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RESUMO

Objetivou-se verificar o efeito do 6leo de sucupira em dietas para frangos de corte sobre o
desenvolvimento intestinal, metabolizabilidade da matéria seca e do nitrogénio e desempenho
de frangos de corte. Um total de 350 frangos de corte Cobb500® de um dia de idade, machos,
foram distribuidos em sete tratamentos com cinco repeticdes, totalizando 35 unidades
experimentais com 10 aves cada. Os tratamentos consistiram em dieta controle negativo, quatro
dietas com diferentes niveis de 6leo de sucupira (100; 500; 900 e 1.300 mg/kg), dieta com
mananoligossacarideo e dieta controle positivo com antibidtico. A inclusao de 900 e 1.300 mg
de o6leo de sucupira prejudicou o desenvolvimento intestinal e a metabolizabilidade dos
nutrientes (P <0,05). A inclusao de 100 ou 500 mg de 6leo de sucupira na ragdo para frangos
de corte foi semelhante aos tratamentos controle negativo, MOS e antibiotico para as variaveis
de desempenho (todas as fases estudadas) e também para a metabolizabilidade dos nutrientes
(P <0,05). Pode-se concluir que niveis elevados de 6leo de sucupira ndo sdo recomendados na
dieta de frangos de corte.

Palavras-chave: Cerrado. Frangos de corte. Oleos essenciais. Pterodon emarginatus

ABSTRACT

The objective of the present study was to ascertain the effect of sucupira oil in diets of broilers
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on gut development, dry matter and nitrogen metabolizability and broilers performance. A total
of 350 one-d-old, male, Cobb500® broiler were allotted in seven treatments with five replicates,
totaling 35 experimental units with 10 birds each. The dietary treatments consisted of a negative
control diet, four diets with different levels of sucupira oil (100; 500; 900 and 1,300 mg/kg),
diet with mannanoligosaccharide and control diet with antibiotic. The inclusion of 900 and
1,300 mg of sucupira oil impaired gut development and metabolizability of nutrients (P<0.05).
The inclusion of 100 or 500 mg of sucupira oil in broiler feed was similar to negative control,
MOS and antibiotic treatments for performance variables (all phases studied) and also for
nutrient metabolizability (P<0.05). It can be concluded that high levels of sucupira oil is not

recommended in broilers diet.

Keywords: Broiler chicken. Cerrado vegetation; Essential oils; Pterodon emarginatus

INTRODUCTION

Antibiotic growth promoters (AGPs) has
been usually included in poultry feed to
improve performance and prevent diseases
(BRENES & ROURA, 2010), but since
2006 these products was banned from
animal feed by The European Union
countries (CASTANON, 2007). Products
with alternative growth promoters’ action
have been tested to maintain productive
indexes and final product quality, in
addition to being financially viable
(CHOWDHURY et al., 2018).

Phytogenic additives emerged to replace
use of AGPs, including plant extracts and
essential oils, has attracted increased
attention to improve performance and
health in poultry production
(CHOWDHURY, et al., 2018). Phytogenic
inhibit the growth of pathogenic
microorganisms, increase mucus
production, antioxidant properties and
decrease ammonia production (HASHEMI
& DAVOODI, 2011). In addition, several
studies on phytogenic additives like garlic,
black pepper, hot red pepper and ginger,
turmeric extract (Curcuma longa), citrus
extract, grape seed extract (Vitis sp.), guava
extract (Psidium guajava), chinese cinnamon
essential oil (Cinnamomum zeylanicum),
green tea, chilean boldo leaves (Peumus
boldus), and others have shown that may

improve rearing conditions, performance
and healf of broilers and layers
(HERNADEZ et al., 2004; SARKE et al.
2010; FASCINA et al., 2017; OLIVEIRA t
al., 2018; IRIVBOIJE et al. 2020).

The Cerrados biome is recognized as the
richest savannah in the world and its
vegetation represents 23% of the Brazilian
territory, where there are a group of unique
vegetable species (NERI, et al.,, 2007;
VASCONCELOS, 2011). Several plants
are native to the Cerrado and most are still
little studied as to their phytotherapic
properties, one of these species is the plant
popularly known as sucupira.

Sucupira (Pterodon sp.) is characteristic
plant of Brazilian Cerrado vegetation
(LORENZI & MATOS, 2002). There are
chambers enclosing the seed and storing the
aromatic oil, Dutra et al., (2012) carried out
phytochemical screening of P. emarginatus
seeds and detected the presence of
flavonoids, coumarins, saponins,
triterpenes and essential oil. Pterodon sp.
presents antimicrobial activity of different
antimicrobial agents products have been
reported (BUSTAMANTE et al., 2010;
SANTOS, et al, 2010). These
characteristics make the derivatives of
Pterodon sp. potential substitutes for AGPs
in broilers feed.

