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Abstract

In this paper was studied the effect of dietary energy and protein levels on breast muscle characteristics of broiler
chickens, which were sacrificed at 42 days old. The genetic material was represented by broiler chickens that
belonged to the ,,Ro0ss-308” hybrid, with three groups (Lc-control group, L; and L, experimental groups). During the
growth periods (starter, growing and finishing) they have received compound feed ad libitum, with different energy
and protein levels (Lc- conforming to recommendations of Aviagen Company; L;-higher with 10%; L,-lower with
10%). After evisceration, from each group were sampled breasts from 10 carcasses (five per sex) and were
determined: muscle mass, meat: bones ratio, chemical composition of meat, pH value (after evisceration up to 24 h
of refrigeration) and the thickness of myocytes in the superficial pectoral muscle. For these characteristics, the
highest values were obtained in the L; group, and the lowest values in the L, group. In the L; group, high levels of
dietary proteins and energy has significantly influenced: muscle mass, meat: bones ratio, chemical composition of
meat (water, proteins and lipids), pH value and the thickness of myocytes in the superficial pectoral muscle, as
compared with L¢ and L,.
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1. Introduction differences in breast yield among broiler chickens
could have significant economic impact [2]. For
Poultry meat is food source with high biological this reason, in broiler chicken industry it is
protein value, has a relatively low fat content, has high constantly necessary to run performance
digestibility, contains iron, some of the vitamins in evaluation, considering yield breast, chemical
the B group, and has superior organoleptic quality composition and technological properties, usually
[1]. With these nutritional characteristics, the determinations crucial for the culinary value in
chicken meat is appreciated by consumers and pectoral muscles [3].
occupies a special place in the human diet. Some research has demonstrated the presence of
Broiler chickens are a result of selection programs several influencing factors on poultry meat quality
for rapid growth and body conformation, such as bird’s age, sex, genetics strain,
especially favoring breast muscles development environment and nutrition, with major influences
[2]. Because breast is the most valuable portion of on carcass and meat characteristics [4-9]. The
the chicken carcass on the market, even small biophysical, histological and  biochemical

characteristics of pectoral muscle have a decisive
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between meat quality and biochemical and
histological properties of pectoral muscle [10, 11].
Cross-sectional area of muscle fiber had increased
in size proportional to chickens’ age, but with
negative effect on the meat quality [13, 14], while
other authors has reported higher values of pH and
a darker meat for fibers with large diameter [15].
Dransfield and Sosnicki (1999) cited by [16]
reported that chickens’ fast growing had greater
number of giant fibers in pectoral muscle, fibers
which have a cross-section area three to five times
larger than normal. The giant fibers from the
breast muscle in broiler chickens are a side effect
at genetic selection for increased the muscles mass
in superficial pectorals [17]. Pectoral muscles
have white fibers, which have a greater glycogen
quantity and a higher glycolytic potential and
therefore, with a rapid drop in pH value and
susceptibility to PSE (pale, soft, exudative) [18].
If reference is made to the feed influence, some
authors argue that qualitative and quantitative
restriction reduces the diameter of muscle fibers
[11], or may induce an accelerated myofibres
hypertrophy in the long term [19]. Roy et al. [20]
claim that in the case of high density diets we
obtain growth muscle mass in breast due to fibers
hypertrophy. However, other authors have found
that feed restrictions can be used as a management
tool and not significantly affect slaughter
performances and sensorial characteristics of meat
[21-23]. But, the severe restriction (malnutrition)
post-hatching induce loss of muscle fiber, while
the moderate restriction affects the fibers
hypertrophy and reduced the accumulation of
protein [16].

The chemical composition of pectorals muscle is
an important element of quality for this type of
meat [24]. Diaz [25] relates that in breast being
mostly composed of white fibers having different
metabolic functions as opposed to muscles that
contain red fibers. For chemical components from
breast muscles, some authors reported values of
over 22.50 percents for total proteins and less than
3 percents for lipid content [26-32].

