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Assessment of Benzophenanthridine and Protopine
Alkaloids in Broiler Challenged and Not by Salmonella
Heidelberg

ABSTRACT

Salmonellosis is a globally important zoonosis, and Salmonella
Heidelberg is one of the most prevalent serovars in poultry production
worldwide, as well as in food poisoning cases. Antimicrobial drugs were
previously widely used to face health challenges in animal production;
however, since their ban as performance enhancers, many alternative
strategies have been proposed. One of these strategies is the use of plant
extracts, such as those containing the alkaloids benzophenanthridine
and protopine. These compounds have antimicrobial, anti-inflammatory,
immunomodulation, and nutritional effects. The objective of the present
study was to evaluate the effects of the supply of a product containing
benzophenanthridine and protopine (Sangrovit®wWS 100 g/1000 L of
drinking water) to broilers during different rearing periods 1-21, 1-6
and 6-21 days of age challenged or not with Salmonella Heidelberg at
six days of age. There was no effect of the product on the performance,
jejunal morphometry, cecal goblet cell counts, or control of Salmonella
spp. in broilers challenged or not with Sa/monella Heidelberg. However,
the group receiving the alkaloids from 1 to 21 days of age, compared
with the control group, presented a numerical difference of 28 points in
productive efficiency index, which directly impacts live production cost
of live broiler, representing savings of R$ 0.11/kg of meat produced.

INTRODUCTION

According to Lanzarin (2012), bacteria of the genus Salmonella are
among the most important pathogens affecting the poultry industry.
The presence of Salmonella spp. on the skin, feathers, feet, cloaca and
digestive tract of poultry is a significant source of carcass contamination
in the processing plant, and therefore may pose food safety risks to the
public (Rezende et al., 2005).

Some serotypes, such as S. Typhimurium and S. Enteritidis, were
the main focus of Salmonella control in the poultry industry, but new
serotypes, including S. Heidelberg, S. Agona, and S. Senftenberg,
have been increasing isolated from poultry in different regions of
Brazil (Lanzarin, 2012). Dickel (2004) evaluating hygiene and health
parameters in three broiler processing plants in southern Brazil, isolated
S. Heidelberg in 63.9%, S. Enteritidis in 31.9%, S. Worthington in
2.1%, and S. Tennessee in 2.1% of the studied samples. The Public
Health Agency of Canada (2007) reports that among the Salmonella
paratyphi serovars that infect humans, S. Heidelberg seems to be the
most invasive and causes the most severe disease symptoms.

Santana et al. (2011) mentioned that due the high demand
for poultry products, the broiler industry has aimed at obtaining
maximum production at the shortest production time and have applied
antimicrobial products in therapeutics and prophylaxis, as well as for
performance enhancement, to maximize productivity.
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Since the ban on the use of antimicrobials as
performance enhancers in the European Union in
2006, there has been increasing research on alternative
therapeutic products (Griggs & Jacob, 2005). The
strategic use of dietary supplementation with plant
extracts in food animals has shown many benefits
through its active properties (Vieira et al, 2008a; Vieira
et al, 2008b; Hernandez et al, 2004).

Oliveira (2012) reported that benzophenanthridine
(sanguinarine and chelerythrine) and protopine
(protopine and alocryptopine) alkaloids are the active
principles extracted from Macleaya cordata. According
to Kosina et al. (2004), sanguinarine and chelerytrine
have antimicrobial, anti-inflammatory, local anesthetic
and sympatholytic effects. Pickler (2011) described
the efficiency of benzophenanthridine and protopine
alkaloids in reducing the isolation of Salmonella
Enteritidis in the crop and ceca of broilers seven days
after inoculation. In the study of Salvador et al. (2014),
those alkaloids efficiently controlled Salmonella
Typhimurium in the crop, duodenum and gizzard of
broilers.

Benzophenanthridine and protopine alkaloids also
have nutritional effects, as they increase the availability
of aminoacids. Theiractive principles block the activity of
decarboxylase amino acid aromatic enzymes present in
the intestinal lumen, thus increasing protein retention,
consequently promoting better performance (Dr3ata et
al., 1996). In addition, Schmeller et al. (1997) reported
that sanguinarine has affinity with the 5-HT, serotonin
receptor, a neurotransmitter with modulatory effect on
the appetite (Tarazi et al., 2010), which may have a
positive impact on feed intake.

