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ABSTRACT

The aim of this work was to evaluate the effedbrofler breeders’ age and yeast wall (YW) levelsboailers’
performance and macrophage activitys. The expetiroensisted in a completely randomized design a2dxa5
factorial arrangement and two controls of two bevilbreeders age (34 and 57 weeks of age) and fivdeyels
(zero, one, two, three or four kg of YW/ton of)di€hey received sorghum diet compared to a corwah/soybean
meal diet. The age of the broiler breeders inflleghthe performance, but did not affect macrophagity. At 34
weeks age broiler breeders’ progeny, all diets wsirailar considering the average weight. For 57 keage
broiler breeders’ progeny, at 21 days, only averagaght of sorghum diet supplemented with 4 kghas similar
to corn diet results. The optimum level of YW faximal macrophage activity was 2.06 kg/ton of meal.

Key words: carcass yield, mananoligossacarydes, phagocytosis

INTRODUCTION physiological necessities of the birds to obtain
performance indices and the physiology of the
The poultry production is a dynamic activity thatimmune system, inclduing under adverse sanitary
involves many areas, which depend on theonditions (Qureshi et al., 1994, Ferket et al.,
technological innovations for results in field 2002; Soares, et al., 2004; Pucciarelli and Benassi
improvement, such as weight gain, feed?005; Leblanc, et al., 2006).
conversion, or egg production. It is a complexStudies have been made on developing the
chain that transforms the one-day old chickenproducts and/or substances that act as modulators
weighing about 42-45 g to broiler chickensand/or stimulators of the immune system for the
weighing 2.1-2.5 kg at 42 days. This fastbirds, for examples, the manna oligosaccharides
production of meat depends on geneticand the R-glucan, derived from the yeast cellular
environment, nutrition, and health status. Theswall (Leblanc, et al., 2006). The macrophages,
factors are interdependent among which nutritio@cting in the innate immunity, through the
and health status are basic factors to attain tt#estruction of pathogens agents and adaptative
productivity goals. Several studies have beeantigens presentation (Qureshi, 2003; Abbas et al.,
conducted for better understanding of the2007) are an important defense mechanism of the
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birds. Related studies on the function of thesks celwere used, half of which were from 34 weeks old
add important knowledge on the immune responderoiler breeders headquarters and the other half
of the birds (Qureshi et al., 1994). from half 57 weeks old broiler breeders.
The objective of this study was to evaluate thwo basal, isoproteic, isoaminoacidic, and
effect of increasing levels of yeast wall on thesoenegetic meal diets were formulated as
growth performance and the fagocytic activity ofdescribed by Rostagno et al. (2005). The first one
macrophages of the broilers fed with sorghunwas a traditional diet based on corn and soybean,
diets instead of corn. and the second diet was formulated with 100% of
sorghum. Both the diets were divided in the initial
phase (from 0 to 21 days old) (Table 1) and
MATERIAL AND METHODS growth phase (from 22 to 42 days old) (Table 2).
The experimental diets had been produced by the
The birds were placed in a brick house withunit Ragdes do Abatedouro Coroaves LTDA and
concrete floor, a lateral wall of 40 cm and wirethe feed ingredients used were submitted to the
mesh roof. It has a mobile curtain system, guality control adopted from the company,
temperature control system with fans andnvolving the classification of grains, crude piote
sprinklers, and a oven heating system. There weanalyses, soluble protein, ether extract, cruder fib
48 boxes of 3.90 X 1.50 meters, located in th@shes (ANFAR, 1998), tannin analysis (Nutron
central region of the house (aviary), with capacityAlimentos LTDA), and aflatoxin levels dosage
of 70 birds each. The feeders were the tubular tygrough commercial kit (RIDASOFJ with a 450
and the water drinkers were the pendulum type. Inm filter density optic reader (ELX-800).
this experiment, 3,360 male chickens Cobb breed

Table 1- Centesimal and calculated composition of expenital diets for broilers from 1 to 21 days.
Ration
Sorghum and Yeast wall (YW - %)

