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Abstract: The rumen ciliate protozoa represent a significant component of the microbial 
ecosystem in ruminants, contributing to the degradation of complex carbohydrates, 
intra-ruminal nitrogen recycling, and interactions with methanogenic archaea. Despite 
their importance, the effects of probiotic supplementation on this community remain 
poorly understood. This study evaluated the impact of dietary yeast probiotics on the 
ruminal ciliate community in 16 Holstein × Jersey dairy cows. Animals were assigned 
to three treatments: a control with placebo (T1), a commercial probiotic yeast (T2), 
and a test probiotic yeast (T3). Rumen samples were collected and analyzed for ciliate 
density, diversity, and species composition. No significant differences were found in 
total or genus-level ciliate densities among treatments; however, species richness and 
community composition varied. A total of 27 ciliate species were identified. The control 
group (T1) exhibited the highest richness (26 species), while T3 showed the lowest (20 
species). Some species were exclusive to specific treatments, and none were unique 
to T3, suggesting possible inhibitory effects. These findings highlight the importance 
of species-level resolution in evaluating probiotic effects and suggest that yeast 
supplementation may alter protozoal community structure without affecting overall 
density, with potential implications for rumen function and host productivity. 
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INTRODUCTION
The rumen microbiota comprises a complex 
and dynamic community of microorganisms 
that play essential roles in the digestion and 
metabolic processes of ruminant animals. This 
microbial consortium includes bacteria, archaea, 
anaerobic fungi, viruses, and protozoa, with the 
latter dominated by ciliate species (Fonty & 
Chaucheyras-Durand 2006). Among these groups, 
ciliate protozoa can account for up to ~50% of the 
total microbial biomass in the rumen (Williams & 
Coleman 1992), highlighting their ecological and 
functional importance in this environment.

Ciliates in the rumen belong to the 
subclass Trichostomatia (phylum Ciliophora, 
class Litostomatea), and are taxonomically 

categorized into two orders: Vestibuliferida 
and Entodiniomorphida. Members of the family 
Isotrichidae (Vestibuliferida) are typically 
free-swimming and associated with soluble 
carbohydrate metabolism, whereas the more 
diverse Ophryoscolecidae (Entodiniomorphida) 
are often found attached to feed particles and 
are involved in the breakdown of complex plant 
materials (Dehority 1986, Lynn 2008, Cedrola et 
al. 2015).

Several studies have emphasized the 
functional contribution of trichostomatian ciliates 
to ruminal fermentation processes, particularly 
their involvement in the degradation of structural 
polysaccharides like cellulose and hemicellulose, 

DBF_ano


VALDIRLEY S. LIMA et al.	 PROBIOTIC EFFECTS ON RUMEN CILIATES IN DAIRY COWS

An Acad Bras Cienc (2026) 98(1)  e20250479  2 | 10 

as well as non-structural carbohydrates such 
as starch (Williams & Coleman 1992, Hillman et 
al. 1995, Morgavi et al. 2010). Ciliates possess a 
broad array of hydrolytic enzymes, and their 
capacity to engulf and digest plant particles and 
starch granules makes them pivotal for fiber 
digestion and energy release. Furthermore, they 
participate in intra-ruminal nitrogen recycling 
and interact synergistically with other microbial 
groups, such as methanogenic archaea, 
potentially influencing methane emissions 
(Firkins et al. 2020, Feng et al. 2020, Li et al. 2022).

Given their central role in nutrient 
utilization, the composition and abundance of 
rumen ciliates are considered key indicators 
of rumen health and host productivity. This 
has led to their frequent inclusion in studies 
evaluating the impact of dietary interventions, 
particularly the use of feed additives such as 
probiotics (Litonina et al. 2021, Sheikh et al. 2022). 
Probiotics are defined as live microorganisms 
that, when administered in adequate amounts, 
confer health benefits to the host by modulating 
gut microbiota, enhancing immune responses, 
or improving nutrient absorption (Parker 
2014). Common probiotic agents in ruminant 
nutrition include Gram-positive bacteria from 
the genera Lactobacillus, Enterococcus, Bacillus, 
and Streptococcus, as well as yeasts such as 
Saccharomyces cerevisiae (Biernasiak et al. 2011, 
Nalla et al. 2022).