Therefore, the objective of this study was to evaluate
the effect of benzophenanthridine and protopine
alkaloids (BPA) supplied in drinking water of broilers
challenged or not with Salmonella Heidelberg on
their growth performance, jejunal morphometry, cecal
goblet cell counts, and of Salmonella spp. control.

MATERIAL AND METHODS

The experimental procedures were approved by
the Ethics Committee and Research Involving Animal
Experiments (Comité de Etica e Pesquisa Envolvendo
Experimentacdo Animal - CEPEEA) of Paranaense
University under protocol number 25231/2014.

Birds, Experimental Design, Environment
and Diet

The experiment was conducted on July 3-24, 2014,
at the animal laboratory of the Federal University of
Parand, Palotina campus, state of Parand, Brazil.
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A total of 480 male Cobb 500 broilers were
distributed into eight treatments, with four repetitions
with 15 birds each. Birds were challenged or not by
Salmonella Heidelberg at six days of age. The treatments
consisted of: T, - negative control group, no BPA in the
drinking water and not challenged; T, - positive control
group, drinking water with BPA and challenged; T,
- positive test group, drinking water with BPA in the
period of one to 21 days and challenged; T, - negative
test group, drinking water with BPA in the period of one
to 21 days and not challenged; T, - positive test group,
drinking water with BPA in the period of one to six
days and challenged; T, - negative test group, drinking
water with BPA in the period of one to six days and
not challenged; T, - positive test group, drinking water
with BPA in the period of six to 21 days and challenged;
T, - negative test group, drinking water with BPA in the
period of six to 21 days and not challenged.

Broilers were housed from one to 21 days of age in
cages with autoclaved poultry litter in a room main-
tained at the comfort temperature for this age, accord-
ing to the company’s genetic manual (Cobb-Vantress,
2009). Water and feed were supplied ad libitum. Birds
were fed a starter diet with an anticoccidial drug (sali-
nomycin at 66 ppm) and no performance enhancers.
The ingredients and calculated composition of the ex-
perimental diet is shown in Table 1.

Product Assessed

Sangrovit® WS is a phytogenic feed additive
consisting of benzophenanthridine (sanguinarine
and chelerytrine) and protopine (protopine and
allocryptopine) alkaloids extracted from a Macleaya
cordata extract at the concentration of 1.65%. It
is recommended for the maintenance of intestinal
integrity. It is sold in 1-kg boxes containing 50-g
sachets. The recommended dose is 100 g of product
for 1000 L of drinking water (100 ppm of product, or
1.6 ppm of alkaloids).

Growth Performance

In order to evaluate growth performance, feed
offer, remainder of feed, and broilers were weekly
weighed for the calculation of feed intake, weight
gain, feed conversion ratio, and production efficiency
index. The birds that died during the experiment were
also weighed for the correction of weight gain, feed
intake and viability.

Challenge Strain and Inoculation

The Salmonella Heidelberg inoculum, at a concen-
tration of 10° CFU/mL, was prepared at Mercolab Lab-
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oratory, located in Cascavel, state of Parana, Brazil, ac-
cording to the methodology described by the Brazilian
Health Surveillance Agency (ANVISA) (2003).

Table 1 - Ingredients and calculated composition of the
diet offered to the broilers from one to 21 days of age.

