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Abstract
Proper health management is essential for productivity in duck farming. However, there is limited information on the effect 
of management conditions on rates of metabolic problems and parasitic infections in anatids. We evaluated the rates of 
metabolic syndromes and gastrointestinal parasite involvement in Muscovy ducks up to 12 weeks of age, under 3 manage-
ment conditions: backyard, organized, and organized with probiotics. Individuals under organized management developed 
2 metabolic problems: ascites, which was rare (3.5%), fatal, and affected both males and females, and angel wing syndrome, 
which was more frequent (10.6%), has low impact on general health, and only affected males. The treatments do not have a 
significant effect on the development of ascites, but only individuals in controlled conditions presented this syndrome, and 
due to its low prevalence, further studies with a larger sample size are required. The risk of angel wing syndrome increased 
significantly with probiotic supplementation. Regarding to parasitic infection, the improvement of sanitary management 
and the use of probiotics supplementation reduced the occurrence of coccidiosis. Similarly organized management with 
probiotic supplementation showed a protective effect on helminthiasis by reducing the frequency of Heterakis gallinarum 
and greatly reducing the helminth egg load. Coccidiosis and helminthiasis infections were not significantly correlated with 
the final weight of the ducks. Therefore, organized management and the use of probiotics seems to reduce the impact of 
parasitic infection, although it increases the risk of developing metabolic syndrome.
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Introduction

Poultry production is one of the most important industries, 
and due to its accelerated growth, it contributes to the eco-
nomic development of several countries (Windhorst 2006). 
This industry is dominated by chicken farming, but duck 
farming is also economically valuable, contributing to food 
security (Gariglio et al. 2019). It has grown in recent years 
(1998 to 2018), going from 2.6 to 4.5 million tons of meat 
per year (FAOSTAT 2020). Proper health management 
is crucial to achieve satisfactory productivity rates in the 
animal husbandry industry and to prevent economic losses 
due to morbidity and mortality (Hofacre 2002). In the case 

of Muscovy ducks, improving management conditions has 
been associated with higher productivity (Baeza et al. 1997; 
Kleczek et al. 2006; Ramos 2009; Yakubu 2013). Despite 
this, the effect on health and parasitic affectation has not 
been studied.

Likewise, research on the use of probiotics in the poultry 
industry has gained significant attention due to restrictions 
imposed on the use of prophylactic antibiotics, given their 
association with microbial resistance (Kabir 2009; Hashem 
et al. 2019). Some studies in Muscovy ducks have reported 
a positive effect of novel probiotics on the development of 
beneficial microbiota, the restriction of pathogenic bacte-
ria, and the improvement of productive traits (Hristev et al. 
2004; Sheng-Qiu et al. 2013; Xie et al. 2015; Kamollerd 
et al. 2016). Similarly, several authors have studied the role 
of probiotic supplementation in broiler health and produc-
tivity (Lee et al. 2007a, b; Ritzi et al. 2014; Behnamifar 
et al. 2019). However, to our knowledge, there are no studies 
on the possible effect of probiotics on parasitic infection or 
metabolic affectations in this duck species.
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Chronic metabolic diseases are a major problem in the 
poultry industry. In particular, ascites is a multifactorial dis-
order that leads to the accumulation of fluid in the abdomi-
nal cavity and is among the most common and problematic 
syndromes (Part et al. 2016). This disease is frequent in pro-
duction farms with high yields, since the promotion of faster 
growth is an important risk factor for this syndrome (Kalmar 
et al. 2013). The pathology, associated factors, and the effect 
of ascites management have been extensively studied in broiler 
chickens (Baghbanzadeh and Decuypere 2008; Kalmar et al. 
2013; Liu 2016). However, information on chronic ascites (not 
infection-induced) in ducks is scarce (Julian 1988).

Another problem associated with metabolic disorders is the 
angel wing syndrome, a deformity that causes an outwards of 
one or both wings, affecting the carpometacarpus or the joint 
between the third and fourth metacarpals (Lin et al. 2016). 
This disease mainly affects waterfowl and is attributed to 
accelerated growth due to overfeeding in organized farming 
conditions (Olsen 1994). However, scientific studies or reports 
of the syndrome are very limited and mainly focus on geese 
(Lin et al. 2016). Therefore, there is a lack of information on 
incidence rates, the role of management conditions, etiology, 
and the effect on productivity in ducks.

