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ABSTRACT:

The objective of the study was to assess the impact of raising systems and thermal processing meth-
ods on colour parameters and shear force. The study was conducted on the breast and leg muscles of
Ross 308 broiler chickens from two different raising systems, with chickens from group A being held on
littered indoor, while those in group B were on free-range with access to paddocks. The muscles were
put through thermal processing, involving boiling (1) and baking (Il) until the meat internal temperature
achieved 82°C. The influence of the raising system on the colour of the raw muscle was observed. It was
found that both the breast and leg muscles of chickens held in free-range had characteristically darker
colour, as evidenced by the significantly higher (p<0.05) colour saturation of red (a*) and yellow (b*).
Lower mechanical resistance, measured by cutting force (p<0.05), had breast muscles (16.25 N) and
leg muscles (19.21 N) from chickens kept without access to free-range compared to the breast muscles
(14.37 N) and leg muscles (17.77 N ) from chickens with access to free-range. Raising system and ther-
mal processing methods had impact on the varied colouration of the breast and leg muscles. Breast
muscles from chickens held in indoor system but subjected to boiling processes were characterized by
brighter colour. The thermal processing methods applied had significant impact (p<0.05) on the max-
imal shear force of the investigated muscles. Boiling muscles were characterized by lower shear force,
which is better texture. It has been shown (p<0.05) the impact of the raising system on the value of the
maximum shear force of breast muscles.

ABID 4/2016



Wptyw systemu chowu i metody termicznej na wyniki instrumentalnej
oceny barwy i site ciecia miesa kurczat brojlerow

Stowa kluczowe: system chowu, obrdbka termiczna, miesnie piersiowe, miesnie nég, barwa, sita ciecia

STRESZCZENIE:

Celem badan byta ocena wptywu systemu utrzymania i metod obrobki termicznej na parametry barwy
i site ciecia. Badania przeprowadzono na miesniach piersiowych i miesniach nég kurczat brojleréw Ross
308, pochodzacych z dwdch réznych systemdw chowu: kurczeta z grupy A utrzymywano na Scidtce bez
dostepu do wybiegu, kurczeta z grupy B z dostepem do wybiegu. Miesnie poddano obrdbce termicznej
polegajgcej na gotowaniu (1) i pieczeniu (I1) do osiggniecia wewngtrz miesnia temperatury 82°C. Stwier-
dzono wptyw systemu utrzymania na barwe surowych mieséni. Zaréwno piersiowe, jak i miesnie nog kur-
czat majacych dostep do wybiegdw cechowaty sie ciemniejszg barwg, o czym swiadczy istotnie wyzsze
(p<0,05) wysycenie barwy w kierunku czerwieni (a*) i zétci (b*). Nizszg opornoscig mechaniczng, mie-
rzong sitg ciecia (p<0,05), charakteryzowaty sie miesnie piersiowe (16,25 N)indg (19,21 N) kurczat utrzy-
mywanych bez dostepu do wybiegu w poréwnaniu do miesni piersiowych (14,37 N) i nég (17,77 N) kur-
czat z dostepem do wybiegow. System utrzymania i stosowane metody termiczne miaty wptyw (p<0,05)
na zréznicowanie barwy miesni piersiowych i miesni ndg. Jasniejszg barwg charakteryzowaty sie mie-
$nie piersiowe i miesnie nog kurczat utrzymywanych bez dostepu do wybiegdw poddane procesowi
gotowania. Zastosowane metody termiczne miaty istotny wptyw (p<0,05) na warto$¢ maksymalnej sity
ciecia badanych miesni. Mniejszg sitg ciecia, czyli wiekszg kruchoscig, charakteryzowaty sie miesnie
gotowane. Wykazano (p<0,05) wptyw systemu utrzymania na warto$s¢ maksymalne;j sity ciecia miesni

piersiowych.