Ingredients (%)
Corn 56.000
Soybean meal 36.480
Vitamin premix! 0.120
Mineral premix’ 0.100
Salt 0.440
Soybean oil 4.400
Salinomycin 0.055
Antioxidant 0.010
L-lysine 0.266
L-threonine 0.091
Methionine — MHA 0.400
Sodium bicarbonate 0.100
Limestone 1.440
Mono-dicalcium phosphate 1.680
Choline chloride 0.070
TOTAL 100.000
Calculated Nutritional Composition

Metabolizable energy (kcal/kg) 3.099
Crude protein (%) 20.997

Total calcium (%) 1.001

Phosphorous available (%) 0.479
Digestible lysine (%) 1.200
Digestible methionine (%) 0.632
Digestible tryptophan (%) 0.209
Digestible threonine (%) 0.744

'Guarantee levels/kg feed: Copper (Cu) 8.000 mg; Iron (Fe) 200.858 mg; lodine (1)
1.008 mg; Manganese (Mn) 79.800 mg; Selenium (Se) 0.297 mg; Zinc (Zn) 79.002
mg; Vitamin A 12,129.600 UI; Vitamin D3 2,462.400 Ul; Vitamin E 36.158 UI; Vitamin
K3 2.402 mg; Vitamin B1 (Thiamine) 3.000 mg; Vitamin B2 (Riboflavin) 7.126 mg;
Vitamin B6 (Pyridoxine) 3.600 mg; Vitamin B12 (Cyanocobalamin) 0.018 mg; Folic
Acid 1.200 mg; Pantothenic Acid 14.400 mg; Niacin 48,000 mg; Biotin (Vitamin H)
0.120 mg; Choline 1,695.244 mg.

At six days of age, all birds in the T, (Control, SH),
T, (BPA 1-21d, SH), T, (BPA 1- 6 d, SH) and T, (BPA
6-21d, SH) treatments were orally inoculated with 1
mL of S. Heidelberg solution at the concentration of
10° CFU/mL.

Microbiological Analysis

Two birds per experimental unit were randomly
selected and euthanized under anesthesia (eight
birds per treatment) 48h after the inoculation with
S. Heidelberg. The protocol was pre-anesthesia with
intramuscular xylazine at 4mg/kg, and euthanasia with
intravenous thiopental at 25 mg/kg.

Birds were necropsied and their ceca were
aseptically collected for Salmonella spp. count,
performed according to the methodology described
by Pickler et al. (2012). Typical colonies Salmonella
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were submitted to serology using polyvalent serum for
confirmation. The count results were transformed in
Log,, for statistical analysis.

Cloacal swabs were aseptically collected for
the isolation of Salmonella spp., following the
methodology described by Almeida (2013). Colonies
with characteristic Salmonella biochemistry results
were submitted to the agglutination test in plates with
anti-flagellar (H) and anti-somatic (O) polyvalent sera.
The same procedures were applied in 21-d-old birds.

Colony counts were performed according to
Normative Instruction no. 62 (BRASIL, 2003),
which establishes official analytical methods for
microbiological analyses for the control of animal
products and water, issued on August 26, 2003.

Intestine Morphometry and Quantitative
Analysis

On day 21, two birds per experimental unit (eight
birds per treatment) were randomly selected and
euthanized according to the protocol described above.
At necropsy, fragments of the jejunum and cecum were
collected and longitudinally open by the mesenteric
border, and fixed in 10% buffered formalin solution for
24 h. Semi-serial 4um sections, perpendicular to the
long axis of the jejunum and cecum, were obtained.
Cecum samples were dyed with Alcian Blue pH 2.5
for goblet cell count (non-sulfated and sulfated acid
mucins). Goblet cell were count in the ceca because
it is the preferential intestinal segment of Salmonella
Heidelberg replication, according to Shivaprasad
(1997). Jejunal samples were dyed with hematoxylin
and eosin for the morphometric analysis. Images
were obtained by using a digital camera’ attached to
a trinocular light microscope at 4x magnification for
the jejunum and 20x magnification for the cecum. The
camera was connected to an image analysis system?.
The height of 60 villi and the crypt of 60 crypts were
measured in the jejunum and goblet cells were counted
in 15 villi of the cecum of each bird.

Statistical Analysis

Data were tested for normality (Shapiro-Wilk test)
and homogeneity of variance (Levene test). As these
assumptions were satisfied, the studied parameters
were submitted to the analysis of variance (ANOVA).
Colony forming units (CFU) of Salmonella spp. were
transformed in log,, before being submitted to
ANOVA. Morphometry data were evaluated by analysis

! Moticam 2000, 2.0 Megapixel®
2 Moticlmages Plus, version 2.0®
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of variance (ANOVA), and when statistically different,
means were compared Tukey's test. Median goblet
cell counts were analyzed by the Kruskal-Wallis test. A
5% significance level was applied to all tests. Analyses
were performed using the used was IBM SPSS v. 21.0
statistical program.

