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Effect of Agaricus blazei in the diet of broiler chickens on immunity,

serum parameters and antioxidant activity

Efeito do Agaricus blazei na dieta sobre a imunidade, parametros

séricos e acao antioxidante na carne de frangos de corte

Jamile Corina Fanhani'"; Alice Eiko Murakami?;
Ana Flavia Quiles Garcia Guerra®; Guilherme Rodrigues do Nascimento*;
Raissa Bocchi Pedroso’; Marilia Carvalho Figueiredo Alves®

Abstract

The effect of adding Agaricus blazei to the diet of broilers on immunity, serum parameters, and antioxidant
activity was evaluated. A total of 840 1-day-old chicks were used, distributed among five levels of
a completely randomized design (0.0, 0.05, 0.10, 0.15, and 0.20% A. blazei), with six replications
and 28 birds per experimental unit. The weights of the thymus, spleen and cloacal bursa were not
influenced (P > 0.05). Leukocytes, macrophages and nitric oxide were unaffected (P > 0.05), but at each
supplementation level compared with the control, differences appeared in the percentages of eosinophils
and macrophages (P < 0.05) at inclusion levels of 0.10, 0.15 and 0.20%. At 28 days, the antibody titer
against Newcastle disease showed a quadratic response (P < 0.05) with supplementation, and from the
estimated level of 0.08% the production of antibodies was stimulated; however, the same behavior was
not observed (P > 0.05) at 42 days. Hypocholesterolemic effect was demonstrated (P < 0.05), but the
serum triglyceride concentration was not affected (P > 0.05). The antioxidant activity of mushroom
showed a positive linear effect (P < 0.05) on DPPH capture on day zero of meat cooling. The inclusion
of A. blazei in the diet of broilers provided an immunostimulatory activity and hypocholesterolemic
effect. Residual compounds with antioxidant activity were present in the meat, which may promote
tissue protection of the animal in vivo, making possible the use of A. blazei as a natural additive.

Key words: Cholesterol. Free radical. Immunoglobulins. Leukocytes. Mushroom.

Resumo

Avaliou-se o uso do Agaricus blazei na alimentagdo de frangos de corte sobre a imunidade, parametros
séricos ¢ a atividade antioxidante. Utilizou-se 840 pintos distribuidos em delineamento experimental
inteiramente casualizado, cinco niveis (0,0; 0,05; 0,10; 0,15 e 0,20%) de Agaricus blazei, seis repeticdes
e 28 aves por unidade experimental. O peso do timo, bago e bolsa cloacal ndo foi influenciado pelos
tratamentos experimentais (P>0,05). Os leucdcitos, macréfagos e o 6xido nitrico ndo foram afetados
pelos niveis de Agaricus blazei (P>0,05), no entanto a porcentagem de eosinofilo e de macrofagos
diferenciaram-se (P<0,05) nos niveis de 0,10, 0,15 e 0,20% em relagdo ao controle. Aos 28 dias,
os niveis de anticorpos contra a doenca de Newcastle apresentaram resposta quadratica (P<0,05) a
suplementagdo, e a partir do nivel estimado de 0,08% estimulou-se a sua produ¢ao, contudo o mesmo
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ndo ocorreu (P>0,05) aos 42 dias. A agdo hipocolesterolémica foi comprovada (P<0,05) mas a
suplementa¢@o nao interferiu (P>0,05) na concentragdo sérica de triglicerideo. A atividade antioxidante
do cogumelo apresentou efeito linear positivo (P<0,05) sobre o DPPH no dia 0 de refrigerag@o da carne.
A inclus@o do cogumelo proporcionou atividade imunoestimulante e hipocolesterolémica. Observou-se
a presenga de compostos residuais antioxidantes, protegao tecidual do animal “in vivo” e possibilidade
de uso do Agaricus blazei como um aditivo natural em rac¢des de frangos.

Palavras-chave: Cogumelo. Colesterol. Imunoglobulinas. Leucdcitos. Radical livre.