Ingredients %

COM  “5YW  0L1YW 02YW  03YW 04YW
Corn 53.07 - - - - -
Sorghum - 53.93 53.93 53.93 53.93 53.93
Soybean meal 28.63 32.43 32.43 32.43 32.43 32.43
Full-Fat soybean 13.80 9.17 9.17 9.17 9.17 9.17
Aderex 0.25 0.30 0.20 0.20 0.20 0.20
Caulin 0.40 0.40 0.30 0.20 0.10 -
Limestone 0.97 0.97 0.97 0.97 0.97 0.97
Dicalcium phosphate 1.63 1.60 1.60 1.60 1.60 1.60
Salt 0.49 0.50 0.50 0.50 0.50 0.50
L-lysine HCI 30% 0.38 0.40 0.40 0.40 0.40 0.40
Methionine 99% 0.23 0.25 0.25 0.25 0.25 0.25
Mineral supplement 0.05 0.05 0.05 0.05 0.05 0.05
Vitamin supplement 0.10 0.10 0.10 0.10 0.10 0.10
Yeast wall - - 0.10 0.20 0.30 0.40
Total 100 100 100 100 100 100
Calculated composition
Crude protein % 23.05 23.26 23.26 23.26 23.26 23.26
Metabolizable energy kcal/kg 3,060 3,050 3,050 3,050 3,050 3,050
Digestible lysine % 1.19 1.19 1.19 1.19 1.19 1.19
Digestible met + cys % 0.84 0.84 0.84 0.84 0.84 40.8
Digestible tryptophan % 0.26 0.27 0.27 0.27 0.27 270.
Digestible threonine % 0.77 0.77 0.77 0.77 0.77 70.7

Mineral supplement (1 kg): Copper: 20,000 mg; lodine: 2,000 mg; Iron: 100,08f) Manganese: 160,000 mg; Zinc:100,000
mg. Vitaminic supplement (1 kg): vit A: 8,000,000 IU; vit D3: 2,000,000 IU; vit B:4,500 IU; vit K3: 1,900 mg; vit B1: 1,333
mg; vit B2: 5,750 mg; vit B6: 2,380 mg; vit B12: 11 mBiotin: 30 mg; Folic acid: 760 mg; Nicotinic aci@3,800 mg;
Pantothenic acid: 11,400 mg; Selenium: 220 mg.
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Table 2 - Centesimal and calculated composition of expenital diets for broilers from 22 to 42 days.
Ration
Ingredients % Corn Sorghum and Yeast wall (YW - %)
0YW 0.1 YW 0.2 YW 0.3 YW 0.4 YW

Corn 56.53 - - - - -
Sorghum - 58.57 58.57 58.57 58.57 58.57
Soybean meal 19.67 27.73 27.73 27.73 27.73 27.73
Full-Fat soybean 19.40 9.33 9.33 9.33 9.33 9.33
Aderex 0.25 0.23 0.23 0.23 0.23 0.23
Caulin 0.40 0.40 0.30 0.20 0.10 -
Limestone 0.93 0.93 0.93 0.93 0.93 0.93
Dicalcium phosphate 1.50 1.47 1.47 1.47 1.47 1.47
Salt 0.47 0.48 0.48 0.48 0.48 0.48
L-lysine HCI 30% 0.48 0.47 0.47 0.47 0.47 0.47
Methionine 99% 0.22 0.24 0.24 0.24 0.24 0.24
Mineral supplement 0.05 0.05 0.05 0.05 0.05 0.05
Vitamin supplement 0.10 0.10 0.10 0.10 0.10 0.10
Yeast wall - - 0.10 0.20 0.30 0.40
Total 100 100 100 100 100 100
Calculated composition
Crude protein % 21.39 21.61 21.61 21.61 21.61 21.61
Metabolizable energy kcal/kg 3,150 3,150 3,150 3,15 3,150 3,150
Digestible lysine % 1.10 1.10 1.10 1.10 1.10 1.10
Digestible met + cys % 0.79 0.79 0.79 0.79 0.79 90.7
Digestible tryptophan % 0.23 0.25 0.25 0.25 0.25 250.
Digestible threonine % 0.71 0.71 0.71 0.71 0.71 10.7

Mineral supplement (1 kg): Copper: 20,000 mg; lodine: 2,000 mg; Iron: 100,00f) Manganese: 160,000 mg; Zinc:100,000
mg. Vitaminic supplement (1 kg): vit A: 8,000,000 IU; vit D3: 2,000,000 IU; vit B:4,500 IU; vit K3: 1,900 mg; vit B1: 1,333
mg; vit B2: 5,750 mg; vit B6: 2,380 mg; vit B12: 11gmBiotin: 30 mg; Folic acid: 760 mg; Nicotinic aci@3,800 mg;
Pantothenic acid: 11,400 mg; Selenium: 220 mg.