Generally, Muscovy ducks are more resistant to infec-
tious diseases than broiler chickens (Narvaiza 2008;  
Salgado-Ubeda and López-Mendonza 2012). However, some 
outbreaks have caused severe health problems and high mor-
tality rates (Julian and Galt 1980; Bano et al. 2005; Mansour 
et al. 2018; Arias-Sosa and Rojas 2021). Even in cases of 
recovery, the development of diseases leads to lower growth 
performance and feed conversion efficiency (Glávits et al. 
2005; Poonia et al. 2006; Mahardika et al. 2015). Among 
the infectious agents that can affect the Muscovy ducks, sev-
eral gastrointestinal parasites could achieve high prevalence 
rates (Muhairwa et al. 2007; Mattos et al. 2008). These para-
sitic infections are mostly asymptomatic or associated with 
weakness or weight loss; but severe outbreaks of aggressive 
parasites such as Streptocara incognita and Haemoproteus 
have resulted in high mortalities in Muscovy ducks (Julian 
and Galt 1980; Bano et al. 2005).

We aimed to study the differences in metabolic problems 
and parasitic infections between three management condi-
tions: backyard, organized, and commercial probiotics sup-
plementation. In addition, we study the role of these prob-
lems in the weight of Muscovy ducks.

Materials and methods

Study site

The study was carried out on an organic farm in the pri-
vate natural reserve “Rogitama Biodiversidad,” in the 

municipality of Arcabuco, Boyacá, Colombia. The farm is 
located at an altitude between 2500 and 2550 MASL and has 
an average temperature of 13 °C. Arcabuco has two rainy 
periods between April to May and September to November.

Birds and management

The birds used as breeding stock were individuals obtained 
from a small farm that commercialized this species in the 
country. Selected or imported lines were not used because 
the breeding of Muscovy duck in Colombia is carried out 
mainly in backyard conditions (Ortiz et al. 1997). The breed-
ing stock used laid an average of 12.9 ± 4.3 eggs with a mean 
hatching rate of 76.4%. They reach their sexual maturity 
around 6–7 months of age.

From February to August 2020, we observed the health 
status of Muscovy ducks, as well as the weight gain from 
hatching until 12 weeks of age. We selected this time period 
because several studies have reported an optimal slaughter 
time after 12 weeks for Muscovy ducks (Kleczek et al. 2006; 
Larzul et al. 2006; Shamma et al. 2011). A total of 91 duck-
lings were born during the study period, but six died during 
weeks one and two (6.6% of mortality in early stages). In 
consequence, 85 individuals were used for our experimental 
design. All parental groups come from the same farm and 
were kept under the same conditions. Two months before the 
begging experiments (and egg-laying), and during the incu-
bation period, the mothers were placed on the barn under 
organized and disinfected conditions. For the first 2 weeks, 
the ducklings were kept with their mother in an isolated, 
well-disinfected room and were fed with ground commercial 
diets containing 18% protein, 2.5% fat, 6% fiber, and 8% 
ashes. In the third week, we randomly assign the ducklings 
to one of three possible treatments:

1. Backyard conditions. This management condition 
simulated the common conditions of the non-technical 
farms that use Muscovy ducks (Avilez et  al. 2007; 
Salgado-Ubeda and López-Mendonza 2012). The birds 
were kept out of the barn and fed with corn. Individuals 
also foraged for food (such as plant material and insects) 
and had greater freedom of movement. The feeding was 
ad libitum. The ducks had access to water for swimming 
and drinking in small ponds in the study area. Twenty-
eight individuals were assigned to this treatment.

2. Organized conditions. In this treatment, we improved 
sanitary conditions, reduced the mobility of the ducks, 
and promoted a higher feed consumption. The birds 
were kept inside a barn with a concrete floor covered 
with rice husk, curtained windows to reduce the cold 
at night, and a roof. Inside the barn, there were metal 
fences with pens that had an area of 4  m2. We randomly 
assigned five ducks to each of these pens and their diet 
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consisted of commercial rations with 13% moisture, 19% 
protein, 3% fat, 5% fiber, and 8% ashes (Table 1). The 
feeding was ad libitum. Water was supplied in clean con-
tainers and came from a treated source. Inside the barn, a 
small pond was available and it was cleaned frequently, 
so the ducks could swim. Twenty-seven individuals were 
assigned to this treatment.