RESULTS AND DISCUSSION

No body weight differences were detected among
broilers receiving or not benzophenanthridine and
protopine alkaloids (BPA) in the drinking water, or
challenged or not by Salmonella Heidelberg (Table
2) on days 7 and 14. However, on day 21, the birds
receiving BPA for the period of one to 21 days of age
(BPA 1-21d) were heavier (p<0.05) compared with
those receiving BPA from one to six days of age and
challenged with S. Heidelber g at six days of age (BPA
1- 6 d, SH) (Table 2).

Table 2 - Means + standard error of the body weight
(BW, kg) of 7-, 14-, and 21-d-old broilers receiving or not
benzophenanthridine and protopine alkaloids (BPA) in
the drinking water, and challenged or not by Sa/monella

Heidelberg (SH) at six days of age.

Treatments BW day 7 BW day 14 BW day 21
Negative control 0.152 £ 0.004  0.401 £0.007 0.779*+ 0.012
Positive control 0.163 £ 0.002  0.404 + 0.007 0.789*+ 0.036
BPA 1-21d, SH 0.158 £0.002  0.391+£0.017 0.769* =+ 0.022
BPA 1-21d 0.164 £ 0.003 0.422 +0.010 0.822°+0.011
BPA 1-6 d, SH 0.156 +£ 0.001  0.404 +0.006  0.748°+ 0.009
BPA 1-6 d 0.155+£0.003 0.399£0.012 0.789*+ 0.018
BPA 6-21d, SH 0.158 £ 0.002  0.398 +0.012  0.757*+ 0.011
BPA 6-21d 0.158 + 0.004 0.407 +0.028 0.762*+ 0.019
p value 0.073" 0.896" 0.040

CV % 3.83 6.54 4.40

“Not significant

Means followed by different letters in the same column are statistically by Tukey's test.
CV: Coefficient of variation

Zdunczyk et al. (2010), Vieira et al. (2008a), and
Vieira et al. (2008b) when assessing the performance of
broilers treated with BPA, but not submitted to health
challenges. Zdunczyk et al. (2010) did not observe any
differences (p>0.05) in the body weight of BPA-treated
broilers relative to the controls neither 8 nor at 21
days of age. The results obtained in the present study
with BPA supplementation relative the control group
(Table 2), regardless of the period of supplementation,
support those findings.

On the other hand, in the study of Vieira et al.
(2008a), 21-d-old broilers receiving 50 ppm of a
product containing BPA in the drinking water were
heavier than the controls. Moreover, Vieira et al.
(2008b), when evaluating different levels (0, 12.5,
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25, 37.5, and 50 ppm) of a BPA product added to the
feed as a performance enhancer, observed a higher
weight gain in 21-d-old broilers receiving 50 ppm BPA
compared with the controls.

Weight gain and feed conversion ration were not
influenced by the treatments (p>0.05) in the periods
of one to seven days. Although there was a higher
feed intake in the birds from group treated with BPA
during the period of one to 21 days of age and not
challenged (BPA 1-21d) when compared to the birds
of group treated with BPA during the same period and
challenged by Salmonella Heidelberg at six days of age
(BPA 1-21d, SH) (Table 3).

Table 3 - Means + standard error of weight gain (kg),
feed intake (kg) and feed conversion ratio (kg/kg) of
broilers in the period of one to seven days receiving or
not benzophenanthridine and protopine alkaloids (BPA) in
the drinking water, and challenged or not by Salmonella
Heidelberg (SH) at six days of age.

