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ABSTRACT The aim of the study was to evalu-
ate the effects of a cashew nut shell oil and commer-
cial castor oil blend (CNSL-Castor oil) on the per-
formance and microbiota of broiler chickens with and
without coccidiosis challenge. A total of 864 one-day-
old male chicks (Cobb) were randomly distributed to
receive 6 treatments (8 pens/treatment; 18 chicks/pen)
in a 3 × 2 factorial, with 3 additives (control [non-
additives], 100 ppm sodium monensin, or 0.15% CNSL-
Castor oil blend), and 2 levels of coccidiosis challenge
at 14 D of age (unchallenged or inoculated by gav-
age with 1 mL of solution containing oocysts sporu-
lated with Eimeria tenella, Eimeria acervulina, and
Eimeria maxima). No differences in productive per-
formance were observed among treatments in the pre-
challenge period and in unchallenged birds (P > 0.05).
Seven-days post-challenge, birds receiving monensin
performed better than birds in the positive control
group (non-additive and challenge) or in the CNSL-
Castor oil group (P > 0.05). However, 14 D post-
challenge, birds supplemented with CNSL-Castor oil

presented higher weight gain and better feed conver-
sion (P > 0.05), without any change in feed intake
(P > 0.05). During the accumulated period (1 to
42 D of age), the live weight, weight gain, and feed
intake did not differ between the CNSL-Castor oil and
monensin groups, both of which presented higher val-
ues than the positive control. Lactobacillus spp. and
Clostridium perfringens numbers were increased in the
challenged birds (P < 0.05). CNSL-Castor oil supple-
mentation reduced Clostridium cluster XIV, C. per-
fringens, and S. aureus, compared with the monensin
and control groups (P > 0.05). In addition, the CNSL-
Castor oil group presented the highest number of Lac-
tobacillus spp. copies, followed by the monensin and
positive control groups (P > 0.05). Thus, monensin
and CNSL-Castor oil effectively minimized the impact
of coccidiosis at different times. While monensin acts
as an antimicrobial, CNSL-Castor oil modulates the in-
testinal microbiota with antimicrobial action against
gram-positive bacteria, mainly C. perfringens and
S. aureus.
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INTRODUCTION

The microbiota evolves with the host as a mutualis-
tic partner, and its balance is linked to the abundance
and diversity of species. However, dysbiosis can cause
disorders that affect intestinal wall morphology, reduce
diversity by increasing the pathogenic bacteria popu-
lation, induce an immune response, divert energy and
nutrients from growth to the inflammatory response,
and consequently reduce performance (DiAngelo et al.,
2009; Kogut, 2013). Therefore, there is great interest
in the development of feed additives that can improve
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performance, control pathogens, and modulate in-
testinal microbiota. The phytogenetics have presented
interesting results improving intestinal health and
modulating the microbiota as additives for animal pro-
duction (Hume et al., 2006; Oviedo-Rondón et al., 2006;
Oviedo-Rondón et al., 2010; Abdel-Wareth et al., 2012;
Kley et al., 2012; Kim et al., 2013).

Factors such as age, diet, feed additives, and presence
of pathogens alter the intestinal microbiota. Coccidiosis
challenge can markedly change the bacterial community
in the gut, reducing microbial diversity (Kley et al.,
2012) and creating a favorable environment for the
dissemination of pathogens, such as the gram-positive
bacteria Clostridium perfringens (Baba et al., 1997).
Oviedo-Rondón et al. (2010) reported that the micro-
bial profile in the ileum and cecum was altered by
45 and 64%, respectively, after Eimeria spp. challenge.
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However, using diets supplemented with a phytogenic
blend, this change was only 19 and 32%.

Within the phytogenic category, functional oils are
defined as oils that have an action beyond nutrition
(Murakami et al., 2014). Castor oil is a functional oil
composed of 90% ricinoleic acid, and is known for its
laxative action (Vieira et al., 2001). In addition, it has
antimicrobial action; ester derivatives break the glyco-
sidic bonds of the peptidoglycans present in the walls
of gram-positive bacteria (Guimarães et al., 2010).

Cashew nut liquid is mainly composed of cardanol,
cardol, and anacardic acid (Mazzetto et al., 2009).
The antimicrobial activity of the liquid is associated
with the number of terpenoids and phenolic compounds
present (Kanehashi et al., 2015), which act against
gram-positive bacteria (Parasa et al., 2011). In vitro
studies have shown that both functional oils function as
ionophores (Vieira et al., 2001; Toyomizu et al., 2003).