However, the sucupira presents power
astringent due to its chemical composition
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that presents tannins and saponins
(NOLETO et al., 2018). Although broiler
chickens have a low ability to distinguish
flavors due to the presence of few taste buds
in the oral cavity (VIEIRA, 2010), it is not
known whether the odor or flavor of the
sucupira oil supplementation may influence

MATERIAL AND METHODS

This experiment was conducted at a
university in the city of Goiania, Goias,
Brazil. Research on animals was conducted
according to the institutional committee on
animal use (case no. 030/2012). The
sucupira oil was produced by cold pressing
of the seeds, obtaining 15% crude oil yield.
The oil resins were obtained in
collaboration with a regional cooperative of
sustainable production in Central Region of
Brazil. Oil resins were analyzed to
determine their purity and then were
standardized at the Natural Products
Research Laboratory, located in Goiania,
Goias, Brazil. Sucupira oil resins contained
7.36% B-caryophyllene.

A total of 350 one-d-old (32 wk breeders
old) male Cobb500® broiler distributed into
seven treatments with five replicates,
totaling 35 experimental units with 10 birds
each. Birds were housed in galvanized steel
battery cages (0.5 m x 0.4 m x 0.4 m),
equipped with trough drinkers and feeders.

http://dx.doi.org/10.1590/81519-99402122222021

feed consumption of the birds. The
objective of this study was to study the
effects of sucupira oil as a feed additive on
broiler performance, nutrient digestibility
and gastrointestinal tract development,
comparing the levels tested with diets that
used growth promoters

Water and feed were provided ad libitum.
During the first 14 days the birds received
23 h of artificial light and 1 hour of
darkness, after which they received natural
light (12 h) until the end of the experiment.
Birds were fed diets based on corn and
soybean meal formulated to supply their
nutritional requirements during pre-starter,
starter and grower phases, according to
Rostagno et al. (2011).

The dietary treatments consisted of a
negative control diet (Table 1), and of the
supplementation of different sucupira oil
resin levels mixed with soybean oil and
added to the control diet at the expense of
corn starch, as follows: 100 mg of sucupira
(SUC100) oil resin/ kg of feed, 500 mg of
sucupira (SUCS500) oil resin/ kg of feed;
900 mg of sucupira (SUC900) oil resin’kg
of feed; 1,300 mg of sucupira (SUC1300)
oil resin/kg of feed, 800 mg of MOS/kg of
feed of pre-starter and starter feed, and 400
mg of MOS/kg of feed of grower (MOS)
and 50 mg of antibiotic Avilamycin /kg of
feed.
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Table 1. Ingredient composition and calculated nutritional values of the basal diets, according

to rearing phase

Ingredients (g/Kg as fed)

Pre-starter (1-

Starter (8-21 Grower (22-35

7 days) days) days)
Corn 552.9 598.2 620.5
Soybean meal 382.5 346.7 3154
Soybean oil 20.5 18.8 29.9
Dicalcium phosphate 19.0 9.9 12.8
Limestone 9.0 12.4 8.5
Salt 5.0 4.9 4.5
DL-Methionine 99% 3.6 2.9 2.6
L-Lysine HCL 2.9 2.1 1.9
Corn starch 2.0 2.0 2.0
L-threonine 98% 1.1 0.6 0.4
Vitamin Suplement! 1.0 1.0 1.0
Mineral Suplement? 0.5 0.5 0.5
TOTAL 1,000.0 1,000.0 1,000.0
Calculated nutritional values
Metabolizable energy (kcal/kg) 2,950.0 3,000.0 3,100.0
Crude Protein (g/Kg as fed) 222.0 208.0 195.0
Digestible Lysine (g/Kg as fed) 13.1 11.7 10.7
Digestible Methionine+Cystine
(2/Kg as fed) 9.4 8.4 7.8
Calcium (g/Kg as fed) 9.2 8.1 7.3
Available Phosphorus (g/Kg as fed) 4.7 2.9 34
Sodium (g/Kg as fed) 2.2 2.1 2.0

'Supplied per kg of diet: 312,500 IU Vitamin A; 55,000 IU Vitamin D3; 375 mg Vitamin E; 62.5 mg
Vitamin K3; 25 mg Vitamin B1; 112.5 mg Vitamin B2; 25 mg Vitamin B6; 375 mg Vitamin B12; 950
mg niacin; 375 mg calcium pantothenate; 12.5 mg folic acid; 35,000 mg DL-methionine; 15,000 mg

choline chloride 50%; 5 mg selenium.