Treatments Weight gain Feed intake Feed conversion
(kg) (kg) (kg)
Negative control 0.117 £0.003 0.134*+ 0.003 1.163 £ 0.022
Positive Control 0.127 £0.002 0.138*%+0.003 1.097 +0.016
BPA 1-21d, SH 0.122 £ 0.002 0.132>+0.003 1.084 £ 0.016
BPA 1-21d 0.128 £ 0.003 0.146°+ 0.003 1.139 £ 0.020
BPA 1-6 d, SH 0.120 £ 0.001  0.137%+ 0.002 1.143 £0.018
BPA 1-6 d 0.118 £ 0.003 0.137°°+ 0.001 1.163 £ 0.025
BPA 6-21d, SH 0.122 £ 0.002 0.135%+ 0.002 1.106 + 0.008
BPA 6-21d 0.122 +0.003 0.138*+ 0.003 1.138 £ 0.013
p value 0.060" 0.047 0.074"
CV% 4.82 4.46 3.74
“Not significant

Means followed by different letters in the same column are statistically by Tukey's test.
CV: Coefficient of variation

The results of the present study are consistent
with Vieira et al. (2008b), who evaluated BPA
supplementation in the feed of broilers not submitted
to health challenge and did not find any feed
conversion ratio differences (p>0.05) between the
group treated with BPA and the control group in the
period of one to seven days of age. However, it is
important to emphasize that in the present study, birds
in treatments T,, T,, T, and T, were challenged with
10° CFU/mL Salmonella Heidelberg at six days of age.

During the period of one to 21 days of age, the
group treated with BPA from one to 21 days and
not challenged (BPA 1-21d) presented higher weight
gain and feed intake than the group supplied with
BPA from one to six days of age and challenged by
Salmonella Heidelberg (BPA 1-6d, SH). However,
no feed conversion ratio differences were detected
among treatments in the period of one to 21 days of
age (Table 4).
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Table 4 - Means =+ standard error of weight gain (kg), feed intake (kg) and feed conversion (kg/kg) and production efficiency
index of 1- to 21-d-old broilers receiving or not benzophenanthridine and protopine alkaloids (BPA) in the drinking water,
and challenged or not by Salmonella Heidelberg (SH) at six days of age.

Treatments

Weight gain (kg)

Feed intake (kg)

Feed conversion (kg)

Production efficiency index

Negative control 0.743%*+ 0.012 1.020*+ 0.014 1.376 +£0.023 260.75% + 4.768
Positive Control 0.753*+ 0.003 1.048%+ 0.012 1.392 +0.018 265.25%°+ 3.198
BPA 1-21d, SH 0.733%°+ 0.022 0.999*®+ 0.029 1.363 + 0.006 268.75%+ 8.673
BPA 1-21d 0.7852+ 0.011 1.0632+ 0.013 1.355 + 0.008 289.00°+ 5.083

BPA 1-6 d, SH 0.712°+ 0.009 0.970°+ 0.009 1.358 £ 0.009 262.25%+ 3.705
BPA1-6d 0.752**+ 0.018 1.044*+ 0.010 1.390 + 0.027 267.25% + 13.961
BPA 6-21d, SH 0.721%+ 0.012 1.010°*+ 0.028 1.442 + 0.052 231.00°+ 13.862
BPA 6-21d 0.726%*+ 0.002 1.050*+ 0.023 1.447 £ 0.053 247.50% + 11.990
p value 0.041 0.029 0.243" 0.013

CV% 4.56 4.34 4.56 8.71

“Not significant
Means followed by different letters in the same column are statistically by Tukey's test.
CV: Coefficient of variation

The production efficiency index of the group
treated with BPA from one to 21 days of age and not
challenged (BPA 1-21d) was higher compared with the
group supplied with BPA from six to 21 days of age
and challenged with S. Heidelberg (BPA 6-21, SH).

The results presented (weight gain, feed intake,
feed conversion and production efficiency index) in
Table 4 show that there were no differences (p>0.05)
between the groups challenged or not by S. Heidelberg
at six days of age receiving BPA for the same periods.
According to Muniz (2014), this could be explained
by the adaptation and balance of paratific salmonelas
serovars, such as Heidelberg, living in the birds.

Santiago et al. (2014), evaluating the effects of a
Macleaya cordata extract (BPA source) included at
50 ppm in the feed of broilers challenged and not
challenged with 0.5 mL Salmonella Typhimurium (108
CFU/mL) (Salmonella paratyphiserovar), observed higher
daily weight gain in the groups treated (independent of
challenge) and in non-challenged control group relative
to the challenged group not fed BPA.