The protein and lipid quantity of breast muscles is
influenced by genetic and non-genetic factors
[24]. Nutrition is an external factor with major
influence on the chemical composition of broiler
meat. Thus, diets with low protein and energy had
determined reduced meat protein content, while
the lipids content of the muscles had increased
[24, 26-34].
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However, it is unknown how a dietary energy and
protein reduction will affect some meat quality
characteristics  (biophysical, histological and
biochemical) in broilers raised in Romania.

Studies in this respect are necessary, in order to
understand the response the genotype and sex of
chickens have to diets with different levels of
protein and energy, and to investigate the effect of
raw materials used in broiler nutrition on the
carcasses characteristics and on the meat quality.
The aim of the present work was to investigate the
effect of diets with different energy and protein
levels on breast meat quality in ,,R0ss-308” broiler
chickens.

2. Materials and methods

The experiment was organized on broiler chickens
of one day old belonging to the commercial hybrid
,»,R08s-308”, which were sacrificed to 42 days old.
Chickens were reared in an intensive system on
the permanent litter, with a density of 12 chick/
m”. The total birds of the experimental population
were 300 broilers of both sexes (3 groups X 5
replications x 20 broilers). Broilers were
randomly assigned into three equal groups
(control group-L¢ and two experimental groups L,
and L,) which were reared in the same
environmental conditions.

The environmental conditions during the rearing
period were conforming to the recommendations
found in the ,,Broiler Management Manual Ross-
308” [35]. The growth technological system was
in accordance with new European Union
regulation on animal welfare compulsory from
2012 in all EU member states [36].

Feed and water were given ad libitum. During the
growth period (1 to 42 days) chickens were fed
with three recipes of compound mixtures, as
follow: the starter up to 14™ d, the grower from
15™ d to 35™ d and the finisher from 36" d to 42™
d. The recipes of compound feed used had
different levels of energy and protein: standard at
Lc (SPE) [37, 38]; with 10% higher at L; (HPE);
with 10% lower at L, (LPE).

The values for different levels of crude protein
(CP) and metabolizable energy (ME) are showed
in Table 1.

After the slaughter, from each group were
sampled 10 carcasses, in equal number per each
sex, which were weighed and were cut into pieces.
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Breast weight was determined using gravimetric
measurements, before and after deboning.

Table 1. Features of feed compound recipes

Group Lc L, L,
Starter 2402 2623 2180
P Grower 263 2490 2025
Finisher 2106 2312 1875
Starter 3041 3270 2860
ME  Grower 3144 3435 2878
Finisher 3190 3490 2890

CP (g/kg feed)-crude protein;
ME (kcal/kg feed)-metabolizable energy

Meat: bones ratio was calculated for better
highlight of meat production performances and is
expressed in grams meat:1 gram bones.

*meat weight

Meat: bones (g meat: 1 g bones) = bones weight

*meat weight represents meat with skin

Histological samples of muscle tissue were taken
from pectoral superficial muscle, after deboning.
Samples for histological study were processed
using the method of inclusion in paraffin. Tissue
sections of 10 um were mounted on glass slides
and stained with the trichrome method Mallory’s.
[39]. For the study of the histological samples and
data processing, an Olympus CX-41 microscope
was used, calibrated at three pairs of ocular-
objective. The histological slides were studied and
the most successful sections were highlighted,
then microphotographs and the measurements
were done through a computer, using line
measurement area and computation function for
its software. Measurements were done in order to
assess the average diameter of fibers (MD), the
ratio between small (SD) and large diameter (LD)
and the cross-sectional area (CSA) of the
histological elements. The following mathematical
relations were utilized:

LD+SD
MD (um) = >
5 LDXSDXT
CSA (um’) =————

1 = coefficient

The pH values were determined in duplicate
samples using the method as described by
Jeacocke [40]. The pH determinations for tissue
samples collected from the pectoral muscles were
made at 30 minutes, 2, 4, 8 and 24 h. Before
recording the pH values of the solutions on a pH
meter, the electrode was rinsed with distilled
water and dried with soft paper.

