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Effect of Different Probiotics on Broiler Carcass
and Meat Quality

ABSTRACT

The present work evaluated the effect of different probiotics on carcass
and meat quality of broilers. One thousand and fifty male Cobb chicks
were distributed at one day of age in a randomized design with 3 x 2 +
1 factorial arrangement (3 probiotics, 2 levels of probiotics in drinking
water and 1 negative control group), using 5 replications with 30 birds.
Carcass yield was higher (p<0.05) in control birds. Nevertheless, the
groups fed with probiotics showed higher (p<0.01) leg yield at 45 days
of age. There was a significant decrease in color (lightness) and increase
in pH of breast muscle 5 hours after slaughter in the probiotics treated
birds. In the sensory analysis, meat flavor and general aspect 72 hours
after slaughter were better when probiotics were added in both water
and diet. There were no differences in water holding capacity, cooking
loss and shearing force among different probiotics or between them
and the control. Thus, meat quality was better when probiotics were fed
in the water and diet instead of only in the diet. Nevertheless, carcass
and meat quality showed no alteration when the control group was
compared to birds fed with probiotics, except for leg yield improvement
in the latter.

INTRODUCTION

For many years, poultry industry has been looking for improvement
of production indexes and broiler growth through breeding changes in
detriment of the final quality of products. Many factors may lead to
alterations in meat quality. The most directly related to meat quality are
pre- and post-slaughter practices, bird age, strain, sex, environment and
nutrition, and, within the latter, antibiotics have been particularly
considered by international health institutes, such as the Food and Drug
Administration (FDA).

There is currently a world trend to reduce the use of antibiotics in
animal food due to the contamination of meat products with antibiotic
residues (Menten, 2001), as well as the concern that some therapeutic
treatments for human diseases might be jeopardized due to the appearance
of resistant bacteria (Dale, 1992). Some consumer groups are avoiding meat
from birds fed with diets containing antibiotics, specially in some countries
that import 12 to 14% of the Brazilian broiler meat (Tabelas da Avicultura,
1995). Nevertheless, according to the United States Department of
Agriculture (USDA), 100% of the broilers and turkeys, 90% of the swine
and 60% of the beef cattle produced in the USA are fed antibiotics in
the diet as growth promoters during the rearing period. In Brazil, with
the exception of naturally grown or “caipira” birds, probably almost all
broilers are given growth promoters as additives in ration (Menten, 2002).
Recently, alternatives for substituting these traditional growth promoters
have been evaluated and probiotics have been the most studied.
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Probiotics are microorganisms that are fed to animals
to colonize the intestinal environment and promote a
better flora balance (Fuller, 1989). Besides, these
microorganisms are responsible for production of
vitamins of the B complex and digestive enzymes, and
for stimulation of intestinal mucosa immunity, increasing
protection against toxins produced by pathogenic
microorganisms.

The use of probiotics for meat and carcass quality
improvement has been questioned and many unclear
results have been shown. Some authors reported
advantages of probiotic administration (Burkett et a/,
1977; Jensen & Jensen, 1992; Maruta, 1993; Corréa
et al, 2000; Vargas Jr. et al, 2002), whereas others
did not observe improvement when probiotics were
used (Owings et al, 1990; Quadros et al., 2001). Hence,
the aim of this study was to evaluate the use of different
probiotics on qualitative traits of broiler carcass (yield)
and meat (color, pH, water holding capacity, cooking
loss, shearing force and sensory analysis).

MATERIAL AND METHODS

Experimental design and treatments

The experiment was conducted at the Poultry
Experimental Facilities at Faculdade de Ciéncias Agrarias
e Veterinaria (Unesp), in Jaboticabal, Sao Paulo State,
Brazil, from April 17% to May 31¢, 2001. Minimum and
maximum temperatures during the experimental period
were 12°C and 25°C, respectively. One day-old male
chicks from Cobb strain were used. One thousand and
fifty birds were vaccinated for Marek’s disease and fowl
pox at hatchery. Chicks were assigned to 35 pens (2.75
m x 1.4 m) in the experimental poultry house. There
were 30 birds per pen for a final density of 8 birds/m?.
Infrared lamps were used to provide initial heating. After
the second week of age, initial drinkers and feeders
were replaced by automatic drinkers and hanging tube
feeders with capacity of 20 kg.