The experimental birds had been vaccinated on tleviary and then weighed weekly at 7 am before
1% day at hatchery against Marek Disease anfiteding until 4% day. The diets left overs were
Infectious Bursal Disease (combined), andwveighed on day 7, 14, 21, 28, 35 and 42. Based on
Infectious Bronchitis in spray (MASS). On the these data, average weight gain and feed
7" and 14' day, they were vaccinated against theonversion were calculated.

Infectious Bursal Disease in water (Bursine Pjus On day 42, three broilers of each repetition were
and on the 14 day they were vaccinated againstweighed and sent in cages to the slaughterhouse.
NewCastle Disease in water (Poulvac NBW In the pre-slaughter period, the broilers were kept
enterotropic). All vaccines were alive andin a platform with a forced ventilation and
attenuated. humidification systems to minimize the stress
The experiment was totally randomized with a 2x&onditions. The slaughter process was followed by
design, with two broiler breeders ages (34 and 5@anging, stunting, automatic bleeding (the
weeks) and five yeast wall supplementation levelsompany worked with humanitarian slaughter
(zero, one, two, three or four kg/ton), and twacontrol), picking, and manual evisceration. After
control diets (corn and soybean meal). Eackhe evisceration, the birds were directed to the
treatment had four repetitions, with 70 birds eackcutting room, where they underwent to an
The average composition of the yeast wall waevaluation of carcass yield and were considered
30% of protein (maximum), 3.0% of crude fiberthe weight of the eviscerated carcass (without
(maximum), 6.9% of ashes (maximum), aflatoxinviscera, neck, head and feet).

absence and 25% of manna oligosaccharides aTwo broilers of each repetition were used for the
30% of 3-glucans. evaluation of the phagocytic activity of
For the evaluation of zootechnical parameters, ttmacrophages, totalizing four birds for the
birds were weighed at the time of delivery in thetreatment. The broilers were inoculated on th® 38
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day of life, through Sephadex G5(Sigma) 3% function (Interactive Dates Analysis — SAS,
intra-abdominal injection, (one mL/100g of live 2000).The Dunnett test was adopted for
weight) (Qureshi et al., 1986; Gore and Qureshizomparison of the control diet (corn) with the
1997; Konjufca, 2004). Intravascular catheters Gether treatments (SAS, 2000).

14 were used for this. Forty two hours after th

inoculation, the broilers were stunted by

eletronarcosis and sacrificed through cervicaRESULTS AND DISCUSSION

disconnection. Before collecting the abdominal

fluid, the broilers skin was washed with neutralThe age of the broiler breeder affected the weight
detergent and decontaminated with 70% alcohobf commercial cuts (P< 0.05); however,

At the laboratory, each abdominal fluid sampleconsidering the cuts yield, this effect was not
was washed with 20 mL of sterile PBS + heparinebserved (P > 0.05). Regression analysis showed
solution (contends 0,5 UI/mL of Liquemifie no influence of the levels of inclusion of yeastiwa
25,000 UI/SmL - Roche). (P > 0.05) on the average weight of the broilers
Approximately 15 mL of abdominal liquid of eachand had also no improvement in the feed
broiler was collected with Pasteur pipettes andonversion using sorghum and yeast wall and the
immediately conditioned in Falcon pipes in icecorn control diet (Table 3). There was no
bath. All the samples were centrifuged at 1500 x difference among the treatments for the young
for 10 minutes and the pellet was resuspended inchickens derived from breeders of 34 weeks old
mL of RPMI 164@ solution (Sigma). One for average weight at 21 and 42 days (P > 0.05).
hundred and fifty microliter of this suspension waslhe feed conversion was better for the corn based
added to each well of the culture plate (24 wells)liet (P< 0.05) at 21 days. However, at 42 days,
with a 13 mm diameter glass slide. The culturehe feed conversion of the corn based diet showed
plates were incubated at room temperature for oo difference (P > 0.05) with the treatments with
hour. Each plate was washed by sterile cooled PB®rghum and 2 or 4 kg/ton of yeast wall.
to remove the not adherent cells. After that, 150 reatments of the sorghum based diet and 1 or 3
uL of RPMI 1646 solution (Sigma) with 3% of kg/ton of yeast wall showed worse feed conversion
sheep erythrocytes was added and the plates wdfable 03).

