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A B S T R A C T   

The objective of this study was to determine whether the addition of grape residue flour (GRF) in the diet of 
suckling lambs would improve their health and consequently enhance their growth. We used 48 lambs, 30 days 
of age divided into four treatments with four repetitions each, with each repetition consisting of three animals. 
The groups were identified as follows: G-0%, used as a control (without GRF) and G-0.5%, G-1% and G-2% 
referring to treatment with grape residue flour in doses of 0.5%, 1%, and 2% of inclusion in the concentrate, 
respectively. Lambs in groups G-1% and G-2% had higher final body weights, weight gain and average daily gain 
(ADG) compared to the other groups. GRF dietary supplementation had good antioxidant potential, being able to 
stimulate glutathione S-transferase (GST) activity and consequently reduce levels of reactive oxygen species 
(ROS) in lambs that consumed the highest dose of GRF (G-2%). GRF supplementation improved humoral re
sponses, with increased serum levels of heavy-chain and light-chain immunoglobulins; however, there was a 
reduction in serum ceruloplasmin levels in these lambs. We observed higher concentrations of glucose and tri
glycerides in lambs in the 2% group. There were lower lymphocyte counts in lambs that received GRF. Lambs 
supplemented with the highest doses of GRF (G-1% and G-2%) had lower total bacterial counts in the feces. We 
conclude that the use of GRF in the supplementation of suckling lambs improved animal health, as it stimulated 
the antioxidant and immune systems and consequently favored their growth.   

1. Introduction 

Meeting the demand for food for the population, while guaranteeing 
the integrity of animal health, as well as sustainable production, are 
among the greatest challenges for the global agriculture and livestock 
industries. It is necessary to use alternatives to minimize negative im
pacts on the sheep production chain, and, consequently, to enable ani
mals to express their full genetic potential. Thus, the search for 
alternatives has been widely researched and in particular, there are feed 
additives that in recent years have increasingly consisted of natural, 

non-toxic compounds with antioxidant potential (Negrette-Guzmán 
et al., 2013). In general, these additives donate electrons and neutralize 
free radicals, resulting in the prevention of cell injuries (Saeidnia and 
Abdollahi, 2013). 

The use of by-products from agro-industries in the formulation of 
ruminant diets can be a strategy to lower the cost of production, as well 
as the need to recycle waste that would otherwise be destined for 
disposal (Guerra-Rivas et al., 2016). According to data of IBGE - Instituto 
Brasileiro de Geografia e Estatística (2020), the southern Brazilian re
gion was responsible for approximately 61% of the total grape 
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Abstract
Canine visceral leishmaniasis (CVL) is a parasitic disease caused by the protozoan Leishmania infantum. Neurological 
infection occurs due to the parasite's ability to cross the blood–brain barrier. It is known that dogs can remain infected with 
a subclinical infection for life, potentially acting as reservoirs for L. infantum when bitten by sandflies. In this context, the 
objective of this study was to evaluate the occurrence of Leishmania spp. in the brains of dogs from the metropolitan region 
of Rio Grande do Sul, Brazil, without a history of neurological disease but residing in an endemic area for L. infantum. A total 
of 200 samples, from 2022 to 2023, were evaluated using conventional Polymerase Chain Reaction (PCR) with the primers 
Leishmini-F GGKAGG​GGC​GTT​CTG​C and Leishmini-R STAT​WTT​ACA​CCA​ACCCC, aiming to amplify a product of 120 
base pairs for Leishmania spp. To identify the species, a multiplex PCR was used, differentiating L. braziliensis (127 bp), 
L. amazonensis (100 bp), and L. infantum (60 bp), with the molecular target being the conserved region of the kinetoplast 
DNA (kDNA) minicircle, specific to Leishmania spp. Of the 200 samples evaluated, 26.5% (53/200) tested positive in the 
conventional PCR reaction for Leishmania spp., with the PCR multiplex the only species detected was Leishmania infantum. 
The average age of the positive animals was 5.08 years, with 47.2% being females and 52.8% being males; among these, 
mixed-breed dogs were the most predominant, representing 43.4% of the total. Clinical signs varied: hepatomegaly in two 
dogs, pronounced neutrophilic hepatitis in one, splenomegaly in one with lymphoid hyperplasia, and glomerulonephritis 
and nephritis in two animals. Mild anemia and thrombocytopenia were found in eight, with pale mucous membranes in 
three, and diffuse alveolar edema in one case. Notable pathological findings included suspected distemper in one animal 
and lymphoplasmacytic meningitis in another. Histopathological findings revealed alveolar edema and acute renal failure. A 
third dog exhibited bilateral hydrocephalus and diffuse edema in the brain. Additional changes, such as mild inflammatory 
infiltrate and slight vacuolar degeneration, were observed in 11.3% of the analyzed brains. There was no clinical suspicion 
of leishmaniasis in any of the studied cases. Therefore, the detection of L. infantum DNA in the brains of dogs suggests that 
animals with subclinical infection may play a crucial role in the spread of leishmaniasis, and infection by Leishmania spp. 
should be considered as a differential diagnosis for neurological disease in endemic areas for the protozoan.
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d Postgraduate Program in Foods Science, University Federal de Santa Maria (UFSM), Santa Maria, Brazil 
e Postgraduate Program in Toxicology Biochemistry, UFSM, Santa Maria, Brazil 
f Development & Advisory Agro-Industrial Ltda (Dpharma), Chapecó, Brazil 
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A R T I C L E  I N F O   

Keywords: 
Acidifiers 
Fatty acids 
Antimicrobial 
Coccidiostatic 

A B S T R A C T   

The aim of this study was to determine whether the addition of microencapsulated organic acids 
to replace conventional performance enhancers gives rise to adequate zootechnical performance, 
quality of chicken meat and animal health. We used 640 birds, divided into four groups with eight 
repetitions per group (n = 20), as follows: 1) negative control (NC): only basal feed; 2) positive 
control (PC): basal feed with antibiotics and coccidiostatic agents; 3) dose recommended by the 
manufacturer of organic acid according to the age of the birds (OA-R: days 1–21 – 3.0 kg/Ton; 
days 22–33 - 2.0 kg/Ton; days 34–42 – 1.0 kg/Ton); 4) test dose of organic acid (OA-T: days 1–21 
– 2.2 kg/Ton; days 22–33 – 1.5 kg/Ton; days 34–42 – 0.75 kg/Ton). Zootechnical performance 
was measured on days 7, 21 and 42. Excreta were collected for parasitological analysis and total 
bacterial count on days 21 and 42. Blood samples were collected at 42 days of age for 
biochemical, hematological, and enzymatic analyses. At 42 days, eight birds per treatment were 
euthanized for meat quality analysis and fatty acid profile measurement. Birds supplemented with 
organic acids showed a production efficiency index equal to that of the PC (P < 0.05). There were 
lower total bacterial counts in the OA–T group than in the NC and PC (P < 0.001) at 42 days. The 
lowest excretion of oocysts was found in the PC, followed by the OA–T group compared to the 
NC (P < 0.001) at 42 days. A higher villus:crypt relationship was observed in birds in the OA–T 
group than in the PC (P < 0.01). There were lower levels of total saturated fatty acids in samples 
from birds belonging to NC and OA–T (P < 0.01) than in PC; levels of polyunsaturated fatty acids 
were higher in OA–R than in PC (P < 0.01). We conclude that the addition of the tested mol
ecules maintains the productive efficiency index, while adding coccidiostatic and antimicrobial 
activity, in addition to reducing the proportion of saturated fatty acids and increasing the pro
portion of polyunsaturated fatty acids in the meat.  
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A B S T R A C T   

This study aimed to determine whether the addition of Ilex paraguariensis residue to the basal diet of laying hens 
improves bird health, production, fatty acids, egg quality, and transfer of chlorogenic acids to the egg. One 
hundred twenty birds of the Hy-line lineage were used, divided into five groups with six replicates and four birds 
per replicate, as follows: T0 (control group, without IPPR supplementation), T0.5 (basal diet plus 0.5% of IPPR), 
T1 (basal diet plus 1% IPPR), T1.5 (basal diet plus 1.5% IPPR), and T2 (basal diet plus 2% IPPR), for two 
consecutive cycles of 21 days each. The productive performance of the birds, physicochemical composition of 
eggs, fatty acid profile, the concentration of chlorogenic acids in eggs, leukocyte count, serum biochemistry, 
oxidant and antioxidant status, total bacterial count in eggs, and feces were evaluated at 21 and 42 days of the 
experiment. The addition of IPPR to the birds’ diet no-change eggs production and feed conversion. In the egg 
yolks of birds that consumed IPPR, there were chlorogenic acids. There was a reduction in the total bacterial 
count in the feces and eggshells of the birds that received 2% of the IPPR. IPPR intake also reflected a reduction 
in total saturated fatty acid levels and increased monounsaturated fatty acids. These findings suggest that IPPR is 
a compelling alternative for laying hens; however, its ingestion also has negative effects that are discussed in 
below. Chlorogenic acids in the egg are desirable, as these phenolics have nutraceutical effects in humans.   

1. Introduction 

In the 21st century, the use of herbal medicines in industrial poultry 
farming has advanced primarily due to these products’ antioxidant and 
antibacterial activities (Kungel et al., 2018). Ilex paraguariensis (IP), 
known as yerba mate, is native to South America, where it is widely 
consumed in infusions such as chimarrão, mate tea, and tererê (Fayad 
et al., 2020). The consumption of yerba mate and its various components 
provide benefits such as neuroprotective activity (Cittadini et al., 2015), 
and antimicrobial, anti-inflammatory, antioxidant (Burris et al., 2015; 
Kungel et al., 2018), anti-obesity, and microbiota modulation (Wang 

et al., 2019). The primary bioactive substances found in I. paraguariensis 
are chlorogenic acids, present in the order of 10% (on a dry basis) in 
leaves (Meinhart et al., 2017) and plant residue (Lorini et al., 2021; 
Frizon et al., 2015), in addition to saponins present in leaves (Petroselli 
et al., 2019) and plant residue (Lorini et al., 2021), methylxanthines 
present in leaves and stems (Meinhart et al., 2019) and carotenoids 
present in leaves (Silveira et al., 2016). 

In addition to the high concentration of phenolic compounds present 
in I. paraguariensis, the plant possesses essential micronutrients such as 
magnesium, manganese, potassium, calcium, vitamins, and essential 
amino acids (Rossi and Lozano, 2020). Incorporating neglected and 
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A B S T R A C T   

The objective of this study was to determine whether a phytogenic blend (PB), formulated based on organic 
acids, tannins, curcumin, and essential oils, could replace the antimicrobials commonly used as growth pro
moters in the poultry industry without compromising zootechnical performance, health, or meat quality. In 
addition, our goal was to report the anti-aflatoxin effect of this phytogenic blend. Four treatments were used: TC, 
or control; T250, T500, and T1000, representing test doses of 250, 500, 1000 mg PB/kg of feed, respectively, or a 
34-day experiment (initial and growth phases). On day 22 of the study and age of the birds, 500 ppb of aflatoxin 
was included in the diet to represent an intestinal challenge and to evaluate the growth-promoting effects of PB. 
In the initial phase (up to 21 days), there were no differences between groups in weight gain, feed intake, or feed 
conversion. After adding an aflatoxin-contaminated feed, doses of 250 and 500 mg/kg minimized the adverse 
effects on feed consumption and feed conversion caused by aflatoxin; but 1000 mg/kg did not differ between 
groups. In birds that consumed PB (T250, T500, and T1000) compared to the control, there were the following 
changes: 1) lower counts of heterophiles, lymphocytes, and monocytes; 2) lower lipid peroxidation and high non- 
protein thiols levels in breast meat; 3) lower bacteria counts in broiler litter; and 4) lower ALT levels. Greater 
intestinal villus/crypt ratios were observed at T250 and T500. The dose of 250 mg/kg reduced saturated fatty 
acids and increased unsaturated fatty acids. The chemical-physical composition of the meat did not differ be
tween treatments. The findings suggest that the addition of a PB has a high potential to improve performance for 
chickens in the growing stage and minimize the adverse effects of aflatoxicosis.   