Introduction

The immune response is the body’s first line
of defense against potentially harmful organisms
(ABBAS et al., 2012). To activate the immune
system, a number of cellular components and
substances are needed that perform various
defense functions in the bird’s body (GERTNER
et al.,, 2008). During the first week of life, the
bird experiences a great increase in the number
of leukocytes and the development of lymphoid
organs. These events will modulate all of the bird’s
immunity throughout its life, which makes the early
stage of development a nutritionally critical period,
as deficiencies or excesses can impact the immune
system (KLASING, 1998). The productive potential
of farms and the pressure exerted by pathogenic and
non-pathogenic agents on immunity and animal
metabolism has intensified, and supplemental
additives have become an essential tool in the search

for improved performance and economic results.

In the search for new types of additives, Agaricus
blazei, also known as the sun mushroom and native
to Brazil, and other species of medicinal mushrooms
havebeenstudiedinrecentdecades fortheirmedicinal
effects in vitro and in vivo (RESHETNIKOV et
al., 2001). A. blazei is considered a nutraceutical
food because, in addition to its nutritional value,
its secondary metabolites are chemically diverse
and have a wide spectrum of biological activity
(KHATUN et al., 2012). Among the bioactive
compounds are polysaccharides, glucan peptides,
glycoproteins, triterpenoids, polyphenols, vitamins,
minerals, and polyunsaturated fatty acids (SINGH
et al., 2011). It is believed that the mushroom can
be classified as a new type of prebiotic due to the

presence of several types of carbohydrates, many
of them resistant to hydrolysis by gastric enzymes
(AIDA et al., 2009). Among the polysaccharides
of interest, the betaglucans have drawn attention
for their ability to enhance the immune system.
The bioactive substances of mushrooms enhance
the proliferation of B and T lymphocytes and the
synthesis of immunoglobulins (FANG; LIN, 2003),
reduce cholesterol and diabetes (FIRENZUOLI et
al., 2008), and possess antioxidant (MAU et al.,
2004) and bacteriocidal activities (RANA et al.,
2008). Foods containing antioxidants can help
to reduce the production of free radicals, which
compromise tissue integrity (KOZARSKI et al.,
2011). The replacement of synthetic antioxidants,
(BHT),
etoxiquim,

such as Dbutylated hydroxytoluene
(BHA),
among others, with natural substances has shown
positive results (BOTSOGLOU et al., 2003;
FASSEAS et al., 2007). Mushrooms have, as part

of their constitution, phenolic compounds whose

butylhydroxyanisole and

antioxidant activity is characterized by the ability
to stabilize free radicals (MORAES; COLLA,
2006). Thus, the objective was to study the effect
of A. blazei mushroom supplementation in the diet
of broiler chickens on the immune system, serum
parameters, and antioxidant activity in the meat.

Materials and Methods

The experiment was conducted at the Iguatemi
Experimental Farm Poultry sector belonging to the
State University of Maringa, under the approval
of Experimentation in Animal Ethics Committee
— CEAE/EMU (Registration N°. 028/2013). Male
broiler chicks (n = 840) of the commercial line
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“Cobb”
shed in a completely randomized design with five

were distributed in an air-conditioned

A. blazei mushroom powder levels in the diet (0.0,
0.05, 0.10, 0.15 and 0.20%) and six replicates of 28
birds each. The feeding program was divided into
three stages: initial (1 to 7 days of age), growth (8

to 21 days of age) and final (22 to 42 days). The
feed formulations (Table 1) were based on corn
and soybean meal, using the chemical composition
values of foods and nutritional requirements for
male broilers at each stage, according to Rostagno
etal. (2011).

Table 1. Percentage and calculated composition of experimental diets for 1 to 7 days, 8 to 21 days, and 22 to 42 days

of age.
Ingredients (%) 1-7 days 8-21 days 22-42 days
Corn 54,60 58,70 63,59
Soybean meal 38,36 34,88 29,59
Dicalcium phosphate 1,97 1,56 1,22
Calcareous 0,78 0,80 0,71
Soy oil 2,36 2,34 3,27
Salt 0,5 0,48 0,45
DL-methionine, 99% 0,33 0,26 0,22
L-lysine, 78% 0,29 0,22 0,21
L-threonine, 99% 0,11 0,06 0,04
Suppl. Min and Vitam.!? 0,40 0,40 0,40
Inert? 0,30 0,30 0,30
TOTAL 100 100 100
Calculated Composition