Because of its chemical properties, a blend of cashew
shell liquid and castor oil has been developed and is
known commercially as Essential (Essential, US Patent
N◦. 8377,485 B2: Oligo Basics Agroind. Ltda., Rua
Sérgio Gasparetto 503, Cascavel, PR-CEP, Brazil). The
use of this commercial blend in the diet of coccidiosis-
challenged broilers resulted in increased weight gain and
improved feed conversion (Murakami et al., 2014), as
well as an improvement in a 100 kcal of ME (Bess et
al., 2012 and Murakami et al., 2014). This increased
energy availability may be associated with the antimi-
crobial effects of the functional oils (Bess et al., 2012);
however, no studies have demonstrated its antimicro-
bial action in vivo.

Anticoccidial drugs are given preventively and con-
tinuously in the diet to minimize problems with coc-
cidiosis. The monensin is an ionophore widely used in
poultry production; however, Eimeria spp. strains resis-
tant to ionophores were already identified (Chapman et
al., 2010). In addition, the constant discussion about re-
ducing the use of antibiotics as growth promoters has
stimulated the search for alternative methods that can
reduce the impact of this parasite and act as growth
promoters at the same time.

The aim of the present study was to evaluate the
effect of cashew shell liquid and castor oil blend on the
performance and microbiota of broilers challenged with
coccidiosis, compared with the ionophore monensin.

MATERIALS AND METHODS

All procedures used in this experiment were approved
by the Ethics Committee on Animal Use of Federal Uni-
versity of Rio Grande do Sul, under protocol number
29,814, following the legislation for the protection of
animals used for scientific purposes (NIH Publications
No. 8023, revised 1978).

Animals and Diets

A total of 864 one-day-old male chicks (Cobb 500)
were obtained from a commercial hatchery and housed

Table 1. Ingredient formulas and chemical composition of ex-
perimental diets according to the rearing period.

Ingredients (%)

Pre
Starter

(1 to 7 D)
Starter

(8 to 21 D)
Grower

(22 to 42 D)

Corn 538.55 571.05 597.75
Soybean meal 384.60 354.60 321.10
Vegetal oil 31.80 33.30 43.00
Dicalcium phosphate 19.00 16.60 16.30
Limestone 10.10 10.10 7.80
Salt 5.10 4.80 4.60
L-Lys HCl 3.00 2.50 2.70
DL-Met 3.70 3.20 3.00
L-Ter 1.20 0.80 0.70
Vit-min premix 1 1.05 1.05 1.05
Choline chloride 0.40 0.50 0.50
Inert/Monensin/CNSL-Castor
oil2

1.50 1.50 1.50

Total (kg) 1,000.00 1,000.00 1,000.00
Calculated composition
Metabolizable energy
(Kcal/kg)

3,000 3,050 3,150

Crude protein (g/kg) 222.0 210.0 196.9
Calcium (g/kg) 9.2 8.6 7.6
Available P (g/kg) 4.7 4.2 4.1
Digestible P (g/kg) 3.9 3.6 3.5
Potassium (g/kg) 8.6 8.1 7.6
Sodium (g/kg) 2.2 2.1 2.0
Chlorine (g/kg) 3.5 3.4 3.2
Dig. lysine (g/kg) 13.2 2.2 1.5
Dig. methionine (g/kg) 6.5 5.9 5.6
Dig. Met+Cys (g/kg) 9.5 8.8 8.3
Dig. threonine (g/kg) 8.6 7.9 7.3
Dig. tryptophan (g/kg) 2.5 2.3 2.2
Choline (mg/kg) 1,550 1,550 1,450
(Na+K)-Cl (mEq/kg)3 216.91 202.59 191.1

1Composition (per kg): 150,000 mg of Mn, 100,000 mg of Zn,
80,000 mg of Fe, 15,000 mg of Cu, 1,200 mg of I, 700 mg of Se, 23,200,000
UI of vitamin A, 5,600,000 UI of vitamin D, 52,000 mg of vitamin K,
6000 mg of vitamin B1, 18,000 mg of vitamin B2, 9,000 mg of vitamin
B6, 132,000 mg of niacin, 44,000 mg of pantothenic acic, 2,400 mg of
folic acid, 200,000 μg of biotin, 40,000 μg of vitamin B12.

