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ABSTRACT This study aimed to evaluate, under in vitro conditions, the effect of the inclusion of yeasts of different
species on some fermentation parameters of Tifton hay. The gas production technique was used and the strains
evaluated belong to the species: Rhodotorula mucilaginosa, Issatchenkia orientalis, Candida tropicalis, Pichia
guilliermondii, and Saccharomyces cereviasiae. The equivalent of 7.0 mg DM of yeasts was added and the presence
of living cells in them was in the order of 107 cells . mL?. The parameters under study were: accumulated gas
production, methane, ammoniacal nitrogen concentration and protozoan count. Only the /. orientalis and S.
cereviasiae strains stimulated gas production and the inclusion of yeasts did not show an effect on the rest of the
parameters under study. It is concluded that the species and strain of yeast have a decisive effect on the ruminal
fermentation of fibrous substrates, which reaffirms the importance of selecting the appropriate strains for being
used as an additive in ruminant diets, according to the food you want to use.
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Introduction

The addition of yeasts to the diet of ruminant animals has favorable effects on the microbial population and the
fermentation indicators of the rumen and consequently, improves the productivity of the animals (Elghandour et al
2014). It also constitutes a replacement alternative to the use of growth-promoting antibiotics (Tripathi and Karim
2011).

In the world market, there are multiple products that use commercial strains of Saccharomyces cerevisiae yeast
as ruminal fermentation activators (Chaucheyras et al 2012). However, there are not many studies that show the use of
other yeast genera for these purposes. Thus, Castillo et al (2016) found that the yeast strain Issatchenkia orientalis could
be a potential candidate for being used as an additive. Wang et al (2016) also studied the inclusion of strains from
Candida genus under in vitro conditions and showed the positive effect of Candida tropicalis on ruminal fermentation.
On the other hand, Marrero et al (2020), in studies carried out in Cuba and Mexico, respectively, showed that yeast
strains of several species showed greater stimulation of the in vitro gas production of Cynodon nlemfuensis when
compared with a strain of S. cerevisiae and that the species and strain of yeasts, as well as their inclusion dose, had a
determining effect on the in vitro gas production from different fibrous substrates.

There are different hypotheses about the action mechanisms of yeasts to exert their effects on the digestive
processes of ruminants but it was also confirmed that the response to the inclusion of yeasts can vary due to multiple
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factors such as diet, species or strain used, dose and even the animal (Cagle et al 2019). For all the
above, it is considered necessary to carefully select the microbial additives to be used, according to the specific
characteristics of each production system.

Therefore, the objective of this research was to study the effect of the inclusion of yeasts from different species
on the in vitro gas production of Tifton hay under Brazilian edaphoclimatic conditions.

Material and Methods

This study was carried out in the laboratories of Animal Nutrition (LANA) of the Nuclear Energy Center for
Agriculture (CENA) from the University of Sao Paulo, Brazil. The in vitro gas production technique was used to compare
the effect of the inclusion of yeasts of different species in the ruminal fermentation of Tifton hay. The treatments
consisted of the inclusion of yeast culture at a rate of 7.5 mg de DM.mL? (equivalent to 10 g de DM/animal) for being
the amount that is generally included in ruminant diets. So, 3.5 mL of the yeast strain culture was added in each
treatment according to DM results of the culture that was previously determined and the presence of living cells in they
were among 6 and 15 x 107 cel.mL™.

The yeast strains evaluated were: Strain A (Rhodotorula mucilaginosa), Strain B (Issatchenkia orientalis), Strain C
(Candida tropicalis), Strain D (Pichia guilliermondii), Strain E (S. cerevisiae, FLEISHMANN), and Strain F (S. cerevisiae,
L/25/7/13). The first four belong to the Bank of Microorganisms from the Institute of Animal Science (Mayabeque, Cuba)
with registration number 980 in the World Data Centre for Microorganisms (WDCM and its gene sequences are located
in the Gen Bank (Marrero et al. 2013). The last two are used for alcohols production in Brazil and Cuba, respectively. In
addition, a control was included where yeasts were not added and 3.5 mL of YPD medium was placed to eliminate the
dilution factor. The substrate used was Tifton hay with DM at 100 °C of 904.99 g/Kg of green matter, ash of 54.11,
organic matter of 945.11 the NDF of 851.07, the ADF of 493.46, and lignin of 103.82 (values expressed in g/kg of dry
matter)

Collection and preparation of rumen inoculum

The inoculum was extracted from 5 Santa Ines sheep cannulated in rumen with an average weight of 60 + 2.5 kg
that intake Tifton hay with free access to a mixture of water and minerals. 0.5 g of substrate was included in a culture
medium and an inoculum of ruminal microorganisms at a ratio of 50:25 of the total incubation volume (25 mL of LRF +
50 of incubation medium = 75 mL). For the preparation of the inoculum, the liquid and solid fractions of the ruminal
content of each animal were separately collected. Then they were mixed at a rate of 50% of the solid material and 50%
of the liquid in a blender for 5 seconds in order to release the cellulolytic microorganisms adhered to the fiber. The
resulting material was filtered through 3 layers of gauze and kept in a water bath at 39 °C with a constant flow of CO..