Energy Met. (kcal kg™) 2.950 3.000 3.125
Crude protein (%) 22,20 20,80 18,75
Digestible lysine (%) 1,310 1,174 1,044
Digestible Met + Cis (%) 0,944 0,846 0,762
Digestible tryptophan (%) 0,226 0,206 0,175
Digestible threonine (%) 0,852 0,763 0,678
Digestible valine (%) 0,918 0,866 0,783
Digestible arginine (%) 1,418 1,323 1,173
Calcium (%) 0,920 0,819 0,685
Available phosphorus (%) 0,470 0,391 0,320
Sodium (%) 0,217 0,210 0,198
Potassium (%) 0,860 0,809 0,726
Chlorine (%) 0,350 0,340 0,322

- Electrolyte balance: 215,76 mEq kg (1 to 7 days); 202,26 mEq kg (8 to 21 days); 180,88 mEq kg™ (22 to 42 days).

!(1-21 days old) Vitamin supplement (content kg!' of premix): Vit. A 2.916.670 UI kg''; Vit.D3 583.330 UI kg'; Vit. E 8.750 UI
kg'!; Vit. K3 433.33 mg kg''; Vit.B1 408.33 mg kg™'; Vit.B2 1.333,33 mg kg'; Vit. B12 4.166,67 mcg kg'!'; Niacin 8.983,33 mg kg;
Calcium Pantothenate 3.166,67 mg kg'; Folic Acid 200 mg kg'; Biotin 25 mg kg''. Mineral Supplement (content kg of premix):
Iron 12.6 g kg'; Covers 3.072 mg kg''; Todine 248 mg kg''; Zinc 12.6 g kg™'; Manganese 15 g kg™'; Selenium 61.20 mg kg'; Cobalt

50.40 mg kg'.

%(22-42 days old) Vitamin supplement (content kg! of premix): Vit. A 2.250.000 UI kg™';

Vit.D3 450.000 UI kg'; Vit. E 7.000 UI kg''; Vit. K3 418 mg kg!'; Vit.B1 300 mg kg''; Vit.B2 1000 mg kg, Vit.B12 3000 mcg
kg'!; Niacin 7000 mg kg'; Calcium Pantothenate 2500 mg kg™'; Folic Acid 140 mg kg''; Biotin 14 mg kg". Mineral Supplement
(kg-content of premix): Iron 12.5 g kg''; Covers 3000 mg kg™'; Todine 250 mg kg™'; Zinc 12.5 g kg™'; Manganese 15 g kg!; Selenium

75 mg kg'; Cobalt 50 mg kg'.

3Caulim: the A. blazei levels were included to replace the inert during the three stages of growth.
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After seven days of age, the entire batch
was vaccinated against Newcastle disease (Fort
Dodge®) and after 28 and 42 days of age, blood was
collected for antibody titration using an enzyme
immunoassay according to the manufacturer’s
instructions (IDEXX®).

After 28 days, the leukocyte profile was
determined by collecting blood samples in the
presence of an anticoagulant (EDTA) from two
animals per experimental unit. For the evaluation,
according to Charles Noriega (2000), differential
counts were performed on blood smears on glass
slides, stained using the Giemsa — May Grunwald
method and observed under an optical microscope
with an immersion objective.

The evaluation of phagocytic activity (%) and
peritoneal macrophage nitric oxide production was
performed according to the method of Quershi et al.
(1986) with some modifications. The production of
macrophages was stimulated in six birds per level
of supplementation, on the 35th day of life, by intra-
abdominal injection of Sephadex G-50® (Sigma)
3% (1 mL 100 g! live weight). After 42 h, the birds
were sacrificed by cervical dislocation and carried
by inoculation of 20 mL of heparinized sterile PBS
solution (0.5U mL"' Liquemine® — Roche), after
which 15 mL of abdominal fluid were collected.
The material was centrifuged at 1500 rpm for 10
min and the pellet resuspended in 2 mL RPMI
1640® (Sigma). One hundred fifty microliters
of this suspension was added to each well of a
24-well macrophage culture plate containing 13-
mm diameter coverslips. After incubation for 1 hr
at 37 °C with 5% CO, and washing of the plate
with RPMI 1640 solution, 200 sheep erythrocytes
were added and incubated for 1 h. Then, the plate
was washed with sterile PBS and the coverslips
stained using a commercial kit (Fast Panotic LB®
— Laborclin). Macrophages were counted (200
per coverslip), checking the number of cells with
engulfed red blood cells. The phagocytic activity
(FA) was calculated as the ratio of the number of
macrophages containing phagocytosed erythrocytes