After deboning, using STAS methods [41],
laboratory analysis for chemical composition of
meat (water, dry matter, proteins, lipids and
minerals) was carried out. The methods of
analysis used to determine the chemical
composition of the meat were: drying method for
water and dry matter content (at +103°C);
calcinations for total minerals content (at
+550°C); Soxhlet method by modern appliances-
Soxtest Raypa PG-16 E01 for total lipids; Kjeldahl
method adapted on appliances FOSS TECATOR
for protein substances.

The raw data obtained from measurements were
processed using methods of biostatistics with
Microsoft Excel spreadsheet application. To test
the statistical significance of differences between
mean values of the characters studied, an analysis
of variance using tests ANOVA and MANN
WHITNEY from the program MINITAB 14 was
applied [42].

3. Results and discussion

The pH values in pectoral muscles, at 0.5, 2, 4, 8
and respectively 24 h, of ,,Ross-308” broiler
chickens from this study are showed in Table 2.
After evisceration in maximum 30 minutes were
made the first pH measurements. Thus, for pHys
values were from 5.92 in L, up to 6.14 in L;, and
intermediary at L¢ (6.06), with different levels of
statistical ~ significance (P<0.05 or P<0.01)
between studied groups. For this meat type values
obtained were in the range considered normal by
the literature [43]. According to the same authors,
in the pectoral muscles of broiler chickens at 15
minutes post eviscerated, pH values were between
5.89 to 6.3 [43]. Risti¢ and Schon (1977) cited by
[43] had shown that pH value under 5.8 or over
6.2 negatively influenced meat quality, because of
the appearance of the typical characteristics to
syndrome PSE or DFD (dark, firm and dry),
respectively.
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In all cases, in the first 4 h, pH values in the
pectoral muscles were decreased (up to: 5.67 at
L,; 5.74 at L¢ and 5.82 at L,, respectively), and
after 8 h was registered a slight increase (5.82 at
L,; 5.89 at L¢ and 5.95 at L, respectively). While,
after 24 h pH values increased up to limits of: 5.84
at L,; 5.90 at Lc, and 598 at L;.

pH values measured in pectoral muscles at 0.5, 2,
4, 8 and 24 h were superior at L, inferior at L,
and intermediate at L. Differences between
average values of the chicken groups studied were
statistically significant (P<0.05 or P<0.01) and

reveal the feed influence on pH value in breast
muscles. Similar results were obtained by Tang et
al. [44] that studied the effect of different
metabolizable energy levels and lysine on breast
muscle pH in ,,Arbor Acres” broilers.

The pH dynamics in pectoral muscles was normal
for this meat type. Depending of storage
temperature and storage time in the post-slaughter
meat there are normal or abnormal
transformations, which more are influenced by
other external factors [45].

Table 2. pH values for pectoral muscle

) Lc (n=20) L, (n=20) L, (n=20)
thime _ _ _ _ — —

x +Sx V% x +Sx V% x +Sx V%
PHos 6.06" +0.02 1.26 6.14* +0.02 1.51 5.92¢ +0.03 2.67
pH, 5.89° +0.02 1.46 6.00* +0.02 1.20 5.72¢ +0.02 1.89
pH,4 5.74° +0.02 2.15 5.82* +0.01 1.15 5.67° +0.01 1.15
pHs 5.89" +0.02 1.22 5.95* +0.02 1.41 5.82° +0.01 1.21
pH,4 5.90° +0.01 1.10 5.98* +0.02 1.89 5.84¢ +0.03 3.10

Means followed by different superscript letters in the same row differ significantly to P<0.05 by test MANN

WHITNEY;

n=number of determinations; Xx=mean; £Sx= Standard error; V%=coeficient of variation;
PH,ime=pH time determination (0.5; 2; 4; 8; 24 hours, respectively)

Cross-sectional area (CSA) and thickness of the
myocytes from superficial pectoral muscle are
presented in Table 3.