The broilers were distributed in a randomized design
with 3 x 2 + 1 factorial arrangement, considering three
probiotic sources added to the diet (Bacillus subtilis,
Bacillus subtilis and Bacillus licheniformis; and
Saccharomyces cerevisiae), two concentrations of
probiotic in drinking water (with or without probiotic)
and one control group (negative control), with a total
of 7 treatments and 5 replications with 30 birds. Three
birds were used per replication for analysis of carcass
yield and parts yield (105 birds); two birds were used
per replication for analysis of color, pH, water holding
capacity, cooking loss and shearing force (70 birds) and
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two birds were used per treatment for sensory
evaluation (14 birds).

The treatments were denominated as follows:

T, = Negative control (no probiotic added);

T, = Addition of probiotic to the diet (Bacillus
subtilis, 10'° colony forming units (CFU)/g product) and
no probiotic added to the drinking water;

T, = Addition of probiotic to the diet (Bacillus subtilis,
10" CFU/g product) and to the drinking water
(Lactobacillus reuteri, 6.6 x 10° CFU/g product;
Lactobacillus johnsonii, 3.3 x 10° CFU/g product);

T, = Addition of probiotic to the diet (Bacillus subtilis,
1.6 x 10° CFU/g product; Bacillus licheniformis, 1.6 x
10° CFU/g product) and no probiotic added to the
drinking water;

T, = Addition of probiotic to the diet (Bacillus subtilis,
1.6 x 10° CFU/g product, Bacillus licheniformis, 1.6 x
10° CFU/g product) and to the drinking water
(Lactobacillus reuteri, 6.6 x 10° CFU/g product;
Lactobacillus johnsonii, 3.3 x 10° CFU/g product);

T, = Addition of probiotic to the diet (Saccharomyces
cerevisiae, 8 x 10° CFU/g product) and no probiotic
added to the drinking water; and

T,= Addition of probiotic to the diet (Saccharomyces
cerevisiae, 8 x 10° CFU/g product) and to the drinking
water (Lactobacillus reuteri, 6.6 x 10° CFU/g product;
Lactobacillus johnsonii, 3.3 x 10° CFU/g product).

The commercial products containing the
microorganisms were added to diet following
manufacturers’ instructions:

- Bacillus subtilis - based probiotic was added to the
diet in a proportion of 300 g per ton, throughout the
rearing period (1-45 days of age);

- Badcillus subtilis and Bacillus licheniformis - based
probiotic was added in a proportion of 1,000 g per ton
of starter diet (1-21 days of age) and 400 g per ton of
diet throughout growing phase until slaughter (22-45
days of age);

- Saccharomyces cerevisiae - based probiotic was
added in a proportion of 2,000 g per ton of starter diet
(1-21 days of age), 1,000 g per ton of growing diet
(22-35 days of age) and 800 g per ton of finishing diet
(36-45 days of age);

- Lactobacillus reuteri and Lactobacillus johnsonir
based probiotic was added to drinking water for
providing 25 g of the product for each 5,000 chicks at
first day of age.

Birds received diet and water ad /ibitum throughout
the rearing period, which was divided in three phases.
In the initial phase (1-21d), birds were fed with starter
diet containing 2,944 kcal’kg metabolizable energy,
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23% crude protein, 1.285% lysine, 0.537%
methionine, 1.001% Ca and 0.481% total P. In the
growing phase (22-35d), the diet contained 3,100 kcal/
kg metabolizable energy, 20% crude protein, 1.074%
lysine, 0.388% methionine, 0.913% Ca and 0.377%
total P. In The finishing phase (36-45d) diet levels were
3,200 kcal’/kg metabolizable energy, 18% crude
protein, 0.935% lysine, 0.333% methionine, 0.803%
Ca and 0.327% total P. Other nutritional levels were
those recommended by NRC (1994).