2At all phases, addition varied according to the treatment (1.50 g/kg
of kaolin or CNSL-Castor oil or 0.250 g/kg monensin + 1.25 g/kg of
kaolin).

3Electrolytic balance.

in 2 identical experimental rooms, one for challenged
and one for unchallenged birds, thus avoiding cross-
contamination. The rooms were composed of 48 pens
with an initial density of 18 birds per pen. The nutri-
tional program consisted of 3 diets: pre-starter (1 to 7
D), starter (8 to 21 D), and grower (22 to 28 D), based
on the nutritional requirements recommended by the
Brazilian Tables of Pigs and Swine (Rostagno et al.,
2011). The nutritional composition was the same for all
treatments, varying only in the additive used (Table 1).

Each week broilers were weighed, feed intake was
measured and in the calculation of feed conversion, the
weight of dead birds was considered (Sakomura and
Rostagno, 2016).

Experimental Design

The experimental design was completely randomized
in a 3 × 2 factorial arrangement: feed additives (basal
diet, 100 ppm sodium monensin, or 0.15% CNLS-Castor
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Table 2. Target gene, annealing temperature (TA◦C), base pairs, and the ATCC bacterium used for the standard curve, primer
sequence, and the reference of the groups and bacterial species studied.

Microorganisms
Target
Gene TA ◦C

Amp
(pb)

ATCC
control Sequence (5′ 3′) References

Bacteria domain 16S 60 200 E. coli (10,536) F: CGGYCCAGACTCCTACGGG Wise and Siragusa (2007)
R: TTACCGCGGCTGCTGGCAC

Escherichia coli 16S 56 475 E. coli (10,536) F: CCTACGGGAGGCAGCAGT Chiang et al. (2006)
R: CGTTTACGGCGTGGACTAC

Lactobacillus grup 16S 58 341 L. plantarum
(8014)

F: CACCGCTACACATGGAG Wise and Siragusa (2007)
R: AGCAGTAGGGAATCTTCCA

Staphylococcus aureus nuc 60 279 S. aureus
(4163)

F: GCGATTGATGGTGATACGGTT Rinttilä et al. (2004)
R: AGCCAAGCCTTGACGAACTAAGC

Salmonella enteric invA 58 195 S. choleraesuis
(10,708)

F: ATTTCAATGGGAACTCTGCC Zhang et al. (2009)
R: ATCGAGATCGCCAATCAGTC

Clostridium cluster XIV 16S 60 116 C. perfringes
(13,124)

F: ACTCCTACGGGAGGCAGC Louie et al. (2012)
R: GCTTCTTAGTCARGTACCG

Clostridium perfringens 16S 56 120 C. perfringes
(13,124)

F: ATGCAAGTCGAGCGA(G/T)G Rinttilä et al. (2004)
R: TATGCGGTATTAATCT(C/T)CCTTT

Bifidobacterium spp. 16S 58 437 B. animalis
(27,672)

F: GGGTGGTAATGCCGGATG Bartosh et al. (2005)
R: TAAGCCATGGACTTTCACACC

Enterococcus spp. 16S 50 124 E. faecalis
(29,212)

F: GAGAATGATGGAGGTAGAGC Lehner et al. (2005)
R: GACTACGGATCTTATCACTC

oil) and sanitary challenge (challenged or unchallenged
with coccidiosis). Both food additives, CNLS-Castor oil
and monensin sodium) (Elanco Animal Health, Green-
field, IN), were introduced by replacing inert (kaolin)
in the basal diet at all phases.

Challenge and Sample Collection

At 14 D of age, 1 mL of sporulated oocysts of
E. tenella (10 × 103), E. acervulina (200 × 103),
and E. maxima (80 × 103) was inoculated by gav-
age. The oocysts were acquired at the Laboratório
de Biologia Molecular de Cocćıdias (University of São
Paulo/Brazil). Unchallenged chickens received 1 mL of
saline, providing the same management stress.

After 7 and 14 D of oocyst inoculation (21 and 28
D of age), 3 birds of average weight from each replicate
were euthanized by cervical dislocation and the Eimeria
spp. lesion score was evaluated. Lesions were ranked
from 0 (absence of macroscopic lesions) to 4 (presence
of severe macroscopic lesions), according to the method
described by Johnson and Reid (1970).