The inclusion of probiotics in ruminant diets 
has been associated with multiple beneficial 
outcomes, including increased milk yield, 
enhanced feed efficiency, reduced incidence 
of metabolic disorders, stabilization of ruminal 
pH, mitigation of acidosis, and even reduction 
in enteric methane production (Yang et al. 2004, 
Chung et al. 2011, El-Waziry & Ibrahim 2007). 
However, despite growing interest, the direct 
effects of probiotic supplementation on the 
rumen ciliate community—in terms of density, 

diversity, and community composition—remain 
underexplored and sometimes controversial, 
with reports of both stimulation and suppression 
depending on the probiotic strain and dosage.

This study aims to address this knowledge 
gap by investigating the impact of dietary 
yeast supplementation on the rumen ciliate 
protozoal community in dairy cows. Specifically, 
we examine changes across different taxonomic 
scales, including total and generic abundance, 
species composition, prevalence, and richness. 
The findings aim to clarify the potential of 
probiotics to modulate eukaryotic members of 
the rumen microbiota and contribute to more 
targeted strategies for improving ruminant 
health and productivity.

MATERIALS AND METHODS
16 Holstein x Jersey cattle (Bos taurus) were 
used, housed in individual stalls, and distributed 
into three randomized blocks. The experiment 
was conducted at the Instituto de Zootecnia, 
located in Nova Odessa, São Paulo, Brazil 
[-22.773971505824942, -47.294080462564004]. 
During the experimental period (~40 days), the 
animals were fed a diet composed of Sorghum 
Silage (44.77%), Tifton Hay (20.35%), Barley 
(17.44%), and Energy Concentrate (17.44%), along 
with three treatments: T1 - control treatment, 
consisting of 12g of placebo without yeast; T2 - 12g 
of commercial probiotic yeast (Saccharomyces 
cerevisae), viability (%): 70; CFU/g: 2.0 x 1010; and 
T3 - 12g of test probiotic yeast (Saccharomyces 
cerevisae) (Zimotec BS01), viability (%): 79; CFU: 
1.45 x 1010.

Samples were manually obtained through 
gastric probe and consisted of ~20 cm3 of rumen 
content, including liquid and solid fractions, 
which were immediately preserved in 18.5% 
formalin (Dehority 1984). The identification 
of rumen ciliates was based on the studies 
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of Dogiel (1927), Kofoid & MacLennan (1930, 
1932), Kofoid & Christenson (1933), Ogimoto 
& Imai (1981), and Williams & Coleman (1992), 
through photomicrographs obtained with a 
Dialux 20 optical microscope (600X and 1000X 
magnification).

The total density of ciliated protozoa 
present in each sample was estimated using a 
Sedgewick-Rafter chamber, following Dehority 
(1984) and D’Agosto & Carneiro (1999). The ciliate 
density data were analyzed using the Kruskal-
Wallis test followed by the Dunn test, which 
is the non-parametric equivalent of ANOVA 
and Tukey tests, respectively. Total densities 
were compared among different treatments, 
considering effects only when p<0.05. Analyses 
were performed using the car package version 
3.0 (Fox & Weisberg 2019), implemented in R 
Studio 3.5.1. The prevalence of each species was 
determined according to Bush et al. (1997).

RESULTS 
Across the three treatments evaluated, we 
identified one subclass, two orders, three 
families, 15 genera, and a total of 27 ciliate 
species (Table I; Figure S1).

No statistically significant differences were 
observed in the total or generic rumen ciliate 
density among the three treatments or among 
the 16 animals assessed (p > 0.01; Tables II 
and III). However, differences in community 
composition, species prevalence, and species 
richness were evident across treatments and 
individual animals.

Among treatments, the species with the 
highest prevalence was Ostracodinium gracile, 
which was present in all treatment groups and 
in every animal examined (Table I; Figure 1). The 
control group (T1) exhibited the highest species 
richness, with 26 species identified, followed by 

Table I. Average rumen ciliate species prevalence per 
treatment evaluated in this study.