1. INTRODUCTION

While the consumption of poultry meat has
steadily increased in Poland, its most common-
ly chosen parts by consumers have remained
the breast and leg muscles. The leading system
of raising broiler chickens is their being kept in
littered indoor facilities [8]. An alternative to
the intensive raising system is the littered free-
-range rearing with access to green paddocks
[2]. Researches on the alternative system have
indicated that a smaller stocking rate, freedom
of movement and being outdoors, including the
possibility of pecking green plants can contribute
to improving the quality of poultry meat [14, 18].
The scale of poultry meat production for slaugh-
ter from alternative raising systems have been
insignificant. Given the growing consumer inter-
est in meat from chicken raised in free-range the
guestion that arises is whether and to what ex-
tent should the quality of poultry meat depend
on the type of raising system?

Thermal processing is not only a method of food
preservation, but also a link between the raw
material and the consumable product. The pur-
pose of the process is to extend the product’s
life, increase the digestibility and assimilability of
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proteins, and more-so to give the product a suita-
ble brittleness, flavour, aroma and colour [9, 12].
Consumers’ preferred method of preparing dish-
es with poultry meat is boiling and baking.
Instrumental methods of measuring colour and
brittleness are characterized by high level objec-
tivism and they enhance measurements. Meas-
urements undertaken using instrumental test, in
comparison with sensory analysis are faster and
ensure better repeatability of results [10]. The
huge access to meat colour evaluation has con-
tributed to the emergence of objective measure-
ment methods, one of which is the direct meth-
od of measuring the colour reflection of com-
ponents using the ,Hunter Lab” scale expressed
as L*a*b*. Studies have shown the existence of
links between the L*and*b* colour components
of poultry meat and its quality [7, 8, 13, 14, 17,
18, 19]. The most commonly applied parameter
in the instrumental assessment of meat texture is
the interdependency between meat’s brittleness
and the maximum value of its shear force [10].
The objective of the study was to assess the im-
pact of raising systems and methods of thermal
processing on the colour parameter and shear
force of meat.
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2. MATERIAL AND METHODS

The studies were conducted on breast and leg
muscles of Ross 308 broiler chickens from two
separate groups. The group A chickens were
raised indoors on litter, while the group B were
also raised on litter, but with access to green pad-
docks with grass mixtures. The outdoor surface
area per bird was 4 m2. The paddocks were fitted
with nipples and canopies to protect the birds
against the sun. The chickens were, over the rais-
ing period, fed at will on fully rationed mixes of
starter, grower and finisher with concentrated
feed components tailored to the dietary needs of
the broilers and with unlimited access to water.
The stocking rate for chickens in both groups was
4/m?. 30 chickens with body weights close to the
group average were randomly taken from each in
order to assess the meat quality. The birds were
slaughtered on their 42" day of age. Having been
slaughtered and dressed the carcasses were sub-
jected to chilling process at a temperature of
+4°C through 24 hours, followed by a simplified
analysis by dissection in accordance with Ziotecki
and Doruchowski [22]. The breast and leg (thigh
and tibia) muscles were subjected to superficial
and deep dissections.

10 pieces, each of breast and leg muscles of simi-
lar weight, approximated to 1 g, were selected for
the thermal treatment. The thermal treatment
involved using the boiling method (I) in water at
96°C at a ratio of water to meat of 3:1 as well as
baking process (Il) at 180°C. The methods of ther-
mal treatments applied led to the attainment of
meat’s internal temperature of 82°C. The in-meat
temperature was monitored using a digital ther-
mometer with a probe needle.

The instrumental measurement of the colour of
the breast and leg muscles was carried out using
a meat colour assessing kit (Minolta’s reflective
colorimeter with a CR-400 head with a comput-
erized kit and the Spectra Magic NX software).
The colour parameters were set for lighting in ac-
cordance with the D, illuminator. The colour of
the raw meat was assessed from the interior side
directly after its extraction from the bones. The
colour evaluation of the thermally treated mus-
cle was carried out on its cross-section. The mea-
surement was taken by placing the measuring
head to the surface (5 readings of the colour pa-
rameter from the meat’s entire surface at points
with characteristic uniform colour representation
of the analyzed surface). The reading of results of

measurements and their conversions in real time
was achieved using the CIE L*a*b* colorimeter
system [3], wherein L* represent brightness, (a*)
red and (b*) yellow. Two repetitions were per-
formed for each sample.