For SD the values between 42.26 pm to 46.63 um,
and for LD ranged from 61.48 pum to 65.28 um. In
both case in the L; group the values were superior,
inferior in L, and intermediate in L, respectively.

Table 3. Cross-sectional area and thickness of the myocytes from superficial pectoral muscle

Specification Lc (n=100) L; (n=100) L, (n=100)

'SD %+Sx (um) 44.82" +0.70 46.63 +0.66 42.26° +0.77
V% 15.63 14.23 18.26

LD ¥+SX (um) 64.24* £0.81 65.28" +0.80 61.48" +0.73
V% 12.56 12.28 11.93

*MD x+S¥ (um) 54.53" +0.64 55.96" £0.58 51.87° £0.54
V% 11.66 10.28 9.66

*CSA #£S% (um?) 2348.56" +53.19 2465.33" £61.68 2140.58° +40.78

V% 22.65 25.02 19.05

Means followed by different superscript letters in the same row differ significantly to P<0.05 by test ANOVA;
n=number of measurements; X=mean; +Sx= Standard error; V%=coeficient of variation;
'SD=small diameter; *LD=large diameter; MD=average diameter; *CSA=cross-sectional area.
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After applying the calculation formula, for AD
were obtained values of 54.53 um in L¢, 55.96 pm
in L; and 51.87 pum in L,, respectively. The
coefficient of variation had values that ranged
from 9.66% to 11.66% and revealed a good
uniformity for average muscle fiber diameter.
Analysis of variance revealed the presence of
some statistical differences between average
values in the studied broiler groups (P<0.05).
Thus, the muscle fiber sizes and CSA were
statistically influenced by dietary energy and
protein levels (P<0.05).

Therefore, diets with HPE levels determined an
increased in fiber size and CSA, but situation was
reversed in recipes with LPE levels. These results

confirm previous studies carried out by Roy et al.
[20] who found that diets with higher density
accentuate the hypertrophy of the fiber from
pectoral muscle. While, Rehfeldt et al. [11] found
that feed restriction in quantity or quality
determined a decrease in muscle fibre diameter.
For expressed the breast meat production, the
meat: bones ratio for this carcass part was
calculated (Table 4).

For the breast meat: bones ratio were recorded
values that ranged from 8.52:1 in the L, group up
to 10.04:1 in the L, group. Values for the
coefficient of variation were under 5.11% and
showed very good uniformity of the characteristic
studied.

Table 4. Meat: bones ratio for breast

Specification Lc (n=10) L; (n=10) L, (n=10)
'BW x+Sx (g) 520.55" +£18.40 548.90" +£21.70 440.60" £12.05
V% 11.18 12.50 8.65
bW x+SX (g) 53.98" +1.65 54.68" £1.32 51.70° £1.67
V% 9.68 7.65 10.20
*M:B x+Sx 9.64:1° +0.13 10.04:1* £0.16 8.52:1° 0.11
V% 422 5.11 4.05

Means followed by different superscript letters in the same row differ significantly to P<0.05 by test MANN

WHITNEY;

n=number of carcasses; ¥=mean; £Sx= Standard error; V%=coeficient of variation;
'BW=breast weight after deboning; *oW=bones weight; *M:B=meat: bones ratio (g meat:1 g bones)

Feed energy and protein quantity statistically
influenced the breast meat quantity, because data
from Table 4 show different statistical
significance levels between studied groups
(P<0.05 or P<0.001). Therefore, diets with HPE
level caused muscle increase in broilers from the
L, group with a difference of +0.40:1 vs. the Lc
group (P<0.05) and +1.52:1 vs. the L, group
(P<0.001), also and between the L, group (LPE)
and the L¢ group (SPE) there was a difference of -
1.22:1 (P<0.001).