Subclass/Order/Family/
Subfamily/Species T1 T2 T3

Order Vestibuliferida

Family Isotrichidae

Dasytricha ruminantium 60 20 50

Isotricha intestinalis 80 80 83

Isotricha prostoma 100 100 83

Order Entodiniomorphida

Family Blepharocorythidae

Charonina ventriculi 60 20 0

Family Ophryoscolecidae

Subfamily Entodiniinae

Entodinium biconcavum 60 40 67

Entodinium bimastus 40 0 33

Entodinium caudatum 80 60 50

Entodinium contractum 20 0 0

Entodinium dubardi 20 20 0

Entodinium exiguum 40 40 50

Entodinium longinucleatum 60 80 67

Entodinium nanellum 40 40 83

Entodinium ovinum 20 20 17

Entodinium rectangulatum 60 60 67

Entodinium rostratum 80 80 50

Entodinium simplex 40 100 100

Subfamily Diplodiniinae

Diplodinium anisacanthum 60 100 100

Diploplastron affine 20 20 0

Eodinium posterovesiculatum 40 80 50

Eremoplastron rostratum 80 80 67

Eremoplastron bovis 20 0 0

Eudiplodinium maggii 0 20 0

Metadinium medium 20 20 33

Ostracodinium dentatum 20 0 0

Ostracodinium gracile 100 100 100

Polyplastron multivesiculatum 60 60 50

Subfamily Ophryoscolecinae

Ophryoscolex purkynjei 100 100 83

Total Species Richness 23 26 20
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treatment T2 with 23 species, and treatment T3 
with 20 species (Figure 2).

Some species were uniquely associated with 
specific treatments. For example, Entodinium 
contractum ,  Eremoplastron bovis ,  and 
Ostracodinium dentatum were found exclusively 
in T1. In contrast, Eudiplodinium maggi was 
exclusively detected in T2. Additionally, 
Charonina ventriculi, Entodinium dubardi, and 
Diploplastron affine were observed only in 
treatments T1 and T2. No species were found to 
be exclusive to treatment T3 (Table I).

When analyzing individual animals, species 
richness ranged from 4 to 21 species per 
animal. Consistent with the treatment analysis, 
Ostracodinium gracile was the only species 
identified in all 16 animals (Table I; Figure 3).

DISCUSSION  
This study evaluated the impact of dietary 
supplementation with yeast-based probiotics 
on the ruminal ciliate community in dairy cattle. 
To date, this is only the third study to investigate 
the effects of probiotics on ruminal ciliates with 
a taxonomic resolution at both the genus and 
species levels (Kowalik et al. 2008, Litonina et al. 
2021). Most prior studies have focused solely on 
total ciliate density, without detailed taxonomic 
breakdowns (Doreau & Jouany 1998, Lila et al. 
2004, Brossard et al. 2006, Doležal et al. 2011, 
Zábranský et al. 2019, Sheik et al. 2022).

In this study, no statistically significant 
differences were found in either total or 
genus-level ciliate densities among the three 
treatment groups (T1, T2, T3) or across the 16 
animals sampled. These findings align with 
those of Doreau & Jouany (1998), who reported 
no changes in the abundance of Entodinium, 
Epidinium ,  Diploplastron ,  and Isotricha 
following supplementation with Saccharomyces 
cerevisiae. Similarly, Lila et al. (2004) found no 
significant effect on total protozoal density 
across varying probiotic doses, and Zábranský 
et al. (2019) observed no changes in ruminal 
ciliates after administering Bifidobacterium sp.

Conversely, our results diverge from several 
other studies in the literature. For example, Kowalik 
et al. (2008) reported that supplementation in 
Bos primigenius cows significantly increased 
the total number of ciliates and the density 
of Entodinium, while reducing the densities of 
Diplodinium and Epidinium. Similarly, Doležal 
et al. (2011) documented a significant increase 
in total ruminal ciliate numbers in dairy cows 
given yeast-based probiotics.

L i ton ina  e t  a l .  ( 2021 )  exp lo red 
supplementation in Russian Black Pied calves 
using a novel enzymatic probiotic derived from 
cellulolytic bacteria isolated from the rumen 

Table II. Average total and generic rumen ciliate 
density (x104/ml of rumen contents) according to 
treatment evaluated.