At 28 D of age, intestinal contents were collected from
the same birds euthanized to assess lesion score. A por-
tion of 10 cm of the each segment: duodenum segments
(from the pylorus exit to the end of the descending
duodenal loop), jejunum (descending duodenal loop to
Meckel’s diverticulum), and ileum (diverticulum to ileo-
cecal insertion) was removed and immediately stored at
−20◦C.

DNA Extraction

The intestinal contents were separated, and the
concentrated bacterial fraction was obtained using the
procedure proposed by Apajalahti et al. (1998). DNA

was extracted with the PowerFecal DNA Isolation
Kit (MoBio, UK), following the manufacturer’s rec-
ommendations. After extraction, the quality of DNA
was verified using a NanoDrop 2000 (Invitrogen) and
quantified using Qubit 3.0 (Invitrogen). The DNA
obtained was diluted to a concentration of 2 ng/μL.

q-PCR Absolute Curve

The sequence of primers selected, their size, and an-
nealing temperature are shown in Table 2. The reac-
tions were conducted on the StepOnePlus Real-Time
PCR System (Applied Biosystems), in a final volume
of 15 μL, containing 2.0 μL of PCR buffer 10×; 16
μL of MgCl2 (50 mM) 0.5 μL of each primer (10 μM);
0.2 μL of dNTP (5 mM); 20 μL Sybr green (1×),
0.05 μL Platinum Taq DNA Polymerase (5 U/μL) 5
μL of DNA, and ultrapure water to complete the vol-
ume. The conditions for q-PCR were 94◦C for 5 min,
35 cycles at 94◦C for 30 s, annealing temperature spe-
cific for each oligonucleotide pair (Table 2) for 30 s,
and 72◦C for 30 s. After the amplification cycles, a
dissociation curve was obtained for the amplification
products by increasing the temperature from 60 to
95◦C.

An ATCC bacterium according to the primer
(Table 2) was used to construct the standard curve.
The bacteria were cultured in specific media without
antibiotics. Bacterial genomic DNA was extracted us-
ing a PureLink Genomic DNA Kit (Invitrogen). Serial
dilutions of DNA were made from 3 × 109 to 3 × 102 on
each plate. The threshold was adjusted for each stan-
dard curve to achieve an amplification efficiency close
to 100%. The cycle threshold (CT) was determined for
each sample and compared to the standard curve to de-
termine the number of gene copies in 2 ng of genomic
DNA. The number of copies per gram of intestinal
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Table 3. Feed intake (FI), weight gain (WG), and feed conversion ratio (FCR) of unchallenged (UD) and challenged (CD) broilers
in the period of 14 to 21 D and 21 to 28 D of age.

14 to 21 D 21 to 28 D

FI (g) WG (g) FCR (g/g) FI (g) WG (g) FCR (g/g)

Treatments UD CD UD CD UD CD UD CD UD CD UD CD

Challenge
643 A 486 B 419 A 215 B 1.54 A 2.43 B 870 A 754 B 536 A 396 B 1,63 B 1,95 A

Interaction
Control 644 Aa 445 Bb 422 Aa 175 Bb 1.52 Aa 2.59 Bb 847 A 741 B 518 Aa 357 Bb 1,63 Ba 2,12 Aa
Monensin 621 Aa 531 Ba 415 Aa 296 Ba 1.52 Aa 1.82 Ba 887 A 741 B 551 Aa 374 Bb 1,61 Ba 2,01 Aa
CNSL-Castor oil 1 653 Aa 481 Bb 422 Aa 174 Bb 1.55 Aa 2.86 Bb 878 A 780 B 540 Aa 457 Ba 1,64 Ba 1,71 Ab

Mean of additive
Control 545 298.22 b 2.06 a 794 437 b 1.88 a
Monensin 581 355.25 a 1.67 b 814 462 b 1.81 a
CNSL-Castor oil 567 297.62 b 2.21 a 829 499 a 1.68 b

Probability2

Challenge ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗
Additive ∗ Challenge ∗∗ ∗∗∗ ∗∗∗ ns ∗∗ ∗∗∗

Additive ns ∗∗∗ ∗∗∗ ns ∗∗ ∗∗∗
SEM3 12.61 13.32 0.1 15.29 19.92 0.04

Data are expressed as means of the information collected in 144 broilers per treatment. Statistical models included the effects of challenged
treatments and interaction.

