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ABSTRACT

This study evaluated the use of different probiotics, prebiotics and
symbiotics on the quality of carcasses and meat of broiler chickens.
One hundred and eight day-old Cobb male broilers were used (n=108)
in a completely randomized design according to a 3x3 factorial, with 3
probiotics in the diet (no probiotics, probiotics 1, probiotics 2) and 3
prebiotics in the diet (no prebiotics, prebiotics 1, prebiotics 2). There
were nine treatments with 4 replicates and 3 birds per replicate. The
results showed that the carcass and cut yields, color (L* - lightness, a*
- redness, and b* - yellowness), pH, cooking losses, shearing force and
sensory analysis were not affected by the use of different growth
promoters at 42 days of age. It was concluded that growth promoters
supplemented to the diet did not affect the studied quantitative and
qualitative parameters of the carcass and breast meat of broiler chickens.

INTRODUCTION

In the past decades, the beneficial effects on performance have
justified the use of subtherapeutic dosages of antibiotics as additives in
animal diets. Nevertheless, there is currently a worldwide decreasing
trend in the supplementation of these products to the diets, because of
possible contamination of meat products with antibiotic residues, which
might be toxic to sensitive individuals, and also because resistant bacteria
have emerged. Besides, an increasing number of consumers, particularly
in importing countries, have restricted the consumption of poultry
originated from birds fed with diets containing antibiotics. In face of
these considerations, it becomes evident that studies are needed to
evaluate products that might be used as alternatives to these traditional
growth promoters, so that there are no decreases in yield or lower
meat quality. Therefore, probiotics and prebiotics have been extensively
studied worldwide as a possible alternative to the use of antibiotics
(Pelicano et al., 2002).

Probiotics are classified as safe and called �generally regarded as
safe substances� (GRAS) by the Food and Drug Administration (FDA,
1989). The concept behind their use is that the addition of beneficial
microorganisms improves the balance of the intestinal microflora (Goldin,
1998). Prebiotics, on the other hand, are defined as non-digestible
ingredients that are beneficial to the host because they selectively
stimulate the growth and/or the activity of a limited number of intestinal
bacteria (Gibson & Roberfroid, 1995).

Many studies have confirmed the viability of using such products to
improve animal production indexes (Besnard et al., 2000; Maiorka et al.,
2001 and Pelicano et al., 2004). Nevertheless, the utilization of these
additives must be better evaluated not only as growth promoters, but also
based on their effect on the production of prime cuts and high-quality meat.
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Many questions have been raised about the use of
such additives in relation to meat quality. In fact, many
unclear results exist on this issue. Some authors
consider that feeding such products has been
advantageous as a means to improve meat quality and
carcass quality (Burkett et al., 1977; Jensen & Jensen,
1992; Maruta, 1993; Stanley et al., 1996; Jin et al.,
1998 and Santos et al., 2002), whereas others have
described discordant results (Owings et al., 1990, Loddi
et al., 2000, Quadros et al., 2001, Vargas Jr. et al, 2002
and Pelicano et al., 2003).

The present study evaluated the effect of different
probiotics, prebiotics and their association on carcass
and cut yields, as well as some qualitative characteristics
of the breast meat in broiler chickens.

MATERIAL AND METHODS

The trial and bird slaughter were carried out at the
poultry facilities of Faculdade de Ciências Agrárias e
Veterinárias - FCAV/UNESP, Jaboticabal, São Paulo,
Brazil. Laboratory analyses were performed in
Laboratório de Tecnologia e Processamento de
Produtos de Origem Animal (TPPOA) from the
Departamento de Tecnologia, FCAV/UNESP.

The experiment was carried out using 1,260 male
chicks from Cobb strain. The birds were housed in an
experimental poultry house with 36 pens (35 birds/pen)
measuring 3.20 m x 1.46 m. Bird density was 8 birds/
m2. At the end of the experimental period (42 days of
age), three birds per replicate were slaughtered to
evaluate carcass and cut yields (108 birds).
Furthermore, two birds per replicate were slaughtered
to assess color, pH, cooking loss and shearing force
(72 birds) and two birds per treatment were slaughtered
for sensory analysis (18 birds).