Statistical analysis was performed using the software
ESTAT 2.0 (1992), and means were compared by
Tukey's test.

Evaluated variables

- Carcass yield

At 45 days of age, the birds were slaughtered to
evaluate carcass yield and cuts yield. The birds were
randomly chosen, identified, individually weighed,
allotted to pens and fasted for 6 hours with water ad
libitum. In the processing plant, they were re-weighed,
slaughtered (stunning, bleeding, scalding, plucking,
chilling and dripping), and carcasses were weighed
without feet, head and neck. Cuts were performed and
yields were calculated: legs, breast, back, wings and
abdominal fat (%).

- Color

The color values of Cielab Colour System (1976), L*
(lightness) a* (redness) and b* (yellowness), were
determined 45 minutes (at the moment of slaughter)
and 5 hours after slaughter using a tristimulus analyser
(Minolta Chroma Meter CR-200). At each time, two
readings were done in breast muscle and the mean
was calculated for each carcass.

- pH

The pH was determined using a Jonhis digital
pHmeter (model IpHPJ) directly in breast muscle.

The measurements were done immediately after
slaughter (45 minutes) and 5 hours after slaughter in
chilled carcasses.

- Water holding capacity

Water holding capacity was evaluated 5 hours after
slaughter, using the methodology described by Hamm
(1960). The evaluation is based on measuring water
loss when a pressure is applied to the muscle. Meat
cubes of 0.5 g were placed between two filter papers
and two glass plates, and a 10-kg-weight was placed
on the top glass plate for 5 minutes. The difference in
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breast muscle weight before and after the procedure
represents the water loss. The results were expressed
as percentage of exsudated water in relation to the
initial sample weight.

- Cooking loss

Cooking loss was determined five hours after
slaughter in an oven pre-warmed to 170°C. Crude
breast muscle samples were weighed and put in trays
with aluminum grills previously dried in an incubator.
The trays were placed inside the oven until sample core
temperature reached 75°C. Samples were cooled at
room temperature, re-weighed and cooking loss was
calculated as the difference between the initial and the
final sample weights.

- Shearing force

The samples used for cooking loss were also used
to evaluate shearing force (SF) according to
methodology proposed by Froning & Uijttenboogaart
(1988). Samples measuring 2.0 x 2.0 x 1.13 cm? were
taken from the breast muscle, and placed in the Texture
Analyzer TA-XT2i in a way that fibers were oriented
perpendicularly to the Warner-Bratzler blade. SF was
determined using the mean of six to eight samples.

- Sensory analysis

Sensory analysis was performed 72 hours after
slaughter. Breast muscle samples were previously treated
with 1% (w/w) of salt and then cooked in a pre-warmed
oven (170°C), until internal temperature reached 75°C.
The samples were standardized (size, codification and
tasting temperature) and evaluated by the sensory team.
An acceptance test with a nine-point hedonic scale was
used for the evaluation of flavor (sensation of taste and
smell released by the sample during chewing), texture
(perception of the strength that is necessary to obtain
the shearing of the sample when biting), preference
(sum of all sensory perceptions, expressing the
evaluation of the quality of the product by the sensory
team) and general aspect (visualization of the product).

RESULTS AND DISCUSSION

The results of carcass and cut yields are shown in Table
1. Control birds showed higher carcass yield (p<0.05)
when compared to the treatments that were given
probiotics, and the same was seen for backside yield at
45 days. Other authors found no differences in carcass
yield between birds that were fed probiotics and control
birds (Moreira et a/, 2001; Vargas Jr. et al, 2002).
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Table 1 - Carcass and cut yields of broilers fed probiotics in the
diet and drinking water (45 days-old).