Vieira et al. (2008b), in the absence of health
challenge, found a better feed conversion ratio in the
group fed 37.5 ppm BPA relative to the control group
in the period of one to 35 days of age. However, at
the dose of 50 ppm, no differences were detected.
This was also observed by Santiago et al. (2014), but
in the presence of a health challenge. Zdunczyk et
al. (2010), evaluating the inclusion of 30 ppm of a
product containing BPA in the feed of 1- to 35-d-old
broilers, in the absence of challenge, did not find any
feed conversion ratio differences (p>0.05).

According to Niewold (2007), the performance en-
hancement effects of antimicrobial drugs in is medi-
ated by anti-inflammatory mechanisms. Kosina et al.
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(2004) reported that benzophenanthridine alkaloids
(sanguinarine and chelerytrine) exhibit antimicrobial
and anti-inflammatory effects, whereas Vieira et al.
(2008b) emphasized that the combination of these
effects explains the benefits of BPA to animal perfor-
mance. Dr3ata et al. (1996) mentioned that the BPA
increases amino acids availability by blocking the ac-
tivity of aromatic amino acid decarboxylase enzymes
present in the intestinal lumen, improving protein re-
tention, and consequently, better performance.

However, in the present study, performance (weight
gain, feed intake, feed conversion and production
efficiency index) of the birds that consumed the
alkaloids was not different (p>0.05) compared with the
that of the control groups. Nonetheless, production
efficiency index presented 28.25 points numerical
difference, which has a direct impact on the cost of
live broilers. This difference, according to the current
database of an integration in the Northwestern region
in the state of Parana, represents savings of RS 0.1106/
kg in the live cost of broilers consuming BPA from one
to 21 days of age. Considering that 120,000 birds
42-d-old broilers weighing 2.5 kg are processed daily,
on average, this represents savings of R$ 33,180 per
processing day.

No feed intake differences (p>0.05) were found
between the groups treated with BPA and the negative
control group (Table 4). Similarly, Vieira et al. (2008b),
in the absence of health challenge, did not detect
any feed intake difference among BPA doses (0, 12.5,
25, 37.5 and 50 ppm). According to Schmeller et al.
(1997), sanguinarine has affinity for the receptor of
5-HT, serotonin, a neurotransmitter with modulatory
effect on appetite and related to satiety (Tarazi et al.,
2010), resulting in a positive impact on the average
feed intake.
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Jejunal morphometry (villus height, crypt depth and
villus:crypt ratio) measured in 21-d-old broilers was not
different among the treatments (Table 5).

These results are in agreement with Vieira et al.
(2008a), evaluating the effects of BPA (starter feed
with 50 ppm, and grower and finisher feed with 25
ppm of the product) on the villus height and crypt
depth, did not find any found differences (p>0.05)
among the groups treated with BPA and the control
group at 42 days of age. On the other hand, Pickler et
al. (2013), studying the effect of BPA supplied in the
drinking water (100 ppm of product) for the control
of Salmonella Enteritidis found lower (p<0.05) villus
height and crypt depth in the jejunum of challenged
broilers receiving BPA compared with the control
group, but no differences in jejunal villus:crypt ratio or
goblet cell count in the ceca. Likewise, Jankowski et al.
(2009) observed that broilers fed with a diet containing
20 ppm of a BPA product presented a significant
reduction of villus height compared with the control
group. Ferreira et al. (2006), investigating the effects
of BPA added to vegetarian diets (starter feed with 50
ppm, and grower and finisher feeds with 25 ppm of
product) also observed that lower crypt depth in the
BPA-fed groups relative to the control group.