1. Introduction 

Antibiotics are frequently used as growth promoters in poultry pro
duction. These additives are associated with productivity gains and 
suppression of damage caused by microbes, thereby increasing the 
effectiveness of the feeding and the associated zootechnical indexes 
(Kostadinović et al., 2011; Lorençon et al., 2007; Bezerra et al., 2017). 
Nevertheless, this use of antibiotics production is partially or totally 
banned in several countries, including Brazil, where there is already a 
plan for a total reduction in antibiotic use in animal production as a 

growth promoter. The antibiotic ban is mainly aimed at decreasing 
bacterial multidrug resistance to antibiotics in humans (Shrestha et al., 
2017), and many antimicrobial residues have been found in food (Diarra 
and Malouin, 2014). For these reasons, alternative and natural com
pounds have gained market share as replacements for antibiotics. In 
particular are phytogenic additives that are formulated from compounds 
derived from plants and their parts, including extracts and essential oils; 
these have potent antimicrobial action, in addition to antioxidant effects 
that have overall benefits for animal health (Oladeji et al., 2019; Salah 
et al., 2019a; Mannelli et al., 2019). 
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Bruno G.O. Cécere a, Aleksandro S. da Silva a,b,*, Vitor L. Molosse a, Davi F. Alba b, 
Karoline W. Leal b, Gilneia da Rosa b, Wanderson A.B. Pereira c, Anielen D. da Silva d, 
Maria Rosa C. Schetinger d, Aniela P. Kempka e, Aline Nunes f, Marcelo Maraschin f, 
Denise N. Araújo a,b, Guilherme Luiz Deolindo a, Marcelo Vedovatto g 

a Department of Animal Science, Universidade do Estado de Santa Catarina (UDESC), Chapecó, SC, Brazil 
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A B S T R A C T   

This study evaluated the effects of propolis extract, mixed in milk, on growth as well as on antimicrobial, 
antioxidant and immune responses in lactating lambs. Thirty-six Lacaune lambs [males; 7.0 ± 1.2 day (d) of age; 
4.9 ± 0.80 kg of body weight (BW)] were assigned to the following groups: T0, T150, T200 and T250, repre
senting 0, 150, 200, and 250 μL of propolis/kg of BW/d, respectively. All dosages (T150, T200, and T250) 
significantly increased weight gain (P = 0.01) with the greatest increase observed in T150 lambs (0.174, 0.244, 
0.213, and 0.200 kg/d for T0, T150, T200, and T250, respectively). On regression analysis, the optimal dosage 
for improving weight gain was 137 μL of propolis/kg of BW/d. All dosage increased (P = 0.05) serum con
centrations of total protein on d 10, but only T250 increased it on d 30. Only T150 increased (P = 0.02) the serum 
concentration of albumin on d 10, and all dosages increased it on d 30. The T200 tended to increase (P = 0.09) 
the serum concentration of immunoglobulin A, and T150 and T200 tended to increase (P = 0.09) the concen
tration of immunoglobulins heavy-chain. The T200 and T250 increased the concentration of transferrin on d 10 
and only T250 increased it on d 42 (P = 0.01). All dosages increased (P = 0.04) the serum concentration of 
glucose. No effects were detected (P ≥ 0.11) for globulin, IgG light-chain, ceruloplasmin, urea, triglycerides, 
cholesterol, aspartate aminotransferase, or gamma-glutamyltranspeptidase. All dosage decreased (P = 0.01) the 
serum concentration of reactive oxygen species on d 30; however, only T150 and T200 decreased it on d 42, and 
the greatest reduction was observed for T150. All dosages increased (P = 0.01) nitric oxide levels on 30; how
ever, only T150 and T200 increased them on d 42. All dosage decreased (P = 0.01) the concentration of su
peroxide dismutase. All dosages increased (P = 0.01) the concentration of non-protein thiols and protein thiols, 
with the greatest effects detected for T250. All dosages decreased (P = 0.01) counts of E. coli and total coliform 
counts in feces, with the greatest effects observed for T150 and T200. Taken together, the data suggest that 
addition of propolis to milk increased growth as well as antimicrobial, antioxidant, and immune responses in 
lactating lambs. The greatest effects were observed for the dosage of 150 μL of propolis/kg of BW/d.   

1. Introduction 

To maximize milk production and generate higher product yields, 
milk lambs after birth remain with their mothers until the colostrum is 

ingested (2–3 days), after which time they are separated from their 
mothers and are fed with artificial milk, known as commercial dairy 
substitutes (Hernández-Castellano et al., 2015; Vedovatto et al., 2019). 
In the first weeks of artificial feeding, cases of diarrhea in lambs are 
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The addition of green propolis to laying 
hens had positive effects on egg quality: 
lower bacteria counts in the shell and 
lipid peroxidation in the yolk

ANA CLAUDIA CASAGRANDE, GIOVANA C. MACHADO, ANDREI L. BRUNETTO, 
GABRIELA M. GALLI, GILNEIA DA ROSA, DENISE N. ARAUJO, MARCEL M. BOIAGO,  
CARINE F. SOUZA, MATHEUS M. BALDISSERA & ALEKSANDRO S. DA SILVA

Abstract: This study aimed to determine whether the addition of green propolis extract 
to the diet of laying hens would improve egg quality and bird performance and decrease 
bacterial contamination of eggs. Forty-fi ve brown Hy-line laying hens were used, divided 
into fi ve groups with three replicates each and three animals per cage: T0 - diet without 
propolis; T5 - 5 grams of propolis per kg of feed; T10 - 10 grams of propolis per kg of feed; 
T20 - 20 grams of propolis per kg of feed and T30 - 30 grams of propolis per kg of feed. 
The quality of fresh eggs was made on day 21 of the experiment, and eggs were stored 
for 21 days. Greater specifi c gravity was observed in fresh eggs in T5 birds and stored 
eggs for T10. TBARS in fresh eggs, we found that T30 eggs had lower levels compared 
to other treatments. T20 eggs had the lowest total bacterial count and the lowest total 
coliform count in the eggshells of T10 and T20 chickens. The count of E. coli in the peel 
was lower for T20 and T30 than T0 and T5. The consumption of propolis did not interfere 
with the hens’ egg production rate but reduced food intake and consequently reduced 
feed conversion. We concluded that the addition of green propolis in the diet of laying 
birds proved effi cient in reducing bacterial contamination in the eggshells and reducing 
the lipid peroxidation of fresh and stored eggs.

Key words: antioxidants, antimicrobial action, oxidations, propolis.

INTRODUCTION

The demand for eggs with quality and safety 
certifi cations has grown, primarily due to their 
high nutritional value, which contributes to the 
growth of laying poultry. Brazil is the fi fth-largest 
world producer of eggs (Procópio & Lima 2020); 
also, it is the fi fth most-consumed protein in 
the world. In 2019, Brazil produced around four 
billion dozens, of which 99.59% remained on the 
domestic market (ABPA 2019), with an increase 
in per capita egg consumption from 148 in 2010 
to 230 in 2019 (ABPA 2020).

Eggs are considered foods of the highest 
nutritional value, as they are an excellent source 
of fatty acids, vitamins, minerals, and essential 
amino acids (Mendonça et al. 2019). However, 
how eggs are preserved, the composition of 
the diet provided to birds, and storage at room 
temperature, infl uence the internal quality of 
this product, as they directly affect the lipid 
stability of the yolk (Ding et al. 2017), as well as 
high temperatures, cause oxidation (Zhu et al. 
2015). However, in addition to changes that may 
involve the physical-chemical integrity of eggs, 
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Abstract
The aim of this study was to determine the presence of deoxyribonucleic acid (DNA) from Toxoplasma gondii, Sarcocystis 
spp. and Neospora caninum, in tissues of wild boars slaughtered in southern Brazil. A total of 156 samples were collected 
from different organs of 25 wild boars, and DNA from at least one of the protozoa investigated was detected in 79 
samples. To differentiate between infectious agents, restriction fragment length polymorphism was performed using 
the restriction enzymes DdeI and HpaII. For N. caninum, conventional PCR was performed with specific primers. The 
DNA of at least one of the studied pathogens was detected in each animal: 26.58% for T. gondii, 68.36% for Sarcocystis 
spp. and 5.06% for N. caninum. Coinfection between T. gondii and Sarcocystis spp. occurred in 14 animals, between T. 
gondii and N. caninum in only one male animal, between Sarcocystis spp. and N. caninum in a female, while co-infection 
with the three agents was equally observed in only one male animal. Considering the high frequency of detection and 
its zoonotic risk, especially T. gondii, it appears that wild boars can be potential sources of transmission of infectious 
agents and the adoption of monitoring measures in these populations should be prioritized.

Keywords: Apicomplexa, neosporosis, PCR-RFLP, 18S rRNA, sarcocystosis, Sus scrofa, toxoplasmosis.

Resumo
O objetivo deste estudo foi determinar a presença de ácido desoxirribonucléico (DNA) de Toxoplasma gondii, 
Sarcocystis spp. e Neospora caninum, em tecidos de javalis abatidos no sul do Brasil. Foram coletadas 156 amostras 
de diferentes órgãos de 25 javalis, sendo detectado o DNA de pelo menos um dos protozoários pesquisados em 
79 amostras. Para diferenciar entre os agentes infecciosos, o polimorfismo do comprimento do fragmento de 
restrição, foi realizado usando-se as enzimas de restrição DdeI e HpaII. Para N. caninum, a PCR convencional foi 
realizada com “primers” específicos. O DNA de pelo menos um dos patógenos estudados foi detectado em cada 
animal: 26,58% para T. gondii, 68,36% para Sarcocystis spp. e 5,06% para N. caninum. Coinfecção entre T. gondii e 
Sarcocystis spp. ocorreu em 14 animais; entre T. gondii e N. caninum em apenas um animal macho; entre Sarcocystis 
spp. e N. caninum em uma fêmea, enquanto a coinfecção com os três agentes foi observada igualmente em apenas 
um animal macho. Considerando-se a alta frequência de detecção e seu risco zoonótico, especialmente T. gondii, 
constata-se que os javalis podem ser potenciais fontes de transmissão de agentes infecciosos, e a adoção de 
medidas de monitoramento nessas populações devem ser priorizadas.

Palavras-chave: Apicomplexa, neosporose, PCR-RFLP, 18S rRNA, sarcocistose, Sus scrofa, toxoplasmose.



d) Produção Científica - EDITAL DE CHAMADA PÚBLICA FAPESC/UDESC N.º 70/2025 

 

Qualis A3 

 

 

 

 

 

 

 

 

 

 



Contents lists available at ScienceDirect

Microbial Pathogenesis

journal homepage: www.elsevier.com/locate/micpath

Combination of herbal components (curcumin, carvacrol, thymol,
cinnamaldehyde) in broiler chicken feed: Impacts on response parameters,
performance, fatty acid profiles, meat quality and control of coccidia and
bacteria

Gabriela M. Gallia, Roger R. Gerbetb, Luiz G. Grissb, Bruno F. Fortuosob, Tiago G. Petrollic,
Marcel M. Boiagoa,b, Carine F. Souzad, Matheus D. Baldisserad, Juliana Mesadrie, Roger Wagnere,
Gilneia da Rosaa, Ricardo E. Mendesf, Anderson Grisf, Aleksandro S. Da Silvaa,b,∗

a Postgraduate Program in Animal Science, State University of Santa Catarina (UDESC), Chapecó, SC, Brazil
bDepartment of Animal Science, UDESC, Chapecó, SC, Brazil
c Department of Animal Science, University of West Santa Catarina (UNOESC), Xanxerê, SC, Brazil
d Post-Graduate Program in Pharmacology, Federal University of Santa Maria (UFSM), Santa Maria, RS, Brazil
e Postgraduate Program in Food Sciences, UFSM, Santa Maria, RS, Brazil
f Laboratory of Veterinary Pathology, Federal Institute of Santa Catarina, Concordia, SC, Brazil

A R T I C L E I N F O

Keywords:
Additives
Antimicrobial action
Coccidiostatic action
Performance
Poultry
Escherichia coli

A B S T R A C T

The objective of this study was to determine whether curcumin and a commercial microencapsulated phytogenic
supplement containing thymol, cinnamaldehyde and carvacrol in broiler chicken feed would improve health and
meat quality (fatty acid profile), as well as to determine the coccidiostatic and bactericidal potential of the
additives. The broiler chickens were divided into five groups: NC – negative control feed; PC – positive control;
CU – with 50 mg/kg of curcumin, PHY – 100 mg/kg phytogenic; and PHY+ CU, a combination of both additives
at 50 mg/kg (curcumin) and 100 mg/kg (phytogenic). We observed significantly higher levels of total proteins
associated with increased circulating globulins, as well as lower levels of uric acid, cholesterol and triglycerides
in the PHY + CU group than in the NC. There were significantly fewer oocysts in birds supplemented with
additives in the NC group on day 21; on day 35, the NC, PHY and PHY + CU groups had significantly lower
counts than the PC and CU groups; however, at 44 days, the lowest counts were in PC group. The bacterial counts
were significantly lower on day 21 in all groups that received additives than those of the control group; however,
at 44 days, the bacterial and Escherichia coli counts in these groups were significantly higher than those of the
control. Curcumin with or without phytogenic agent improved meat quality, with increased antioxidant levels
and reduction of lipid peroxidation. There were significantly lower total saturated fatty acid levels and sig-
nificantly greater monounsaturated/polyunsaturated fatty acid levels in broilers that consumed additives in-
dividually and in combination. The combination of additives significantly increased the crypt/villus ratio, a
marker of improved intestinal health and performance. Additives potentiated their individual effects, suggesting
they can replace conventional growth promoters without compromising health, intestinal mucosa or meat
quality.