2Supplied per kg of diet: manganese 15,000 mg; zinc 10,000 mg; iron 10,000 mg; copper 1,600 mg;

iodine 150 mg.

At the end of each week (seven, 14 and 21
d), feed consumption and weight gain were
recorded. The performance indexes used
were final weight, feed consumption, feed
conversion and weight gain.

The metabolizability coefficients of dry
matter and the crude protein were calculated
after performing three metabolic assays.
The 4-7-day assay was conducted with the
pre-starter diet, and the 18-21 assay with
starter diet and the 28-31 one with the
growth diet. The three assays were carried

out in a total excreta collection method,
respecting the period of adaptation to the
ration and to the environment and facilities,
as recommended by Sakomura e Rostagno
(2007). Five replications for treatment were
used, with ten, nine and four birds per parcel
in the first, second and third assay,
repectively.

The excreta was collected twice a day
(morning and  afternoon) in  four
consecutive days. They were stored in
plastic bags, identified, weighed and frozen
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for further analysis. The analysis of dry
matter (MS), and nitrogen (N) (Kjeldahl
method) were carried out following the
methodology described by Silva e Queiroz
(2002). The results were used to calculate
the dry matter metabolilzability coefficients
(MET. MS), nitrogen balance (BN) and
nitrogen metabolizability coefficient (MET.
N) according to the methods of the
Association of Official Analytical Chemists
(1995).

To measure the effects of sucupira oil on the
gastrointestinal tract of broilers, the relative
weight of proventriculus and gizzard,
intestines, pancreas and liver were
investigated; length of each intestinal
segment (duodenum, jejunum and ileum);
height of villi, depth of crypt and relation
villus: crypt of each intestinal segment
(duodenum, jejunum and ileum).

For gastrointestinal tract evaluation,
euthanasias of the birds were carried out,
followed by collection of the organs at
seven, 21 and 35 days of life. In each of the
collections one bird per replication was
used, totalling 105 birds, five birds per
collection in each treatment. All the birds in
necropsies were desensitized by inhalation
of carbon dioxide and then suffered cervical
displacement. The organs of the digestive
system were separated and weighed
individually and the length of the intestine
and its portions were measured with a ruler.
Segments of approximately 2.0 cm of the
duodenum, jejunum and ileum were
collected and fixed in 10% buffered
formaldehyde solution for 24 hours. After
fixation, the samples were stored in 70%
alcohol and processed according to the
methodology described by Luna (1968) and
stained by the Hematoxylin - Eosin (HE)
method. For intestinal histomorphometry

http://dx.doi.org/10.1590/81519-99402122222021

(villus height, crypt depth and villus/crypt
ratio), 10 measurements were made on each
intestinal segment, per bird, resulting in 50
measurements per treatment.
Measurements were made by using an
optical microscope (5X) coupled to an
image analyzer system (LEICA, 2012).
Statistical analysis was performed through
the GLM procedure of SAS software (SAS,
2009). Normality and homogeneity of
variances were evaluated by Shapiro-Wilk
and Levene tests, respectively (5%). The
data were submitted to analysis of variance
(ANOVA) and the averages were compared
by the Tukey's test at 5% significance. Non-
parametric ANOVA was used for data that
did not meet normality and
homoscedasticity, with means being
compared by the Kruskal-Wallis test (5%).

RESULTS AND DISCUSSION

It was not possible to find in the literature
papers that they evaluated different doses of
inclusion of the sucupira oil on broiler diets
and the comparison of these Ilevels
compared to other additives and growth
promoters. In this way, the results obtained
are fundamental to the continuity of the
study of this product in poultry diets, since
there were identified levels acceptable in
which the results resemble other additives.
The average weight of allotment of the
chicks was the same for all treatments
(P>0.05) studied (40.5 £ 0.3 g). When the
performance results for all phases were
analyzed (Table 2), it is possible to observe
that for performance from one to seven
days, the average weight, weight gain, feed
consumption and food conversion were
affected by the treatments studied (P<0.05).
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Table 2. Performance of broilers fed with diets contents sucupira oil

1to7dofage

Feed

Treatments intake Body weight (g) Body Weight gain (g) Feed conversion ratio
(2)
Control diet 105.6 a 1422 a 102.1a 1.036 a
SUC100 107.2 a 1382 a 98.0a 1.094 ab
SUC500 107.0 a 140.2 a 99.8 a 1.074 ab
SUC900 89.5b 119.0b 78.6 b 1.14 be
SUC1300 76.7 b 103.8 ¢ 63.8 ¢ 1.205 ¢
MOS 1109 a 142.0 a 101.7 a 1.092 ab
Avilamycin 115.6 a 147.6 a 107.2 a 1.079 ab
P-value <0.0001 <0.0001 <0.0001 0.0027
CV (%) 6.55 4.84 7.02 4.38
1to 14 d of age
.Feed Body weight . . . .