Determination of gas and methane production

The determination of in vitro gas production was performed according to the Theodorou et al (1994) technique
adapted to a semi-automatic system (Bueno et al. 2005) using a pressure transducer and data store (Pressure Press Data
800, LANA, CENA-USP, Piracicaba/ Sao Paulo). Incubations were carried out in glass bottles of 100 mL capacity sealed
tightly with a butyl stopper. They were placed in a stove at a temperature of 39 °C. Gas production was manually
measured with the transducer at 4, 8, 12, and 24 hours after fermentation started. For each treatment, five repetitions
(ruminal inoculums in different bottles) were used and six blank (bottles with inoculum, without yeast, and without
substrate), and six bottles equal to the blank were placed, but the yeast culture was added.

For the measurement of CH4 using a gas chromatograph system (Shimadzu 2014, Chiyodaku, Tokyo, Japan),
during each one of the pressure measurement events, 2.5 mL gas samples were collected from the bottles, using 5 mL
syringes, and stored in 10 mL vacuum tubes, as described by Soltan et al (2012). Methane concentration was determined
by external calibration with an analytical curve (0, 3, 6, 9, and 12 %) of pure gas (White Martins PRAXAIR gases Industrial
INC, Osasco-SP, 99.5% purity). Methane concentration was calculated according to Longo et al 2006 by the equation:

CH4, mL = (total gas, mL +, 85 mL) x CH4 %
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Determination of the DM of yeast inoculums

The DM of each yeast was first determined. For this, cultures in Petri dishes were used in YPD medium with agar
with 24 hours of growth at 30°C. Some Lops of these cultures were taken and inoculated in test tubes containing 5 mL
of the same liquid medium until turbidity similar to the MacFarland 2 standard was achieved that was incubated under
the same conditions. At 24 hours, 1 mL of this culture was taken and inoculated in 50 mL of YPD medium in an
erlenmeyer of 200 mL capacity. These erlenmeyers were incubated at 30°C for 24 hours. From this culture, 20 mL was
taken and centrifuged at 3000 rpm and dried in an oven at 60 ° C. The DM was determined by weight difference.

Determination of ammoniacal nitrogen and protozoa count

Ammoniacal nitrogen was determined by the micro-Kjeldahlj method (AOAC 1995). In this method samples
containing up to 50 ug nitrogen are digested in tubes with sodium selenite (in sulphuric-phosphoric mixture) plus
hydrogen peroxide during one hour at 380 °C. Ammonium liberated is measured without extraction by Berthelot
colorimetric reaction (Guebel et al 1991). The protozoa were counted directly in the Neubauer chamber microscope.
For this, they were stained with a solution of gentian violet in 1% acetic acid.

Mathematical analysis and design

Analysis of variance was performed according to a completely randomized design with five repetitions for each
treatment for the indicators of methane production, ammoniacal nitrogen, pH, and protozoa count. For the results of
cumulative gas production, the modeling of the curves was performed by the two-compartment model and the
Gompertz model was fitted. Statistical criteria were taken into account: coefficient of determination, significance of the
adjustment and parameters and normality of residues: PG (a,b,c,t) = a*exp(-b*exp(-c*t))

The comparison between the treatments was carried out in accordance with the methodology presented by Jay
et al (2012) which consist of a test of homogeneity of regression curves using the Corrected Akaike Information Criterion.
Then, the mean square distance of the fitted curves was taken as the basis for the post-hoc multiple comparison tests,
using the minimum significant difference for a significance level p<0.01 as the tenth comparison. The experimental
results were analyzed with the statistical package InfoStat version 1.0 (Balzarini et al 2012).

Results and discussion

Only the strains I. orientalis and S. cerevisiae L/25/7/13 provided gas production values higher than the control,
while strains C. tropicalis and P. guilliermondii were below, showing a depressing effect of the fermentation process of
the substrate (figure 1). The strain R. mucilaginosa and S. cerevisiae, and FLEISHMANN provided a gas production equal
to the control. The results of multiple comparisons of values of the production had a significance of p <0.01 (Table 1).
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Figure 1 Cumulative gas production of Tifton hay with the inclusion of yeast strains of different species
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Table 1 Results of multiple comparisons of Tifton hay accumulated gas production
values with the inclusion of yeast strains of different species.