The instrumental measurement of the breast
and leg muscle texture was conducted using
a universal single-column testing system for
toughness, the Zwick Z1.0 TH Roell 1 kN with
a fast data transfer interface to a PC with a Xpetll
testing software for toughness. The shearing
test was undertaken using a Warner-Bratzler
single-knife slicing system (a single flat blade,
1.2 mm thick, having a triangular notch of 60°),
whose inner edge serves as the working edge.
The test was performed at a crosshead speed
of 100 mm/min and an initial strength of 0.2 N
on chilled samples (4°C) prepared from raw and
pre-thermally treated meat of 10x10x50 mm in
size, sliced parallel to the course of muscle fibre.
Two repetitions were performed for each sample.
The results obtained were subjected to statistical
analysis using the STATISTICA 12 software. The
mean value for groups and the standard devia-
tion (SD) were determined. In order to analyse
the impact of raising system on the quality fea-
tures of raw breast muscle, a one-factorial anal-
ysis of variance (ANOVA) and in particular the
Tukey test at a level of significance of p<0.05 was
conducted. The impact of raising systems and
thermal methods was statistically verified using
a two-factor analysis of variance (ANOVA) at
a level of significance of p<0.05.

3. RESULTS AND DISCUSSIONS

Colour is an indicator of the quality of poultry
meat and itis the first feature consumers assess at
point of purchase [1, 5, 17]. The impact of raising
system on the colour of raw breast and leg mus-
cles (Tab. 1) was observed in the current study.
Analyses of the L*a*b* values have shown that
the tested breast meat differed in their bright-
ness of colour. Higher value of the L* parameter
was displayed in the breast meat of chickens held
indoors (p<0.05). Broiler chickens with access
to paddocks were characterized with decisively
higher (p<0.05) colour saturation of their breast
and leg muscles towards the red (a*) and the yel-
low (b*), in comparison to birds held without ac-
cess to paddocks. Similar findings were obtained
by Chen et al. [4], Fanatico et al. [5] and Sales [15].
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Table 1 Results of evaluation of colour and shear force parameters in raw breast and leg muscles
of broiler chickens (5 £ SD)

Details breast muscles leg muscles
A B SEM A B SEM
Colour:
L* 56.81° 54.44° 51.87 48.76
+3.01 12.61 0.59 +3.22 12.95 0.44
a* 2.42¢° 3.61° 10.72° 12.02°
10.53 10.64 0.18 +0.85 11.06 0.18
b* 3.58° 4.68° 6.02° 7.88°
+0.95 +1.31 0.34 +1.60 11.68 0.12
14.372 16.25° 17.77° 19.21°
Shear force (N) £3.01 £2.61 1.52 £2.82 £2.65 0.35

a, b — the averages for the assigned letters in rows differ significantly (p<0.05)

A —indoor raising system; B — free-range system

Different findings relating to the saturation of the
yellow colour for both the breast and leg muscles
were obtained by Skomoruch and Sosndéwka-
-Czajka [18]. Tong et al. [21], on the contrary, did
not observe any differences between the meat
colour of chickens raised indoors and those with
access to paddocks. Higher saturation of yellow
colour may be associated with the pecking of ca-
rotenoid rich plant material, while higher satura-
tion in favour of red can be due to greater motor
activity [2, 14, 18, 20].

The current study has also demonstrated the im-
pact of raising systems on the brittleness of raw
breast and leg muscles (Tab. 1). Smaller shear
force (p<0.05), that is, greater brittleness was
typical of both breast and leg muscles of chickens
held indoors without access to paddocks. Similar
findings namely, higher shear force of meat from
chickens held in free-range were observed by

Santos et al. [16] as well as Pottowicz and Doktor
[14].