Treatments intake (@) Body Weight gain (g) Feed conversion ratio

(2
Control diet 4172 a 376.4 a 3363 a 1.241
SUC100 422.7 a 379.0 a 338.8a 1.248
SUC500 4142 a 370.1a 329.7 a 1.257
SUC900 2994 b 270.5b 230.2 b 1.301
SUC1300 260.8 b 239.8b 199.7b 1.311
MOS 429.0 a 378.0a 337.7a 1.272
Avilamycin 440.8 a 3852 a 3448 a 1.279
P-value <0.0001 <0.0001 <0.0001 0.1700
CV (%) 4.97 5.22 5.89 3.20

1to21 dofage
'Feed Body weight . . . .

Treatments intake () Body Weight gain (g) Feed conversion ratio

(2
Control diet 961.6 a 743.7 a 703.5a 1.367
SUC100 9779 a 761.0 a 720.8 a 1.356
SUC500 958.2a 7449 a 704.4 a 1.360
SUC900 7043 b 565.1b 524.7b 1.343
SUC1300 632.7b 4983 ¢ 4583 ¢ 1.382
MOS 979.2 a 747.1 a 706.8 a 1.387
Avilamycin 987.2 a 754.7 a 714.2 a 1.383
P-value <0.0001 <0.0001 <0.0001 0.3043
CV (%) 4.84 4.50 4.79 2.57
ISSN 1519 9940 6
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*“Means within the same column with different letters are significantly different by Tukey test (P <

0.05).
MOS — mannanoligosaccharide.
CV — Coefficient of variation.

The inclusion of 900 and 1,300 mg/kg of the
dietary sucupira oil has reduced the feed
intake, body weight and body weight gain
for the pre-starter diet (P<0.05) compared to
the other treatments (P>0.05). Worse feed
conversion (1.205) was observed for chicks
that suppplemented with 1,300 mg/kg of
sucupira oil compared to other treatments,
being similar to the birds fed 900 mg/kg of
the oil. The best feed conversion ratio was
observed in the birds that received the
control diet, in comparison to the ones that
received 900 or 1,300 mg/kg of sucupira oil
in the feed (P<0.05), but the other
treatments were similar between them
(P>0.05).

For the performance of one to fourteen days
of age, the results of feed intake, body
weight and body weight gain were worse in
treatments with 900 and 1,300 mg of
sucupira oil in the feed. However, unlike
seven days of age, these reductions were not
enough to change the feed conversion ratio.
The feed consumption was less than 21 days
for the group that received 900 or 1,300 mg
of the sucupira oil in the feed (P<0.05) in
relation to the other treatments studied. The
average body weight and body weight gain
were worse for the group that received
1,300 mg of the feed (P<0.05) in relation to
the other treatments studied. The feed
conversion ratio in the phase of one to 21
days was not influenced by the treatments
studied.

The use of plant extracts or essential oils as
food additives is still widely studied, even
after more than 10 years of banning the use
of growth promoters by the European
Union. Studies still persist due to several
countries not having such a ban, however,

there is a greater critical analysis on the part
of the consumer who is looking for free
antibiotics diets, which reinforces the need
for research to find alternative food
additives with antimicrobial capacity. In the
present study, the worst broiler performance
that received the dosages of 900 and 1,300
mg of sucupira oil in the diet may be
associated with the bitter taste of the
product, since they reduced feed intake and
this resulted in worsening of the other
performance indexes. According to Vieira
(2010), the broilers do not have good ability
to distinguish flavors, however it is possible
to infer that the high concentration of
tannins present in the sucupira oil made the
diet astringent which possibly reduced its
consumption. Despite the low capacity of
the broilers to distinguish flavors, overall
they present 24 gustatory buttons in the
lower portion of the tongue which
guarantees a selection of the food. Extracts
and herbs added to the animal feed can
improve the palatability of the feed, thus
increasing production performance
(WINDISCH et al., 2007).