1Essential (US Patent N◦. 8377,485; Oligo Basics Ind. Ltda., Cascavel, Paraná, Brazil).
2Probabilities: ∗∗∗P < 0.001, ∗∗P < 0.05 and ns: not significant;
3SEM: standard error of the mean.
Means with different letters differ statically by LSMEANS, lower case in the column and uppercase in the row within the same variable.

contents was calculated considering the initial mass of
the starting material, extraction yield, and the DNA
dilution.

Statistical Analysis

The number of gene copies was log10 transformed to
obtain a normal distribution. An ANOVA of the fac-
torial arrangement was performed, including the chal-
lenge effects, additives, and their interactions for all
variables of performance, lesion score, and microbiota.
Means were compared by LSmeans when significant dif-
ferences were found. The GLM procedure of the statis-
tical package SAS, version 9.0 (SAS Institute, 2002) was
used.

RESULTS

Growth Performance

In the period before the challenge and for the un-
challenged birds, there was no statistical difference in
performance among treatments for all periods evalu-
ated. Mortality was less than 1% after challenge (data
not shown).

Animal performance was negatively affected by coc-
cidiosis in the first 7-D post-challenge (14 to 21 D of
age), decreasing BWG (by 49% and worsening feed con-
version ratio (FCR) by 58% (P < 0.0001). In the second
week post-challenge (21 to 28 D of age), the effect of
the negative challenge was less marked, with 26% lower
BWG and 20% worse FCR (Table 3). The lowest perfor-
mance of the challenged birds was also observed during

the total rearing period (1 to 42 D of age, Table 4), with
lower weight gain, feed intake, and worse feed conver-
sion. The challenged birds exhibited a 17% live weight
reduction at 42 D of age.

In the week following the beginning of the challenge
(14 to 21 D of age), there was an interaction between
additives and challenge for all variables analyzed
(Table 3). In the challenged birds, weight gain and
feed intake were higher, and feed conversion was better
in the monensin group, and no differences were seen
between the other groups (P < 0.05). Two weeks after
the challenge (21 to 28 D of age), birds supplemented
with CNLS-Castor oil presented greater weight gain
(P < 0.05) and better feed conversion (P < 0.05)
compared with the other treatments. In the whole
period (1 to 42 D of age), the live weight of birds
in the positive control group was lower than that of
birds in the other groups (P < 0.01), which showed
no differences between them, demonstrating that
monensin and CNSL-Castor oil compensated for the
negative effect of coccidiosis. No interaction for feed
conversion was observed.

When analyzing the factors individually, coccidiosis
challenge increased feed conversion, and monensin
resulted in better feed conversion when compared to
the control birds, regardless of coccidiosis challenge;
the effect of CNSL-Castor oil was intermediate, but
did not differ from that of the control or monensin.

Lesion Score

In the first week post-infection, broilers receiving
monensin had a lower E. acervulina lesion score
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Table 4. Body weight (BW), feed intake (FI), weight gain (WG), and feed conversion ratio (FCR) of unchallenged (UD) and
challenged (CD) broilers in the period of 1 to 42 D of age.

BW (g) FI (g) WG (g) FCR (g/g)

Treatments UD CD UD CD UD CD UD CD

Challenge
2,860 A 2,373 B 4,539 A 3,964 B 2,816 A 2,330 B 1.61 B 1.73 A

Interaction
Control 2,868 Aa 2,267 Bb 4,597 Aa 3,848 Bb 2,824 Aa 2,225 Ba 1.63 1.73
Monensin 2,873 Aa 2,416 Ba 4,497 Aa 4,038 Ba 2,829 Aa 2,393 Bb 1.59 1.69
CNSL-Castor oil1 2,879 Aa 2,435 Ba 4,576 Aa 4,088 Ba 2,836 Aa 2,372 Bb 1.62 1.72

Mean of additive
Control 2,568 b 4,223 2,525 1.69 a
Monensin 2,654 a 4,267 2,611 1.62 b
CNSL-Castor oil 1 2,628 a 4,332 2,584 1.67 ab

Probability
Challenge ∗∗∗ ∗∗∗ ∗∗∗ ∗∗
Additive ∗ Challenge ∗∗ ∗∗ ∗∗ Ns
Additive ∗∗ ns ns ∗∗
SEM3 44.40 42.28 445.578 0.036

Data are expressed as means of the information collected in 144 broilers per treatment. Statistical models included the effects of challenged
treatments and interaction.