Variables Yield (%)
Carcass Legs Breast Back Wings Fat
Probiotic in diet (D)
Probiotic 1 72.49a 34.23a 29.36a 23.42a 11.23a 1.76a

Probiotic2 @ 70.77a 34.16a 29.01a 23.82a 11.35a 1.66a

Probiotic3® 72.10a 33.73a 2891a 2433a 1141a 1.62a

Test F 1.18ns 0.54ns 0.34ns 0.80ns 0.33ns0.51ns

LSD (5%) 2.91 1.29 1.43 1.78 0.57 0.35
Probiotic in drinking water (W)

No Probiotic 71.65a 34.29a 29.06a 23.70a 11.27a 1.68a

With Probiotic#71.92a 33.80a 29.13a 24.02a 11.39a 1.66a

Test F 0.08ns 1.33ns 0.02ns 0.30ns 0.48ns0.05ns

LSD (5%) 1.97 0.87 0.97 1.21 0.38 0.24
Control vsFactorial

Control 7455a 32.32b 29.43a 2557a 11.01a 1.73a
Factorial 71.79b 34.04a 29.09a 23.86b 11.33a 1.68a
Test F 475* 934** 0.29ns 453* 1.66ns0.08ns
DxW 0.01ns 0.78ns 1.26ns 0.43ns 0.04ns1.04ns

CV (%) 3.64 3.45 4.44 6.69 4.53 18.62

a,b - For each independent factor, means followed by different letters
within column are different (p<0.05) by Tukey's test. LSD — Least significant
difference. (1) Probiotic added to diet - Bacillus subtilis(10'° CFU/g product).
(2) Probiotic added to diet - Bacillus subtilis(1.6 x 10° CFU/g product) and
Bacillus licheniformis (1.6 x 10° CFU/g). (3) Probiotic added to diet -
Saccharomyces cerevisiae(8 x 10° CFU/g product). (4) Probiotic added to
drinking water - Lactobacillus reuteri (6.6 x 10° CFU/g) and Lactobacillus
Johnsonii (3.3 x 10° CFU/qg).

Concerning cut yields, treatments receiving any kind
of probiotic showed higher leg yield (p<0.01), similar
to what had been reported previously by Corréa et a.
(2000) and Santos et a/. (2002). On the other hand,
Henrique et a/. (1998) and Loddi et a/. (2000) observed
no differences in leg yield between control birds and
those receiving additives. Although a higher carcass yield
has been observed in the control birds, cut yields
showed that the prime cuts (wings and breast) were
not different among groups or they differed positively
when probiotics were added (legs). It was also observed
that probiotic decreased abdominal fat, although not
statistically different. This result may be attributed to
the reducing effect of probiotics on fat deposition
(Mohan et a/, 1996; Jin et a/, 1998).

Tables 2 and 3 show that the concomitant use of
probiotics in drinking water and diet reduced
significantly the values of L* (lightness) in breast muscle
45 minutes and 5 hours after slaughter, resulting in a
less pale meat. According to Contreras & Beraquet
(1995), values of L* from 46.4 to 49.7 for the breast
color are normal. In the present study, the association
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between products caused, 5 hours after slaughter,
luminosity mean level (48.10) within this normal range.
Values of a* (redness) were higher (p<0.05) in
probiotics-treated groups (4.52) than in control group
(3.79) 45 minutes after slaughter, but not later. The
color of broiler meat /n natura is important because
consumers associate it to fresh and high-quality
products (Contreras, 2001). Since the use of probiotics
had no interference on meat color when compared to
the control group at the last measurement (5 hours
after slaughter), these products may be used because
they do not interfere on color, a parameter that is so
important to consumers and that is directly related to
product acquisition.

Table 2 - Color of breast muscle at slaughter in broilers fed
probiotics in the diet and drinking water.