Protozoa genus Treatments

T1 T2 T3

Dasytricha 1.34 1.32 1.22

Isotricha 2.36 1.44 1.92

Charonina 0.09 0 0

Entodinium 25.60 24.12 29.65

Diplodinium 1.47 1.56 1.70

Diploplastron 0 0.03 0

Eremoplastron 0.73 0.32 0.29

Eodinium 0.06 0.12 0.08

Eudiplodinium 0 0.16 0

Metadinium 0.12 0.06 0.05

Ostracodinium 0.51 0.57 0.42

Polyplastron 0.16 0.12 0.18

Ophryoscolex 0.25 1.15 0.98

Total 31.20 29.56 35.20
p-values >0.05 (Dunn test).
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of reindeer (Rangifer tarandus) and observed 
increases in both total ciliate density and in 
specific genera such as Entodinium, Dasytricha, 
and Isotricha. Likewise, Sheikh et al. (2022) 
demonstrated a marked increase in ciliate 
populations in male Corriedale lambs following 
probiotic supplementation with a combination 
of yeast (S. cerevisiae) and lactic acid bacteria 
(Lactobacillus acidophilus).

The absence of detectable effects on total 
and genus-level ciliate densities in our study may 
stem from several underlying factors. Existing 
literature reveals substantial variability in the 
probiotic strains employed, their administration 
protocols (including dosage and duration), and 
the host species involved (Mathieu et al. 1996, 
Arakaki et al. 2000, Galip 2006, Tripathi & Karim 
2011, Kowalik et al. 2008, 2011). This heterogeneity 
in experimental design and biological context 
likely accounts for the divergent outcomes 
reported across studies.

At the species level, however, we observed 
distinct treatment- and animal-specific effects 
on community composition, species prevalence, 
and richness. To our knowledge, no other study 
has evaluated species-level shifts in ruminal 
ciliate communities in response to probiotic 
supplementation, highlighting the novelty and 
depth of our approach.

Among the 27 ciliate species identified, 
Ostracodinium gracile and Isotricha prostoma 
were the most prevalent, occurring across all 
treatments and in 100% and 80% of the animals, 
respectively. While O. gracile is rarely reported as 
a dominant species in global rumen inventories 
(Booyse & Dehority 2011), it has been consistently 
observed at high prevalence in cattle and 
buffalo from southeastern Brazil (Dehority 1979, 
1986, Cedrola et al. 2024)—the same geographic 
origin as our study animals. Interestingly, this 
species was absent in northeastern Brazilian 
sheep (Cedrola et al. 2016), suggesting a possible 
regional or host-specific distribution. Conversely, 

Table III. Average total and generic rumen ciliate density (x104/ml of rumen contents) according to animal 
evaluated.

Protozoa genus Animals

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Dasytricha 0.16 0 0.32 0 0 0 0 0 0 0.16 0.16 0.32 0.32 0.16 0 0

Isotricha 2.24 1.12 0.32 3.04 0.48 0.96 5.12 3.36 0.64 1.76 0.48 1.12 2.72 3.36 2.08 1.76

Charonina 0.16 0 0 0 0 0 0.16 0.16 0.16 0 0 0 0 0 0 0

Entodinium 16.32 17.60 15.04 37.76 33.92 28.48 11.52 31.20 31.68 25.12 36.64 14.56 34.56 41.60 17.12 33.44

Diplodinium 1.92 1.60 0.16 3.36 0.80 0 3.68 1.28 2.40 0 0 4.00 1.60 2.40 1.12 1.12

Diploplastron 0 0 0.16 0 0 0 0 0 0 0 0 0 0 0 0 0

Eremoplastron 0.16 0.32 0 0 1.12 0 0 0.80 0.48 2.40 0.48 0 0.32 0.16 0.80 0

Eodinium 0.16 0 0.16 0.16 0.16 0 0 0.16 0.16 0 0 0.16 0.16 0 0 0.16

Eudiplodinium 0 0 0 0 0 0 0 0 0.16 0 0 0 0 0 0 0

Metadinium 0 0 0 0.32 0 0 0.48 0 0.16 0 0 0.32 0 0 0 0

Ostracodinium 0.96 0.80 0.48 0 0.64 0.16 1.12 0.80 0 0.48 0 0.32 0.32 0.32 0.64 0.96