The metabilizability coefficient of the dry
matter (Table 3) was not influenced by the
treatments in the period from four to seven
and from 18 to 21 days (P>0.05). However,
there was an effect for the period of 28 to 31
days (P>0.05) in dry matter
metabolizability that had the worst results
for the diet supplemented with 900 and
1,300 mg of sucupira oil compared to the
group that received avilamycin in feed, and
the other treatments did not differ from each
other (P>0.05). Nitrogen balance (Table 3)
was influenced by the treatments studied for
all phases of rearing (P<0.05). For the four
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to seven-day phase, the worst nitrogen
balance was observed in the group that
received 1,300 mg of sucupira oil in
comparison to the group that received
antibiotic in the diet (P<0.05), and the other
treatments did not differ from each other
(P>0.05). For the 18 to 21 day phase, a
better nitrogen balance was observed for the
group that received antibiotic in the diet, in
relation to the group that received 500; 900;

http://dx.doi.org/10.1590/81519-99402122222021

1,300 mg of sucupira oil in the feed, MOS
and Negative Control diet (P<0.05). The
worst nitrogen balance was observed in the
group that received to the group that
received 1,300 mg of sucupira oil in the
feed (P<0.05) compared to the control
group, level of 100 and 500 of sucupira oil
and group that received antibiotic, similar to
the MOS group and 900 mg of sucupira oil
(P>0.05).
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Table 3. Metabolizability coefficients of dry matter and nitrogen balance of broilers fed with

diets contents sucupira oil

4to7dofage

Treatments DMMC (%) Nitrogen balance (%)
Control diet 72.2 50.2ab
SUC100 72.1 51.7ab
SUC500 72.2 55.3ab
SUC900 71.0 54.0ab
SUC1300 69.0 44.8b
MOS 73.5 54.5ab
Avilamycin 71.8 56.8a
P-value 0.2178 0.0189
CV (%) 3.58 9.76

18 to 21 d of age
Treatments DMMC (%) Nitrogen balance (%)
Control diet 74.2 46.7c
SUC100 73.9 53.5ab
SUC500 73.9 49.6bc
SUC900 74.5 43.5¢cd
SUC1300 74.0 42.0d
MOS 74.1 43.7cd
Avilamycin 74.2 56.4a
P-value 0.7803 <0.0001
CV (%) 1.73 6.05

28 to 31 d of age
Treatments DMMC (%) Nitrogen balance (%)
Control diet 73.9ab 48.9ab
SUC100 74.1ab 54.4ab
SUC500 72.4ab 61.8a
SUC900 71.0b 47.2b
SUC1300 71.2b 44.1b
MOS 75.9ab 53.3ab
Avilamycin 77.0a 62.3a
P-value 0.0419 0.0003
CV (%) 3.78 11.80

**Means within the same column with different letters are significantly different by Tukey test (P <

0.05).

DMMC- Dry matter metabolilzability coefficients.

MOS — mannanoligosaccharide.
CV — Coefficient of variation.

The nitrogen balance obtained from 28 to
31 days of age was influenced by the
treatments studied (P<0.05). The highest
results were obtained for chicks that

received 500 mg of sucupira oil or
antibiotics in the ration in relation to 900 or
1,300 mg/kg groups (Table 3).
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The sucupira oil when used in the largest
concentrations (900 or 1,300 mg/kg of
ration) left the diet with characteristic
flavour and odor. In study with the use of
sucupira oil in the feed of broilers in the
dosage of 500 mg/kg of diet, Noleto et al.
(2018) found less feed intake from 1 to 14
and 1 to 21 days and also attributed to the
unpleasant taste and odor of the feed.
However, in the present study the 500mg/kg
group did not distinguish from the control
group, 100 mg/kg, MOS and avilamycin
groups for the feed intake. The other
performance  parameters were  also
worsened in the 900 mg/kg and 1,300
mg/kg groups, possibly due to low feed

http://dx.doi.org/10.1590/81519-99402122222021

intake throughout the poultry rearing
period.

The length of the gastrointestinal tract and
the relative weight of proentriculus +
gizzard were not influenced (P>0.05) by the
treatments studied at the seven days of age
(Table 4). On the other hand, the relative
weight of the liver and pancreas were
affected by the treatments (P<0.05). The
largest liver relative weight was found in
the 100 mg/kg of sucupira oil compared to
the 1,300 mg/kg group (P<0.05), and the
other groups did not differ (P>0.05). The
smallest pancreas weight was found in the
control group chicks and 1,300 mg/kg
group, when compared to 500 mg/kg chicks
(P<0.05).
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Table 4. Gastrointestinal tract evaluation of broilers fed with diets contents sucupira oil