The results presented in this paper are in
accordance with other studies which have shown a
significant effect of dietary energy and protein
level on meat quantity from carcasses [27, 31].
The results of chemical analysis performed on
samples taken from pectoral muscles are shown in
Table 5.

For water content in the pectoral muscles the
obtained values ranged from 72.58% in the L,
group to 74.28% in the L, group, while for dry
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matter were registred quantity of 25.72% in Lo,
26.46% in Lc and 27.22% in L, respectively.
Diets with HPE level positively influenced dry
matter content in pectoral muscles, but the
situation was reversed for feed LPE level. This
claim is supported by the presence of some
statistical differences between studied groups
(P<0.05).

Protein, lipid and mineral content in the pectoral
muscles were expressed in percentages from dry
matter. Samples taken from the L; group have the
highest proteins content (92.14%) and the lowest
lipids proportion (2.16%), while in L, were
registered minimum values for protein (88.57%)
and maximum for lipids (6.14%).

Protein and lipid contents from pectoral muscles
were statistically influenced by nutrition (P<0.05).
Data presented in Table 5 show that diet HPE
level increased protein quantity while the lipids
decreased, but situation was reversed if recipes of
compound feed had LPE level.
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For the protein and lipid content of the pectoral
muscles, our values can be compared with other
research from the literature, who showed values of
over 22.50% for protein and under 3% for lipid

content, respectively [24, 26-34, 45, 46].
Normally, a decrease in both muscle protein and

water is accompanied by an increase in lipids [23-
34,45, 46].

Table 5. Chemical composition of pectoral muscles

Specification Lc (n=10) L; (n=10) L, (n=10)

Water x+Sx (%) 73.54" £0.16 72.78° £0.08 74.28" +0.19
V% 0.68 0.33 0.79

Dry matter x+Sx (%) 26.46" +0.14 27.22* +0.11 25.72° £0.16
V% 1.68 1.25 1.98

"Proteins x+Sx (%DM) 92.52" +0.42 92.14* +0.38 88.57" +£0.35
V% 1.42 1.31 1.26

"Lipids x+Sx (%DM) 3.59" £0.06 2.61° +0.07 6.14* +£0.08
V% 5.66 8.95 422

"Minerals (%DM) 4.20 +0.04 4.19 +0.04 4.08 +0.04
V% 6.24 9.68 8.12

Means followed by different superscript letters in the same row differ significantly at P<0.05 by test MANN

WHITNEY;

n=number of samples; x=mean; +Six= Standard error; V%=coeficient of variation;
Proteins, lipids and minerals expressed in percent from dry matter.

If we refer to the mineral content of pectoral
muscles similar values, were obtained for the three
groups of studied broilers. The significance level
was over 0.05 (P>0.05) and does not show
statistical differences between compared mean
values. Therefore, as shown in Table 5, we can
say there was no significant effect of diet on
mineral content of the pectoral muscles.

The results obtained in this paper are consistent
with other studies that showed some differences in
meat quality, depending on the feeding energy and
protein levels [24, 26-34, 46].

4. Conclusions

The increase of dietary protein and energy levels
had significant effects on most traits studied.
Consequently, the muscle fiber diameter and
cross-sectional area increased and coincides with
increasing pH values.

Increasing muscle fiber CSA determined the
growth of pectoral muscle weight and higher
values for the meat: bones ratio.

According to the results obtained in the present
study, dietary energy and protein level had
significant effects on the chemical composition of
pectoral muscles. Thus, the meat with a higher
protein content and low quantity of lipid was
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obtained by feeding with higher level of energy
and protein, while lowering energy and protein
from diet had produced less protein and more fat
in pectoral muscles.

References

1. Rogowski, B., Meat in human nutrition, World
Review of Nutrition & Dietetics, Ed. G.H. Bourne.
Karger, 1980, 34-46.

2. Scheuermann, G. N., Bilgili, S. F., Hess J. B,
Mulvaney D. R., Breast muscle development in
commercial broiler chickens, Poultry Science, 2003,
82, 1648-1658.