3. Organized conditions with probiotics supplementation. 
The management conditions were the same as the organ-
ized treatment condition. The only difference was the 
addition of commercial probiotics (Floralac), composed 
from Streptococcus faecium, Bifidobacterium bifidum, 
Lactobacillus casei, Lactobacillus acidophillus, sodium, 
potassium, citric acid, and ascorbic acid to their diet. 
The probiotics were supplied after 3 weeks in their 
drinking water, following the indications of the product 
of 1 g per kg of live weight for 5 days. Thirty individuals 
were assigned to this treatment.

The mean weight of the ducks at 12  weeks was 
1.6 kg ± 0.14 for females and 2.8 ± 0.37 kg for males, with 
a mean weekly weight gain of 149.0 ± 513.1 for females 
and 278.7 ± 26.2 g for males. The health of the ducks was 
recorded in each treatment. We observed the respiration, 
absence of secretions, and state of plumage, beak, and 
nails. Symptoms such as weakness, weight loss, and exter-
nal indications of fluid accumulation in the abdominal cav-
ity were monitored. In dead individuals, we performed an 
autopsy to identify potential symptoms of ascites such as 
fluid accumulation in the pericardium or abdominal cavity, 

cardiac hypertrophy, pulmonary edema, or liver abnor-
malities (Baghbanzadeh and Decuypere 2008).

Parasitological analysis

After week 12, we took fecal samples from 69 individu-
als (25 from the backyard, 24 from organized, and 20 from 
probiotics supplementation treatments) for parasitological 
analysis. We were unable to sample the other 16 individuals 
or younger individuals due to mobility restrictions imposed 
during the COVID-19 emergency. For sample collections, 
we used sterile plastic quadrants placed under the ducks. 
We monitored the individuals until they defecated, then col-
lected the samples and placed them in sterile falcon tubes. 
All samples were transported the same day of collection in 
a pre-cooled portable fridge to the laboratory for immedi-
ate processing and analysis. For parasite identification and 
assessment of infection frequency, we used the formol-ether 
technique (Larki et al. 2018), followed by staining of slides 
with Lugol (Badparva and Kheirandish 2017). All samples 
were examined under a light microscope and representative 
photographs were taken for the subsequent identification of 
the parasites based on their morphological characteristics. 
In addition, we assessed the parasite loads of helminth eggs 
and coccidia oocysts using the McMaster counting technique 
(Kumar et al. 2015; Bortoluzzi et al. 2018).

Statistical analysis

All data were systematized on Excel and statistical anal-
ysis was performed in free software R (4.0.3 version) (R 
Core Team 2020). To analyze the influence of management 

Table 1  Composition of the used fodders. (A) Fodders of the organized conditions treatment. (B) Fodders of the backyard conditions treatment

A. Diet of the organized conditions treatment: broilers commercial food
Brand: “El Galpon”
Ingredients: sorghum and/or corn, rice flour, fish flour, soy and/or cotton, whole soybeans, fats and/or oils, bicalcium phosphate and/or bone 

meal, rice and/or wheat by-products, calcium carbonate, sodium chloride, magnesium oxide, ferrous sulfate, copper sulfate, cobalt carbonate, 
calcium iodate, niacin, zinc oxide, vitamins A, D3, E, B12, K, riboflavin, calcium pantothenate, choline chloride, antioxidant BHT, growth 
promoter, synthetic zinc, bacitracin, nicarbazin and/or lasalocid, lysine and/or methionine

Moisture 13%
Protein 19%
Fat 3%
Fiber 5%
Ashes 8%
B. Diet of the backyard conditions treatment: commercial corn and external sources of food (such as plant material and insects)
Brand: “ASMEVET”
Moisture 12%
Protein 9%
Fat 4%
Fiber 3%
Ashes 2%
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treatments on the risk of metabolic syndrome, logistic 
regression was used, adjusting by sex effect. The effect of 
the angel wing syndrome on the final weight of the Mus-
covy ducks was determined using generalized linear models 
(GLM, Gaussian response with logarithmic link, adjusting 
for sex and treatment). We used a post hoc Fisher pairwise 
test to assess the difference between each treatment.

For the parasitological analysis, we used logistic regression to 
evaluate the effect of treatment on parasitic frequencies and Pois-
son regression to study the effect on parasitic loads. For the coc-
cidian oocyst, we fit the model using zero-inflated Poisson regres-
sion, since the count data included several zeros. We adjusted 
for sex in all cases. Finally, to evaluate the effect of the parasitic 
infection on the final weight, we used a GLM (Gaussian response 
with a logarithmic link) adjusting for sex. A post hoc Fisher paired 
test was used to assess the difference between each treatment.