to the total number of macrophages counted. The
nitric oxide concentration (umol mL™") produced by
adhering macrophages was determined in another
plate; after the second washing, the wells were
maintained for 24 h in an oven with 200 mL of
RPMI 1640. The concentration of nitric oxide was
performed using the Griess reaction and subsequent
reading in a spectrophotometer.

At 21 days old, the lymphoid organs (thymus,
spleen and cloacal bursa) were collected from
one bird each. The relative weight was obtained
after dissection and removal of exogenous tissue,
depending on body weight. At 28 and 42 days of
age, serum levels of total cholesterol (mg dL') and
triglycerides (mg dL') were determined by means
of an enzymatic-colorimetric procedure using
commercial kits (Diagnostic Gold analyzes Ltda.)
and spectrophotometric reading at 500 nm in a Bio-
2000 (Bioplus Laboratory Products Ltd.) according
to the manufacturer’s instructions.

At 42 days of age, lipid oxidation of the meat
and the antioxidant action of the mushroom were
verified by two analyses on day 0 and after five days
of refrigeration at 4 °C: 1) analytical determination
of thiobarbituric acid (TBA) reactive substances
(TBARS) according to Sorensen and Jorgensen
(1996) consisted of a 5 g sample of ground beef
homogenized with 15 ml of trichloroacetic acid
solution (7.5%), gallic acid (0.1%) and EDTA
(0.1%). The solution was filtered and 1.5 mL were
taken and mixed with 1.5 mL of TBA and taken
to a water bath for 40 min. After centrifugation at
3000 RPM for 10 min, the absorbance of the final
products of lipid peroxidation, which reacted with
thiobarbituric acid, was read at a wavelength of 532
nm in a spectrophotometer. For the calculations, the
values obtained for the samples were plotted on a
malonaldehyde standard curve and the data were
expressed as uM of malonaldehyde (MDA) g of
sample. 2) the test for antioxidant activity for the
capture of organic free radical 2,2-diphenyl-1-
picryl-hydrazyl (DPPH) consisted of mixing 100
uL of the extracted solution with 1.9 mL of the
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DPPH solution. Subsequent readings took place in
the spectrophotometer at 515 nm for 1 h to allow the
absorbance to stabilize (LI et al., 2009).

The
polysaccharide was determined by the Spectroscopy
Laboratory, Department of Physics, of Maringa State
University, through Raman spectroscopy analysis
and the concentration of beta-glucan is given in
percent per 100 g of sample (NOVAK et al., 2012).
The concentration of polyphenols was determined
using the Folin-Ciocalteu method (SINGLETON;
ROSSI JUNIOR, 1965). The extraction was carried
out using 0.1 g mushroom in 10 mL of methanol.
The solution was homogenized and allowed to rest
for 10 min. This procedure was performed three
times and centrifuged for 10 min at 3000 rpm. A
125 pL volume was recovered from the supernatant
and added to 125 pL of Folin-Ciocalteu reagent
and 2250 pL sodium carbonate. The solution was
incubated for 30 min, the reading took place in a
spectrophotometer at 725 nm and the value was
expressed in milligrams of gallic acid equivalents
per gram of mushroom.

amount of beta-glucan mushroom

The results were subjected to ANOVA and
polynomial regression according to the statistical
program SAEG: Analysis Statistics and Genetic
Systems (UFV, 2005). A comparison of data
between the control and the other levels of inclusion
of A. blazei, was carried out using Dunnett’s test at a
5% probability. The following mathematical model
was used: Y, = p + b A+ b,A% + g, where Y, =
dependent variable; p = general average; b, = linear
regression coefficient depending on the level of 4.
blazei (0.5%, 0.10%, 0.15% and 0.20%); A = A.
blazei level for each phase; b, = quadratic regression
coefficient depending on the level of A. blazei; and
e, = random error.