1Essential (US Patent N◦. 8377,485; Oligo Basics Ind. Ltda., Cascavel, Paraná, Brazil).
2Probabilities: ∗∗∗P < 0.001, ∗∗P < 0.05 and ns: not significant;
3SEM: standard error of the mean.
Means with different letters differ statically by LSMEANS, lowercase in the column and uppercase in the row within the same variable

compared with the other groups (P < 0.0001). In
the following week, the broilers with CNSL-Castor
oil had a lower E. tenella lesion score P < 0.0480).
There was no difference (P > 0.05) among groups
for E. maxima lesion score in any week evaluated
(Figure 1).

Microbiota Modulation Using Monensin or
CNSL-Castor oil

There was an interaction among the factors for bacte-
rial domain (total bacteria number), Lactobacillus spp.,
Clostridium cluster XIV, C. perfringens, E. coli, and
S. aureus (P < 0.05) (Tables 5 and 6). In the chal-
lenged birds, monensin reduced the bacterial domain
and E. coli compared with the other groups. CNSL-
Castor oil reduced the copy number of Clostridium clus-
ter XIV, C. perfringens, and S. aureus, with no differ-
ence found between monensin and the positive control.
In the unchallenged birds, there was no difference in
the bacterial domain, Clostridium cluster XIV, and S.
aureus among groups. Lactobacillus spp. copy number
was lower for the positive control, followed by the mon-
ensin and CNSL-Castor oil groups. Both monensin and
CNSL-Castor oil reduced the copy number of C. per-
fringens and E. coli.

Regardless of the challenge, birds in the positive
control group presented more Bifidobacterium spp.
(P < 0.05) copies than birds in the CNSL-Castor
oil group, with the monensin group presenting in-
termediate values. The copy number of Enterococcus
spp. genus was higher for the positive control group
and lower for monensin, and CNSL-Castor oil did not
differ.

Figure 1. Lesion score in coccidiosis challenged broilers at 21 (A)
and 28 (B) days of age—7 and 14 D after challenge. 1 CNSL-Castor
(US Patent N. 8377,485; Oligo Basics Ind. Ltda., Cascavel, Paraná,
Brazil). Means with different letters differ statically by LSMeans.

DISCUSSION

The present study was conducted based on the re-
sults of studies published using coccidiosis challenge
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Table 5. Body weight (BW), feed intake (FI), weight gain (WG), and feed conversion ratio (FCR) of unchallenged (UD) and
challenged (CD) broilers in the period of 1 to 42 D of age.

BW (g) FI (g) WG (g) FCR

Treatments UD CD UD ND UD ND UD ND

Challenge
2,860 A 2,373 B 4,539 A 3,964 B 2,816 A 2,330 B 1,61 B 1.73 A

Interaction
Control 2,868 Aa 2,267 Bb 4,597 Aa 3,848 Bb 2,824 Aa 2,225 Ba 1.63 1.73
Monensin 2,873 Aa 2,416 Ba 4,497 Aa 4,038 Ba 2,829 Aa 2,393 Bb 1.59 1.69
CNSL-Castor oil1 2,879 Aa 2,435 Ba 4,576 Aa 4,088 Ba 2,836 Aa 2,372 Bb 1.62 1.72

Additive
Control 2,568 b 4,223 2,525 1.69 a
Monensin 2,654 a 4,267 2,611 1.62 b
CNSL-Castor oil 1 2,628 a 4,332 2,584 1.67 ab

Probability2

Challenge ∗∗∗ ∗∗∗ ∗∗∗ ∗∗
Additive ∗ Challenge ∗∗ ∗∗ ∗∗ ns

Additive ∗∗ ns ns ∗∗
SEM3 44.40 42.28 445.578 0.036

Data are expressed as means ± standard deviations. Information was collected in 144 broilers per treatment. Statistical models included the effects
of challenged treatments and interaction.

1Essential (US Patent N◦. 8377,485; Oligo Basics Ind. Ltda., Cascavel, Paraná, Brazil).
2Probabilities: ∗∗∗P < 0.001, ∗∗P < 0.05 and ns: not significant;
3SEM: standard error of the mean.
Means with different letters differ statically by LSMEANS, lowercase in the column and uppercase in the row within the same variable

Table 6. Copy number of Salmonella enterica, Clostridium perfringens, Escherichia coli, Staphylococcus aureus in the intestinal
content of broiler 14 D after challenge with coccidiose.