Results

Development of metabolic complications

The development of metabolic problems such as ascites 
and angel wing syndromes was observed. Individuals 

with ascites presented weight loss, cyanosis in the beak 
and lower extremities, lethargy, ruffled plumage, fluid 
accumulation in the abdominal cavity, pulmonary edema, 
and cardiac hypertrophy (Fig. 1B). These symptoms were 
detected between the 8th and 10th week. The incidence 
rate of ascites was 3.5% and all individuals died. In 
the case of angel wing syndrome, the ducks developed 
deformity in both wings (outward turns) at week nine. 
The incidence of this disorder was 10.6%, but none of 
the individuals died. Thus, the general incidence rate was 
14.1% with a mortality of 3%, where ascites was rare but 
fatal (Fig. 1A).

The analysis showed that neither sex nor treatment sig-
nificantly affected the ascites rate. However, we observed 
that only individuals in the organized treatments presented 
ascites syndrome and it was slightly higher in the group 
without probiotics (Fig. 1A). Both males and females were 
affected by this syndrome. Therefore, the restriction of 
mobility and promotion of higher food consumption in the 
individual under organized conditions appear to increase the 
risk of ascites problems. However, further studies with a 
larger sample size are required to confirm this hypothesis 
and to establish whether probiotics would have a significant 
protective effect.

Fig. 1  A Frequency of ascites 
and angel wing syndromes by 
treatments. B Representative 
pictures of affectation by the 
metabolic syndromes. * = signif-
icant difference (p < 0.05), NS, 
no significant difference
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Sex and treatment influenced the prevalence of angel 
wing syndrome (p < 0.01). This syndrome occurred only in 
the group with organized conditions with probiotic supple-
mentation and only male individuals were affected. How-
ever, the angel wing syndrome did not affect the final weight, 
when we adjusted for sex and treatment (p > 0.05).

Parasitic infection

The prevalence of parasites in the total sample was high 
(92.7%). The most frequent parasites were coccidia (Eimeria 
spp.) with a prevalence of 78%, followed by helminths with 
65.3%. We identified four classes of helminths: Ascaridia 
galli (46%), Heterakis gallinarum (29%), Strongyloides 
avium (16%), and Hymenolepis spp. (6%) (Table 2).

The frequency of coccidia was significantly affected 
by sex and treatment (p < 0.05), being higher in females 
than males and significantly lower in organized conditions 
with probiotic supplements than in backyard conditions 

(p < 0.01). The frequencies between the organized treatment 
without probiotics were marginally significantly lower than 
in the backyard conditions (p = 0.09). Although there were 
no significant differences between the organized conditions 
with probiotics and the organized conditions without pro-
biotics (p = 0.17), a tendency to decrease in frequency was 
observed in the probiotic group (Fig. 2A). Coccidial oocyst 
loads were significantly affected by treatment (p < 0.001), 
but not by sex (p = 0.4). All treatments were significantly 
different from each other (p < 0.001). The highest loads were 
observed in backyard conditions, followed by the organ-
ized group with probiotics, and finally the organized group 
without probiotics (Fig. 2B). Thus, the improvement in sani-
tary conditions reduces the frequency and load of coccidia 
infection, whereas probiotic supplementation significantly 
reduced the coccidia frequency but increased the oocysts 
loads. Likewise, males showed a lower coccidia frequencies, 
although oocyst loads were not influenced by sex.

Table 2  Parasitic infection in different management conditions. The data of frequencies is presented as a percentage. The data of oocyst/eggs 
loads is presented as an average (5–95% IQR)

Parasite Total frequency A. Backyard conditions B. Organized conditions 
without probiotics

C. Organized conditions with 
probiotics

GLM p-value

Eimeria spp. 78% 96%c 79% 55%a p < 0.05*
Ascaridia galli 46% 48% 54% 35% p > 0.05
Heterakis gallinarum 29% 44%c 21% 5%a p < 0.05*
Strongyloides avium 16% 16% 25% 5% p > 0.05
Hymenolepis spp. 6% 12% 4% 0% p > 0.05
Type of infection Average number 

of oocyst/eggs
A. Backyard conditions B. Organized conditions 

without probiotics
C. Organized conditions with 

probiotics
GLM p-value

Coccidiosis 73.9 (0–330) 170 (0–550) 4.2 (0–42.5) 37.5 (0–107.5) p < 0.001*
Helminthiasis 633.3 (17–1330) 728 (200–1430) 714.6 (67.2–1277.5) 417.5 (4.7–1302) p < 0.001*