Treatments Gas production values accumulated at
24 hours (mL/g DM)

Blank 66.982

Control without yeast 150.42b

Strain A (R. mucilaginosa) 151.90b¢

Strain B ( . orientalis) 154.29¢

Strain C (C. tropicalis) 149.134

Strain D (P. guilliermondii) 139.13¢

Strain E (S. cerevisiae, FLEISHMANN) 151.23bc

Strain F (S. cerevisiae, L/25/7/13) 155.77f

*Different letters represent statistically significant differences (P<0.01) LSD. EE 1.700.

Despite these results in gas production, the inclusion of yeasts had no influence on pH, methane and ammonia
nitrogen production or the rumen protozoan population (Table 2).

Table 2 Effect of yeast inclusion on pH, concentration of N-ammonia, methane and protozoan population.

Treatments N-ammonia pH Methane Protozoan population
mg/100ML mL/gDM (x10° cel- mL1)
Control without yeast 43.40 6.77 10.95 8.67
Strain A (R. mucilaginosa) 41.44 6.79 11.87 8.07
Strain B ( /. orientalis) 42.56 6.78 11.87 7.71
Strain C (C. tropicalis) 41.72 6.76 11.01 8.19
Strain D (P. guilliermondii) 45.08 6.80 11.45 6.27
Strain E (S. cerevisiae, FLEISHMANN) 40.60 6.78 11.62 6.21
Strain F (S. cerevisiae, L/25/7/13) 44.80 6.79 10.85 8.79
EE 5.31 5.00 5.13 5.16

It is important in the results of this study to observe that the two strains belonging to the S. cerevisiae species
did not have the same effect on the gas production of the substrate. In this case, strain L/25/7/13 is used in alcohol
distillation processes in Cuba and FLEISHMANN is a strain that is marketed for the production of bread and sweets. In
another research, Pszczolkowski et al (2016) studied the effect of lyophilized craft brewer's yeast and baker's yeast.
They showed that yeasts are a rich source of protein and that brewer's yeast contains hops plant a-yB-acids (Humulus
lupulus L.) with additional potential benefit as a supplement since the amount of methane produced decreased in the
rumen of cattle and goats. This corroborates that the effect of the strains that are used as additives on the ruminal
microbial population is very specific.

Regarding the use of products with different strains of Saccharomyces cerevisiae, in concentrated diets, Cobos
et al (2010) found diverse results where none of the yeast products studied modified the IVDMD of the diet and the pH
of the incubated fluids but at 24 hours reduced lactic acid concentrations and increased the acetate: propionate relation.
Also, two of the strains under study increased the population of ruminal microorganisms while the third did not modify
it. These results corroborate the importance of selecting the appropriate strain according to the used diet.

As showed in this study, other strains other than Saccharomyces could be used as an additive for ruminant diets.
Ruiz et al (2016) studied, under in vitro conditions for 24 hours, the action of a strain of Candida norvegensis yeast in
the ruminal fermentation of oat straw and obtained increases in ruminal fermentation parameters, as well as microbial
growth with reduction of methane production. In addition, the yeast inoculum also improved IVDMD and the
concentration of ammonia-N.

On the other hand, Wang et al (2016) compared the effects of the addition of three different species of live yeast
(Candida utilis, Saccharomyces cerevisiae and Candida tropicalis) with four doses (0, 0.25 x 107, 0.50 x 107, and 0.75 x
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107 colony forming unit [cfu]) on the kinetics of in vitro gas production and fermentation parameters of corn and rice
straw. They concluded that C. tropicalis was the strain of best results as an additive and its optimal dose should be 0.25
x 107 cfu/500 mg of substrates in vitro. Nooraee et al (2010) also demonstrated that Kluyveromyces marxianus increased
the digestibility of in vitro dry material of alfalfa, guinea grass, and timothy hay by ruminal microorganisms.

Another aspect that attracts attention is the depressing effect that P. guilliermondii strain exerted on the
fermentation of Tifton hay since in previous studies, Marrero et al (2020) found that the same dose of this strain
stimulated the production of Cynodon gas nlemfuensis, which also constitutes a fibrous substrate, although the ruminal
inoculum used came from adult cattle. Regarding this, Tesfaye and Hailu (2019) stressed that there are several factors
that can influence the effect of microbial additives, among which are: the animal species, their physiological conditions,
the type of diet, the dose of the additive, the strain, among others.

Conclusions

Strains /. orientalis and S. cereviasiae L / 25/7/13 stimulated the gas production by ruminal microorganisms when
Tifton hay was fermented. However, there were no differences in the production of ammoniacal nitrogen and methane
or in the protozoan population of the rumen with respect to the control.

The determining effect of diet, species, strain and culture medium of yeasts in ruminal fermentation is confirmed,
which states the importance of selecting the appropriate strains to be used as additive in ruminant diets, in accordance
with the food to be use.
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