect to yellowness (b*) values, which were
lowest in groups N-T and T-300, and highest in group
T-100. After 24 hours, meat from broilers of all groups
was characterized by higher color lightness, and signifi-
cant (P £ 0.05) differences were noted between groups
T-200 and T-300. Higher L* values were observed in
groups N-T and T-300 (53.87 and 54.12, respectively),
compared with group T-200 (51.45). The values of
yellowness differed significantly between groups � the
lowest contribution of the yellow component was
noted in group T-200, and the highest in group T-300
(0.14 and 0.91, respectively). Redness values were
comparable in all groups.

High pH values of breast muscles in broiler chickens
transported over a distance of 100 km and 200 km and
in birds that were not transported prior to slaughter
were noted by Wójcik (23) in the summer season, but
� similarly as in the current study � pre-slaughter
management had no significant effect on pH levels.
Other authors (24) reported lower pH values of breast
muscles in broilers subjected to different pre-slaughter
handling procedures. In birds that were not transported
prior to slaughter and in broilers transported to a di-
stance of 100, 200 and 300 km, the pH15 

of breast
muscles ranged from 5.85 to 5.89, with no significant

differences between groups. After 24 hours,
significantly (P £ 0.01) lower pH levels were
found in chickens that were not transported to
the abattoir. Lower ultimate pH values of the
breast muscles of chickens that were not trans-
ported, compared with those transported for one
to four hours, were also reported by Warriss et
al. (21).

The results of water-holding capacity tests
were different than those reported by other
authors. Wójcik (23) found no significant dif-
ferences in the water-holding capacity of meat
from chickens that were not transported prior
to slaughter and birds transported over a distance
of 100 km and 200 km. Another study conduc-
ted in the summer (24) revealed significantly
lower water-holding capacity in a group of
broilers transported to a distance of 300 km,
compared with groups transported to 100 km
and 200 km. The opposite trend was noted in
our study, which was carried out in the winter
season (Tab. 3).

The current results do not support the findings
of other authors (2, 3, 24) regarding the color
of breast muscles. In a study by Wójcik et al.

Tab. 3. Muscle acidity and water-holding capacity of breast muscles of
broiler chicken in relation to variants of transport (�x ± SD)

sretemaraP
tropsnartfostnairaV

T-N 001-T 002-T 003-T

Hp 51 51.0±26.6 91.0±16.6 11.0±46.6 41.0±46.6

Hp 42 60.0±00.6 41.0±10.6 61.0±20.6 80.0±59.5

mc(CHW 2) 77.4 A 39.0± 35.4 A 29.0± 84.4 A 38.0± 47.5 B 02.1±

Explanations: as in tab. 1.

Tab. 4. Color parameters of broiler chicken breast muscle in relation to
variants of transport (�x ± SD)

sretemaraP
tropsnartfostnairaV

T-N 001-T 002-T 003-T

51*L 99.2±00.84 82.3±39.64 53.2±39.74 56.1±21.74

51*a 1 57.0±43.3 1 90.1±96.3 1 87.0±22.3 1 55.0±23.3

51*b 1 57.0 A 84.1± 27.1 aB 10.1± 48.0±62.1 10.1 b 57.0±

42*L 65.3±78.35 85.4±96.35 54.15 a 61.4± 21.45 b 96.3±

42*a 1 57.0±94.1 1 60.1±68.1 1 68.0±59.1 1 08.0±64.1

42*b 1 40.1±33.0 1 79.0±45.0 1 41.0 a 80.1± 19.0 b 20.1±

Explanations: as in tab. 1 and 2.
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(24), the color of the breast muscles of broilers trans-
ported in the summer to a distance of 300 km was
significantly (P £ 0.01) darker, compared with groups
T-100 and N-T. In the present experiment, performed
in the winter, the meat of chickens transported over
a distance of 300 km was characterized by significantly
higher lightness, in comparison with the remaining
groups (Tab. 4). Bianchi et al. (2) observed no signifi-
cant differences in the values of L* and b* in broilers
transported over the following distances: < 40 km,
40-210 km and > 210 km, and significantly (P £ 0.05)
higher a* values in birds transported to < 40 km. Debut
et al. (3) did not find significant differences in the color
of meat from transported chickens.

According to the classification of meat quality
defects based on pH

1
 values (13), the occurrence of DFD

meat could be expected in all groups. However, the
measurements of pH, water-holding capacity and color
performed 24 hours post mortem did not suggest that
meat quality was affected by distance of pre-slaughter
transport. As demonstrated by Debut et al. (3) and
Michalczuk et al. (11), the glycolysis process in chickens
is usually completed at 5.7-5.9, and the values noted in
the present study were similar or insignificantly higher
(5.95-6.02).

The values of color parameter L *24 (Tab. 4), which
according to Langer et al. (9) should range from 44.0 to
53.0 in meat of normal quality, remained within this
range or slightly exceeded its upper limit.

The findings of the current study are consistent with
those of Doktor and Po³towicz (5), who analyzed the
physicochemical properties of meat from broiler chickens
that were not transported prior to slaughter and birds
subjected to a 4-hour pre-slaughter handling procedure
which included 2.5-hour transport. The cited authors
noted pH

15
 6.36 and pH

24
 6.09 in group N-T (a decrease

by 0.27 units), and pH
15

 6.15 and pH
24

 6.14 in trans-
ported broilers (a decrease by 0.01 units). There were
no significant differences between groups with regard
to the color and water-holding capacity of meat. The
breast muscles of transported chickens tended to have
lower L* values (a lower contribution of the red com-
ponent and a higher contribution of the yellow compo-
nent) and higher water-holding capacity.

Conclusions
The results of this study showed that the elongation

of transport time to the slaughterhouse for a distance of
200 km and 300 km significantly influenced the increase
of broiler weight loss. It cannot be stated clearly that
variants of transportation have contributed to the dete-
rioration of the quality of the meat acquired. Although
the longest distance of transport resulted in a faster
rate of the pectoral muscle glycolysis in this group of
broiler chickens, which was reflected in its significantly
lighter color and lower water absorption assessed after
24 hours, the final pH value was nevertheless similar in
all groups and did not indicate the occurrence of the

meat defects. In addition, the basic chemical composi-
tion of chicken muscles showed their good nutritional
value.
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