3. Abeni, F., Bergogoglio, G., Characterization of
different strains of broiler chicken by carcass
measurements, chemical and physical parameters and
NIRS on breast muscle, Meat Science Journal, 2001,
57, 133-137.

4. Abdullah, A. Y., Matarneh, S. K., Broiler
performance and the effects of carcass weight, broiler
sex, and postchill carcass aging duration on breast fillet
quality characteristics, The Journal of Applied Poultry
Researches, 2010, 19, 46-58.

5. Berri, C., Wacrenier, N., Millet, N., Le Bihan-Duval,
E, Effect of selection for improved body composition
on muscle and meat characteristics of broilers from
experimental and commercial lines, Poultry Science,
2001, 80, 833-838.



Marcu A. et. al./Scientific Papers: Animal Science and Biotechnologies, 2013, 46 (1)

6. Berri C., Godet, E., Hattab N. H., Duclos M. J.,
Growth and differentiation of the chicken Pectoralis
major muscle: Effect of genotype and early nutrition
Archiv Tierzucht, Dummerstorf, 2006, 49, 31-32.

7. Santiago, H. L., Denbow, D. M., Emmerson, D. A,
Denbow, C., Graham, P., Hohenboken, W., Effects of
strain, plane of nutrition, and age at slaughter on
performance and meat quality traits of broilers, Poultry
Science, 2005, 84 (Suppl. 1), 128.

8. Smith, D. P., Fletcher, D. L., Chicken breast muscle
fiber type and diameter as influenced by age and
intramuscular location. Poultry Science, 1988, 67, 908—
913.

9. Young, L. L., J. K. Northcutt, R. J. Buhr, C. E. Lyon,
Ware, G. O., Effects of age, sex, and duration of post-
mortem aging on percentage yield of parts from broiler
chicken carcasses, Poultry Science, 2001, 80, 376-379.
10. Papinaho, P. A., Ruusunen, M. H., Suuronen, T.,
Fletcher, D. L., Relationship between muscle
biochemical and meat quality properties of early
deboned broiler beasts, The Journal of Applied Poultry
Research, 1996, 5, 126-133.

11. Rehfeldt, C., Fiedler, 1., Stickland, N. C., Number
and size of muscle fibres in relation to meat production.
In: Te Pas, M. F. W. Everts, M. E., Haagsman, H. P.,
(eds.): Muscle Development of Livestock Animals:
Physiology, Genetics and Meat Quality. Cambridge,
MA, CABI Publisher, 2004, pp.1-38.

12. Scheuermann, G. N., Bilgili, S. F., Tuzun, S,
Mulvaney, D. R, Comparison of chicken genotypes:
myofibre number in pectoralis muscle and myostatin
ontogeny, Poultry Science, 2004, 83, 1404—-1412.

13. Chen, X. D., Ma, Q. G., Tang, M. Y., Ji, C,,
Development of breast muscle and meat quality in
Arbor Acres broilers, Jingxing 100 crossbred chickens
and Beijing fatty chickens, Meat Science Journal, 2007,
77,220-227.

14. Choi, Y. M., Kim, B. C., Muscle fibre
characteristics, myofibrillar protein isoforms, and meat
quality. Livest. Science, 2008, 1-14.

15. Berri, C., Bihan-Duval, E., Debut, M.,
Santelhoutellier, V., Baeza, E., Gigaud, V., Jego, Y.,
Duclos, M. J., Consequence of muscle hypertrophy on
characteristics of pectoralis major muscle and breast
meat quality of broiler chickens, Journal of Animals
Science, 2007, 85, 2005-2011.

16. Tamova, E., Teimouri, A., Chicken muscle fibres
characteristics and meat quality: a review, Scientia
Agriculturae Bohemica, 2009, 40 (4), 253-258.