The data of carcass and cut yields, color, pH, cooking
losses and shearing force were analyzed by analysis
of variance using a completely randomized design in a
3 x 3 factorial arrangement, with 3 probiotics sources
(no probiotics, pro 1, pro 2) and 3 prebiotics sources
(no prebiotics, pre 1, pre 2), in a total of 9 treatments
and 4 replicates with 3 birds (for carcass and cut yields)
and 2 birds (for meat qualitative analyses). The data of
sensory analysis were submitted to analysis of variance
in a completely randomized design. Statistical analysis
was performed considering 3 treatments to compare
within probiotics sources (no probiotics, pro 1, pro 2)
and within prebiotics sources (no prebiotics, pre 1, pre
2), whereas 5 treatments were considered to evaluate
the association between the products - symbiotics (no

prebiotics or probiotics, Pro 1 + Pre 1, Pro 1 + Pre 2,
Pro 2 + Pre 1, Pro 2 + Pre 2).

The analyses of variance were performed using
Estat 2.0 (1992) and the contrasts between treatment
means were evaluated by the Tukey�s test at a
significance level of 5 % (p<0.05).

The treatments were as follows: 1 - Control (no
growth promoters); 2 - Bacillus subtilis-based probiotics
added to the diet at 150 g/ton from 1 to 42 days of
age (Pro 1); 3 - Probiotics based on Lactobacillus
acidophilus and casei, Streptococcus lactis and faecium,
Bifidobacterium bifidum and Aspergillus oryzae added
to the diet at 1 kg/ton from 1 to 42 days of age (Pro 2);
4 - Prebiotics based on phosphorylated
mannanoligosaccharide (MOS) and organic acidifier
added to the diet at 2 kg/ton from 1 to 21 days and
1.5 kg/ton from 22 to 42 days of age (Pre 1); 5 - MOS-
based prebiotics added to the diet at 1 kg/ton from 1
to 21 days and 0.5 kg /ton from 22 to 42 days of age
(Pre 2); 6 - Pro 1 + Pre 1; 7 - Pro 1 + Pre 2; 8 - Pro 2 +
Pre 1; and 9 - Pro 2 + Pre 2.

The birds were fed water and feed ad libitum
throughout the rearing period, which was divided into
three phases. The birds were given starter diets with
3000 kcal ME/kg, 21.4% crude protein, 1.263% Lysine,
0.561% Methionine, 0.960% Ca and 0.450% available
P in the initial phase (1-21 days). Grower diets (22-35
days) contained 3100 kcal ME/kg, 19.3% crude protein,
1.156% Lysine, 0.514% Methionine, 0.874% Ca and
0.406% available P, whereas the final diets (36-42
days) had 3200 kcal ME/kg, 18% crude protein,
1.040% Lysine, 0.445% Methionine, 0.800% Ca and
0.365% available P. Other levels were as
recommended by Rostagno et al. (2000).

At 42 days of age, broilers were slaughtered and
processed according to standard slaughter procedures:
stunning (7 s), bleeding (2.0 min), scalding for 2.5 min
at 54oC, defeathering, eviscerating, pre-chilling in
water at 20oC for 20 min, chilling at 4oC for 25 min,
and dripping for 3 min. After dripping carcasses were
packaged in plastic bags and placed on ice until
quantitative and qualitative analyses.