S. enterica C. perfringens E.coli S.aureus

Treatment UD CD UD CD UD CD UD CD

Interaction
Control 4.17 4.18 6.60 Ba 7.14 Aa 6.63 Aa 6.53 Aa 6.97 Ba 7.39 Aa
Monensin 4.12 4.24 5.28 Bb 6.80 Aa 5.89 Ab 6.00 Ab 6.83 Ba 7.42 Aa
CNSL-Castor oil1 4.23 4.31 5.18 Ab 5.27 Ab 5.60 Bb 6.66 Aa 6.77 Aa 6.62 Ab

Challenge
Challenge 4.18 4.23 5.50 B 6.81 A 6.00 A 6.10 A 7.05 6.95

Additives
Control 4.27 6.62 a 6.07 7.18 a
Monensin 4.18 5.23 b 5.95 7.13 a
CNSL-Castor oil1 4.25 5.87 b 6.15 6.70 b

Probability2

Additive∗challenge 0.924 0.0129 0.0308 0.0018
Challenge 0.6566 0.0115 0.7449 0.3359
Additive 0.7855 <0.0001 0.8647 0.0009
SEM3 0.145 0.154 0.252 0.0952

Data are expressed log10 copy number of 16S RNA gene in 1 g of intestinal contents. UD: unchallenged broilers, CD: broilers challenged with
coccidiosis. Information represent a pool of intestinal contents of 3 birds per box, totalling an average of 24 birds per treatment. Statistical models
included the effects of challenged treatments and interaction.

1Essential (US Patent N◦. 8377,485; Oligo Basics Ind. Ltda., Cascavel, Paraná, Brazil).
2Probabilities: ∗∗∗P < 0.001, ∗∗P < 0.05 and ns: not significant;
3SEM: standard error of the mean.
Means with different letters differ statically by LSMEANS, lowercase in the column and uppercase in the row within the same variable

(Cox et al., 2010; Kim et al., 2011; Orengo et al., 2012;
Scheurer et al., 2013; Bortoluzzi et al., 2015). In the
present study, coccidiosis challenge resulted in irrele-
vant mortality (< 1%). However, this was sufficient to
decrease animal performance throughout the evaluation
period.

Anti-coccidial drugs are highly efficient at reducing
losses caused by coccidiosis infection. Conversely, inten-
sive use may stimulate parasite resistance (Chapman et
al., 2010). Some phytogenetic studies have reported a
recovery in performance similar to that observed with

the use of drugs (Bess et al., 2012; Kley et al., 2012;
Mohiti-Asli and Ghanaatparast-Rashti, 2015). In this
study, monensin improved performance in the week
immediately post-challenge. However, CNSL-Castor oil
provided late but consistent compensatory gains; no-
tably, at 42 D of age, there was no difference in weight
gain, feed intake, and live weight between groups.

The worst performance during coccidiosis challenge
is associated with reduced intestinal absorption area,
nutrient absorption deficit, and inflammation caused
in the first week post-challenge (Laurent et al., 2001;
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Cornelissen et al., 2009; Cox et al., 2010). It is possi-
ble to speculate that CNSL-Castor oil has lower an-
ticoccidial action than monensin, but its mechanism
of action may be associated with the recovery of in-
testinal health after the inflammation peak, result-
ing in similar growth performance to that observed
with the ionophore during the accumulated period
(1 to 42 D).

Intestinal health is directly related to the microbiota
profile that interacts with the host. The microbiota reg-
ulates the absorptive efficiency, antagonizes the effects
of pathogenic bacteria, enhances intestinal integrity,
and modulates immunity (Oviedo-Rondón et al., 2010;
Pan and Yu, 2014). The results show that coccidiosis
challenge did not significantly affect the total number of
bacteria, but altered the microbiota profile, increasing
the population of Lactobacillus spp., Clostridium cluster
XIV, C. perfringens, and S. aureus. Some studies have
shown an increased population of Clostridium bacteria
and lactic acid fermenters, such as Lactobacillus, fol-
lowing coccidiosis challenge (Kley et al., 2012; M’sadeq
et al., 2015; Stanley et al., 2014). This is due to the in-
creased amount of mucus and the presence of proteins
from coccidia-damaged cells (Collier et al., 2008), serv-
ing as a substrate for beneficial and pathogenic bacteria
(Deplancke and Gaskins, 2001).