1. Introduction

Feed supplements and additives are used to control pathogens,
improve zootechnical indexes, maximize feed efficiency and increase
animal production [1]. Nevertheless, antibiotics and coccidiostatics
may cause undesirable effects, including tissue bioaccumulation and

bacterial resistance [2]. Among the leading causes of poor performance
in poultry farming are gastrointestinal problems caused by Eimeria spp.,
Salmonella spp., Clostridium spp. and Escherichia coli, that are controlled
using antimicrobial and coccidiostatic agents added to the feed. Most of
these drugs are being banned for use in production systems, as has been
the case in the European Union since 2006 [3]. As a result, natural
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A B S T R A C T

Escherichia coli is a bacterium normally found in the gastrointestinal tract of domestic animals that can usually
control the infection. Nevertheless, some factors (high exposure, stress conditions, animal category, among
others) can favor the exacerbation of E. coli infection and cause of disease. Because it is a zoonotic bacterium, it is
important to control the infection, avoiding contamination of home interiors in the case of pets. There are
various forms of treatment for E. coli; nevertheless, there are few options for prevention. In the present study, we
evaluated homeopathy. Thus, the objective of this study was to determine whether administration of a pro-
phylactic homeopathic in water would minimize the negative effects of E. coli infection, as well as reducing
bacterial counts in the feces of a experimental model. Forty mice were divided into four experimental groups
(n = 10/group). Groups NC (negative control) and PC (positive control) were not treated; in group T1, the
animals received 0.002 mL/day/animal of the homeopathic in water, and animals in group T2 0.004 mL/day/
animal. The experiment lasted 54 days, and on the 31st day, mice of T1, T2 and PC groups were infected orally a
0.2 mL inoculum of 1.5 × 108 CFU of E. coli. Euthanasia and sample collection were performed on the 40th and
54th days of the experiment (n = 5/group/time point). Blood, liver, spleen, intestine, and feces samples were
collected from the final portion of the intestine. There was no significant difference in animal weight between
groups at the end of the experiment. Neutrophil count was lower in PC group animals on day 40, while on day
54, the counts were lower in T2 and PC. Lymphocyte counts were lower only in the PC group than in the NC
group on day 54. Globulins were lower in the NC and PC groups than in T1 and T2 on day 40, remaining lower
the PC group and higher in T1 on day 54; levels of immunoglobulin IgG and IgM were higher in groups T1 and
T2, which differed from PC and NC. TNF-α levels were higher in the T1 and T2 groups at 40 and 54 days. INF-γ
levels were higher in T1, T2, and PC compared to NC on day 40, remaining higher than NC in groups T1 and T2
on day 54. Total bacterial count, total coliforms and E. coli counts were lower in group T1 and higher in NC and
PC on days 40 and 54, when they were lower for T1 and T2. Histologically, no lesions were observed in extra-
intestinal tissues; however the height of intestinal crypts in the PC group was smaller than the others on day 40.
On day 54, villi and crypts of all infected groups were larger in T1 and T2 than in NC; sizes in the PC group were
higher than those of all other groups. These data suggest that the homeopathic agent in the drinking water
improved health of the mice.

1. Introduction

Escherichia coli is a commensal bacillus of the gastrointestinal tract
in healthy humans, birds and mammals; however, in immunologically
compromised hosts, E. coli can cause intestinal or extra-intestinal

disease [1,2]. In dogs, the most common extra-intestinal infections are
urinary tract infections and pyometra [1,3], as well as meningoence-
phalitis and sepsis [4]. In addition to damage to the infected animal
itself, there is risk of zoonotic transmission to humans as well. Studies
demonstrating identical pathogenic strains in dog feces and human
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A B S T R A C T   

Motivated by conventional medicines’ ineffectiveness and the appearance of bacterial resistance, homeopathic 
medicines are being increasingly demanded by the veterinary market. Dog feces contain high bacterial and 
pathogenic loads, which can cause diseases in animals and facilitate zoonotic transmission. Adequate animal 
immunity contributes to the elimination of potential pathogens. This work’s objective was to evaluate the effects 
of using a homeopathic medication on blood cell counts, serum protein levels, and fecal bacterial counts in dogs. 
Two groups were used, each including five 19-month-old Beagle dogs. The homeopathic product Orgainfecto® 
was sprayed on the two daily meals in the treated group (T), at 0.5 mL/animal/day for 60 days; the group that 
did not receive the homeopathic was considered the control (C), who were fed only the vehicle used in the 
production of the homeopathic as a placebo. On days 1, 30, and 60, individual stool samples were collected for 
bacterial counts in the stool, blood samples for blood counts, and serum for biochemical tests. Total bacterial 
counts in feces were lower in group T on days 30 and 60 of the experiment, while total coliforms and E coli. were 
lower in this group on day 60. Total leukocyte counts were lower on day 60 in group T, unlike the neutrophil 
count, higher in group T on day 30, and eosinophils on day 60. However, the lymphocyte count was lower in 
group T on days 30 and 60. There was an increase in globulin and total protein in group T on day 60. We 
conclude that the tested homeopathic causes neutrophils and eosinophils’ stimulation and increases globulins 
levels even with reduced lymphocytes. The daily consumption of homeopathic by dogs decreases the intestinal 
bacterial load, resulting in less environmental contamination and animal and human colibacillosis risks.   

1. Introduction 

Close contact between pets and people creates favorable conditions 
for zoonotic bacterial transmission, particularly fecal-oral ingestion. 
Fecal samples from dogs may contain pathogenic strains of Escherichia 
coli and Salmonella spp [1]. Therefore, canine feces represent risk factors 
for transmission, in addition to being reservoirs of multi-resistant bac
teria [1–3]. In addition to the zoonotic potential, high infectious loads in 
dogs can cause gastroenteritis and septicemia [2]. Studies aimed at 
reducing the burden of potential pathogens or avoiding microbial 
resistance are compelling, including vaccines and veterinary-specific 
antimicrobial products [4]. 

Homeopathic treatment has fallen out of favor for many years; 
however, its use has increased considerably in recent decades. The 

primary advantages of homeopathic agents for veterinarians are related 
to the perception of reduced risk, due to the absence of side effects, in 
addition to dissatisfaction with conventional treatments or ineffective 
drugs [5,6], in addition to economic motivation [6,7]. 

In the case of infections, the use of different homeopathic prepara
tions has shown that these agents’ effectiveness is not restricted to the 
microbicidal effect of conventional allopathic agents but also includes 
the immunomodulatory effects [8]. An immunostimulatory modulator is 
a substance that dynamically stimulates cellular systems, increasing the 
activity of components of the immune system to produce a desired im
mune response [9]. The use of immunostimulants can also be considered 
in the adjunctive use of vaccines or as immunotherapies with no specific 
antigenic effect; this occurs in phytochemicals even in extremely low 
doses [10,11], as is the case with homeopaths. An impaired immune 
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A B S T R A C T

The aim of this study was to determine whether oxidative stress occurs in Escherichia coli-infected broiler breeder
chicks, as well as the impact of this infection on bird growth. Twenty birds, 25-day-old female birds were divided
into two groups (n=10 per group): an intraperitoneally-infected group (1mL containing 1.5× 108 CFU of E.
coli) and a control group that received 1mL of culture medium (uninfected birds). Birds were weighed in-
dividually at the beginning and at the end of the experiment, and samples were collected on days 0, 5 and 10
post-infection (PI). No clinical signs were observed throughout the experimental period; nevertheless, on day 10
PI, there was lower growth and weight gain in infected birds than in the control group. The infected birds
showed pericarditis and liver congestion, as well as moderate periportal inflammatory infiltrates with pre-
dominance of neutrophils. Significantly higher numbers of total leukocytes, lymphocytes, heterophils and
monocytes were observed in the infected group on days 5 and 10 PI, as well as significantly higher total protein
and globulin levels; albumin values significantly decreased over the same period. Levels of serum oxidative
biomarkers (lipid peroxidation (TBARS) and free radicals (ROS)) were significantly higher at 10 PI, as was
glutathione S-transferase (GST) activity during the same period. Hepatic ROS and protein thiol levels were
significantly higher in E. coli-infected birds, as well as activities of the antioxidant enzymes catalase, superoxide
dismutase. In the spleen, only GST activity was significantly higher for the infected group, unlike the brain,
where SOD activity, ROS and non-protein thiol levels were significantly higher in infected birds than in the
control group. These data suggested that colibacillosis causes oxidative stress in broiler breeder chicks, nega-
tively affecting their weight gain.

1. Introduction

Pathogenic poultry Escherichia coli causes colibacillosis, a disease
responsible for substantial economic losses in the poultry industry
worldwide due to decreased productivity and significant morbidity and
mortality [1]. One of the characteristics that confers high pathogenicity
to the bacterium is the production of endotoxins and lipopolysacchar-
ides during its migration through the bloodstream. These bacteria also
have a K1 capsule and outer membrane proteins that confer resistance
to serum factors and inhibitory drugs, allowing evasion of immune
factors, such as the complement system and phagocytosis [2]. This
microorganism causes, directly or indirectly, an oxidative imbalance

and consequent oxidative stress in the host, drastically affecting health
and productive capacity. Oxidative stress may occur in response to in-
creased generation of reactive species or depletion of defense anti-
oxidants [3]. The cytotoxicity associated with oxidative stress derives
from the potential of free radicals, among them reactive oxygen species
(ROS) that are responsible for causing oxidation of cellular constituents,
including proteins, lipids and DNA. These processes interfere with cell
structures and functionalities, often evolving to cell death [4].

Reactive species are constantly produced by the body during cel-
lular respiration; in moderate concentrations, they are also involved in
physiological functions such as regulation of muscle tone and phago-
cytosis [5]. However, in excessive concentrations, ROS stimulate
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A B S T R A C T   

Colibacillosis is a disease caused by Escherichia coli that manifests itself when there are homeostatic imbalances 
or in the context of increased exposure, in which case the organism displays opportunistic behavior. To control 
this problem in poultry, antibiotics are used in the feed, because E. coli is component of the intestinal microbiota 
of birds. However, because of the changing dietary habits of the human population that seeks out healthier foods 
without antimicrobial residues, there have been many studies of alternatives to replace conventional antimi
crobials as performance enhancers. Thus, the objective of the present study was to determine whether daily 
consumption of a homeopathic product (immune stimulator) by broilers stimulates immune responses and 
thereby minimizes the negative effects of experimental E. coli infection. We used 320 1-day-old Cobb 500 chicks, 
distributed in two groups with eight repetitions each, and 20 birds per repetition: control (CG) and homeopathy 
(HG). HG birds consumed doses of 0.02 mL/bird/day (1–7 d) via water, 0.01 ml/bird (8–21 d), 0.02 ml/bird 
(22–28 d), 0.01 mL/bird (29–35 d), and 0.02 mL/bird (35–45 d), as recommended by the manufacturer. At day 
22 of the birds’ life, the two groups were divided into four subgroups, with four repetitions per subgroup. On day 
22, birds in CG1 and HG1 groups were infected intraperitoneally with 0.5 mL of inoculum containing 1.0 × 108 

CFU of E. coli/mL. During the experimental period, data were collected for analysis of performance. On days 21 
and 45 of age, we collected blood and feces. During the first 21 days of the experiment, we found that birds that 
consumed the immunostimulator had lower neutrophil counts and higher levels of globulins, however without 
significant difference between groups in terms of performance. Uninfected birds that consumed the homeopathic 
product in the water had less feed conversion (HG2) between days 1–35 and 1 to 45 compared to the other 
treatments. Mortality was higher in groups experimentally infected with E. coli (HG1 and CG1) from 22 to 35 
days of life. There were greater numbers of lymphocytes in the HG2 group on day 45 than in CG1 and CG2; while 
numbers of neutrophils were lower at 42 days in birds of groups HG1 and HG2 than in CG1. Lower total bacterial 
counts, total coliforms and E. coli were observed in the feces of birds in the HG2 group compared to the other 
groups. Taken together, these findings suggest that inclusion of homeopathic product in the water of broilers had 
positive effects on the modulation of the immune response and on feed conversion in birds not challenged with 
E. coli. But the preventive protocol used in this study was not able to minimize the negative effects caused by the 
experimental E. coli intraperitoneal infection in broilers, featuring a substantial infectious challenge.   