To evaluate carcass and cut yields, the birds were
identified at the end of the trial, individually weighed
and housed in pens. They were fasted for approximately
6 hours, but were given water during this period. In the
slaughterhouse, the birds were re-weighed before being
killed. After the standard slaughter procedures and
dripping, carcasses were weighed without feet, head and
neck, and the cuts were performed to evaluate the yield
of legs, breast, back, wings and abdominal fat (%).
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Color measurements were taken using a Minolta
Chroma Meter CR-200. It was evaluated the L*, a*,
b* measurements from CIELab system, where L* is
the chrome associated to meat lightness, a* is the
chrome that ranges between green (-) to red (+) and
b* is the chrome that ranges between blue (-) and
yellow (+). The readings were performed 5 hours after
slaughter at the TPPOA laboratory. The mean color
response of L*, a*, b* of the Pectoralis major muscle
was calculated using five readings in different
positions.

Meat pH levels were determined using a digital
pHmeter (Testo). The electrode was directly introduced
into the breast meat. pH measurements were also
performed 5 hours after slaughter in the chilled
carcasses at the TPPOA laboratory.

Cooking losses (CL) were determined 5 hours after
slaughter, according to the methodology proposed by
Cason et al. (1997). Raw breast meat samples were
weighed and packaged, then steam-cooked in a
water-bath at 85ºC for 30 minutes. After this
procedure, the samples were cooled at room
temperature and re-weighed. CL were calculated as
the difference between the initial and the final weight.
The samples used to determine CL were the same used
to evaluate shearing force.

Tenderness was objectively determined using a
Texture Analyzer TA-XT2i coupled to a Warner-
Bratzler probe. The cooked breast muscle samples used
in this procedure were the same used to determine
CL. After all samples were at room temperature, they
were cut into slices of approximately 1.5 cm in width
and placed perpendicularly to the Warner-Bratzler

blade. The maximum force needed to cut the slices
was then determined (kgf).

The sensory analysis of breast meat was evaluated
5 hours after slaughter. Samples were previously salted
with 1.5% (w/w) of salt and cooked in a pre-heated
oven (170oC) until the internal temperature reached
75oC. After the size and temperature of the samples
were similar, they were tasted by panelists inside
individual sensory booths. The samples were provided
into disposable trays codified with 3 digits. The sensory
analyses were made by 20 panelists, using an
unstructured hedonic scale for the acceptance test (9
cm), ranging from �disliked extremely� to �liked
extremely� based on the following attributes: flavor,
tenderness and global impression.

RESULTS AND DISCUSSION

Table 1 shows the mean body weights before
slaughter and the carcass and cut yields of 42-day-old
broiler chickens fed diets containing probiotics and
prebiotics. Pre-slaughter body weight was greater
(p<0.05) in the birds fed probiotics based on a bacterial
pool, whereas lower weight was observed in the birds
fed single-culture probiotics in the diet. There were no
differences in weight due to the use of different
prebiotics. Nevertheless, no differences were seen in
carcass yield due to the use of probiotics and prebiotics,
and these results were similar to findings reported by
Maiorka et al. (2001), Moreira et al. (2001) and Vargas
Jr. et al. (2002).

The cut yields were also not affected (p>0.05) by
the different additives that were used, similarly to the

Table 1 � Pre-slaughter body weight and carcass and cut yields in broilers fed diets containing probiotics and prebiotics at 42 days of
age.
Evaluated   Yield (%)
Parameter Pre-slaughter (g) Carcass Legs Breast Back Wings Fat

Probiotic in diet (PRO)
Control 2351 ab 74.40 32.97 34.81 19.85 11.19 1.18
Probiotic 1(1) 2314 b 74.05 33.12 34.51 19.74 11.37 1.26
Probiotic 2(2) 2426 a 75.00 32.76 35.14 19.74 11.11 1.25

Prebiotic in diet (PRE)
Control 2347 74.48 32.82 34.67 19.95 11.23 1.33
Prebiotic 1(3) 2377 74.39 33.28 34.79 19.50 11.17 1.26
Prebiotic 2(4) 2367 74.58 32.74 35.00 19.87 11.27 1.12