Fig. 2  A Coccidia frequencies 
by treatment. B Coccidia oocyst 
loads by treatment. * = sig-
nificant difference (p < 0.05), 
MS, marginally significant 
(p = 0.05–0.1). NS, no signifi-
cant difference
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In helminths, we only observed a significant effect of 
the treatment on the infection frequency of H. gallinarum 
(p < 0.01), but it was not affected by the sex of the ducks 
(p > 0.05). The backyard conditions group presented a sig-
nificantly higher frequency of H. gallinarum than the organ-
ized group with probiotic supplementation (p = 0.01), as well 
as a marginally higher frequency than the group without 
probiotics (p = 0.08). However, there were no significant 
differences between the organized conditions group with 
probiotics and without probiotics (p = 0.17), and a trend 
towards a lower frequency was observed in the probiotic 
(Fig. 3A). The presence of other species of helminths was 
not significantly affected by sex or treatment (p > 0.05), but 
a low impact on probiotic management was observed in all 
of them (Fig. 3). On the other hand, helminth egg loads were 
significantly influenced by sex and treatment (p < 0.01), and 
the females presented higher loads than males. All manage-
ment groups were significantly different from each other 
(p < 0.001). The highest loads were found in the backyard 
conditions, decreasing in the organized conditions without 
probiotics, and reaching a large reduction in the individu-
als supplemented with probiotics. Thus, the improvement 
of management conditions and the use of probiotics has a 
significant protective effect against H. gallinarum, showing 
a tendency to reduce the affectation by other species of hel-
minths, and a decrease in the helminth egg loads. The final 
weight was only affected by the sex (p < 0.001), being higher 
in males than females, while the loads of coccidia oocytes 
and helminth eggs did not have a significant effect (p > 0.05).

Discussion

The relative frequency of ascites problems in our study 
(3%) was similar to the 4–6% reported in well-managed 
broiler farms (Baghbanzadeh and Decuypere 2008; Feizi 
et al. 2012). However, it was lower (23–53%) than reports 
from broiler exposed to cold stress conditions (12–16 °C) 
(Wideman et al. 1998; van As et al. 2010), which are simi-
lar to our studied farm conditions (average temperature of 
13 °C). Programs that increase feed consumption and the 
use of commercial diets in broilers have been associated 
with an increased risk of ascites (Avila González et al. 
2006; Khajali and Wideman 2016). This is consistent with 
our result, where it was found that only ducks in organized 
conditions presented this syndrome. The use of probiotics 
in broiler chickens has a positive effect on the prevention 
of ascites (Saffar and Khajali 2010; Kalia et al. 2017). In 
our study, we found a slightly lower incidence in individu-
als treated with probiotics, although it was not statistically 
significant. Therefore, more studies with larger sample sizes 
are required to evaluate the effect of probiotics, especially 
since the incidence of the disease is low.

The incidence of angel wing syndrome was 10.6%, much 
lower than the 39% reported in a white Roman geese farm 
(Lin et al. 2016). A diet that promotes faster growth has been 
suggested to be the main cause of angel wing development 
(Olsen 1994; Lin et al. 2016), and this is consistent with the 
development of this syndrome only in the organized group 
with probiotics supplementation, although in our study, only 
males developed this syndrome. A similar observation has 
been reported for swans (Cygnus cygnus and Cygnus atratus) 
since males presented a higher risk of angel wing develop-
ment than females (Arican et al. 2019). The high affectation 
in male Muscovy ducks is probably due to the fact that in 
this duck, the male presents a noticeably greater and faster 
weight gain than the female (Larzul et al. 2006; Shamma 
et al. 2011). However, we did not find other studies on the 
incidence of the disease or the relationship with manage-
ment conditions in ducks to compare with our results.

