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' Design and Evaluation of a Liquidbeneficial Yeast
Active Additivefor Ruminant Animal Diets
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Two experiments were performed in order to determine the in vitro fermentation behavior of yeast strains
isolated from apple’s byproducts and the optimum level of an additive based on this yeast added to
diets for high producingHolstein cows using the In vitro gas productiontechnique. In Experiment 1, eight inocula were
developed with yeast strains 2, 9, 11 and 13 of Kluyveromyceslactis (KI); 3 and 8 Issatchenkiaorientalis (lo); 4 and é of
Saccharomyces cerevisiae (Sc). The eight treatments consisted of 0.2 g sample of dairy cows feed + 10 mL ofruminal
liquid + 20 mL artificial saliva and 1 mL inoculum of different strains. There were 3 replications per treatment and
sampling times of 12, 24 and 48 h for variables ammonia nitrogen (AN), lactic acid (LAc) and yeast counts (YeC). Gas
production (GP) was determined at 3, 6, 12, 24 and 48 h. In Experiment 2, four treatments were evaluated: t1) 0.2 g
sample of the diet without yeast additive added; t2) 0.2 g of sample with 3x1011 CFU/kg DM; t3) 0.2 g of sample with
6x1011 CFU/kg DM and t4) 0.2 g of sample with 9x1011 CFU/kg DM. All treatments had 10 mL of rumen fluid + 20
mL of artificial saliva. According to the results obtained in the first experiment, the inoculum was prepared from 4 yeast
strains of K. lactis (KI) 2 and 11; l.orientalis (lo), strain 3 and S.cerevisae (Sc), strain 6.The evaluated variables were pH,
YeC, protozoa count (PrC), AN, LAc, and for GP sampling at 3, 6 , 12, 24, 48 and 96 h. Experiment 1 results showed
strain and fermentation time effect(P <0.01) in AN, LAc and YeC variables. The lowest ANvalues were observed with
the KI-2 strain and the higher with lo-3, lo-8 and Sc-6 strains, with 22.5, 24.8, 24.8 and 24.1 mM/mLvalues, respec-
tively. In YeC differences were observed (P <0.01) with a better performance of KI-2, KI-9, KI-11, KI-13 and Sc-6 strains
finding cell counts of 1.9, 1.3, 1.2, 1.1 and 1.0 x 107CFU/mL, at 48hrespectively.Experiment 2 results, show a pH in-
crease (P <0.01) over time from 7.1 to 7.4; whereas t2, t3 and t4 with inoculum treatments showed a gradual descent
from 12 to 24 h. PrC increased (P <0.01) with the highest increased production for t4 (0.01 + 1.8x107 CFU/mL, 48 h).
YeC excelled (P <0.01) in t4, with 2.0x107+ 0.00 CFU/mL at 48 h. AN increased in all treatments (P <0.01) from h12
to h96. LAc decreased (P <0.01) with the additive addition in t2, t3 and t4 showing a marked decrease in LAc, from
h12 to h96 with values of 7.12 + 0.19 to 2.04 = 0.19 mM/mL in t2, from 6.73 + 0.19 to 1.36 = 0.17 mM/mL in t3 and
10.73 = 0.29 to 1.95 + 0.16 mM/mL in t4, which shows the best LAc reduction.lt is concluded that the K. lactis yeast
proved to be the most effective strain for ruminal fermentation with the best performance in terms of increased CFU
count and therefore remain longer in the rumen environment and better LAc reduction.Inoculum addition to diets fa-
vored GF, YeC, PrC and a marked LAcreduction in t2, t3 and t4, showing that the most appropriate inoculum level to
be used in diets for high producing cows is 10mL/kg DM.

INTRODUCTION

Diet plays an important role in animal and human health.
In recent years, special attention has been dedicated to
functional foods production, aiming to add beneficial mi-
croorganisms or compounds within the body through the
daily diet (Dsi Criscio et al., 2010). Probiotics have shown
promising results in several animal production areas. A
probiotic is defined as a culture or mixed culture of live
microorganisms that benefit man or animals by improving
the properties of the indigenous microflora of the intes-
tine (Champagne et al., 2005). Benefits include bacterial
pathogens inhibition, reduction of serum cholesterol lev-

els, diarrhea and intestinal cancer; improved lactose toler-
ance, calcium absorption, vitamins synthesis and stimulate
the animal’s immune system (Sanchez et al., 2009). Solid
state and submerged solid fermentations are processes
that allow the exploitation of unconventional carbohy-
drates source from the animal feed using microorganisms.
Probiotics and yeast food additives, composed essentially
by Saccharomyces cerevisiae, have improved the health
and ruminants productivity when added to animal feed.
They remain active in the digestive tract exerting impor-
tant physiological effects that contribute to balancing the
rumen environment, (Desnoyers et al., 2009), they produce
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enzymes, complex B vitamins, minerals and various amino
acids (Van der Peet-Schwerin et al., 2007), and so stimulat-
ing the absorption of nutrients creating a healthy intestinal
environment and improving the immune system (Desnoy-
ers et al., 2009), resulting in beneficial effects on produc-
tivity performance. Many substrates can be fermented,
between them, the apple byproducts which can be used
as food (Becerra et al. 2008; Rodriguez-Grind et al., 2010).
Using Kluyveromyces lactis, Issatchenkia orientalis and Sac-
charomyces cerevisiae yeast inocula obtained from apple
bagasse, through the submerged solid fermentation has
contributed to the growth of yeasts useful in nutrition and
animal feed, providing efficiently beneficial active yeast,
being an adequate biotech pathway for the utilization of
industrial wastes rich in carbohydrates (Diaz-Plascencia et
al., 2011).