incubated at room temperature in a 5% of carboniFor the progeny arrays of 57 weeks old, it was
gas atmosphere for one hour. Once again thebserved that chickens at 21 days with corn based
cooled PBS solution was used to remove the naliet had better average age {M.05) than those
adherent sheep erythrocytes. After that, theith sorghum based diet and yeast wall, except for
staining was performed using a commercial kithe treatment with the supplementation of 4 kg/ton
(Pandtico Fast LB - Laborclin). After 24 h, the of yeast wall (P > 0.05) (Table 3). There was no
glass slides were embedded using Pernfountdifference among the treatments for average
Three hundred macrophages were counted in eaaleight at 42 days (P > 0.05).

glass slide and also the number of the cells thdthe feed conversion at 21 days was better for the
contained engulfed sheep erythrocytes. Theorn based diet when compared with sorghum and
phagocytic activity was calculated considering thegeast wall (P< 0.05). However, at 42 days, the
number of macrophages with  engulfedcorn diet and the sorghum diet with 4 kg/ton of
erythrocytes divided by the total number ofyeast wall showed similar results (P > 0,05) and
counted macrophages. were better (K 0.05) than the other treatments. In
The average weight, feed conversion, averagie studies carried out by Rutz et al. (2006),
weight and yield of the cuts were submitted tamprovements in the feed conversion had been
polynomial regression analysis admitting normabbserved when the broilers received 2% of yeast
distribution and identity link function (Interacév extract at the first week and between 38 and 42
Data Analysis — SAS, 2000). The phagocytiadays, which was attributed to the inositol and
activity was submitted to the regression analysiaucleotides present in the yeast extract.

admitting gamma distribution and identity link
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Table 3 - Means and standard errors of average weight (AW feed conversion (FC) at 21 and 42 days for
broilers hatched from breeders with 34 and 57 weekk fed with different levels of yeast wall (YW)
supplementation in a sorghum diet compared to &aited diet.

30 weeks broiler breeders

Diet AW 21 days (kg) AW 42 days (kg) FC 21 days (kg) FXdays (kg)
Corn 0.864+ 0.005 2.491+ 0.025 1.33+ 0.005 1.93+ 0.033
Zero YW 0.838+ 0.008 2.518+ 0.019 1.39+0.009 1.99+0.023
1 kg/ton YW 0.846+ 0.006 2.473+0.010 1.42+0.008 2.02+0.017
2 kg/ton YW 0.836+ 0.007 2.492+ 0.038 1.39+0.010 2.06+ 0.005
3 kg/ton YW 0.838+ 0.007 2.470+ 0.014 1.42+0.029 2.02+0.016
4kglton YW 0.827+ 0.015 2.488+ 0.013 1.41+0.011 2.06+0.011
57 weeks broiler breeders
Corn 0.938+0.005 2.655+ 0.014 1.31+0.032 1.97+0.018
Zero YW 0.888+0.010 2.538+ 0.018 1.38+0.008 2.08+0.027
1 kg/ton YW 0.898+ 0.010 2.57%+ 0.035 1.41+0.015 2.09+0.013
2 kglton YW 0.893+ 0.012 2.581+ 0.006 1.39+0.013 2.08+0.011
3 kg/ton YW 0.875+ 0.014 2.541+ 0.010 1.48+0.018 2.04+0.008
4kg/ton YW 0.908+0.009 2.629+ 0.030 1.39+0.010 2.02+0.020

Different words at same column differ from contfdlinnett) (P< 0.05).