7 d of age
Treatments Small Large Pro-ventricular Liver (%) Pancreas
intestine  intestine +gizzard (%) (%)
(cm) (cm)
Control diet 80.6 9.2 5.61 3.91ab 0.45b
SUC100 81.4 9.6 5.76 4.02a 0.57ab
SUC500 88.6 10.0 5.80 3.62ab 0.65a
SUC900 91.8 9.8 5.64 3.73ab 0.52ab
SUC1300 81.8 8.2 5.98 3.43b 0.46b
MOS 80.6 9.2 5.40 3.61ab 0.55ab
Avilamycin 85.0 10.0 5.01 3.57ab 0.49ab
P-value 0.120 0.270 0.080 0.020 0.020
CV (%) 7.50 13.05 8.62 7.05 17.21
21 d of age
Small Large Pro-ventricular Liver (%) Pancreas
Treatments intestine  intestine +gizzard (%) (%)
(cm) (cm)
Control diet 119.2 13.0ab 2.62abc 2.65 0.37ab
SUC100 128.0 13.0ab 2.50c 2.73 0.34ab
SUC500 136.2 13.4a 2.58bc 2.93 0.38ab
SUC900 119.8 11.0ab 3.08a 2.85 0.36ab
SUC1300 124.4 10.4b 2.98ab 2.89 0.38a
MOS 1334 13.0ab 2.49c¢ 2.54 0.27b
Avilamycin 127.4 13.8a 2.49¢ 2.47 0.31ab
P-value 0.489 0.006 0.006 0.032 0.021
CV (%) 11.70 11.61 8.66 8.84 14.36
35 dofage
Treatments Small Large Pro-ventricular Liver (%) Pancreas
intestine  intestine +gizzard (%) (%)
(cm) (cm)
Control diet 140.2 17.8 1.97 1.73b 0.21
SUC100 150.8 18.4 1.96 1.72b 0.23
SUC500 14.0 19.6 2.03 1.77b 0.19
SUC900 151.4 17.2 2.13 2.19a 0.18
SUC1300 142.4 18.4 2.09 2.23a 0.21
MOS 135.2 16.0 2.16 1.96ab 0.18
Avilamycin 136.6 16.2 2.11 1.81b 0.19
P-value 0.662 0.399 0.823 <0.0001 0.365
CV (%) 12.06 13.49 12.49 8.97 21.52

*®Means within the same column with different letters are significantly different by Tukey test (P <
0.05).

MOS — mannanoligosaccharide.

CV — Coefficient of variation.
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Moreover, it is possible to observe
worsening on  the  gastrointestinal
development of the broilers fed 900 mg/kg
and 1,300 mg/kg groups which reinforces
that the action of the tannins may have been
fundamental for the low performance of the
birds. The ration containing avilamycin
provided good results of performance,
intestinal development and also the
metabolizability of the dry matter and
nitrogen. The use of antimicrobials as
growth promoters can have good
performance results (RAMOS et al., 2014)
and also improves the use of dietary
nutrients (BORSATTI et al., 2016) when
compared to diets using phytogenic
additives and prebiotics. However, the
results of  performance, intestinal
development and nutrient metabolizatibility
of the group that received lower doses of
sucupira oil resembled the group that
received avilamycin in the ration.

For the results of 21 days of rearing, there
was a difference in the length of the large
intestine of the chickens. The difference
perceived in the length of the total intestine
was between the group that received 1,300
mg/kg treatment which was shorter than
500 mg/kg birds. The other treatments were
similar from each other (P>0.05). Higher
relative weight of the proventriculus +
gizzards were observed for the negative
control (P<0.05). In the relative weight of
the pancreas at 14 d, a difference was found
between the 1,300 mg/kg sucupira oil and
the group fed MOS (P<0.05), with no
differences between the other treatments
(P>0.05). At 35 days of age, there a
significant difference was observed only for
liver relative weight (P<0.05). The heavier
livers were found for the 900 mg/kg and
1,300 mg/kg groups in relation to the other
treatments (P<0.05), with no difference to
the MOS group (P>0.05).