There are some studies on parasitological infection in 
Muscovy ducks. Nevertheless, these are mainly focused 
on parasitological surveys (Woodyard and Bolen 1984; 
Muhairwa et al. 2007; Mattos et al. 2008; Hoque et al. 2014), 
while the studies in relation to parasitic infections with man-
agement conditions and productive traits are limited for 
anatids. The incidence of gastrointestinal parasites (92.7%) 
was higher than in other research of the same species, which 
are around 52–57% (Muhairwa et al. 2007; Mattos et al. 
2008). This probably happens because multiple farms with 
different incidences have been sampled in previous studies, 
and parasitic infections are more common on organic farms 
like the ones we studied (Gocsik et al. 2014). Unlike our 
results, a previous study in Muscovy ducks showed a higher 
affectation by helminths and a low prevalence of coccidias 
(Hoque et al. 2014). However, other reports on Pekin ducks 
showed a higher frequency of coccidiosis than helminthiasis 
(Jayentakumar Singh and Mohilal 2017). Like our results, 
other reports have indicated that the most common hel-
minths affecting the Muscovy ducks are Ascaridia galli and 
Heterakis gallinarum (Muhairwa et al. 2007; Hoque et al. 
2014). Only one study in Mexico reported the presence of 
Hymenolepis spp. in this duck (Woodyard and Bolen 1984), 
and in the case of Strongyloides avium infections, no other 
investigations have been found.

We observed that the incidence of coccidia was higher 
in females than in male ducks. Differences in coccidi-
osis between sexes have been reported in broiler chickens  
(Ola-Fadunsin 2017). The frequency and loads of coccidiosis 
were higher in backyard conditions compared to the organized 
groups. Studies in broilers under disorganized or backyard 
conditions showed higher affectations of coccidiosis com-
pared to organized or commercial farms, since the sanitary 
and environmental conditions of backyard farms facilitate 
infection (Sharma et al. 2013; Fatoba and Adeleke 2018). 
We did not find a significant effect of coccidial infection on 
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the final weight of the ducks. However, a previous study of 
experimental Eimeria mulardi infection showed a decreased 
in the growth of Muscovy ducks (Sercy et al. 1996). There-
fore, further studies are required to better assess the effect of 
coccidiosis on the growth performance of this duck.

Probiotics showed significant protection against coccidio-
sis, reducing the frequency of infection but without decreas-
ing the oocyst loads. Other studies in broilers established a 
significant protective effect of probiotics against coccidiosis 

infection and a reduction in the coccidia oocysts loads (S. H. 
Lee et al. 2007a, b; Ritzi et al. 2014). Although we did not 
find studies on the role of probiotics for parasitic infection 
in ducks, there are some reports on their efficacy against 
pathogenic bacteria (Hristev et al. 2004; Nickolova and Pen-
kov 2005; Sheng-Qiu et al. 2013). Our research showed that 
probiotics can be a useful tool in protecting against coccidi-
osis in Muscovy ducks, and further studies are required to 
understand the effect on oocyst loads.

Fig. 3  A Helminth frequencies 
by treatment. B Helminth egg 
loads by treatment. * = sig-
nificant difference (p < 0.05), 
NS, no significant differences 
(p > 0.1), MS, marginally sig-
nificant (p = 0.05–0.1)
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We found that organized conditions with probiotic sup-
plementation reduced the frequency of H. gallinarum and 
significantly reduced loads of helminth eggs in feces sam-
ples. The use of commercial probiotics was helpful for the 
prevention of helminthiasis in Muscovy ducks. Our results 
are consistent with the positive effect of supplementation 
with probiotics that reduce helminth infections in differ-
ent animal models (Bucková et al. 2018; Leung et al. 2018; 
Reda 2018). A similar study in laying hens reported a lower 
frequency of helminth infection in individuals treated with 
probiotics (Shini et al. 2013). No significant association was 
found between helminth egg load and duck weight gain. 
Likewise, some studies in chickens indicate that helminthia-
sis is not significantly associated with reduced productivity 
traits (Gauly et al. 2008; Sharma et al. 2018). However, other 
researchers have found that helminthiasis has detrimental 
effects on growth performance and feed intake in chickens 
(Phiri et al. 2007; Daş et al. 2012; Katoch et al. 2012; Stehr 
et al. 2019). For this reason, it is important to carry out 
research to establish the effect of helminthiasis on the pro-
ductive performance of Muscovy ducks.

Conclusion

Our results indicate that the organized conditions with pro-
biotic supplementation are recommended in the breeding 
of Muscovy ducks due to the protective effect on parasitic 
infection. Likewise, it could reduce ascites incidence, but 
more studies with larger sample sizes are required since no 
statistically significant differences were found and the inci-
dence of the disease was low. Moreover, additional strategies 
for angel wing syndrome prevention are required for this 
type of poultry farming system, because the potential effect 
of faster weight gain with probiotics increases the risk of 
this syndrome.
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