1. Introduction 

Poultry colibacillosis is caused by the gram-negative bacterium 

Escherichia coli that is present in the gastrointestinal tract of humans and 
animals. E. coli is a part of the intestinal microbiota, and in cases of 
imbalance, it can act as an opportunistic microorganism [1]. There are 
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A B S T R A C T   

Sarcocystis spp. are protozoan parasites that form cysts in the organs and musculature of various animal species. 
The species Sarcocystis miescheriana and Sarcocystis suihominis are pathogenic to pigs and wild boars (Sus scrofa), 
acting as intermediate hosts, while humans are the definitive host for S. suihominis. To date, there have been no 
reports of the identification of these coccidian species in Sus scrofa in Brazil. Therefore, in this study, we con
ducted the first molecular identification of Sarcocystis species using PCR-RFLP and sequencing. A total of 210 
samples were analyzed, of this total, 67 tested positive for Sarcocystis spp., representing 31.9% of the total 
samples assessed. Out of the total positive samples, 55 (82.1%) were identified as S. miescheriana and 8 (11.9%) 
as S. suihominis, a zoonotic species. Additionally, other species related to bovines, such as S. cruzi and zoonotic 
S. hominis, were detected in 3.0% of the samples, serving as contaminants in the pork products. The presence of 
S. suihominis in swine and wild boar samples is concerning due to the zoonotic risk and potential environmental 
contamination, as humans act as definitive hosts, also for the presence of S. hominis as a bovine contaminant in 
pork sausages. Furthermore, we confirmed the efficacy of the PCR-RFLP technique as a reliable tool for the 
identification of Sarcocystis species, demonstrating its potential use in laboratories for molecular diagnosis and 
rapid identification of these parasites, aiming to protect public health and ensure food safety.   

1. Introduction 

The genus Sarcocystis, belonging to the phylum Apicomplexa, en
compasses over 200 known species with a global distribution. This 
protozoan circulates among mammals, marsupials, birds, and reptiles, 
exhibiting an obligatory predator-prey life cycle (Lindsay and Dubey, 
2020), with infections generally being mild and asymptomatic, pri
marily restricted to the gastrointestinal tract in the definitive host 
(Lindsay and Dubey, 2020; Rosenthal, 2021). 

To date, three species, Sarcocystis hominis, Sarcocystis heydorni, and 
Sarcocystis suihominis, have been characterized as zoonotic, with humans 
serving as definitive hosts and bovines as intermediate hosts for the first 
two species, while pigs or wild boars act as intermediate hosts for the 
third species. Infection occurs through the consumption of raw or 

undercooked meat or meat products containing protozoan cysts (Fayer 
et al., 2015; Rosenthal, 2021). 

Other species of Sarcocystis are also of significant importance due to 
their pathogenicity in production animals. In ruminants, Sarcocystis 
cruzi, which has members of the Canidae family as definitive hosts, is the 
most pathogenic species (Lindsay and Dubey, 2020). In acute infections, 
it results in weight loss, fever, abortion, and anemia (Lopes et al., 2005; 
Nakasato et al., 2008), infecting up to 100% of adult cattle in some 
countries (Ferreira et al., 2018; Ghaffari et al., 2022). 

In swine and wild boars, S. miescheriana, which also has canids as 
definitive hosts (Moré et al., 2016), is the most reported species. In wild 
boars, its high prevalence is facilitated by continuous transmission in a 
sylvatic cycle between these animals and wild canids. In domestic pigs, it 
is due to water and food contamination by sporocysts released in the 
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A B S T R A C T

The objective of this study was to evaluate if infection by Escherichia coli in juvenile breeder chicks alters the
activity of enzymes involved in neurotransmission and cerebral immunomodulation, including acet-
ylcholinesterase (AChE), nucleoside triphosphate diphosphohydrolase (NTPDase), 5′-nucleotidase (5′NT) and
adenosine deaminase (ADA), as well as their effects on the pathogenesis of the disease. We divided 20 growing
breeder chicks into two groups (n= 10 per group). One group was experimentally infected with 1mL of culture
medium containing 1× 108 CFU of E. coli intraperitoneally. The other was the negative control. On the tenth day
after infection, the animals were euthanized and brain samples were collected. Macroscopically, pericarditis and
hepatic congestion were observed in the birds, but without histopathological lesions in the encephalon although
the bacterium was present in the cerebral cortex of all animals in the infected group (i.e., they were PCR-
positive). The activity of AChE, NTPDase, 5′-NT and ADA were evaluated in the cerebral homogenates of the
birds after 10 days of infection. AChE activity in the cerebral cortex was lower in the infected group than in the
control; there was an increase in the activity of NTPDase, 5′-nucleotidase and ADA, possibly indicating greater
hydrolysis of ATP (P < 0.001), ADP (P < 0.01) and AMP (P < 0.01), followed by increased adenosine dea-
mination (P < 0.001). Despite these changes, no apparently diseased animals were observed throughout the
experimental period. Therefore, such changes in enzymatic activity may affect the functioning of the central
nervous system because these enzymes are responsible for extracellular regulation of molecules that act on
neurotransmission and immunomodulation such as acetylcholine, ATP and adenosine.

1. Introduction

Avian colibacillosis is an infectious disease with great economic
impact on the poultry industry. Bacteria primarily infect the upper re-
spiratory system; however, more worrying is the rapid dissemination
through the bloodstream [1] owing to the characteristic ability of this
microorganism to resist inhibitory serum factors, allowing escape from
complement and phagocytosis, as well as the production of endotoxins
during migration. This resistance is due to the cellular structure

containing bacterial lipopolysaccharides (LPS), outer membrane pro-
teins (OMPs) and especially the K1 capsule which has anti-phagocytic
properties. According to the literature the capsule is essential for the
penetration of the blood-brain barrier with consequent septicemia and
death [2].

According to researchers, some neuro-metabolites produced by
Escherichia coli can act as neurotransmitters or modulators of neuronal
enzymes, including γ-amino butyric acid, noradrenaline, serotonin and
acetylcholine [3]. This facilitates the interference of this microorganism
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A B S T R A C T   

Improving the health and immunity of pets is a concern of the guardians, while maintaining the health of the 
animals directly impacts the owners’ health and public health. The objective of this study was to produce a dog 
feed containing a microencapsulated phytogenic blend, as well as determine the impact of the additive on animal 
health and its intestinal microbiota. The composition included microencapsulated thymol, carvacrol, and cin
namaldehyde, at 300 mg/kg of feed. Ten male beagle dogs were divided into two groups, identified as follows: 
the control group (C; ingested the feed without the additive) and the treated group (T; consumed feed containing 
the phytogenic blend). The dogs received 300 g of feed/day divided into two meals. Greater neutrophil counts in 
group T and lymphocyte counts were observed at the end of the experiment, as well as levels of α2-globulins and 
γ-globulin, while β1 and β2-globulins levels were lower in group T. Serum nitrogen oxide levels were higher in 
group T. Levels of reactive oxygen species were lower in group T at days 30 and 45, unlike activity of glutathione 
peroxidase that was higher. We found less bacterial contamination in the feces of dogs in group T, i.e., total 
bacterial count, total coliform counts, and counts of Salmonella and Escherichia coli were lower on days 30 and 45. 
Phytogenic blend intake reduces bacterial counts in stool and improves antioxidant/oxidative status and immune 
responses.   

1. Introduction 

The close contact between pets and humans has been redefining 
social and even legal concepts. Indeed, dog-human families may be 
regarded as “multispecies” [1]. Consequently, promoting the health and 
well-being of animals has become a challenge for owners. The close 
relationship with pets intensified in large urban centers, while simul
taneously there is greater animal fecal contamination in cities [2] with a 
consequent risk of infection to humans. Dogs serve as reservoirs for 
Salmonella spp., Clostridium spp. Campylobacter spp. and Escherichia coli, 
all of which possess documented zoonotic potential [3,4]. In this 
context, recommendations by veterinarians and other public health 

professionals are necessary to avoid zoonosis, most of which occurs 
through fecal contamination [5], in addition to measures that reduce the 
pathogenic burden in animal feces. 

Essential oils are aromatic compounds from plants, herbs, and spices 
that protect the plants from bacteria and insects [6]. These compounds 
have been incorporated into animal feed because of their antimicrobial, 
antioxidant, and digestive properties [7,8]. Special extracts and essen
tial oils have been shown to increase total antioxidant capacity and 
decrease oxidative stress markers such as malondialdehyde, which 
reflect less cell damage and a lower degree of immune activation [8]. 
They are touted as potential alternatives to antibiotics and are associ
ated with fewer side-effects [9]. Phytogenic containing carvacrol and 
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A B S T R A C T   

Due to the proximity of humans to the countryside and the progressive increase in populations of invasive 
species, such as wild boars (Sus scrofa), the risk of disease spread is also exacerbated, some of which are zoonoses 
caused by protozoa. In the present study, 75 tissue/organ samples from 25 wild boars obtained from authorized 
hunting in the northern region of Rio Grande do Sul were evaluated to investigate the presence of Trypanosoma 
spp. using conventional PCR with specific primers and amplification of the ITS1 region for Leishmania spp. 
detection and species differentiation, multiplex PCR with kDNA minicircle amplification was performed. Try
panosoma spp. DNA was detected in 11 out of 25 hearts, representing 44% of the culled animals. Regarding the 
detection of Leishmania DNA, L. infantum was detected in one spleen sample, accounting for 4%, and L. ama
zonensis in one liver sample from the same animal, also representing 4% (1/25) of the samples. It is important to 
note that this wild boar, with detection for both L. amazonensis and L. infantum, also had Trypanosoma spp. DNA 
detected in a heart sample, indicating the potential of this species to have multiple infections with these agents. 
Furthermore, this is the first reported case of multiple infection in a wild boar with these agents. Therefore, the 
results obtained reinforce the risk posed by invasive species, especially wild boars, as potential sources of in
fectious agent dissemination and their role as possible reservoirs for numerous diseases.   

1. Introduction 

In recent years, there has been an increase in the wild boar popula
tion in Brazil, mainly in Rio Grande do Sul, causing economic losses and 
damage to the local ecosystem (Ibama, 2020). According to Massei et al. 
(2015), the wild boar population has also been gradually increasing in 
other regions of the world, and such an increase can be considered a risk 
to human and animal health, since this invasive species is a potential 
reservoir and spreader of diseases (Miller et al., 2017). Therefore, wild 
boars (Sus scrofa) may be involved in the cycle and dissemination of 
several zoonoses and, due to their phylogenetic proximity to domestic 
pigs (Sus scrofa domesticus), they deserve increased attention regarding 

the transmission of microorganisms of importance in animal and human 
health. (Machado, 2019). 

Some microorganisms are of great relevance, both for animal and 
human health, with Trypanosoma spp. and Leishmania spp. being 
considered parasites of reemerging diseases (Pedroso and Rocha, 2009; 
Sinan, 2008). According to the form of transmission, Trypanosomas are 
divided into the Stercoraria section and the Salivaria section, with the 
first being considered the contaminating form, which occurs through the 
vector’s feces deposited near the bite. The second section acts in an 
inoculative way, through mechanical transmission during the bite 
(Hoare, 1964). 