The average weight results of this study differealigosaccharides/kg. This effect is possibly relate
from Hooge (2004) who found positive effect ofwith the adsorption of the bacteria.

the manna oligosaccharides on the weight and fedéarnandes et al. (2002) and Garcia (2005) had not
conversion of the broilers when compared with @bserved disadvantages in substituting the corn by
traditional diet without antibiotics. When sorghum in the feed conversion, effect justified
compared with the diet with growth-promoterbetween its nutritional values, which led to assume
antibiotics, the author observed that the diethat the variations observed in the values of feed
containing manna oligosaccharides had similaconversion occurred randomly. lji and Tievy
results. The findings of Zhang et al. (2005)(1998) demonstrated that the supplementation with
showed that broilers at 35 days old that hadhanna oligosaccharides (1g/kg of feed) resulted in
received diets with 0.3% of yeast wall and 0.5% oincreased weight gain and improved the feed
yeast had higher weight than the control diet. conversion. However, when the inclusion levels
In the studies carried out with turkeys, Ferkedlet increased (5g/kg of feed), the same happened to
(2002) compared the use of the manndhe viscosity of the ingesta, showing no benefit in
oligosaccharides and antibiotics and did nothe performance of the broilers.

observe distinct effect between the testedhe increasing levels of yeast wall exhibited no
antibiotics and the manna oligosaccharides. Theffect in the values for gross weight of cuts, imor
effects observed could be considered a bits yield in relation with the carcass for the
conclusive. However, under the experimentatescending lineages of the progenies offspring of
conditions, where the environment is quite34 and 57 weeks (P > 0.05). Comparing the
favorable and the challenge to the digestive tractorghum based diets, supplemented with or
of the broilers is minimized, the use benefitstaf t without yeast wall, with the corn based diet, there
yeast wall can be masked (Ferket et al., 2002). were no differences (P > 0.05) in the weights of
Waldroup et al. (2003) reported that the mannghe cuts (chest, whole leg, whole wing and back —
oligosaccharides derived fronSaccharomyces Table 04). These results were obtained even for
cerevisiaewere promising in the suppression ofgross weight and cut yield in relation to the casca
gut pathogens, modulation of the immune systenweight. Similar results were found by Rutz et al.
promotion of the intestine integrity and (2006) that used yeast extract (inclusion of 2%).
improvement of the performance (feed conversioffhe equivalence observed in the results for gross
and weight gain) of turkeys and broilers. Spring etveight and cut yield for the broilers of the same
al. (2000) also observed reduction flmonella breeders line and gender were in agreement with
spin the digestive tract of birds treated with 4g ofthe results of Murakami et al. (1995) who
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observed differences in the yield of cuts betweebetween January and August of 2005 to the
the strains (Cobb and Ross). In the case of genddgpanese market (APA, 2006). This clearly shows
Stringhini et al. (2003) found greater carcasshe potential of the export market in absorbing the
weight in the males. production. In this context, the possibility to use

The production of cuts, particularly the noble cutsthe yeast wall for the weight gain and

chest, thigh, and leg, is considered quite impaortartonsequently increasing the production of more
in the poultry industry, and it is evidenced bymeat should be studied and optimized (Ferket et
Brazil's export of 260,630,815 kg of chicken cutsal., 2002; Hooge, 2004).

Table 4 - Means and standard errors for commercial cutsame weigth (g) and carcass yield (%) for broilers
hatched from breeders with 34 and 57 weeks oldvidd different levels of yeast wall (YW) supplemation
in a sorghum diet compared to a controlled diet

Diet Carcass Breast Whole Legs Whole Wing Back
Kg % g % g % g % g %
34 weeks broiler breeders)
Corn 1.893 7599 67822 3581 581+19 30.69 224 + (71.83 41017 21.66
Zero YW 1.871 7431 696+22 3720 562+19 30.04 224 + Q71.97 389+17 20.79

1 kg/ton YW  1.846 74.65 666 +22 36.08 547+19 639. 221+07 11.97 412 +17  22.32
2 kgiton YW 1.771 71.01 671+22 3789 520+19 389. 212+07 11.97 368+17 20.78
3 kg/ton YW  1.958 79.23 704+22 3595 577+19 429. 238+07 12.15 439+17  22.42
4kglton YW  1.825 73.41 655+22 3589 550+19 30.14 218 £ a11.94 402+17 22.03