Results and Discussion

The
polyphenols found in 4. blazei were 18% and 5.07
mg gallic acid equivalents, respectively. At 28

concentrations of beta-glucans and

days of age, it was revealed that supplementation
promoted a quadratic response (P < 0.05) in
antibody titre against Newcastle disease broilers
vaccinated for seven days (Table 2). From the
estimated level of addition, there was a 0.08%
stimulation of antibody production, confirming
that the fractions of polysaccharides present may
enhance the humoral immune response (GUO et
al., 2004). The level of 0.20% was different (P <
0.05) from that of the controls, indicating a greater
stimulation of stimulating immunoglobulins by the
chicken defense system, however this increase in
production of antibodies was not associated with
an increase in the number of lymphocytes. Similar
behavior was observed by Chan et al. (2007),
wherein the intragastric administration of 4. blazei
elevated serum levels of immunoglobulin G in rats,
but did not increase the lymphocyte proliferation
rate, indicating an increase in immunoglobulin
secretion efficiency by B lymphocytes elicited by
polysaccharides of 4. blazei.

At 42 days of age, antibody titration was greater
than at 28 days, but was not influenced (P > 0.05) by
the addition of mushroom. Vaccination stimulates B
lymphocytes through interaction of their antigen
receptor with the antigen of the vaccine itself,
and betaglucans have the ability to leverage this
response, resulting in augmentation of the adaptive
immune response (DARPOSSOLO et al., 2010).
The adjuvant activity of the polysaccharide against
coccidiosis vaccine was demonstrated by Guo et al.
(2005) to work with the fungus species Lentinus
edodes and Tremella fuciformis and the herb
Astragalus membranaceus.
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Table 2. Titre of antibodies (log,) (+ standard error) against the virus of Newcastle disease in broilers supplemented

with Agaricus blazei at various levels.

A. blazei (%) 28 days 42 days

0 2,715+ 0,053 2,939+ 0,073
0,05 2,747 + 0,041 3,262 + 0,075
0,10 2,642 +0,010 3,161 + 0,053
0,15 2,923 +0,031 3,034 £ 0,095
0,20 3,302 + 0,164* 3,148 £ 0,131

CV (%) 6,27 6,43

Regression Q'=10,08 NS

2240

" Significant 5% by Dunnett’s test (P < 0.05); NS = not significant; Q = Quadratic

1Q =3,022 — 8,208x + 48,4x* (R>= 0.98; P < 0.0001).

The index of macrophage phagocytosis and nitric
oxide concentration (Table 3) were not affected (P
> (0.05). However, when comparing each level with
the control, macrophages were increased (P < 0.05)
at the levels of 0.10, 0.15 and 0.20% inclusion of
A. blazei. 1t is likely that the betaglucans present
in the mushroom activated immune functions
by increasing the concentration of macrophages,
and this is possible only in the presence of the
polysaccharide receptors that have been identified

on the surfaces of macrophages (BATTLE et al.,
1998). Sorimachi et al. (2001) concluded that A.
blazei is capable of stimulating macrophages in
vitro, resulting in the induction of cytokines and
the production of nitric oxide. Many prophylactic
techniques are presented to the poultry industry to
prevent diseases, and the immunostimulatory action
of the active ingredients of mushrooms can make
them a great candidate to promote animal health
(GUO et al., 2003).

Table 3. Phagocytosis Index (%) and nitric oxide concentration (wm mL™") (+ standard error) in broilers fed diets

supplemented with Agaricus blazei at various levels.

A. blazei (%) Phagocytosis Index Nitric Oxide

0 17,63 + 1,34 0,35+0,16
0,05 22,63 +1,57 0,51 +0,10
0,10 25,00 £ 2,27* 0,54 +0,16
0,15 24,56 = 1,79* 0,59 +0,11
0,20 24,31 +1,39* 0,41+ 0,16

CV (%) 21,13 72,22
Regression NS NS

" Significant 5% by Dunnett’s test (P < 0.05); NS = not significant.

With respect to leucocyte differential count,
there was no effect of the addition of mushroom
(P > 0.05) on cells of the immune system or the
heterophil:lymphocyte ratio (Table 4).