Still within the Trypanosomatidae family, the transmission form in 
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a Laboratório de Doenças Parasitárias (LADOPAR), Departamento de Medicina Veterinária Preventiva, Centro de Ciências Rurais, Universidade Federal de Santa Maria, 
Av. Roraima, n◦ 1000, Prédio 63D, Bairro Camobi, Santa Maria, Rio Grande do Sul CEP 97105-900, Brazil 
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A B S T R A C T   

Horses are intermediate hosts of Sarcocystis spp. capable of forming cysts in their musculature. This study aimed 
to detect sarcocysts and investigate the presence of nucleic acids from Sarcocystis spp. in samples of striated 
muscles from horses in the State of Rio Grande do Sul, Brazil, necropsied at the Veterinary Pathology Laboratory 
of the Federal University of Santa Maria. A total of 108 samples were collected from 24 horses and examined 
through direct examination. Microscopic tissue cysts were observed in three samples: tongue (2) and esophagus 
(1) from two animals. Extractions were performed on the found cysts and tissues, even though sarcocystosis 
detection was not present. DNA samples were subjected to Nested-PCR using Tg18s primers, and the amplified 
products were subjected to Restriction Fragment Length Polymorphism (RFLP) using DdeI and HpaII enzymes. 
DNA belonging to Sarcocystis spp. was amplified in tissues from 91.7% (22/24) of the equines, and 67.6% (73/ 
108) of the samples tested positive in the Nested-PCR reaction. The tissues with the highest detection frequency 
were: diaphragm 92.3% (12/13), gluteal muscle 77.2% (17/22), and esophagus 66.7% (4/6). In RFLP, Sarcocystis 
spp. was detected in 21 tissues from 11/22 equines, and cysts, identified through nucleotide sequencing, were 
determined to be S. bertrami. S. neurona was identified in 11 samples from 7/22 animals, with co-infection 
detected in 5/22 cases. The high detection rate indicates a concerning circulation of the protozoan, particu
larly the zoonotic S. bertrami found in all tissues, which are commonly exported for human consumption.   

1. Introduction 

Protozoa of the genus Sarcocystis spp. exhibit a global distribution 
due to a wide range of hosts that can be infected by at least one of their 
species, including vertebrates, birds, reptiles, fish, and mammals (Lev
ine, 1986; Dubey et al., 2015a, 2015b). Members of this genus, within 
the Apicomplexa subphylum, have a two-host life cycle. While the sex
ual cycle occurs in the intestinal epithelial cells of the definitive host, the 
asexual cycle occurs in the endothelial cells of blood vessels, and after 
several generations of asexual replication, it culminates in the formation 

of tissue cysts containing bradyzoites in the musculature of intermediate 
hosts (Gunn and Fraher, 1992; Rosenthal, 2021). 

Horses are believed to be intermediate hosts for three members of the 
Sarcocystis genus (S. bertrami, S. equicanis, and S. fayeri) capable of 
forming cysts in their muscle tissue (Gunn and Fraher, 1992; Levine, 
1986). Mature sarcocysts of S. bertrami, S. equicanis, and S. fayeri have 
been described in these animals, and all these species have dogs as their 
definitive hosts (Fayer and Dubey, 1982). Despite the importance of 
Sarcocystis neurona as the etiological agent of equine protozoal mye
loencephalitis, horses are considered aberrant/final hosts of this species, 

* Corresponding author. 
E-mail addresses: gilneia.rosa@acad.ufsm.br (G. da Rosa), luis.sangioni@ufsm.br (L.A. Sangioni), mariana.flores@ufsm.br (M.M. Flores), fernanda.vogel@ufsm.br 

(F.S.F. Vogel).  

Contents lists available at ScienceDirect 

Veterinary Parasitology: Regional Studies and Reports 

journal homepage: www.elsevier.com/locate/vprsr 

https://doi.org/10.1016/j.vprsr.2023.100973 
Received 22 August 2023; Received in revised form 1 November 2023; Accepted 5 December 2023   



d) Produção Científica - EDITAL DE CHAMADA PÚBLICA FAPESC/UDESC N.º 70/2025 

 

Qualis A4 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Equine Veterinary Science 131 (2023) 104930 

Contents lists available at ScienceDirect 

Journal of Equine Veterinary Science 

journal homepage: www.j-evs.com 

Short Communication 

Efficacy Evaluation of a Commercial Formulation With Duddingtonia 

Flagrans in Equine Gastrointestinal Nematodes 

Gabriela Tormes Nunes a , Diego Cristiano Corrêa a , Maysa Bigolin Chitolina b , Gilneia da 
Rosa c , Roberta Carneiro da Fontoura Pereira d , Juliana Felipetto Cargnelutti a , 
Fernanda Silveira Flôres Vogel c , ∗

a Departamento de Medicina Veterinária Preventiva, Laboratório de Bacteriologia (LABAC), Universidade Federal de Santa Maria, Santa Maria, Rio Grande do 

Sul, Brazil 
b Universidade do Oeste de Santa Catarina, Xanxerê, Santa Catarina, Brazil 
c Departamento de Medicina Veterinária Preventiva, Laboratório de Doenças Parasitárias (LADOPAR), Universidade Federal de Santa Maria, Santa Maria, Rio 

Grande do Sul, Brazil 
d Departamento de Grandes Animais, Centro de Ciências Rurais, Universidade Federal de Santa Maria, Santa Maria, Rio Grande do Sul, Brazil 

a r t i c l e i n f o 

Article history: 

Received 6 June 2023 

Received in revised form 15 August 2023 

Accepted 16 September 2023 

Available online 20 September 2023 

Keywords: 

Coproculture 

Cyathostomum sp. 

Helminthophagous fungi 

Larval reduction 

a b s t r a c t 

The indiscriminate use of antiparasitics for the treatment of helminths in horses has caused the inef- 

fectiveness of commonly used chemical active principles, therefore, new alternatives such as the use 

of helminthophagous fungi have been studied. In this context, this study aimed to evaluate the in 

vitro efficacy of the commercial formulation Bioverm, composed of the fungus Duddingtonia flagrans 

strain AC001, in the reduction of gastrointestinal nematode larvae in equine feces. In coproculture, the 

genus Cyathostomum sp. was the most prevalent in the analyzed samples. The commercial formula- 

tion with D. flagrans demonstrated effectiveness in the predation of Cyathostomum sp. in tests. The 

recommended dose of 0.4 g, containing 105 chlamydospores per gram of product, reduced larvae by 

44.23%, while the extrapolated dose of 1.0 g with the same concentrations of chlamydospores (105 /g) 

resulted in a reduction of 57.20%, indicating the effectiveness of the product in controlling infective 

larvae. 

© 2023 Elsevier Inc. All rights reserved. 

1. Introduction 

Horses are widely affected by gastrointestinal injuries, which 

are considered a multifactorial disorder. One of the predisposing 

factors of this clinical condition is the presence of nematodes and 

the observed clinical signs can vary from mild to severe, includ- 

ing: weight loss, inflammation, anemia, diarrhea, and intestinal ob- 

struction [1] . 

Currently, one of the most frequently detected nematodes in 

horses are the small strongyles or cyathostomines [2–4] , which 

have the characteristic of remaining in hypobiosis for a long time 

Animal welfare/ethical statement: Ethical approval was not required for this 

study, as the experimental work was conducted using samples received for diagno- 

sis. To ensure data confidentiality, all animal and owner identification information 

has been removed. Furthermore, no intervention or manipulation was performed 

on the material before being used for research purposes. 
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due to their ability to encyst in the intestinal mucosa, and dur- 

ing the emergence of this parasite to the intestinal lumen, an in- 

flammatory reaction occurs and, consequently, osmotic imbalance, 

causing severe diarrhea or intestinal obstruction with a lethality 

rate that can reach up to 50% [5] . 

As an alternative form of controlling these parasites due to the 

increasing inefficiency of commonly applied chemical active prin- 

ciples, nematophagous fungi, already known for their nematicidal 

activity has been used, including Duddingtonia flagrans [ 6 , 7 ]. This 

fungus has the ability to cross the spores completely through the 

gastrointestinal tract when fed to animals [8] , in addition to having 

fast-acting enzymatic and adhesive properties. The action of this 

compound occurs through the formation of rings on the surface of 

helminths, and it is possible to verify its complete action after 24 

hours of contact between fungus and parasite [9] . 

Thus, the objective of this study was to evaluate the efficacy 

of the commercial formulation Bioverm, composed of the fungus 

D. flagrans strain AC001, in reducing the amount of gastrointestinal 

nematode larvae present in the feces of horses. 
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A B S T R A C T

We determined whether the dietary supplementation with a commercial product (vegetable biocholine - VB) for
Lacaune ewes at peak lactation would improve animal health and production as well as milk quality. We also
determined the effects of VB as a feed additive. We used thirty Lacaune ewes at 30 days of lactation, allocated into
three groups: T0 (control, without VB), T5 (5 g of VB/animal/day) and T10 (10 g of VB/animal/day). T10 sheep
had greater milk yield during the experimental period. T10 ewes had also a significantly lower feed conversion
ratio than the other groups. Total solids concentration of milk was higher in T10 than in the other groups on day
20. The somatic cell count in milk was lower in ewes that consumed VB in the highest dose (T10) than in the T0
and T5 in days 15 and 20. Lower levels of lipoperoxidation (LPO) and of reactive oxygen species (ROS) were
observed in milk from ewes fed with the VB supplemented diet on day 20, associated with increased levels of total
antioxidant capacity and superoxide dismutase activity in milk. In serum, we found that T5 and T10 animals had
significantly higher levels of non-enzymatic antioxidants (non-protein thiols) associated with reduced LPO and
ROS content. Higher levels of globulins were observed in T10 than in T0 sheep on day 20. These data suggest that
VB dietary supplementation stimulates antioxidant responses and increases the concentration of globulins in a
manner beneficial to sheep health. Milk production, feed conversion rate, and milk SCC were also improved.

1. Introduction

The demand for sheep milk is increasing in the market due to its
nutritional superiority compared to cow's milk, i.e., higher total solids
content (Pavic et al., 2002), despite being produced in smaller quantities
(IBGE, 2018). Currently, several industries are seeking to increase pro-
duction and improve the quality of animal products, as well as to achieve
sustainability and maximize animal welfare in order to meet an
increasingly demanding consumer market. Sheep milk has high protein
and fat levels, which is desirable for the dairy industry. As a result, the

production yield of cheese and yogurt increases (FAO, 2013). However,
the composition of sheep's milk depends on several factors, with
emphasis on nutrition (Ticiani et al., 2013). The nutritional requirements
of dairy ewes increase substantially from late gestation to milk peak
production. In particular, during the peripartum period, there are lower
levels of endogenous antioxidants (Bernabucci et al., 2005). This condi-
tion often stresses the capacity of the liver, an organ responsible for
functions such as detoxification (Adler, 1970; Baird, 1977; Rukkwamsuk
et al., 1999 ). The liver is the major organ within which methylation
reactions occur. Many hepatic genes are involved in pathways involved
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A B S T R A C T   

Infection is one of the main complications that hinder wound healing. Currently, antibiotic-resistant bacteria, 
such as Methicilin-resistant Staphylococcus aureus (MRSA), are a concern worldwide for both humans and ani
mals. Maggot therapy is re-emerging as an alternative to intractable wounds and may be an option to the 
traditional antibiotic treatment. Although the species of choice is Lucilia sericata, reports of clinical use have led 
us to evaluate the efficacy and safety of using Lucilia cuprina larvae on induced infected wounds in Wistar rats. In 
short, 32 male Wistar rats were divided into 4 groups: Group I - saline solution treated; Group II - antibiotic- 
treated; Group III - treated with larval debridement, and Group IV - without wound and treatment. Skin 
wounds were induced in groups I, II and III. All treatments were performed once and held for 48 h. Clinical, 
microbiological, histopathological, hematological, and biochemical analyses were done. Significant wound area 
contraction was found (>95%) in group III on day 9 compared to day 15 in group II. Complete elimination (0.0 ±
0.0 CFU/mL) of bioburden was achieved after the second treatment (day 6) in both the II and III groups, 
compared to an increase in Group I (6.51 ± 0.37 CFU/mL). A cleaner wound was also observed in the histo
pathological evaluation of group III, with adequate collagen formation and re-epithelialization on day 15. 
Furthermore, larvae increased blood platelet levels after the first treatment. L. cuprina larvae have proven safe 
and effective in accelerating wound treatment and eliminating MRSA.   