http://dx.doi.org/10.1590/81519-99402122222021

The histomorphometric analysis of the
intestinal segments of the birds for the ages
of seven and 21 is presented in Table 5. At
seven days, in the duodenum the height of
villus for 500 mg/kg was similar to the
avilamycin, being both larger than the other
treatments (P<0.05). In the duodenum
deeper crypts were found in the treatments
500 mg/kg and 1,300 mg/kg groups
(P<0.05) in relation to the negative control
and 1,300 mg/kg. Deeper crypts were found
in the treatments 900 mg/kg and MOS
groups (P<0.05) in relation to the negative
control (P<0.05). No differences were
observed in the villus-crypt ratio between
the treatments (P>0.05). In the jejunum, the
100 mg/kg and 1,300 mg/kg groups made
possible smaller heights of villus compared
to the negative control, MOS and
avilamycin groups (P<0.05). The 500
mg/kg and 900 mg/kg groups presented
deeper crypts in jejunum compared to the
other levels of inclusion (P<0.05). Already
in the wvillus-crypt relationship of this
segment, there were no differences between
the levels of inclusion, which were similar
to the antibiotic (P>0.05). The control group
was similar to the treatment with MOS (the
ones with higher values), and both were
superior to the other treatments studied
(P<0.05).
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Table 5. Intestinal histomorphometry evaluation of broilers fed with diets contents sucupira oil (seven and 21 d)

http://dx.doi.org/10.1590/S1519- RBSP.
99402122222021 ‘

Rev. Bras. Satde Prod. Anim., Salvador, v.22, 01 - 18, e2122222021, 2021

Items 7 days
Duodenum Jejunum Ileum
Treatment Vilus (Om) Crypt (Om) V/C Vilus (Om) Crypt (Om) V/C Vilus (Om) Crypt (Om) V/C
Control diet 793.8¢ 200.8¢ 4.07 564.1ab 133.0b 4.40a 478.8ab 129.6b 3.73a
SUC100 771.6¢ 210.0bc 3.85 437.3c 172.8b 2.53b 519.6a 172.6a 3.03abc
SUC500 1,066.8* 295.3a 3.61 559.0ab 215.1a 2.59b 405.0c 164.9a 2.46¢
SUC900 883.2bc 275.9ab 3.20 502.6bc 223.2a 2.28b 448.9bc 127.5b 3.52ab
SUC1300 856.6bc 289.9a 2.96 461.5¢ 156.0b 2.96b 424.5bc 123.3b 3.46ab
MOS 944.2b 260.7ab 3.65 615.0a 145.7b 4.32a 466.7abc 160.6a 2.93bc
Avilamycin 1,076.8* 247.6abc 4.39 549.4ab 172.1b 3.22b 519.6a 149.8ab 3.51ab
P-value 0.0002 0.0100 0.18 0.002 0.001 0.002 0.01 0.003 0.012
CV (%) 7.3 12.0 17.4 8.0 12.6 18.4 7.8 8.8 11.7
21 days

Control diet 1,432.3ab 300.2bc 4.81 852.4bcd 221.8a 3.85de 581.6 176.3 3.31
SUC100 1,402.7ab 316.0b 4.46 827.0cd 215.6a 3.95cde 563.8 2234 2.54
SUC500 1,540.6* 309.0b 3.56 972.9a 159.8b 6.14a 622.1 204.8 3.04
SUC900 1,304.2bc 387.7a 3.36 816.9d 232.5a 3.54e 564.9 185.9 3.04
SUC1300 1,440.9ab 406.2a 3.56 934.5abc 192.1ab 4.90cb 487.5 187.8 2.60
MOS 1,032.6d 235.7d 4.40 965.5ab 200.6ab 4.81ced 619.7 195.3 3.19
Avilamycin 1,235.2¢ 264.2cd 4.67 805.5d 155.9b 5.16b 638.8 211.5 3.04
P-value <0.0001 <0.0001 0.5121 0.0138 0.0344 0.0004 0.3296 0.2970 0.0538
CV (%) 6.16 6.76 26.46 7.02 14.67 11.39 13.51 12.26 10.15

2¢Means within the same column with different letters are significantly different by Tukey test (P < 0.05).
MOS — mannanoligosaccharide.
CV — Coefficient of variation
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At seven days, in the ileum, 100 mg/kg
sucupira oil and avilamycin showed greater
villus length values than the other levels of
inclusion (P<0.05), however they did not
differ from negative control, and MOS
groups. Deeper crypts were observed in the
treatments 100 mg/kg, 500 mg/kg and
MOS, in relation to the other treatments,
except the avilamycin group. Conclusive
differences in the villus-crypt ratio are only
observed between the diet negative control
and the 500 mg/kg. This level presented less
relationship between the levels of inclusion,
being inferior to negative control and
antibiotic.