17. Miraglia, D., Mammoli, R., Branciari, R., Ranucci,
D., Cenci Goga, B. T., Characterization of muscle fibre
type and evaluation of the presence of giant fibres in
two meat chicken hybrids, Veterinary Research
Communications, 2006, 30 (Suppl. 1), 357-360.

18. Barbut, S., Sosnicki, A. A., Lonergan, S. M.,
Knapp, T., Ciobanu, D. C., Gatcliffe, L. ],
Hufflonergan, E., Wilson, E. W., Progress in reducing

339

the pale, soft and exudative (PSE) problem in pork and
poultry meat, 2008, Meat Science Journal, 79, 46—63.
19. Li, Y., Yuan, L., Yang, X., Ni, Y., Xia, D., Barth,
S., Grossmann, R., Zhao, R. Q., Effect of early feed
restriction on myofibre types and expression of growth-
related genes in the gastrocnemius muscle of crossbred
broiler chickens, British Journal of Nutrition, 2007, 98,
310-319.

20. Roy, B. C., Oshima, 1., Miyachi, H., Shiba, N.,
Nishimura, S., Tabata, S., Iwamoto, H., Effects of
nutritional level on muscle development, histochemical
properties of myofibre and collagen architecture in the
pectoralis muscle of male broilers, British Poultry
Science, 2006, 47, 433-442.

21. Franco, J., Murakai, A., Mituo, M., Fernandes, J.,
Effect of delayed placement and dietary lysine levels
on performance and diameter of skeletal muscle fibres
of broiler chickens in starting period, World's Poultry
Congress, 2008, 5, 582-584.

22. Chartin, P., Meteau, K., Juin, H., Bernadet, M. D.,
Guy, G., Larzul, C., Remignon, H., Mourot, J., Duclos,
M. J., Baeza, E., Effects of intramuscular fat levels on
sensory characteristics of duck breast meat, Poultry
Science, 2006, 85, 914-922.

23. Moritz, J. S., Parsons, A. S., Buchanan, N. P.,
Baker, N. J., Jaczynski, J., Gekara, O. J., Bryan, W. B,
Synthetic methionine and feed restriction effects of
performance and meat quality of organically reared
broiler chickens, The Journal of Applied Poultry
Research, 2005, 14, 521-535.

24. Bogosavljevi-Boskovi¢, S., Pavlovski¢ Z., Petrovi¢
M. D., Doskovi¢ V., Rakonjac, S., Broiler meat quality:
Proteins and lipids of muscle tissue-review, African
Journal of Biotechnology, 2010, 9 (54), 9177-9182.

25. Diaz, O., Rodriguez, L., Torres, A., Cobos, A.,
Chemical composition and physico-chemical properties
of meat from capons as affected by breed and age,
Spanish Journal of Agricultural Research, 2010, 8 (1),
91-99.

26. Marcu, A., Vacaru-Opris, I, Marcu, A., The
influence of feed protein and energy level on meat
chemical composition from different anatomical
regions at ,,Cobb 500" hybrid, Scientific Papers Animal
Science and Biotechnology Timisoara, 2009, 42 (1),
147-150.

27. Marcu, A., Vacaru-Opris, 1., Marcu, A., Nichita, I.,
Nicula, M., Dronca, D., Kelciov, B., Influence of
energy and protein level of the feed on carcass
characteristics and meat quality at hybrids ,, Ross 308
and ,,Arbor Acres”, Scientific Papers Veterinary
Medicine-Timisoara, 2011, XLIV (2), 220-230.

28. Marcu, A., Vacaru-Opris, 1., Marcu, A., Nicula, M.,
Dronca, D., Dumitrescu, G., Kelciov, B., The influence
of feed energy and protein level on meat composition at
»Arbor Acres” hybrid, Scientific Papers, Animal
Science USAMV lasi, 2011, 55 (16), 458-463.