1. Introduction 

Wound healing in humans and animals is a topic of constant study 
due to its clinical, scientific, and economic interest, aiming to accelerate 
the healing process and reduce potential complications. One of the main 
complications that hinder wound healing is infection. Although bacteria 
are part of the skin’s microbiota, the onset of infection occurs due to the 
loss of integrity and exposure of the subcutaneous tissue providing a 
favorable environment for proliferation allowing secondary 

contamination by more pathogenic bacteria. One of the predominant 
opportunist bacteria in animal and human skin is Staphylococcus aureus. 
The main issue is that inappropriate treatment through indiscriminate 
antibiotic therapy by tutors and practitioners increases the emergence of 
resistant microorganisms, such as methicillin-resistant S. aureus (MRSA) 
(Cefai et al., 1994; Weese et al., 2005; Weese and Lefebvre, 2007). 

Reports of the transmission of microorganisms between humans and 
animals increase the concern worldwide, calling for alternative treat
ments to traditional antibiotics to prevent the spread of these pathogens 
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Abstract
Ceratopogonidae (biting midges) species are of medical and veterinary importance and play a role as disease vectors caused by 
viruses, protozoa, and filarial nematodes. Besides their vectorial importance, they are harmful due to painful bites that cause dis-
comfort in humans and animals. Identifying possible disease vectors is of significant epidemiological importance, therefore, the aim 
of this study was to carry out a survey of the species of Ceratopogonids that occur in Santa Maria, Rio Grande do Sul, to verify the 
frequency of occurrence of adults of Ceratopogonidae within one year of capture. Insects were collected weekly (three night a week) 
using a Captor® suction light trap, from March 2020 to March 2021, between 6 p.m. and 6 a.m. Collections of biting midges were 
separated from other insects, divided into genera and morphologically identified at the species level. A total of 16,054 specimens 
(71.55% female to 28.44% male) of Ceratopogonidae, were collected and identified, comprising thirteen species. Data presented 
show that several species of biting midges, including seven new records, have variable frequency and occur year-round at the study 
site, with the highest number in the warm season. The dominant species were Culicoides insignis and Culicoides venezuelensis.

Keywords  Arthropoda · Biting midges · Insects · Vectors

Introduction

Ceratopogonidae are small dipteran insects known by differ-
ent names in several countries. In Brazil, these hematopha-
gous insects are called “maruins”, “mosquitos pólvora” or 

“mosquitos do mangue” (Forattini et al. 1958). Many Cerat-
opogonidae species, particularly Culicoides Latreille, 1809, 
are of medical and veterinary importance and are biological 
vectors of diseases caused by viruses, protozoa, and filar-
ial nematodes (Borkent 2005; Borkent and Spinelli 2007). 
These diseases include mansonellosis, onchocerciasis, equine 
encephalitis, Oropouche fever, bluetongue disease, and other 
parasitosis to humans and animals (Mellor et  al. 2000). 
Recent studies have also demonstrated the competence of 
Ceratopogonids to become infect and develop Leishmania 
spp. and Trypanosoma spp. (Seblova et al. 2012; Slama et al. 
2014; Rebêlo et al. 2016; Svobodová et al. 2017; Bernotienė 
et al. 2020). Beyond their vectorial importance, biting midges 
cause harm due to their painful bites and can cause reactions 
such as allergic dermatitis, eczema, peeling that may lead to 
secondary infections requiring treatment, ultimately resulting 
in scars on human and animal skin, mostly in equines and 
sheep (Felippe-Bauer and Sternheim 2008).

Currently, in the study of the family Ceratopogonidae, 
the genus Culicoides is the most represented in number of 
species and health importance, with 1,305 species described 
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ABSTRACT

Fresh mines cheese is one of the most consumed cheeses in Brazil, it presents high 
humidity, highly perishable, not subjected to curing, with low percentage of salt and 
great manipulation during the manufacture, providing conditions for contamination, sur-
vival and multiplication of pathogenic bacteria as Salmonella sp., coagulase positive 
Staphylococcus and Thermotolerant Coliforms, which are capable of causing severe 
intoxications and food infections, being of outstanding relevance to public health, since it 
presents high endemicity, high morbidity and hospitalizations, leading to death in severe 
cases. Objetivo: was to carry out microbiological analysis of fresh mines cheese produced 
in the northwest region of the state of Paraná. Métodos: fifty samples of fresh mines type 
cheeses sold in the retail market were analyzed, put hut in thermal boxes and sent to 
the Laboratory of Preventive Veterinary Medicine of the University of Paranaense where 
did they go analyzed. Resultados: of the 50 samples evaluated, 71.8% were outside the 
standards established by the brazilian legislation. For thermotolerant coliforms (45ºC) and 
coagulase positive Staphylococcus, 70% and 63% of samples, respectively, presented 
counts higher than the established limits. There was presence of Salmonella sp. in a 
sample. Conclusão: the evaluated cheeses presented low microbiological quality, not 
complying with the microbiological standard for cheeses of high humidity as established 
by the National Health Surveillance Agency (ANVISA).
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INTRODUCTION

The fresh mines cheese is one of the most popular chesses of Brazil, being produced 
on a large scale and consumed by all population layers during all year. Is an unripened, very 
high humidity, immediate consumption and short market durability variety (FURTADO, 1999), 
besides having a low salt percentage and high manipulation, providing favorable conditions 
for contamination, survival and multiplication of pathogenic bacteria or capable of producing 
microbial metabolites, causing serious food poisonings and intoxications (ROCHA et al., 2006).

To detect possible pathogenic bacteria contaminations in cheeses, groups of indicator 
and pathogenic microorganisms are used. Most common indicators are total coliforms and 
fecal coliforms, also known as thermotolerant coliforms, among some of the pathogenic 
microorganisms, stands out the Salmonella sp., which causes serious food poisoning and 
the Staphylococcus aureus producer of coagulase positive and thermostable toxins highly 
noxious to health (PENA et al., 2009).

The coliform group bacteria have been considered the main causative agents of con-
tamination associated with deterioration of cheeses, with abnormal fermentations and, con-
sequently, early stuffing of the products (ALMEIDA & FRANCO, 2003). This bacteriological 
group includes all Gram negative, aerobic and anaerobic facultative bacilli, non-spoil forming 
and capable of fermenting lactose with gas production. It comprises bacteria originated from 
the gastrointestinal tract of humans and warm-blooded animals, their presence in food shows 
inadequate hygiene and sanitation practices (SILVA & SOUZA, 2006).

On the other hand, microbial contamination of cheeses by pathogenic bacteria such as 
Salmonella and Staphylococcus aureus is of outstanding concern, as the microbial metaboli-
tes produced by them, cause serious food poisonings and intoxications being able to lead to 
death (CÂMARA et al., 2002), occurring local or disseminated infections such as bacteremia 
and septicemia, presenting important clinical manifestations, food intoxication and toxic shock 
syndrome (CORBELLA et al., 1997).

The goal of this study was to evaluate the microbiological quality of fresh mines type 
cheeses commercialized in the northwest region of Paraná state and evaluate the risk of con-
tamination and food poisoning by consumption of this product by the population of this region.

METHOD

The northwest region of Paraná has 26.400 km², humid subtropical climate and low 
and medium clay content soil. With 69 cities e 630.421 inhabitants, this region borders with 
the states of São Paulo and Mato Grosso do Sul. The total area of this region is 24,488.68 
km² (12% of Parana’s territorial extension) and the population density is 25,7 hab./km². The 
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Northwest region holds about 6% of the population of Paraná, having great importance in in-
dustry and agriculture (IBGE, 2020). Paraná state is the second larger milk producer in Brazil, 
with 33,6 billion of liters per year and represent the most important productive chain for the 
family farms mainly from the northwest region of the Paraná state, where the dairy products, 
especially the fresh mines cheese, have ample production and are part of the food habits of 
the majority of the population, and in recent years the commercialization and consumption 
has been growing significantly (IBGE, 2020).

Were 50 samples obtained of fresh mines cheese commercialized in different commer-
cial establishments and fairs in the northwest region of Paraná state, packaged in coolers 
and routed properly identified to the Laboratory of Preventive Veterinary Medicine of Paraná 
University, where were performed the microbiological analysis. The packages were disinfected 
with disinfected with 70% alcohol and opened with sterile scissors.

Search for Salmonella sp.

Were weighted aseptically and homogenized in erlenmeyer, 25 grams of the sample 
in 225 mL of pre-enrichment broth. Next, the samples were incubated in a 35 °C stove, 
for 24 hours. Posteriorly, the selective enrichment was realized, being transfered an ali-
quot of 1 ml of each sample of the pre-enrichment broth to two test tubes, one containing 
Rappaport-Vassiliadis (RV) broth and the other containing Selenito Cistina (SC) broth and 
incubated at 42°C, for 24 hours. From the growth in selective enrichment medium, aliquots 
of the inoculum were seeded on plates containing BPLS Agar (Bright Green, Phenol Red, 
Lactose, Sucrose) and in Salmonella Shigella Agar (SS) and incubated at 37°C for 24 hou-
rs. Characteristic colonies were submitted to biochemical tests to confirm the presence of 
Salmonella sp. in the samples.

Coagulase positive Staphylococcus count

Were realized coagulase positive Staphylococcus counts in duplicate of all the collec-
ted samples. Were weighted 25 grams of the sample in a precision scale, adding 225 mL 
of 0,1% peptone saline solution, realizing the 10–1 dilution. In a sterile cup of blender type 
homogenizer the sample was homogenized. The next dilution, 10–2, was obtained from de 
addition of 1 mL of the homogenate in 9 mL of 0,1% peptone saline solution. The followed 
dilutions were realized always inoculating 1 mL of the previous dilution in 9 mL of 0,1% pep-
tone saline solution. Of every dilution was secluded 0,1 mL and seeded, with the help of a 
drigalski handle, in Petri plates already plated with Baird-Parker Agar (BP) and incubated 
inverted for 48 hours at 36°C, being considered typical the black colonies with precipitation 
halo. Were selected three typical colonies and three atypical colonies (black colonies without 
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precipitation halo) to carry out the catalase test, wich consists in the addition of a drop of 3% 
hydrogen peroxide in an aliquot of the chosen colony, being positivity visualized by the forma-
tion of bubbles. The colonies who showed catalase positive were inoculated in BHI medium 
(Brain-Heart Infusion) and incubated for 24 hours for enrichment. After this period has been 
removed a 0,2 mL aliquot and inoculated in 0,5 mL of rabbit plasma and incubated at 36°C 
for 4 to 24 hours, being considered positive those tubes that presented clot formation. The 
population was calculated and the results were expressed in CFU/g.

Thermotolerant coliforms count

Were aseptically weighted 25 grams of sample and added in 225 mL of 0,1% peptone 
saline water and homogenized for 2 minutes in a sterile cup of blender type homogenizer, 
obtaining a 10–1 dilution, the next dilution, 10–2, was obtained from de addition of 1 mL of the 
homogenate in 9 mL of 0,1% peptone saline solution. The followed dilutions were realized al-
ways inoculating 1 mL of the previous dilution in 9 mL of 0,1% peptone saline solution. Of every 
dilution, 1 mL was inoculated in a series of 3 durhan tubes each containing 9 mL of Lauryl 
Sulfate Tryptose broth, being a series for each. The tubes were incubated ate 45°C for 24 
hours, the coliforms presence was observed by the formation of gas in the durhan tubes. 
The positive tubes, with presence of gas in the Lauril Sulphate Triptose broth, obtained in 
the presumptive test, were transferred to tubes containing EC broth (DIFCO), with durhan 
fermentation tubes, and incubated at 45°C for 24 hours. The presence of thermotolerant 
coliforms was confirmed by the gas formation in the tubes and determination most probable 
number (MPN) of thermotolerant coliforms, with the help of Hoskins table (SIQUEIRA, 1995).