Villus height and crypt depth are reduced when
broilers are reared in a pathogen-free environment
due to the balance of the intestinal microbiota (Cook
& Bird, 1973). This indicates that the integrity of the
intestinal mucosa allows adequate nutrient digestion
and absorption, and therefore compensatory
hypertrophy and hyperplasia of villi and crypt observed
when the mucosa is damaged, such as in the presence
of health challenges, are not required. Therefore, the
low health challenge of the rearing environment in
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the present study may explain the lack of differences
in the jejunal morphometry results, as well as the
good performance overall live performance and
viability (86.67 to 100%). Santin et al. (2001) had
previously reported a positive correlation among villus
height, villus surface area, nutrient absorption, and
performance of broilers.

According to Macari (1999), intestinal absorption
capacity is directly proportional to villus number,
size, and surface area available for absorption. This
shows that the evaluation of a single parameter is
not sufficient to demonstrate the absorptive potential
of the intestine. In the present study, villus height,
crypt depth, and villus:crypt ratio were assessed and
no significant differences were observed among
treatments. Vieira et al. (2008a) reported that villus
measurements are commonly used to support the
effects of nutrients on the gastrointestinal physiology,
but the correlation between live performance and villus
height or crypt depth is often not significant.

Goblet cell (producing non-sulfated acid mucins)
counts in cecal villi of 21-d-old was not different
among treatments (Table 6).

Although higher villi are related with better nutrient
absorption under experimental conditions in the
absence of challenge, the types of cells present in the
villi are as important as their height (Pickler etal., 2013).
Goblet cells secrete glycoproteins (mucus), which are
responsible for protecting the intestinal epithelium
against dietary abrasive agents and pathogens, as well
as participating in the absorption of nutrients (Pickler
etal. 2011; Pickler et al., 2013).

According to Pickler et al. (2011), mucus
participated in the non-specific immune response as
the expression of goblet increases under challenge

Table 5 — Means = standard error of villus height (um), crypt depth (um) and villus:crypt ratio (um/um) in the jejunum of
21-d-old broilers receiving or not benzophenanthridine and protopine alkaloids (BPA) in the drinking water, and challenged

or not by Salmonella Heidelberg (SH) at six days of age.

Treatments

Villus height (um)

Crypt depth (um) Villus:crypt (um/pm)

Negative control 633.800 + 176.223 175.599 + 27.964 5.420 + 0.964
Positive Control 882.608 + 95.603 124.603 + 4.422 7.100 £ 0.776
BPA 1-21d, SH 869.966 + 47.889 130.009 + 4.920 6.712 +0.413
BPA 1-21d 899.677 + 15.021 125.531 + 4.967 7.193 £ 0.244
BPA 1-6 d, SH 932.718 + 52.460 140.767 + 23.297 7.002 +0.772
BPA 1-6 d 951.666 + 15.367 162.491 + 13.479 6.000 + 0.590
BPA 6-21d, SH 917.497 + 52.846 132.813 + 6.981 6.965 + 0.515
BPA 6-21d 908.673 + 43.249 156.930 + 24.543 6.138 + 0.785
p value 0.180" 0.287" 0.513"

CV% 19.357 24.037 20.195

"Not significant CV: Coefficient of variation
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Table 6 — Median goblet cell counts in the cecal villi of
21-d-old broilers receiving or not benzophenanthridine
and protopine alkaloids (BPA) in the drinking water, and
challenged or not by Salmonella Heidelberg (SH) at six days
of age.
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Table 7 - Log,, of the means + standard error of of
Salmonella spp. counts (CFU/mL) in cecal samples of
8-d-old broilers receiving or not benzophenanthridine
and protopine alkaloids (BPA) in the drinking water, and
challenged or not by Salmonella Heidelberg (SH) at six days
of age.

Treatments Median goblet cell count Avilli
Negative control 20
Positive Control 14.5
BPA 1-21d, SH 13
BPA 1-21d 18
BPA 1-6 d, SH 17
BPA 1-6 d 12.5
BPA 6-21d, SH 17
BPA 6-21d 14

p value 0.3090*
CV% 30.79

“Not significant by the Kruskal-wallis test.
CV: Coefficient of variation

conditions that may threat birds health, accelerating
the intestinal transit and reducing nutrient absorption.
In the present study, no evidences (clinical signs and/
or lesions) of the intestinal health damage in of birds
challenged with Salmonella Heidelberg at six days of
age were observed. The lack of significant differences
(p>0.05) in the expression of goblet cells indicates
that the health challenge to which the birds were
submitted in the present experiment was low, because
the response depends on the invasiveness and level of
aggression of the agent involved (Muniz, 2014).