The supplementation of A. blazei in the diet
of broilers did not affect (P > 0.05) the weight of
organs related to the immune system, such as the
thymus, spleen, and cloacal bursa, at 21 days (Table

5), although it has been shown that the mushroom
immunoactvators in broilers include a variety of
compounds, such as polysaccharides, alkaloids and
organic acids, which stimulate the immune system
(GUO et al., 2004). Similar results were found
using Saccharomyces cerevisiae and P. ostreatus
(DARPOSSOLO et al., 2010; DANESHMAND et
al., 2011).
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Table 4. Leukocyte values (%) and the heterophil:lymphocyte ratio (H:L) (+ standard error) in broilers at 28 days of
age supplemented with Agaricus blazei at various levels.

A. blazei (%) Lymphocyte Heterophils Eosinophil  Basophil Monocyte H:L

0 68,55+1,82 9,49+1,09 2,83+0,60 5,99+0,68 7,16 £1,70 0,14+0,02
0,05 67,67+2,59 10,0£1,46 4,3340,71 5,00+1,15 7,33 £1,20 0,15+0,03
0,10 71,67+2,03 8,17+0,79 5,67+0,71* 4,17+0,75 6,50+ 1,57 0,11£0,01
0,15 65,00+1,98 8,70+1,58 5,83+0,87* 4,67+0,61 10,33 £1,26 0,14+0,03
0,20 69,83+1,33 8,00+1,51 6,00+0,52* 5,67+0,67 7,50 £1,36 0,12+0,02

CV (%) 7,11 36,52 34,48 38,28 45,10 42,46
Regression NS NS NS NS NS NS

" Significant 5% by Dunnett’s test (P < 0.05); NS = not significant.

Table 5. Relative weight (%) (+ standard error) of the spleen, thymus and cloacal bursa of broiler chickens at 21 days
of age fed diets supplemented with Agaricus blazei at various levels.

A. blazei (%) Spleen Cloacal Bursa Thymus

0 0,123 £ 0,020 0,212+0,014 0,484 £ 0,045
0,05 0,093 £0,019 0,214 £ 0,020 0,500 + 0,031
0,10 0,095+0,011 0,243 +0,017 0,494 + 0,055
0,15 0,106 +0,010 0,279 + 0,024 0,526 + 0,046
0,20 0,104 + 0,005 0,275 + 0,031 0,642 £ 0,067

CV (%) 28,04 21,84 23,24
Regression NS NS NS

" Significant 5% by Dunnett’s test (P < 0.05); NS = not significant.

Supplementation did not stimulate the production
of lymphocytes (P > 0.05), the percentage of which
was within the standard 60% to 65% in broilers
(MACARI; LUQUETTI, 2008) and lymphocyte
counts were similar to the values found by Cardoso
and Tessari (2003) and Roll et al. (2010). The
percentage of heterophiles was even below the
expected 25% to 30% (MACARI; LUQUETTI,
2008); however, they still constituted the most
abundant granulocyte in the blood of the birds. The
percentage of monocytes was found to be below
the stipulated 10% (SWENSON; REECE, 1996;
MACARI; LUQUETI, 2008) and the percentage
of basophils was close to the reported value of
4% (SWENSON; REECE, 1996). The local blood
puncture and laboratory technique used, the age of
the birds, the environmental conditions, and the form
of accommodation that they are in at the time of the
experiments are all factors that can interfere with
hematological parameters (CARDOSO; TESSARI,

2003; BORSA, 2009). The study birds were kept
under good environmental and sanitary conditions
throughout the production cycle as, according to
Daneshmand et al. (2011) the presence or absence
of health challenge can also influence the outcome
of the mushroom operation.

Eosinophils showed differences (P < 0.05)
at A. blazei supplementation levels of 0.10, 0.15
and 0.20% compared with the control, and their
percentage was found to be above the 2% stipulated
for leukocytes in broilers (MACARI; LUQUETTI,
2008), but within the stipulated 3-8% proposed by
Swenson and Reece (1996). In humans, the ability
of betaglucans to modulate the immune system
has been reported, both at the humoral and cellular
levels, through the stimulation of macrophages,
neutrophils, eosinophils, and lymphocytes. Much of
the gastrointestinal betaglucans are phagocytosed
by macrophages, being driven into the bone
marrow. Here, fragments of polysaccharides bind to
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CR3 receptors on granulocytes, such as neutrophils
and eosinophils. These activated granulocytes,
when recruited by inflammatory stimuli, act on
tumors (FIRENZUOLI et al., 2008). Therefore, it is
possible to suggest that the slight increase observed
in the number of eosinophils, associated with an
increase in the number of macrophages, is related
to the activation of the same against the presence of
betaglucans.