RESULTS AND DISCUSSION

Of the 50 evaluated samples, 71.8% were outside the standards established by le-
gislation. To thermotolerant coliforms (45°C) and coagulase positive Staphylococcus, 70% 
and 63% of the samples, respectively, presented counts higher than the limits established. 
There was the presence of Salmonella sp. in one sample. The colonial cheeses evaluated 
showed low microbiological quality, wich could be the result of low hygienic sanitary condi-
tions and raw materials quality used in its fabrication, not complying with the microbiological 
standard for cheeses of high humidity as established by the National Agency of Sanitary 
Surveillance (BRASIL, 2001).

In view of avoid health risks, the National Agency of Sanitary Surveillance through 
Collegiate Board Resolution N°. 12 from January 02 of 2001 (RDC N°12) (BRASIL, 2001), 
stablishes the Technical Regulation on Microbiological Standards for Foods, in which, for high 
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humidity cheeses (55%) as the case of fresh mines cheese, the coliforms microorganisms 
must be quantified at 45°C (5x102/g), coagulase positive Staphylococcus (5x102/g), Salmonella 
sp. (absence in 25 g). The 5.9.1. item disposes that the denomination of “coliforms at 45°C” 
is equivalent to de denomination of “fecal origin coliforms” and “thermotolerant coliforms”

Corroborating with our study, Borges et al. (2003), in a research of 43 cheese samples 
evaluated, in Ceará state, 74% showed thermotolerant coliforms, 90% coagulase positive 
Staphylococcus and 35% of Salmonella sp. presence, besides that, the high population of 
molds and yeasts detected in this study classified the product as unfit for human consump-
tion, according to microbiological standards of current brazilian legislation (BRASIL, 2001).

Regarding the allowed pattern for thermotolerant coliforms, in the case of artisanal 
cheese, the percentual obtained by Brant et al. (2007), when evaluating 40 samples of mi-
nas cheese commercialized in Serro, MG region, and Tomich et al. (2001), when analyzing 
14 samples of Minas cheese commercialized in Belo Horizonte, MG, finded percentual of 
925% and 93%, respectively, above the maximum standard established for thermotolerant 
coliforms, results similar to those found in the present study, where 71,8% of the analyzed 
samples, showed up out of the standards established by legislation, having 70% of presence 
for thermotolerant coliforms (45°C).

The presence of thermotolerant coliforms is an indicative of incorrect manipulation and 
lack of good manufacturing practice procedures, being able to be considered an indicative of 
fecal origin contamination, thus posing a risk to the health of consumers (SALOTTI et al., 2006).

Staphylococcus aureus is the predominant species among the coagulase positive 
Staphylococcus and its presence in food may be directly related to incorrect manipulation, 
lack of good manufacturing practice and the use of low-quality raw material, being an important 
enterotoxigenic in dairy foods (JORDÁ et al., 2012). Other papers also reported high coagu-
lase positive Staphylococcus scores in artisanal cheeses, surpassing the limits established 
by legislation (SCHIMITT et al., 2011; FAVA et al., 2012; REZENDE et al., 2010).

The high scores of coagulases positive Staphylococcus show the occurrence of pos-
sible failures during cheese processing such as poor sanitation of equipment and manipu-
lators, incorrect use of storage temperature and unsatisfactory hygienic sanitary conditions 
(PINTO et al., 2011).

Higher contaminations were found in other studies that analyzed artisanal cheeses, as 
Loguercio and Aleixo (2001), who evaluate the hygienic-sanitary quality of the fresh mines 
cheese commercialized in Cuiabá. The results presented 93.33% of the samples with abo-
ve-standard counts for fecal coliforms and 96.67% of the samples with counts higher than 
the legally acceptable standard for Staphylococcus aureus.
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The presence of Salmonella sp. was verified in one (2%) of the 50 analyzed samples. 
Machado et al. (2010), confirmed the presence of Salmonella in 19,5% of the analyzed cheese 
samples, while Borges et al. (2003), detected Salmonella sp. in 35% of the cheese samples, 
classifying the cheeses as products unfit for human consumption. Isepon et al. (2003), also 
verified the presence of Salmonella sp. in cheese samples, on the other hand Pereira et al. 
(1999), showed absence of Salmonella sp. in all samples of fresh mines cheese, however, 
it was verified that these samples presented a high count of thermotolerant coliforms.

According to Brant et al. (2007), the absence or a small score of Salmonella sp. in 
cheeses, can be determined by the lowest competition capacitie of this species in relation to 
coliforms and the Staphylococcus aureus, and that the occurrence of this microorganisms 
in food is, most of the times, associated to lower scores of other contaminants. However, 
to Mello et al. (2009), the absence of Salmonella sp. in samples can also be related to the 
presence of lactic bacteria, which make cheese an adverse environment to the survival of 
pathogenic microorganisms or even or even due to the stressful condition coming from the 
processing and storage to which the food was submitted.

Dionizio et al. (2003), observed the absence of Salmonella sp. in 23 samples of cheese 
coming from trade fairs in Uberlândia, MG, the authors attributed this fact to the high scores 
of thermotolerant coliforms and coagulase positive Staphylococcus founded in the analysis, 
65,2% and 100%, respectively, considering that this microorganisms are good competitors 
compared to pathogens capable of producing substances with antimicrobial potential that 
inhibit the development of pathogenic microorganisms in dairy products (SILVA et al., 2010).

Salmonella is one of the most frequent involved microorganisms in foodborne outbreaks 
in several countries, including Brazil. The dairy associated salmonellosis is almost always 
caused by raw or inadequately pasteurized milk and also cheese (FRANCO et al., 2005). 
Epidemiological surveys realized in several countries place salmonella among the pathogenic 
agents most frequently found in outbreaks of foodborne toxinfection, and dairy products are still 
one of the most important transmission vehicles of Salmonella sp. (ÁVILA & GALLO, 1996).

CONCLUSION

The low microbiological quality of the colonial cheeses evaluated in this study, show 
failures in its fabrication process, which can be related mainly to the poor quality of the raw 
material used and the different technologies used in artisanal fabrication. The high scores of 
microorganisms show the commitment of the products quality and indicate the possibility of 
pathogens, which may endanger the health of consumers.
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ABSTRACT

Objective:to evaluate the physicochemical and microbiological profile and the presence 
of antibiotics in pasteurized milk sold in the city of Umuarama / Paraná. Methods:  100 
samples of pasteurized milk, from five different brands, sold in supermarkets in the city of 
Umuarama, Paraná, were analyzed. Physical-chemical and microbiological analyzes were 
carried out, in addition to a survey of antimicrobial residues. Results: 18% of the samples 
showed alterations in at least one of the physicochemical analyzes performed. In the 
microbiological evaluation, 22% of the samples had levels of total coliforms above the 
tolerated limit, 2% were contaminated by Escherichia coli and 12% had a mesophilic ae-
robic count above the maximum limit allowed by legislation, in addition to the presence of 
antimicrobial residues in 18% of the total samples. Conclusion:  the results of this study 
indicate that there are failures in the quality control of pasteurized milk sold in the city 
of Umuarama - PR and may pose risks to the health of consumers, especially children, 
elderly and immunocompromised.
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INTRODUCTION

According to data from Food and Agriculture Organization (FAO) (2020), Brazil is the third 
in the global ranking of largest milk producers, after the United States and India. According to 
data from the same organization, in 2020, Brazil had an annual production of 33.6 billion liters 
of milk, an increase of only 2,1% compared to the previous year. According to IBGE (2020), 
the state of Paraná is second in the national ranking of milk-producing states in the country.

Milk is considered one of the most complete foods from a biological point of view, since it 
presents a high content of proteins and minerals essential to human feeding habits (BORGES 
et al., 1989). However, since it is rich in nutrients and presents a high water activity, milk is 
an excellent culture medium for the development and multiplication of pathogenic and dete-
riorating microorganisms (JAY, 2005).

In 1998, the National Plan for Improving the Quality of Milk (Plano Nacional de Melhoria 
da Qualidade do Leite - PNMQL) was created through ordinance n. 166 from the Ministry of 
Agriculture (BRASIL, 1998). In 2002, with the Normative Instruction n. 51 from September 18, 
issued by the Ministry of Agriculture, Livestock and Food Supply (MAPA), the program had 
an increase in its importance, bringing very important changes to the dairy production in the 
country. In December 2011, Normative Instruction n. 62 was issued, substituting Normative 
Instruction n. 51, which extended the period for adequacy in five more years (BRASIL, 2011).

According to current legislation, the quality control of milk must be daily performed by the 
industries through the evaluation of a few physical-chemical and microbiological parameters, 
as well as the daily survey of antibiotic residues, acidity neutralizers and density restorative 
substances (BRASIL, 2011).

The physical-chemical analyses that must be performed in the routine of dairy industries 
are: titratable acidity, 72% v/v alizarol test, cryoscopy index, temperature, density at 15ºC, 
fat content, alkaline phosphatase and peroxidase test, total solid and total non-fatty solid 
content (BRASIL, 2011).

The microbiological analyses demanded are the survey of coliforms at 30ºC and at 45ºC, 
since these microorganisms are indicators of the product hygiene. The legislation also states 
that Total Bacterial Count (TBC) be performed on the milk. This is the count of mesophilic 
aerobic microorganisms, that is, all microorganisms able to multiply themselves at 37ºC in 
48 hours (JAY, 2005).

The presence of high levels of microbial contamination in milk results in quality loss, 
since these microorganisms cause changes that decrease the durability of the product through 
the deterioration of its components, such as proteins, sugars and fats (CHAMBERS, 2002).

Milk components, including proteins, sugars and fats, are elements that can be used and 
deteriorated by several microorganism species. Changes to the product cause an elevated 
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decrease of important protein sources and other elements that constitute the milk. The loss 
of its qualitative potential is irreversible (TRONCO, 2008).

One way to control mastitis, especially sub-clinical mastitis, is through the counting of 
somatic cells (SCC) present in milk. These cells are essentially leucocytes that are deposited 
in the milk due to the inflammatory reaction in the animal’s mammary tissue. MAPA, through 
its normative instruction n. 62/2011, establishes the limits for somatic cells present in milk. 
The current tolerable amount is 500,000 cells/mL (BRASIL, 2011).

Another issue in dairy production is the uncontrolled use of antibiotics, mainly for treating 
mastitis, which has been the main responsible factor for residual antibiotics in milk (NERO 
et al., 2007). Such substances have withdrawal periods that must be respected after being 
applied to the animal and the production of these withdrawal periods must be discarded. 
However, many times, due to lack of information or to avoid product losses, the produ-
cers do not respect this withdrawal time. Therefore, there is the need to raise awareness 
of the producers with a tool that is fundamental to prevent residues of such drugs in milk 
(HILLERTON et al., 1999).

The consumption of milk with residual antibiotics can cause several undesirable effects, 
such as the selection of resistant bacterial strains, both in the environment and in the con-
sumer, hypersensitivity and possible anaphylactic shock in people who are allergic to such 
substances, as well as teratogenic effects (NASCIMENTO et al., 2001).

The purpose of the study was to evaluate the physical-chemical and microbiological profi-
le and the presence of antibiotics in pasteurized milk traded in the city of Umuarama - Paraná.

METHOD

Sample acquisition and processing

A total of 100 samples of pasteurized milk traded in the city of Umuarama - PR was 
acquired. Samples from five different pasteurized milk brands traded in the supermarkets 
in the city were obtained. The samples were stored in isothermal boxes and transported to 
the Laboratory of Veterinary Preventive Medicine and Public Health at the Master Course in 
Animal Health at Paraná University (UNIPAR).

In the laboratory, the sample temperature was measured with the aid of an ST-600 
infrared digital thermometer from Incoterm® to check if the samples had their temperatures 
below 10ºC, according to the legislation (BRASIL, 2011). The external package of the samples 
was rinsed with water and detergent, and dried with paper towel. After such procedures, the 
samples went through physical-chemical and microbiological analyses, as well as antibio-
tic residue survey.
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Microbiological analyses

Standard Plate Count (SPC) - Mesophilic Aerobic Count (CFU/mL)

The method used for this analysis was depth plating (BRASIL, 2003). Decimal dilutions 
of samples up to 10–3 were used, where 1mL from each sample was inoculated in disposa-
ble sterile Petri dishes with 10 mL Standard Count Agar (SCA). After agar solidification, the 
plates were inverted and incubated at 37ºC for 48 hours. Plates with counts between 25 and 
250 colonies were selected for reading. The result was expressed in colony forming units 
per mL (CFU/mL) (BRASIL, 2003).