F Test
Probiotic 3.95 * 1.82 ns 0.70 ns 1.62 ns 0.14 ns 2.18 ns 0.35 ns
Prebiotic 0.28 ns 0.08 ns 1.76 ns 0.46 ns 2.14 ns 0.29 ns 2.05 ns
PRO x PRE 1.75 ns 0.84 ns 0.60 ns 1.57 ns 1.01 ns 1.41 ns 0.49 ns
CV (%) 7.29 1.63 2.30 2.46 2.89 2.83 20.87

a, b � Within the same factor, means followed by similar letters in the column are similar (p>0.05)  by Tukey�s Test. Test F: ns, non-significant; *
p<0.05. CV � Coefficient of Variation. (1) Probiotics based on Bacillus subtilis added to the diet throughout the experimental period, (2) Probiotics
based on Lactobacillus acidophilus and casei, Streptococcus lactis and faecium, Bifidobacterium bifidum and Aspergillus oryzae added to the diet
throughout the experimental period, (3) Prebiotics based on MOS and organic acidifier added to the diet throughout the experimental period, (4)
Prebiotics based on MOS added to the diet throughout the experimental period.
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results reported by Henrique et al. (1998), Loddi et al.
(2000) and Pelícia et al. (2003). On the other hand,
Corrêa et al. (2000), Santos et al. (2002) and Pelicano
et al. (2003) evaluated different probiotics and reported
leg yields significantly higher when the products were
added to the diet. Therefore, it is suggested that such
promoters might be used in broiler diets, since they do
not interfere, or interfere positively, on the yield of the
most commercialized edible cuts (breast, legs and
wings).

The color parameters lightness (L* value), redness
(a* value) and yellowness (b* value) of the breast meat
were not different (p>0.05) between the different
treatments or between these and the control treatment
5 hours after slaughter (Table 2). According to
Contreras (2001), broiler meat color in natura is
important because consumers associate the color with
freshness and good quality. Therefore, the different
additives might be used since they did not affect meat
color, which is an extremely important parameter that
is related to the choice made by the consumer. Pelicano
et al. (2003) added probiotics both to the drinking
water and to the diet of broiler chickens and observed
L* values significantly smaller at 45 minutes and 5 hours
after slaughter. The values reported by Pelicano et al.
(2003) for L*, a* and b* were, respectively, from 49.95
to 48.10; from 4.80 to 4.24 and from 4.98 to 3.80,
which are considerably higher than the values found
in the present study.

Table 2 - Color (L* - lightness, a* - redness, b* - yellowness) and
pH of breast muscle in broilers fed diets containing probiotics
and prebiotics 5 hours after slaughter.
Evaluated Color pH
Parameters L* value  a* value b* value

Probiotic in diet (PRO)
Control 45.25 3.88 2.87        5.82
Probiotic 1(1) 46.37 3.88  3.35        5.82
Probiotic 2(2) 45.69 3.80 3.36        5.74

Prebiotic in diet (PRE)
Control 46.21 3.94 2.91 5.79
Prebiotic 1(3) 44.87 3.83  3.12        5.80
Prebiotic 2 (4) 46.23 3.80 3.55        5.80

F test
Probiotic 1.41 ns 0.08 ns 1.40 ns        3.34 ns
Prebiotic 2.67 ns 0.21 ns 1.92 ns        0.07 ns
PRO x PRE 0.29 ns 0.76 ns 0.38 ns        0.67 ns
CV (%) 3.61 14.10 25.63 1.53

Test F: ns, non-significant. CV � Coefficient of Variation. (1) Probiotics
based on Bacillus subtilis added to the diet throughout the
experimental period. (2) Probiotics based on Lactobacillus acidophilus
and casei, Streptococcus lactis and faecium, Bifidobacterium bifidum
and Aspergillus oryzae added to the diet throughout the experimental
period. (3) Prebiotics based on MOS and organic acidifier added to
the diet throughout the experimental period. (4)Prebiotics based on
MOS added to the diet throughout the experimental period.