Variables L* value a* value b* value
(lightness) (redness) (yellowness)
Probiotic in Diet (D)
Probiotic 1 45.65a 427 a 439a
Probiotic 2 @ 45.44 3 4.79a 437 a
Probiotic 3 ® 4537 a 4.49a 4.24a
Test F 0.11ns 1.93ns 0.05ns
LSD (5%) 1.50 0.66 1.24
Probiotic in drinking water (W)
No Probiotic 46.03 a 454 a 421a
With Probiotic @ 4494 b 450a 4.46a
Test F 4.88 * 0.02 ns 0.38ns
LSD (5%) 1.02 0.45 0.84
Control vsFactorial
Control 45.11a 3.79b 5.25a
Factorial 45.48a 452a 4.33a
Test F 0.33ns 6.36 * 2.90 ns
DxW 1.07 ns 1.20ns 0.17 ns
CV (%) 2.99 13.51 25.14

a,b — For each independent factor, means followed by different letters
within column are different (p<0.05) by Tukey's test. LSD — Least significant
difference. (1) Probiotic added to diet - Bacillus subtilis(10'° CFU/g product).
(2) Probiotic added to diet -Bacillus subtilis(1.6 x 10° CFU/g product) and
Bacillus licheniformis (1.6 x 10° CFU/g). (3) Probiotic added to diet -
Saccharomyces cerevisiae(8 x 10° CFU/g product). (4) Probiotic added to
drinking water - Lactobacillus reuteri (6.6 x 10° CFU/g) and Lactobacillus
Johnsonif(3.3 x 10° CFU/q).

The probiotics association, 5 hours after slaughter,
showed a pH decrease (Table 4) that was significantly
less prominent (5.87 x 5.75) when it was compared to
the probiotics given only in diet (5.84 x 5.66). Muscle
transforms into meat due to some biochemical processes
(Forrest et al, 1975), among them, alterations in pH,
which is close to 7.4 /n vivo. According to Sanudo
(1992), meat quality is influenced by the alterations that
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occur on the pH during the rigor mortis. Meat color
alterations, which occur in swine, such as PSE (pale,
soft and exsudative) and DFD meat (dark, firm and dry),
are rare in birds. Nevertheless, changes in color that
are similar to PSE have already been described in broilers
(Northcutt, 1994; Uijttenboogart & Reimert, 1994). One
of the most important methods to identify such
alterations in meat are objective colorimetric
measurements from the CIELAB system, which
determines the parameters L*, a* and b* (Barbut,
1993). According to Jones & Grey (1989) and Sams &
Mills (1993), normal pH values at the end of the post-
morten process are between 5.60 to 5.80 and 5.78 to
5.86, respectively. The data presented here are within
these values independently of probiotics utilization.

Table 3 -Color of breast muscle 5 hours after slaughter in
broilers fed probiotics in the diet and drinking water

Variables L* value a* value b* value
(lightness) (redness) (yellowness)
Probiotic in diet (D)
Probiotic 1 49.02 a 4.41a 4.10a
Probiotic 2 @ 49.13 a 4.80a 3.80a
Probiotic 3 @ 48.93a 4.71a 391a
Test F 0.02 ns 1.04 ns 0.17 ns
LSD (5%) 2.33 0.71 1.31
Probiotic in drinking water (W)
No Probiotic 49.95a 4.60 a 3.88a
With Probiotic @ 48.10b 4.68a 3.99a
Test F 5.80 * 0.12 ns 0.07 ns
LSD (5%) 1.57 0.48 0.88
Control vsFactorial
Control 48.81a 424 a 498a
Factorial 49.03 a 4.64a 3.93a
Test F 0.04 ns 1.63ns 3.38ns
DxW 0.81ns 2.53ns 0.03ns
CV (%) 4.29 14.02 28.91

a,b - For each independent factor, means followed by different letters
within column are different (P<0.05) by Tukey's test. LSD — Least significant
difference. (1) Probiotic added to diet - Bacillus subtilis(10'° CFU/g product).
(2) Probiotic added to diet - Bacillus subtilis (1.6 x 10° CFU/g product) and
Bacillus licheniformis(1.6 x 10° CFU/g). (3) Probiotic added to diet -
Saccharomyces cerevisiae(8 x 10° CFU/g product). (4) Probiotic added to
drinking water - Lactobacillus reuteri (6.6 x 10° CFU/g) and Lactobacillus
Johnsonii(3.3 x 10° CFU/qg).