Unchallenged broilers that received monensin or
CNSL-Castor oil exhibited increased levels of Lacto-
bacillus and C. perfringens, and decreased levels of
E. coli compared with the control group. Lactobacillus
have beneficial effects on the host, such as modulating
the immune system and antagonizing pathogenic bacte-
ria (Servin 2004; Klose et al., 2010; Yousaf et al., 2017).
They are usually considered as a beneficial group; how-
ever, the presence of 3 Lactobacillus species, L. sali-
varius, L. aviaries, and L. crispatus, may be associated
with poor performance in broilers, because they deplete
bile salts and impair fat emulsification (Guban et al.,
2006).

Monensin is an ionophore known for its coccidio-
static, antimicrobial, and growth-promoting action
(Huyben et al., 2001). Compared with unchallenged
birds receiving monensin, unchallenged birds had lower
total bacteria and higher levels of Clostridium cluster
XVI, C. perfringens, and S. aureus. This change was
similar to the results observed in the positive control
group, showing that monensin, even with a reduction
in the total number of bacteria, provided a profile
similar to the challenged control group. A quantitative
and qualitative change in the microbiota profile is
characteristic of dysbiosis, which in this case, is caused
by coccidiosis. Dysbiosis is defined as an undesirable
change in the microbiota, resulting in an imbalance
between beneficial and pathogenic bacteria, and may
negatively affect animal performance (Ducatelle et al.,
2015).

Studies suggest that the use of phytogenic addi-
tives positively modulates intestinal microbiota, even

in the presence of a coccidiosis challenge (Hume et al.,
2006; Oviedo-Rondón et al., 2006; Oviedo-Rondón et
al., 2010; Abdel-Wareth et al., 2012; Kley et al., 2012;
Kim et al., 2013). In this study, CNSL-Castor oil ap-
peared to be a beneficial modulator of the intestinal
microbiota, because it did not cause any differences in
the populations of Lactobacillus spp., Clostridium ssp.,
Clostridium perfringens, and S. aureus in challenged
broilers, although it did not reduce the total bacte-
ria domain. This balance in the microbiota may have
aided the performance recovery after challenge. The mi-
crobiota composition may be directly associated with
the best animal performance, but how this relationship
works is not clear (Stanley et al., 2014). In this study,
the population of the Enterococcus genus was reduced
in challenged animals receiving the functional oil blend.
Some species of this genus are pathogenic; for exam-
ple, Enterococcus cecorum is related to bone diseases,
such as osteomyelitis (Kense and Landman, 2011). In
addition, Enterococcus spp. are opportunistic and can
spread rapidly when dysbiosis occurs (Cao et al., 2013).
Lunedo et al. (2014) associated a worse feed conver-
sion in chickens receiving low tannin sorghum with the
increase of Enterococcus genus and Enterobacteriaceae
family in the ileum.

In this study, an increase in the copy number of S.
aureus species was observed in the challenged broilers,
except for the group that received the functional oil
blend. In general, the genus Staphylococcus spp. is a nor-
mal habitant of the skin and mucous membranes and is
also considered opportunistic (Jonsson and Wadstrom,
1993). In poultry farming, S. aureus infection has been
associated with several outbreaks, as these can occur
due to management problems or to various infections.
Its rapid spread in the intestine occurs when immune
resistance is low due to infection by other pathogens,
immunosuppression, and skin or mucosal lesions, caus-
ing diseases such as salpingitis, folliculitis, bursitis, gan-
grenous dermatitis, and cellulitis (Ferreira and Ferreira,
2009).

The results of this study show that the functional
oil blend has activity against gram-positive bacteria
and acts as a modulator of the intestinal microbiota.
According to Abbas et al. (2012), the liquid cashew
nutshell components, cardol and anacardic acid, have
a similar action to a monovalent ionophore, causing
damage to the bacterial cell membrane. Moreover, ri-
cinoleic acid has an antimicrobial effect, and denatures
and coagulates proteins of the bacterial cell wall. The
ester group that composes the ricinoleic acid molecule
favors hydrolysis by the plasma esterase that forms al-
cohol and inhibits the transpeptidase enzyme responsi-
ble for the synthesis of peptide glycols (Guimarães et
al., 2010). Thus, castor oil may inhibit cell membrane
synthesis.

The functional oil blend improved the performance
of coccidiosis-challenged broilers in the second week,
resulting in similar performance to those receiving
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the ionophore monensin. The blend showed to be a
good option under a coccidiosis challenge, acting as a
modulator of the intestinal microbiota, with antimicro-
bial action against gram-positive bacteria, mainly C.
perfringens and S. aureus.
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