At 21 d, birds consuming feed added to the
levels of sucupira oil were not different in
the villus height of the duodenum compared
to the negative control group (Table 5), but
the results of the 100; 500 and 1,300 mg/kg
were greater than the avilamycin (P<0.05).
The MOS treatment had the smallest values
for villus height, however it was similar to
treatment 900 mg/kg of sucupia oil. For the
crypt depth for 900 mg/kg and 1,300 mg/kg
resulted in higher values (P<0.05) when
they were compared to other treatments.
The smallest crypt depth values were found
for MOS compared to negative control, 100
mg/kg; 500 mg/kg; 900 mg/kg and 1,300
mg/kg of sucupia oil in feed (P<0.05). Due
to the higher values of villus height for the
inclusions of the sucupira oil have been
accompanied by greater crypt depth values,
the villus-crypt ratio has not been altered
(P>0.05) by the inclusion of any additive.
In the jejunum, differences were observed
between the villus height of the 500 mg/kg
(higher) compared to negative control, 100
and 900 mg/kg of sucupia oil in feed and
avilamycin group (P<0.05). The level of
1,300 mg/kg that was similar avilamycin
(P>0.05). The negative control group and
100 mg/kg and 900 mg/kg produced greater
crypt depth values than the avilamycin

http://dx.doi.org/10.1590/81519-99402122222021

treatment and the 500 mg/kg (P<0.05). The
relationship villus-crypt group 500 mg/kg
presented the highest value among all
treatments, indicating possible increments
in intestinal morphology by using this level
of inclusion of sucupira oil at that age. At
21 days, in the ileum, none of the additives
promoted changes in the analyzed variables
(P>0.05).

Phytogenic can produce morphological
changes in the intestinal epithelium and
organs morphometry (HAZRATI et al.,
2005). Changes in the morphology of the
gastrointestinal tract and in tissues caused
by phytogenic can provide information on
the possible benefits to the gastrointestinal
tract (WINDISCH et al., 2007). However,
experimental data of body weight and
intestinal morphometry with the use of
phytogenic are quite variable, and differ
from those obtained in this experiment
using sucupira oil. In the study done by
Kirkpinar, Bora & Ozdemir (2011), when
using isolated oregano and garlic or in
association in poultry diets, no significant
differences were observed in the biometrics
of the organs.

Using essential oil of thyme and star anise,
Amad et al. (2011) didn’t find any
differences in the average weight of liver,
heart, kidneys and spleen. Already Silva et
al. (2011), with the addition of red pepper
oil in the diet of chickens, verified a
reduction in the relative weight of the
intestines when compared to the diet
without growth promoter. In the most recent
study, with the use of integral bran of pink
pepper, Gongalves et al. (2017) found that
the antibiotics can be wholly or partially
replaced by the pink pepper flour,
improving the performance. Thus,
alternatives additives can be effective the
for growth promoter replacement in poultry
diets. In the present study, the levels of 100
and 500 mg/kg of sucupira oil showed
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interesting results and there was no
rejection of consumption by the birds, and
these levels could be studied as alernative
for antibiotics.

Daneshmand, Sadeghi & Karimi (2012)
used a compound of garlic, shimeji-black
and propolis extract that had no effect on the
relative weight of organs. In this
experiment, the growth promoter antibiotic
also did not produce changes in the body
weight variables, however the antibiotic
decreased the relative weight of small
intestine segments.

The results reinforce the hypothesis that the
effects of the phytogenic would be
dependent on the composition of the plant
product. The composition of the plants is
susceptible to variations according to the
time and method of harvesting of the plant,
state of maturation of the plant, method of
conservation of the vegetable drug, duration
of storage and possible synergic or
antagonistic effect of the bioactive
compounds (BRENES & ROURA, 2011).
In this way, each result would be specific to
a given phytogenic searched.

Differences in liver and pancreas weight
may be an indirect inference of the enzyme
activity of these organs and may also be
related to inflammatory and reactional
processes. Since these activities (enzymes
and toxicity) were not specifically
researched in this work, only assumptions
can be made that the higher levels promoted
higher weights of these organs attached to
the gastrointestinal tract.

After the determination of acceptable
inclusion levels of broilers, it is suggested
that experiments are carried out in which
birds undergo microbiological challenges
and stressful factors for the purpose of
verify the ability to improve performance
for supplementation with 100 or 500 mg of
sucupira oil, since the birds did not reject
these concentrations of the product. In this

http://dx.doi.org/10.1590/81519-99402122222021

study no differences were observed
between control and avilamycin groups,
which reinforces the need for a study with
microbiological challenge, simulating a
field situation. It is known that the effect of
the antibiotic is more expressive in
challenging situations (THOMKE &
ELWINGER, 1998), and the main effects
are due to the interaction with microbiota
(ALBUQUERQUIE, 2005).

CONCLUSION

It was possible to conclude that it is feasible
to include sucupira oil in the diet of broilers
at doses of 100 or 500 mg/kg of feed.
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