Total Coliforms and Escherichia Coli (CFU/mL)

For the survey and counting of total coliforms (TC) and Escherichia coli (EC), 3M™ 
Petrifilm™ plates were used, where 1 mL of the sample was inoculated on the plate and 
incubated at 37°C for 24 hours. The plates were read at 24 hours for the counting of TC and 
at 48 hours for EC. The result was expressed in colony forming units per mL (CFU/mL).

Lacto-fermentation

In order to perform this test, 10 mL of the milk sample were poured into a capped sterile 
tube, which was incubated for 24h in a microbiological incubator at 37°C. After this period, 
the tubes were read, and the type of coagulum formed was analyzed (BEHMER, 1984).

Physical-Chemical Analyses

The test was performed according to the technique described by Tronco (2008), where 
2 mL of the milk sample were added to a test tube together with 2 mL of alizarol solution. The 
tubes are then homogenized for the perfect mixing of the solution with the milk. The reading 
of the sample result was performed according to the formation of lumps on the tube walls 
and the color of the samples, where the formation of lumps indicates the sample is unstable 
and a yellow shade indicates acid milk, pink shade alkali milk and brown, normal milk.

The acidity tittering of the milk samples was performed with the aid of a Dornic acido-
meter, where 0.1 mL of Dornic solution (sodium hydroxide - NaOH) was added to the sample 
until its color changes to a pinkish tone. Each 0.1 mL of the solution corresponds to 1°D 
(Dornic degree). The usual standard must be between 14 to 18ºD (BRASIL, 2002).

In order to measure the hydrogenionic power (pH) of milk, part of the sample was pla-
ced in a 500-mL test tube, where pH was measured with a Hanna® HI-99163 electronic pH 
measuring device. Normal pH for milk is between 6.6 to 6.8. In order to establish the density, 
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a thermal lacto-density-meter was used, with a scale from 15 to 45ºC and density of 1.015 
to 1.045 (g/cm³ or g/mL). In order to measure the density, a 250-mL test tube was filled with 
milk and the thermal lacto-density-meter was placed into it. After stabilization, the density 
scale and milk temperature were read. The usual standard is between 1.028 to 1.034 g/
mL (BRASIL, 2002).

The samples were sent to the Holstein Cattle Raiser Association of Paraná (Associação 
Paranaense dos Criadores de Bovinos da Raça Holandesa - APCBRH) to determine fat, lac-
tose and protein content. For the peroxidase test, 2 ml of the milk sample were added to a test 
tube and 2 mL of guaiacol were carefully deposited down the tube wall, forming a layer over 
the milk. The peroxidase catalyzes the degradation of hydrogen peroxide, releasing O2, which 
reacts with guaiacol. If there is little peroxidase activity, the hydrogen peroxide is not degraded 
and the solution continues being colorless, with negative reaction. If there is a high activity 
leading to a positive reaction, a salmon-color ring is formed in the solution (TRONCO, 2008).

The test for alkaline phosphatase was performed using the Alkaline Phosphatase com-
mercial kit from Bioclin® Brazil according to the manufacturer instructions. The result was 
considered positive if the sample turned blue and negative if the color presented was yellow.

The Somatic Cell Count analyses were performed at the Holstein Cattle Raiser 
Association of Paraná (Associação Paranaense dos Criadores de Bovinos da Raça 
Holandesa - APCBRH) in the city of Curitiba/PR. The milk samples were stored in contai-
ners with bronopol and sent to the APCBRH laboratory, where they were analyzed using the 
flow cytometry method.

Antibiotic residue survey

The Charm CowSide II Test Kit from Charm Science INC (USA) was used for the sur-
vey of antibiotic residues in milk. The manufacturer instructions were followed, where 100 
microliter of the sample were inoculated in the medium contained in the kit and incubated for 
three hours in Bain marrie at 64.5°C. After this period, the samples were read. Those pre-
senting purple coloring were considered positive for the presence of microbial inhibitors. The 
antibiotic classes detected by the Kit, as well as the minimum and maximum limits allowed 
by the legislation for these classes, are presented in Table 1.

RESULTS

Table 1.presents the percentages of samples that were out of specification in at least one 
of the parameters analyzed in the different brands evaluated. The brand presenting the highest 
index of samples out of specification was brand “D”, where 40% of the samples analyzed 
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presented changes in at least one of the tests performed. The sample presenting the lowest 
percentage of changed samples was brand “C”, with 21.73% samples out of specification.

Table 1. Percentage of pasteurized milk samples out of specification by brand analyzed, sold in the city of Umuarama - PR.

Brand Samples analyzed Changed samples

A 19 7 (36.84%)

B 17 6 (35.29%)

C 23 5 (21.73%)

D 20 8 (40%)

E 21 5 (23.80%)

Total 100 31 (31%)

Table 2.presents the number of samples with changed parameters according to the 
analysis performed. The physical-chemical parameter presenting the highest number of 
samples out of specification was fat content, with 46% of the samples presenting indexes 
lower than the minimum 3% demanded by law (BRASIL, 2011).

Table 2. Percentage of samples out of specification for physical-chemical parameters from pasteurized milk traded in 
the city of Umuarama - PR.

Analysis performed Normal parameters Changed samples

Fat 3g/100g 47 (47%)

pH 6.6 – 6.8 15 (15%)

Peroxidase Positive 14 (14%)

Dornic Acidity 14 – 18 (degrees Dornic) 6 (6%)

Alizarol Stable 4 (4%)
1Recommended parameters according to Normative Instruction 62/2011.

Table 3. Microbiological results from pasteurized milk traded in the city of Umuarama - PR.

Analysis performed Minimum Maximum Average Changed samples

Total Coliforms < 1 CFU/mL 5.7x102 CFU/mL 5.74x101 CFU/mL 22 (22%)

Escherichia Coli < 1 CFU/mL 2x101 CFU/mL 2.17 CFU/mL 2 (2%)

Mesophilic Aerobes 1.8x102 CFU/mL Uncountable 6.1x104 CFU/mL 12 (12%)
1Recommended parameters according to Normative Instruction 62/2011.

In the antibiotic residue survey, 18% of the samples analyzed were considered posi-
tive for these substances. However, the test performed was not specific, that is, it did not 
determine which antimicrobial classes are present in the milk, but if there were any drug 
residues in the milk.

DISCUSSION

As per table 1, the results show that 18% of the samples present change in at least 
one of the physical-chemical analyses performed and that 9% present changes in two pa-
rameter or more. These results are much lower than the ones found by Sassahara (2008), 
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when analyzing 246 pasteurized milk samples in the state of Paraná, who found 190 (77.2%) 
samples presenting changes in at least one physical-chemical parameter.

According to table 2 the results are well above those found by Silva (2013) when analy-
zing 100 pasteurized milk samples in the region of Londrina, which resulted in only 8% having 
their fat content below the recommended by the current legislation.

In the peroxidase enzyme survey, changes were found in 14% of the samples analyzed.
This is similar to the result found by Sassahara (2008), when analyzing 246 pasteurized 

milk samples in the state of Paraná, with changes in 15.85% samples for this parameter. Lima 
et al. (2001), analyzing pasteurized milk samples, found changes in 42.1% samples. These 
results suggest that the milk was overheated during the pasteurization process, causing the 
inactivation of the peroxidase enzyme, which only happens when the enzyme is heated above 
80°C. Zocche et al. (2002), suggest that some dairy industries intentionally overheat the milk 
in an attempt to disguise a high microbial load in the initial raw material. However, in some 
cases, it can be an accidental failure due to lack of regulation in the pasteurizer.

Coliforms and acid-lactic bacteria cause an increase in the acidity of the milk since they 
ferment the lactose present in this food. Therefore, milk with high acidity can be related to 
low hygiene-sanitary conditions in the milk production chain. In this study, 6% of the sam-
ples presented high acidity in the titratable acidity test by Dornic method. Sassahara (2008), 
found that 21.54% samples analyzed presented changes in acidity. However, Beloti et al. 
(1996), found that 15% pasteurized milk samples traded in the city of Londrina had changes 
in its acidity level.

The alizarol test mainly indicates the stability of casein in milk, allowing knowing if the 
milk will resist the pasteurization process without changes in its constitution (TRONCO, 
2008). In this study, 4% of the samples were unstable, and from these, one of them also 
presented acidity associated to instability. Silva, (2013), analyzing the thermal stability of 
85 pasteurized milk samples in the city of Londrina, found that 53 (43.53%) samples were 
considered unstable.

Table 3.presents the number of samples out of specification for microbiological analy-
ses, divided by group of microorganisms surveyed. The results of microbiological analyses 
indicate a high number of samples out of the specifications allowed in current legislation. 
Microbiological contamination above the allowed level was found in 30% of the samples, for 
at least one of the analyses performed.

In the survey for total coliforms, 22% of the samples presented results that were higher 
than the standards established in the Normative Instruction n. 62 from 2011 by MAPA, which 
establishes a maximum of 4 CFU/mL for pasteurized milk (BRASIL, 2011). Sassahara (2008) 
found, in the study performed in the state of Paraná with 246 pasteurized milk samples, 
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that 50% of the samples had values higher than the ones tolerated by law. However, Silva 
(2013), found that 12% of the 100 milk samples analyzed in the city of Londrina/PR were not 
compliant with the standards.

Regarding Escherichia coli, 2% of the samples analyzed in the present study presented 
high values, one sample presenting 20 CFU/mL and another with 4 CFU/mL. The values 
found are below those found by Sassahara (2008), who found 10% of the pasteurized milk 
samples non-compliant to the legislation. However, they are very similar to the values found 
by Silva (2013), with 3% of samples changed. The samples that were not compliant to the 
standards required in the legislation raise concern, since this group of microorganisms is 
very sensitive to pasteurizing temperature. Thus, it can be considered that there are failures 
during the pasteurization process or that there is product recontamination after undergoing 
thermal treatment.-

The results for mesophilic aerobic microorganisms indicate that 12% of the samples 
had more microorganisms that the amount tolerated in the legislation. The reference value 
for this group of microorganisms in pasteurized milk is 80,000 CFU/mL, according to IN n. 
62/2011 (BRASIL, 2011). High counts of these microorganisms indicate the milk has gone 
through an inappropriate production process from the hygiene-sanitary point of view, from 
its collection to packaging and storage. From the 246 pasteurized milk samples analyzed 
by Sassahara (2008), in the state of Paraná, 16% had elevated mesophilic aerobic count; 
however, in the study by Silva (2013), only 1% of the 100 pasteurized milk samples analyzed 
presented such elevated count.

The Somatic Cell Count (SCC) presented an average 268,150 cells per mL, where 11% 
of the samples presented values above the recommended level in legislation.

Silva (2013), using the same kit for antimicrobial detection, found that 14% of the 100 
pasteurized milk samples analyzed in the city of Londrina/PR had the presence of antibio-
tic residues. Nero et al. (2007), observed an occurrence of 11.5% antimicrobial residues 
in the samples of raw milk originated from four different states in Brazil (Minas Gerais, 
Paraná, Rio Grande do Sul and São Paulo) when analyzing samples using the CowSide II Kit 
from Charm Sciences.

The Brazilian legislation does not demand that antibiotic residues be surveyed in pas-
teurized milk. Such survey is only mandatory for raw milk (BRASIL, 2011). Therefore, if there 
is failure in controlling raw milk, the pasteurized milk may contain residues of these drugs, 
poising a risk to the consumer (SILVA, 2013).

The detection of antimicrobial agents in pasteurized milk restates the thermal resistan-
ce of these substances, even when exposed to pasteurization temperatures, continuing its 
activity until the moment it is consumed (UNUSAN, 2009).
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The presence of antibiotic residues in milk is a great problem for public health, since 
these substances might cause several adverse effects when ingested by the consumer. 
The main problems are related to hypersensitivity and a possible anaphylactic shock in 
people allergic to the drug present in the milk. Approximately 5 to 10% of the population is 
hypersensitive to penicillin and might present allergic reactions when ingesting 1 ppb of this 
substance (NERO et al, 2007).

CONCLUSION

The physical-chemical and microbiological quality of milk has proven unsatisfactory, 
since a high number of samples were considered out of the specification according to the 
mandatory quality standards. Moreover, the results indicate there are failures in controlling 
antibiotic residues in the pasteurized milk traded in the city of Umuarama - PR.
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