In analyzing the results of the instrumental meas-
ure of colour, it was observed that the raising
system and the thermal method applied impact-
ed on the colour variation of the breast and leg
muscles (Tab. 2 and 3). Lower L* parameter for
brightness, i.e., darker colouration and higher
colour saturation towards the red (a*) was typ-
ical of breast and leg muscles of chicken held in
free-range and subjected to baking process. Ad-
ditionally, the impact of thermal methods on the
yellow (b*) parameter on breast muscle was also
demonstrated. Higher colour saturation towards
yellow was observed in muscles subjected to bak-
ing treatment. The results obtained corroborates
those from studies by Ormian et al. [12]. A darker
colour was, on the other hand, observed in the
process of boiling in studies conducted by [6] and

Table 2 Impacts of raising system and thermal methods on the colour and shear force of breast muscles (5 + SD)

A B Impact
Tested features SEM
| 1 | 1l a b axb
Colour
84.04 80.71 86.88 82.49
* * *
L +1.31 £0.87 +1.67 +0.98 0.48 ns
2.76 2.98 2.43 2.69
* * *
@ +0.42 £0.29 0.38 +0.39 0.06 ns
10.26 12.97 11.81 13.36
* *
b +1.81 £0.92 +1.52 +1.18 0.13 ns ns
15.04 18.98 16.98 20.97 " " "
Shear force (N) +1.92 +1.89 +1.65 +1.69 0.54
A — indoor raising system; B — free-range system; | — boiling method, Il — baking method; a — impact of raising system;

b —impact of thermal methods; a x b —impact of raising system and thermal methods; * — statistically significant differences

p<0.05; ns — differences statistically insignificant
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Qiao et al. [13]. Colour changes in meat in course
of thermal treatments depend on the degree of
denaturation of the protein component of myo-
globin [11].

The brittleness of poultry meat is one of the
most sought after quality features of meat after
thermal treatment. Brittleness is conditioned by
several factors, especially the bird’s age, raising
system, method of feeding and type of thermal
treatment [1, 11]. The current study has demon-
strated the impact of raising system and thermal
methods of the shear force of breast muscles
(Tab. 2). Lower shear force at (p<0.05), greater
brittleness, is typical of breast muscles from chick-
ens held indoors and subjected to boiling process-
es. The findings correspond to those obtained in
studies by Ormian et al. [12] and Michalczuk et
al. [8]. No impacts of the raising system on the
maximum value of the shear force of leg muscles
was demonstrated in the current study (Tab. 3).
Leg muscles subjected to boiling processes had
typically less mechanical resistance (shear force)
at (p<0.05) when compared to muscles subjected
to baking processes.

4. CONCLUSIONS

It has been confirmed, relying on the study, that
breast and leg muscles of chickens raised in
free-range were typically darker in colour, as ev-
idenced by the lower value of the L* component
as well as higher values of (a*) and (b*) colour
component. Higher brittleness, i.e., less shear
force, was observed with raw breast and leg mus-
cles of chickens raised indoors without access to
paddocks.

Raising systems as well as applied thermal pro-
cessing methods had impacts on the diversity of
colouration of breast and leg muscles. The lower
L* brightness parameter and higher colour satu-
ration towards (a)* red (darker colouration) was
displayed by breast and leg muscles of chickens
raised in free-range, subjected to baking process.
The impact of raising system and thermal pro-
cessing methods on the value of breast muscles
shear force was indicated. Less shear force was
characteristic of breast muscles of chickens raised
indoors and subjected to boiling processes. The
thermal treatment methods applied had impacts
on the shear force of leg muscles.

Table 3 Impact of raising system and thermal methods on colour and shear force of leg muscles (5 + SD)

A B Impact
Tested features SEM
1 Il | 1l a b axb
Colour
L* 70.58 72.32 72.84 73.25 " "
+1.80 +1.54 +1.11 £1.24 0-51 ns
a* 6.85 6.91 5.86 5.96 * *
£0.16 0.22 10.16 £0.19 0.12 ns
b* 13.89 14.16 14.14 14.89 0.28 ns ns ns
+0.74 +1.02 +0.71 +1.06 ’
12.52 15.63 12.04 16.56 "
Shear force (N) £1.25 +1.62 +1.15 136 0.89 ns ns
A — indoor raising system; B — free-range system; | — boiling method, Il — baking method; a — impact of raising system;

b —impact of thermal methods; a x b —impact of raising system and thermal methods; * — statistically significant differences

p<0.05; ns — differences statistically insignificant
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