No differences were observed in pH values at 45
minutes and 5 hours after slaughter between control
birds and the birds fed probiotics, corroborating the
findings from Quadros et a/. (2001).

Water holding capacity (WHC) and cooking loss (CL)
5 hours after slaughter were not different among
different probiotics or between them and the control
group (Table 5). It is interesting to note that water loss
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reduces the meat nutritional value because some
nutrients may be lost in the exsudate, resulting in a
meat less tender and worst in flavor, which was not
the case observed in this study.

Table 4 - pH of breast muscle at slaughter and 5 hours after
slaughter in broilers fed probiotics in the diet and drinking water

pH

pH

(45 minutes or 0 hours) (5 hours after slaughter)

Probiotic in diet (D)

Probiotic 1 ™ 5.86 a 5.66 a
Probiotic 2 @ 5.82a 5.68a
Probiotic 3 © 5.87 a 5.77 a
Test F 0.46 ns 2.86ns
LSD (5%) 0.12 0.13
Probiotic in drinking water (W)
No Probiotic 5.84a 5.66b
With Probiotic @ 5.87a 5.75a
Test F 0.61ns 4.65*
LSD (5%) 0.08 0.09
Control vs Factorial

Control 581a 5.72a
Factorial 5.85a 570a
Test F 0.64 ns 0.10ns
DxW 0.56 ns 3.19ns
CV (%) 1.92 2.06

a,b — For each independent factor, means followed by different letters

within column are different (P<0.05) by Tukey's test. LSD — Least significant
difference. (1) Probiotic added to diet - Bacillus subtilis(10'° CFU/g product).
(2) Probiotic added to diet - Bacillus subtilis(1.6 x 10° CFU/g product) and
Bacillus licheniformis (1.6 x 10° CFU/g). (3) Probiotic added to diet -
Saccharomyces cerevisiae(8 x 10° CFU/g product). (4) Probiotic added to
drinking water - Lactobacillus reuteri (6.6 x 10° CFU/g) and Lactobacillus
Johnsonii(3.3 x 10° CFU/g)

Table 5 also shows that no statistical difference was
found among the treatments for shearing force (SF),
corroborating previous findings of breast meat in swine
(Quadros et al, 2001). According to Contreras (1995),
SF values in conventional boned breast muscle were
between 5.5 to 5.8 kgf/g. Lyon & Lyon (1990)
considered that values up to 7.5 kgf/g might be
considered as tender, while Simpson & Goodwin (1974)
proposed values up to 8 kgf/g. Considering these
reference values, probiotics did not affect meat
tenderness in the present study, since SF values were
between 3.1 to 3.8 kgf/g.

WHC, CL and SF are quality parameters closely
correlated to the process of meat tenderness, which is
a determinant qualitative factor and one of the most
important sensory characteristics of meat (Koohmaraie
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Table 5 -Water holding capacity (WHC), cooking loss (CL) and
shearing force (SF) 5 hours after slaughter in breast meat of
broilers fed probiotics in the diet and drinking water.

Table 6 - Flavor, texture, preference and general aspect
described in sensory analysis 72 hours after slaughter in breast
meat of broilers fed probiotics in the diet and drinking water.