Diet 57 weeks broiler breeders
Corn 1.952 73.52 714+27 36.58 595+20 30.48 231 + 081.83 412+15 21.11
Zero YW 1.995 78.67 732+27 36.69 606+20 30.37 237 + 081.88 420+15 21.05

1 kg/ton YW 1.994 7744 730+27 36.61 589+20 529. 238+08 11.93 437+15 2191
2 kg/ton YW 1.871 7210 695+25 3734 573+18 790. 222+07 11.93 371+14 19.93
3 kg/ton YW 1.883 7410 695+25 36.91 567+18 130. 225+07 11.95 396+14 21.03
4kglton YW 1.985 7550 760+25 38.29 587+18 29.57 236 + 071.89 402+14 20.25

Some authors have described that the componeniection of Sephadex G-8qSigma) (P > 0.05). It

of the vyeast wall, such as the mannavas considered that, under the aspect innate
oligosaccharides, act by the mechanisms thatnmunity, the breeders age did not benefit the
involve the adsorption of pathogens in theoffspring. However, factors related to the genetic
alimentary system, in particular those that presetines had demonstrated differences between the
type 1 fimbriae (Spring et al., 2000), and wouldmacrophages functions (Qureshi and Miller,
help to uniform and improve the villus integrity. 1991).

Lowry et al. (2005) had observed that the RThe results demonstrated that the activity of the
glucan, present in the yeast walls, reduced thmacrophages was influenced in a quadratic form
invasion capacity of enteriSalmonellaserovar (Y = 0.1297 + 0.1143 PL — 0.0278 Hlwith a
Enteritidis in young chickens tissues (one weekmaximum point for inclusion of 2.06 kg of yeast
old), and as a consequence provided bettevall/ton (Table 5). In comparison (Dunnett test)
immunity, better weight gain and, possibly, bettewith the corn based diet (control), the treatment
exploitation of cuts. However, in the present studywith sorghum and 2 kg of yeast wall/ton presented
such obervations were not made. greater number of macrophages in active
The age of the breeders did not show any effect dagocytosis process (engulfed erythrocytes). The
the fagocytic activity of macrophages,other treatments showed no difference from the
characterized by the phagocytosis of sheeporn based diet.

erythrocytes, stimulated through the abdominal
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Table 5- Means and standard errors of macrophage activity

Diet Macrophages with erythrocytes/Counted macrgpha
Corn 14.88 + 5.29
Zero YW 12.19 + 8.98
1 kg/ton YW 23.71+4.28
2 kg/ton YW 31.33+8.58
3 kg/ton YW 23.09 + 8.68
4kglton YW 17.83 + 3.57

1 YW: Yeast Wall; Different words at same columffeti from control (Dunnett) (= 0.05). Quadratic response in sorghum
treatments Y = 0,1297 + 0,1143 YW - 0,0278 Yw

The macrophages are cells of the monocucle@@ONCLUSIONS
fagocytic system (McCorkle, 1998), integrant of
the innate immunity of the broilers, and alsoin conclusion, the breeders age influenced the
important for the adaptative immunity (Qureshi,growth performance; however it did not influence
2003; Abbas et al., 2007), acting in the organisrthe macrophages activity. The sorghum could be
defense processes by the destruction of antigensed without any losses to the weight of the
and secreting cytokines that act in thecommercial cuts. However, the 57 weeks old
inflammatory process. The main functionsprogenyshowed reduced performance on sorghum
executed for this cell are fagocytosis, destructiobased diets. The best level of yeast wall for
of bacteria (Qureshi et al., 1986), secretion ofttaining the maximum macrophage activity of
prostaglandins and cytokines, and antigegvas 2.06 kg/ton of food.
presentation for development of the immune
response (Abbas et al., 2007). The R-glucans,
present in the composition of the yeast wall, havREFERENCES
revealed importance in the stimulation of
macrophages in fish by the action of specificabbas, A. K.; Lichtman, A. H.; Pillai, S. (2007)
receptors presents in these cells (Bartelme, 2006).Cellular and molecular immunology.62. ed.
In general, the purified R-glucans demonstrate Philadelphia: Saunders Elsevier, 566 p.
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