There was no effect of A. blazei (P > 0.05) on
serum cholesterol and triglyceride parameters at 28
days of age (Table 6). However, after 42 days, the
hypocholesterolemic effect was apparent and serum
cholesterol showed a negative linear response (P <
0.05); supplementation levels of 0.15 and 0.20%
showed the lowest values (P <0.05) when compared
with the control. This behavior was not observed (P
> (.05) for the blood concentration of triglycerides.

The reduction in cholesterol levels is complex
because it possibly involves the combination of
bioactive compounds in mushrooms, such as short
chain fatty acids, and fiber fermentation by the
intestinal flora (JEONG et al., 2010). The decline
may also be due to the reduction in cholesterol
absorption by the nondigestible polysaccharides
such as B-(1— 3) glucans and the interaction of
cholesterol with bile acids, which reduces their
reabsorption into the enterohepatic circulation
and causes the liver to divert cholesterol to bile
acid production, thus reducing the cholesterol
concentration in the blood (CHEUNG, 1996). The
hypocholesterolemic and hypoglycemic effects
of betaglucans, which are present in fungi of the
Agaricus genus, attested to in rats, suggests a
protective action on the biochemical and metabolic
parameters of the animals and consequently, in
maintaining the body’s homeostasis (KIM et al.,
2005; MASCARO et al., 2014).

Table 6. Total serum cholesterol concentration (mg dL') and triglycerides (mg dL') (+ standard error), at 28 and 42
days in broilers fed diets supplemented with Agaricus blazei at various levels.

A.blazei (%) Cholesterol 28d Triglycerides 28d Cholesterol 42d Triglycerides 42d
0 92,47 £ 10,62 48,24 £ 8,65 112,62 +3,92 131,73 £43,54
0,05 89,18 + 3,46 82,04 + 33,87 103,22 + 0,54 163,98 + 7,69
0,1 90,69 + 3,11 96,83 + 19,96 101,89 + 5,08 69,64 + 7,69
0,15 105,16 = 10,02 92,12 £ 6,24 96,78 + 5,69* 81,58 + 34,35
0,2 108,40 + 2,93 36,67 + 12,48 93,45 +3,78* 127,43 +£ 12,22
CV (%) 14,36 53,55 7,01 45,03
Regression NS NS L! NS

* Significant 5% by Dunnett’s test (P < 0.05); NS = not significant; L = Linear.

'L=107.44 — 68.856X (R*=0,96; P = 0.0321).

The lipid oxidation indicator in meat, TBARS
was not affected (P > 0.05) by the inclusion of 4.
blazei on days 0 and after five days of cooling, as
shown in Table 7. The meat from both control and
supplemented birds showed differences (P < 0.05)
in the final production of TBARS over time. As
lipid oxidation occurred, the concentration of these
compounds increased between day 0 and day 5 of
cooling, regardless of the presence of mushroom.

Despite the high concentration of polyphenols
presented by A. blazei, of which the value was 5.07
mg of gallic acid equivalents per gram of mushroom,
the levels added to the diet were not sufficient to
inhibit degradation of the lipid compounds of the
flesh or to promote tissue protection. Oxidative-
reduction by the proven antioxidant action of the
medicinal mushrooms was expected (CHEUNG et
al., 2003; TSAI et al., 2007), due to the presence
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of phenolic compounds, which have the ability to
inactivate free radicals (MORAES; COLLA, 2006).