Polyplastron 0 0.16 0 0.16 0.32 0 0 0.16 0.32 0.32 0 0 0.16 0.96 0 0

Ophryoscolex 0.24 0.64 0 2.40 0.32 0 0.48 0.64 0 0.16 0 2.08 0.32 0.16 0 1.92

Total 22.32 22.24 16.64 47.20 37.76 29.60 22.56 38.56 36.16 30.40 37.76 22.88 40.48 49.12 21.76 39.36
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I. prostoma is commonly found worldwide and is 
considered highly adaptable to diverse ruminal 
environments (Booyse & Dehority 2011).

Overall, species richness ranged from 20 to 
26 among treatments, with the control group (T1) 
exhibiting the highest richness (26 species). All 
species except Eudiplodinium maggii—which 
was unique to T2—were present in T1. T2 and T3 
harbored 23 and 20 species, respectively. Intra-
animal richness was highly variable, ranging 
from 4 to 21 species per individual.

In earlier Brazilian studies, Dehority (1979, 
1986) reported significantly higher species 
counts—49 and 55 species in buffalo and cattle, 
respectively. These discrepancies may be linked 

to animal management practices, particularly 
diet. Dehority’s work animals were pasture-
raised, a condition known to promote near-
neutral ruminal pH and favorable microbial 
stability. In contrast, animals in our study 
received a mixed diet including fibrous forage 
and an energy concentrate, which can lead 
to lower ruminal pH and decreased protozoal 
diversity (Franzolin & Dehority 2010, Cedrola et 
al. 2016).

Supporting this, Cedrola et al. (2016, 2024) 
observed similar richness levels (28 and 31 
species) in sheep and cattle under experimental 
diets with increasing levels of energy concentrate 
and urea, both of which destabilized ruminal 

Figure 1. Average rumen ciliate species prevalence per treatment evaluated.
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conditions and adversely affected sensitive 
ciliate species.

Notably, in our study, seven species were 
absent in the T3 group, suggesting a potentially 
deleterious effect of this treatment. Four of these 
species belong to the Diplodiniinae subfamily, 
which includes taxa considered highly sensitive 
to environmental perturbations (Williams & 
Coleman 1992, Cedrola et al. 2016). The other 
absent taxa belong to genera Charonina and 
Entodinium. The genus Entodinium is highly 
diverse, and while some species are known to 
be more resistant to environmental changes 
(Cedrola et al. 2016), others are considered more 
sensitive. For Charonina, however, no information 
is currently available regarding its tolerance to 
such disturbances. Functional studies in the 
future may help clarify the ecological responses 
of these taxa.

The maintenance diet provided to the animals 
consisted of fibrous feed along with an energy 

concentrate. This combination, particularly 
when paired with probiotic supplementation, 
may have triggered increased fermentative 
activity, raising volatile fatty acid production 
and lowering ruminal pH. Such acidification 
can inhibit colonization by many ciliate species, 
especially those in the Diplodiniinae subfamily 
(Cedrola et al. 2016), potentially explaining the 
reduced richness observed in T3.

CONCLUSIONS
This study provides novel information into the 
effects of yeast-based probiotic supplementation 
on the ruminal ciliate community of dairy cattle, 
with a new view at the species level. Although no 
significant differences were detected in total or 
genus-level ciliate densities across treatments, 
species-level analysis revealed meaningful 
shifts in community composition, richness, 
and prevalence, suggesting possible probiotics 

Figure 2. Rumen ciliate species richness per treatment evaluated.
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effects. The absence of seven ciliate species in the 
T3 group—particularly members of the sensitive 
Diplodiniinae subfamily—raises the possibility 
of adverse impacts under certain dietary 
conditions, likely related to changes in ruminal 
pH and fermentative dynamics. These findings 
underscore the importance of high-resolution 
taxonomic approaches in understanding 
microbiome responses and highlight the need 
for further research integrating host physiology, 
dietary composition, and microbial ecology to 
fully elucidate the role of probiotics in ruminant 
health.
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