WHC (%) CL (%) SF(kgf/g) Flavor Texture Preference  General Aspect
Probiotic in diet (D) Probiotic in diet (D)
Probiotic 1 7233 a 28.82a 3.8a Probiotic 1 6.59a 6.61a 6.48 a 6.57 a
Probiotic 2 @ 7296 a 29.72 a 35a Probiotic 2 @ 6.66 a 6.91a 6.61a 6.45 a
Probiotic 3 @ 74.09 a 29.90a 3.1a Probiotic 3 ® 6.66 a 7.00 a 6.80 a 6.73 a
Test F 1.15ns 0.31ns 2.16ns Test F 0.04 ns 0.41ns 0.54 ns 0.43ns
LSD (5%) 2.89 3.66 786.80 LSD (5%) 0.70 0.70 0.73 0.70
Probiotic in drinking water (W) Probiotic in drinking water (W)
No Probiotic 72.90 a 29.22 a 35a No Probiotic 6.32b 6.92 a 6.39a 6.32b
With Probiotic @ 73.35a 29.73a 3.5a With Probiotic® 6.95a 6.76 a 6.86 a 6.85a
Test F 0.22 ns 0.18 ns 0.00 ns Test F 7.03 ** 0.47 ns 3.51ns 4.82 *
LSD (5%) 1.96 2.47 531.81 LSD (5%) 0.47 0.48 0.50 0.48
Control vsFactorial Control vsFactorial
Control 73.15a 32.14a 32a Control 6.86 a 7.05a 6.77 a 6.77 a
Factorial 73.13a 29.48 a 35a Factorial 6.64 a 6.84 a 6.63a 6.58a
Test F 0.00 ns 2.79ns 0.53ns Test F 0.51ns 0.41ns 0.19ns 0.35ns
DxW 1.23ns 0.28 ns 0.27 ns DxW 1.59 ns 0.52 ns 0.54 ns 2.60ns
CV (%) 3.57 11.07 20.63 CV (%) 20.68 20.31 21.66 20.99

a — For each independent factor, means followed by same letters within
column are not different (p>0.05) by Tukey's test. LSD — Least significant
difference. (1) Probiotic added to diet - Bacillus subtilis(10'° CFU/g product).
(2) Probiotic added to diet - Bacillus subtilis(1.6 x 10° CFU/g product) and
Bacillus licheniformis (1.6 x 10° CFU/g). (3) Probiotic added to diet -
Saccharomyces cerevisiae(8 x 10° CFU/g product). (4) Probiotic added to
drinking water - Lactobacillus reuteri (6.6 x 10° CFU/g) and Lactobacillus
Johnsonii(3.3 x 10° CFU/q).

Results of sensory analysis are shown in Table 6.
Significant differences were observed in meat flavor
(p<0.01) and general aspect (p<0.05) when an
association of probiotics was used instead of using the
probiotic only in diet, which resulted in a better tasting
grade 72 hours after slaughter. According to Liu & Stouffer
(1995), the three major sensory properties that interfere
with meat quality evaluation are general aspect, texture
and flavor; whereas Gray et al. (1996) considered that
general aspect is the most important, since it influences
the consumer’s decision on buying or not the product.

Texture did not differ among probiotics or between
them and the control group. Nevertheless, a negative
correlation tendency was observed between SF and
texture (Table 5); higher texture grades in the sensory
analysis were correlated with smaller SF to break the
breast samples. According to Felicio (2002), there is a
high to moderate correlation between tenderness
physical measurement and sensory evaluation, which
means that a meat considered tender by SF evaluation,
much probably, should be considered tender by trained
panelists.
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a,b — For each independent factor, means followed by different letters
within column are different (p<0.05) by Tukey's test. LSD — Least significant
difference. (1) Probiotic added to diet - Bacillus subtilis(10'° CFU/g product)
(2) Probiotic added to diet - Bacillus subtilis(1.6 x 10° CFU/g product) and
Bacillus licheniformis (1.6 x 10° CFU/g). (3) Probiotic added to diet -
Saccharomyces cerevisiae(8 x 10° CFU/g product). (4) Probiotic added to
drinking water - Lactobacillus reuteri (6.6 x 10° CFU/g) and Lactobacillus
Johnsonii(3.3 x 10° CFU/g)

The control group also did not differed from the
groups receiving probiotic (water/diet), corroborating
the findings of Loddi et a/ (2000) and disagreeing to
those from Jensen & Jensen (1992), who reported a
positive effect of Bacillus licheniformis and Bacillus
subtifisspores on the flavor of broiler meat after cooling
for 5 days.

CONCLUSION

The findings of this study evidenced that the
presence or absence of probiotics had no effect on
carcass yield. Nevertheless, leg yield was higher in the
birds that received probiotics. The concomitant use of
probiotics in water and feed increased meat quality in
relation to color, pH, tenderness and general aspect.
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