Marcu A. et. al./Scientific Papers: Animal Science and Biotechnologies, 2013, 46 (1)

29. Marcu, A., Vacaru-Opris, 1., Marcu, A., Nicula, M.,
Dumitrescu, G., Nichita, 1., Dronca, D., Kelciov, B.,
The influence of feed protein and energy level on the
meat chemical composition at ,,Lohmann Meat” hybrid,
Scientific Papers Animal Science and Biotechnology,
2011, 44 (2), 439-443.

30. Marcu, A., Vacaru-Opris, 1., Marcu, A., Dronca, D.,
Kelciov, B., The influence of protein and energy level
on meat chemical composition at ,,Hybro PN™ broiler
chickens, Scientific Papers, Animal Science, USAMV
Tasi, 2012, 57 (17), 260-265.

31. Marcu, A., Vacaru-Opris, 1., Marcu ,A., Nicula, M.,
Dronca, D., Kelciov, B., The influence of feed energy
and protein level on meat quality at ,,Hubbard F15”
broiler chickens, Scientific Papers Animal Science and
Biotechnology, 2012, 45 (2), 432-439.

32. Suchy, P., Jelinek, P., Strakova, E., Hucl, J,
Chemical composition of muscles of hybrid-broiler
chickens during prolonged feeding, Czech Journal of
Animal Science, 2002, 47 (12), 511-518.

33. Rezaei, M., Moghaddam, H. N., Pour Reya, J.,
Kerman Shahi, H., The effect of dietary protein and
lysine levels on broiler performance, carcass
characteristics and N excretion, International Journal of
Poultry Science, 2004, 3 (2), 148-152.

34. Thim, K.C, Melvin, L.H., Craig, N.C., Effect of
environomental temperature, dietary protein and energy
levels on broiler performance, The Journal of Applied
Poultry Research, 1997, 6, 1-17.

35. Broiler Management Manual Ross-308, 2009,
Home page address: www.aviagen.com, pp.1-114

36. Council Directive 2007/43/EC-28.06.2007, Laying
down minimum rules for the protection of chickens.
Kept for meat production, Official Journal of the
European Union, L. 182/12.07.2009, 19-28.

340

37. Leeson, S., Summers, J. D., Commercial poultry
nutrition, Nottingham University Press, England, 2005,
pp-230-295.

38. Broiler Nutrition Specification Ross-308, 2007,
Home page address: www.aviagen.com, pp.1-8.

39. Bancroft, J.D., Stevens, A., Theory and practice of
histological techniques, 4™t Ed. Churchill-Livingstone,
New York, 1996, pp.152-154.

40. Jeacocke, R. E., Continuous measurement of the pH
of beef muscle in intact beef carcasses. Journal of Food
Technology, 1977, 12, 375-386.

41. Leth, T., Chemical analysis for specific
components: major meat components, in: Jensen, W.K.
(Ed.) Encyclopedia of Meat Sciences, (Oxford, Elsevier
Ltd), 2004, pp. 185-190.

42. Brudiu, 1., Biostatistics in the practical approach,
Ed. Eurobit, Timisoara, 2010, pp.23-151.

43. Risti¢, M., Damme, K., The meaning of pH-value
for the meat quality of broilers—Influence of breed
lines, Tehnologija mesa, Beograd, 2010, 51 (2), 120-
123.

44. Tang, M. Y., Ma, Q. G., Chen X. D., Ji, C., Effects
of dietary metabolizable energy and lysine on carcass
characteristics and meat quality in Arbor Acres
broilers, Asian-Australian Journal of Animal Science,
2007, 20 (12), 1865 — 1873.

45. Le Bihan-Duval, E., Debut, M., Berri, C., Sellier,
N., Santé-Lhoutellier, V, Jégo Y., Beaumont C.,
Chicken meat quality: genetic variability and
relationship with growth and muscle characteristics,
BMC Genetics, 2008, 9 (53), doi:10.1186/1471-2156-
9-53.

46. Horniakova, E., Abas, K. A., Influence of low
levels of protein and sex on carcass traits and nutrient
content in broiler meats, Slovak Journal of Animal
Science, 2009, 42 (2),75-78.