Using Agaricus bisporus in the diet of broilers
and turkeys, Giannenas et al. (2010, 2011) observed,
after five days of refrigeration, the presence of
a higher content of malondialdehyde as a result
of lipid oxidation in the meat of birds without
supplementation compared with birds supplemented
with the mushroom. It has been suggested that
antioxidant activity is dose dependent and that the
protective effect of 4. bisporusis aresult of the ability
of fractions of polysaccharides and polyphenols to
stabilize free radicals by electron transfer. Even with
negative results on lipid protection, the presence of
antioxidant compounds in chickens arising from 4.

blazei is observed. The capture of the free radical
DPPH showed a positive linear effect (P < 0.05)
only on day zero of meat cooling and levels of 0.15
and 0.20% mushroom showed (P < 0.05) higher
percentages (75.04 and 75.36%) when compared
with controls (Table 7). This difference indicates
that both supplementation levels were associated
with the highest free-radical sequestration capacity
due to the higher concentration of antioxidant
compounds present in the meat, resulting in
tissue preservation of the animal in vivo. Phenolic
compounds of low molecular weight, despite their
low liquid absorption in the intestine, reach the
bloodstream and promote antioxidant activity in
animals (GIANNENAS et al., 2010).

Table 7. Evaluation of lipid oxidation by TBARS values expressed in uM of malondialdehyde g' of sample and the
percentage (%) of the free radical DPPH (+ standard error) in the meat of broiler chickens fed diets supplemented with

levels of Agaricus blazei.

A. blazei (%) TBARS P-value CV (%)
DAY 0 DAY 5
0 0,59+0,10B 3,19+0,38A <0,0001 29,97
0,05 0,73+£0,10 B 2,93+£0,38A 0,0025 65,12
0,1 0,65+0,10B 2,52+0,38A <0,0001 34,26
0,15 0,80+0,10 B 3,21 £0,38A <0,0001 32,43
0,2 0,65+ 0,11B 2,89 +£0,43 A 0,003 39,86
CV (%) 37,88 36,01
Regression NS NS
A. blazei (%) DPPH!' P-value CV (%)
DAY 0 DAY 5
0 74,15+ 0,18A 67,70 +0,37 B <0,0001 23
0,05 73,73 £0,18A 65,45+ 0,37*B <0,0001 4,64
0,1 74,34 £0,18A 64,94 £0,37*B <0,0001 5,79
0,15 75,04 £0,18*A 67,18+0,37B <0,0001 2,39
0,2 75,36 £0,18*%A 65,76 £ 0,37*B <0,0001 2,43
CV (%) 2,25 5,06
Regression L2 NS

* Significant 5% by Dunnett’s test (P < 0.05); NS = not significant; L = Linear.
' DPPH: 2,2-diphenyl-1-picryl-hydrazyl; > L = 73.22 + 11.18x (R?= 0.98; P < 0.0001)
*>Means with different letters in the same row differ by Tukey’s test.

Afterfive days of cooling, the residual antioxidant
capacity in meat to sequester the free radical DPPH
was reduced (P < 0.05) compared with day 0. When
compared with the control, the levels of 0.5, 0.10

and 0.20% mushroom inclusion had lower (P <0.05)
protective activity, revealing that the antioxidant
effect observed at day O decreased over time and
with increased oxidative stress. Bao et al. (2009),
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ascertained by DPPH analysis a protective effect
of Flammulina velutipes mushroom on chilled fish
meat, indicating no loss of scavenging activity of
electrons and that foods containing antioxidants can
help to reduce the production of free radicals, which
compromise the integrity of the final meat product.

The results of the use of medicinal mushrooms
as additives still have varying responses according
to Guo et al. (2003), due to physico-chemical
properties, type of sugars, and the structure and
molecular weight of the compounds present. The
quantity and quality of the chemical composition
of fungi are influenced by their genetic and
environmental growing conditions, the nature of the
substrate, and storage conditions (MIZUNO, 2002;
CHANG; MILES, 2004; SINGH et al., 2011). The
effective use of mushrooms as natural additives in
poultry nutrition depends on the correct patterning
of their dosages, since researchers are working
with different concentrations and species, and
experimental conditions. In addition, we need to
better understand how compounds with biological
activity act on the animal organism, whether or not
they are employed in dealing with health and/or
environmental challenges, enabling better decision
making with regard to the application of mushroom
in animal production.

Conclusion

The use of A. blazei as a natural additive
provided a better immune response in birds by
stimulating immunoglobulins and macrophages. A
hypocholesterolemic effect was seen after 42 days
of age, and although the lipid protection of the
flesh was not favored “in natura” or upon cooling,
the presence of residual mushroom compounds
with antioxidant activity allowed the protection of
animal tissue in vivo.
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