According to Deplancke & Gaskins (2001), the
distribution of goblet cells and the mucus mucin
composition vary both spatially and temporally;
mucins may be acid (sulfated and non-sulfated) or
neutral. Acidic mucin protects the intestine against
bacterial translocation, because bacterial glycosidases
are sensitive to pH. The staining technique used in the
present study for counting goblet cells was Alcian Blue
pH 2.5, expressing both sulfated and non-sulfated acid
mucins.

In the present study, the broilers in treatments T, T,
T, and T, were challenged with Salmonella Heidelberg
at six days of age. However, the microbiological
analysis of the cloacal swab taken two days after the
challenge showed that only T, (ABP 1-6, SH) birds were
positive for Salmonella spp., and at 21 days, no birds
in the challenged groups were positive. These results
suggest that the intestinal colonization of Sa/monella
Heidelberg was not sufficient to cause any damage.

Salmonella spp. counts in the cecal samples of
8-d-old broilers (Table 7) were not significantly different
among treatments.
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Treatments CFU/mL (Log,,)

Negative control 1.605 + 1.049
Positive Control 2.999 + 0.202
BPA 1-21d, SH 3.340 + 1.188
BPA 1-21d 0.706 + 0.706
BPA 1-6 d, SH 3.553 +£0.737
BPA 1-6 d 2.292 +£0.793
BPA 6-21d, SH 1.631 = 0.989
BPA 6-21d 2.587 £0.775
p value 0.2852"

“Not significant by the Analysis of Variance (ANOVA).

The detection of Salmonella spp. in the experimental
birds may be related to the fact that Salmonella spp.
is a common inhabitant of the intestine of broilers, as
described Muniz (2014). Pickler et al. (2013) reported
that, although benzophenanthridine and protopine
alkaloids did not reduce Salmonella Enteritidis counts
in the excreta of broilers 48 hours after inoculation,
counts significantly decreased in cecal samples
seven days after inoculation. Santiago et al. (2014)
also observed a significant difference in Salmonella
Typhimurium counts, but only in the group of
broilers that were challenged and were not fed BPA,
differently from the present study, where no significant
differences were observed between the challenged
and not challenged groups and that received or not
BPA in drinking water.

A study performed by Dzink & Socransky (1985)
previously demonstrated the antimicrobial activity
and defined the minimum inhibitory concentrations
of BPA against bacteria in the human mouth. As
many of these bacterial species are also present in the
gastrointestinal tract of broilers, these alkaloids could
also be used to control poultry, as reported by Pickler
et al. (2013) and Santiago et al. (2014). However, it is
important to emphasize that the serotypes evaluated
in the studies of Pickler et al. (2013) and Santiago et al.
(2014) were Enteritidis and Typhimurium, respectively,
differently from the present study. Furthermore,
according to Borsoi et al. (2011), broilers challenged
with Salmonella Heidelberg excrete less bacteria
than those challenged with Salmonella Enteritidis.
In addition, they present intermittent excretion of
Salmonella Heidelberg (Borsoi, 2009), which may limit
the efficiency of cloacal swabs as a diagnostic method
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and justify the low number of cloacal swab samples
positive for Salmonella spp. obtained in 8-d-old broilers
challenged with Salmonella Heidelberg.

CONCLUSIONS

Underthe conditions of the present experiment, there
was no effect of the addition of benzophenanthridine
and protopine alkaloids in the drinking water of broilers
challenged or not with Salmonella Heidelberg on
performance parameters, jejunal morphometry, cecal
goblet cell counts, or Salmonella spp. control. However,
it is worth noting that the production efficiency index of
broilers receiving the alkaloids from one to 21 days of
age presented a numerical difference of more than 28
points compared with the control group, which directly
impacts production costs of live broiler, and represents
R$ 0.11/kg meat produced savings, which justifies the
use of benzophenanthridine and protopine alkaloids.
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