Breast meat pH values measured 5 hours after
slaughter were also not affected (p>0.05) by the
presence of probiotics and/or prebiotics. Similar results
have been reported by Quadros et al. (2001), who did
not find significant differences in pH values measured
45 min and 24 hours after slaughter in pork from swine
fed diets containing growth promoters.

pH values were stable and ranged between 5.82
and 5.74 independent of diet supplementation with
additives. According to Pearson (1994), biochemical
processes, such as pH changes, should occur so that
the animal muscle is converted into meat. pH values in
the muscle of live animals is approximately 7.4.
According to Jones & Grey (1989) and Sams & Mills
(1993), at the end of the post-mortem process, the
normal pH range lies between 5.6 and 5.8 or 5.78 to
5.86, respectively. Therefore, the data of the present
study are within the values reported in the literature
independent of the use of probiotics and/or prebiotics.

There were no significant differences for the values
of cooking loss (CL) and shearing force (SF) values in
the breast meat when different additives were used
(Table 3). These findings partially corroborate the
results reported by Quadros et al. (2001) and Pelicano
et al. (2003), who found no differences in SF and CL in
the meat of swine and chicken fed with probiotics,
respectively. Besides, Pelícia et al. (2004) also reported
no differences in these qualitative characteristics due
to the administration of probiotics and prebiotics to
free-range broiler chickens.

Table 3 - Cooking losses (CL) and shearing force (SF) of breast
meat in broilers fed diets containing probiotics and prebiotics 5
hours after slaughter.
Evaluated
Parameters CL (%) SF (kgf)

Probiotic in diet (PRO)
Control 17.40 4.09
Probiotic 1(1) 18.15 4.08
Probiotic 2(2) 16.75 3.88

Prebiotic in diet (PRE)
Control 17.43 4.18
Prebiotic 1(3) 17.73 3.84
Prebiotic 2(4) 17.15 4.03

F test
Probiotic 0.79 ns 0.30 ns
Prebiotic 0.14 ns 0.59 ns
PRO x PRE 1.94 ns 1.07 ns
CV (%) 15.61 19.13

Test F: ns, non-significant. CV � Coefficient of Variation. (1) Probiotics
based on Bacillus subtilis added to the diet throughout the
experimental period. (2)  Probiotics based on Lactobacillus acidophilus
and casei, Streptococcus lactis and faecium, Bifidobacterium bifidum
and Aspergillus oryzae added to the diet throughout the experimental
period. (3) Prebiotics based on MOS and organic acidifier added to
the diet throughout the experimental period. (4) Prebiotics based on
MOS added to the diet throughout the experimental period.
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According to Lyon & Lyon (1990), SF values up to
7.5 kgf might be considered tender; nevertheless,
Simpson & Goodwin (1974) suggested values of up to
8 kgf. In regard to these reference values for SF, it can
be inferred that the use of probiotics and prebiotics in
the present study had no effect on breast meat
tenderness, since the values ranged between 3.88 and
4.08 and between 3.84 and 4.03 kgf, respectively.
Together with water holding capacity, CL and SF are
quality parameters intimately related with the process
of meat tenderness, which is a determining qualitative
factor and one of the most important sensory
characteristics of the meat (Koohmaraie et al., 1990).
It is worth noting that water loss reduces the nutritional
value of meat, since nutrients might be removed
together with the exsudate, resulting in less tender
meat. Nevertheless, tenderness was not affect in the
present study.

There were no statistical differences (p>0.05) in the
sensory analysis of the evaluated characteristics (flavor,
tenderness and global impression) due to the different
products (Tables 4 and 5). The results are not in
accordance with the findings of previous studies, in
which meat flavor was positively affected by the
addition of Bacillus sp. spores (Jensen & Jensen, 1992)
and Lactobacillus sp. spores (Pelicano et al., 2003)
during refrigeration. Loddi et al. (2000) observed no
effect of growth promoters on the sensory analysis of
breast meat. Nevertheless, when leg meat was
evaluated, there was a significant difference in the
characteristics strange aroma, strange flavor and
preference between the treatments fed with probiotics
+ antibiotics and the treatment fed only with antibiotics,
which was given the lowest scores by the panelists.
Pelícia et al. (2004) evaluated the influence of biological
promoters (probiotics, prebiotics, coccidiosis vaccines
and anticoccidiostats) on the sensory analysis of breast
meat of free-range broiler chickens. The authors
observed that the different promoters had no influence
on the characteristics �tenderness� and �general
aspect� of the breast meat.

CONCLUSION

It was concluded that the addition of growth
promoters did not influence the qualitative and
quantitative parameters of carcass and breast meat
of broiler chickens.

Table 4 - Flavor, tenderness and global impression described in
sensory analysis of breast meat in broilers fed diets containing
probiotics and prebiotics 5 hours after slaughter
Evaluated Global
Parameters Flavor(5) Tenderness(5) Impression(5)

Probiotic in diet (PRO)
Control 6.01 5.61 6.00
Probiotic 1(1) 6.34 6.14 6.38
Probiotic 2(2) 5.37 5.28 5.35
SEM 1.43 1.79 1.53
CV (%) 24.23 31.48 25.99

Prebiotic in diet (PRE)
Control 6.30 5.95 6.12
Prebiotic 1(3) 5.88 6.15 5.97
Prebiotic 2(4) 5.65 5.22 5.70
SEM 1.61 1.78 1.62
CV (%) 27.10 30.78 27.36

SEM � Standard Error of the Mean, CV �  Coefficient of Variation.
(1) - Probiotics based on Bacillus subtilis added to the diet throughout
the experimental period, (2) - Probiotics based on Lactobacillus
acidophilus and casei , Streptococcus lactis and faecium ,
Bifidobacterium bifidum and Aspergillus oryzae added to the diet
throughout the experimental period, (3) - Prebiotics based on MOS
and organic acidifier added to the diet throughout the experimental
period, (4) - Prebiotics based on MOS added to the diet throughout
the experimental period, (5) - Structural scale varying from 0 to 9
cm.

Table 5 - Flavor, tenderness and global impression described in
sensory analysis of breast meat in broilers fed diets containing
probiotics + prebiotics 5 hours after slaughter.
Evaluated Global
Parameters Flavor(5) Tenderness(5) Impression(5)

(*)Probiotic in diet (PRO)
Control 5.85 6.17 5.93
Pro 1 + Pre 1(1) 5.32 6.16 5.81
Pro 1 + Pre 2(2) 5.50 4.89 5.34
Pro 2 + Pre 1(3) 5.86 5.36 5.54
Pro 2 + Pre 2(4) 5.72 5.85 5.76
SEM 1.78 1.84 1.89
CV (%) 31.42 32.28 33.33

SEM � Standard Error of the Mean, CV �  Coefficient of Variation.
(1) - Probiotics based on Bacillus subtilis added to the diet throughout
the experimental period + Prebiotics based on MOS and organic
acidifier added to the diet throughout the experimental period. (2) -
Probiotics based on Bacillus subtilis added to the diet throughout the
experimental period + Prebiotics based on MOS added to the diet
throughout the experimental period. (3) - Probiotics based on
Lactobacillus acidophilus and casei, Streptococcus lactis and faecium,
Bifidobacterium bifidum and Aspergillus oryzae added to the diet
throughout the experimental period + Prebiotics based on MOS and
organic acidifier added to the diet throughout the experimental
period. (4) Probiotics based on Lactobacillus acidophilus and casei,
Streptococcus lactis and faecium, Bifidobacterium bifidum and
Aspergillus oryzae added to the diet throughout the experimental
period + Prebiotics based on MOS added to the diet throughout the
experimental period. (5) Structural scale varying from 0 to 9 cm.
(*) Probiotic and prebiotic in diet.
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