The in vitro gas production (GP) is a technique that is not
new but has been improved, allowing obtaining the for-
age's kinetics fermentation when it is incubated in jars. This
technique can predict gas volume production corresponds
to a certain dry matter amount degraded (Theodorou et
al., 1994; Posada and Noguera, 2005; Villegas-Castafieda
et al., 2010). One advantage of this procedure is that the
course of the fermentation and the role of the substrate
soluble components can be quantified (Pell et al., 1997).
An inherent in situ and in vitro method problem that have
tried to solve by GP technique is to study the early stages
of fermentation as the gravimetric methods are not sensi-
tive enough to measure small changes that occur in the
substrate weight during the first hours of fermentation
(Rosero, 2002). Therefore, the objective of this study was
to determine the optimal level of a yeast-based additive in
diets for high producing dairy cows, using the in vitro gas
production technique.

MATERIALS AND METHODS

This study was conducted at the Animal Nutrition Labora-
tory in the Facultad de Zootecnia y Ecologia, Universidad
Auténoma de Chihuahua, México, latitude 28° 35 North
longitude 106° 04’ West, with an altitude of 1595 AMSL
(Alvarez, 1992).

Experiment One: fermentative Behavior

Biological Materials and Media Culture Eight yeast strains
were used, which were obtained from apple bagasse solid
state fermentation, which were identified through the ex-
traction and amplification of 18S rDNA by Polymerase
chain reaction (PCR), in the animal transgenesis laborato-
ry, Faculty of Animal Science and Ecology at the Autono-
mous University of Chihuahua. To identify yeast serial dilu-
tion culture was performed and 16 colonies were isolated
to which DNA was extracted to amplify 185 rDNA region
(752 bp). The PCR product obtained was sequenced; the
analysis of the sequences was performed using the Blast
program database from National Center for Biotechnology
Information (NCBI). The sequences analyses showed that
the 16 yeast colonies isolated corresponding to: Kluyvero-
myces lactis, Issatchenkia orientalis and Saccharomyces
cerevisae (Villagran et al., 2009). The strains used in this
work were K. lactis strains 2, 9, 11 and 13; |. orientalis
strains 3 and 8; S. cerevisiae, strains 4 and 6, all obtained
from solid state fermentation of strains remained viable ap-
ple bagasses. Stains were kept viable by periodic passag-
ing into wedges and in Petri dishes. The medium used was
malt extract 33.6 g/L and the incubation time was 48 hours
at a temperature of 30°C. Subsequently, they were kept re-
frigerated 4°C.
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Inocula Preparation

Eight yeasts strains mentioned above were used for the
inocula preparation. Each, had the addition of 100 g of
molasses, 1 g of yeast obtained from different strains, 1.2
g of urea, 0.2 g of ammonium sulfate and 0.5 g of vita-
min premix and trace mineral and dilute to volume 1,000
mL with distilled water and using aerators for each flask,
the fermentation time for each inoculum was 96 h at 20°C.
Once the fermentation time for each inoculum was com-
pleted, we proceeded to perform yeast counts, to which
each subsequent dilutions were made to align them in
1.8x109 CFU/mL.

Strains Preparation for Incubation

Using the eight strains eight treatments were prepared. In-
cubation was carried out in 50 mL glass flasks; each con-
tained 0.2 g of cows offered diets composed of steam-
flaked corn, cottonseed, wheat bran, animal fat, bypass fat,
corn gluten meal, cottonseed meal, soybean meal, molas-
ses, minerals trace, salt, urea, calcium bicarbonate, alfalfa,
corn silage and water ad libitum. The chemical composi-
tion of the diet consumed by the fistulated cows (dry
matter) was as follows: DM, 61.13; CP, 17.80; CF, 21.87;
Ash, 11.13, EE, 4.45 and NFE, 44.75 according to AOAC
(2000).10 mL rumen fluid, 20 mL artificial saliva and 1 mL
inoculum of the respective strain. The combinations were
evaluated in 120, 50 mL glass vials, with 3 replications per
treatment at different sampling times (12, 24 and 48 h) for
the variables count yeast (YeC), ammonia nitrogen (AN)
and lactic acid (LAc) ; and 3, 6, 12, 24 and 48 h for GP.
For YeC, the methodology described by Diaz (2006) was
taken. AN was determined colorimetrically (Broderick and
Kang, 1980) and LAc (Taylor, 1996) .The in vitro GP pro-
cedure was done according to the Menke and Steingass
(1988) technique. This method is used to determine the
amount of gas produced by fodder in an incubation period
of 96 h. The amount of released gas is closely related to
the food degradability.

Diet samples were ground with a Tmm mesh (Menke et al.,
1979) and dried (105°C, 8 h). The in vitro rumen consisted
of bicarbonate and phosphate buffers, a reducing agent, a
nitrogen source, various minerals and resazurin. CO2 was
used during preparation of the means to ensure an anaer-
obic environment at the time of inoculation. The solution
A (micro mineral) was constituted by 13.2 g CaCl2. 2H,0,
10.0 g MnCl,.4H,0, 1.0 g CoCl,.6H,O, 8.0 g FeCl,.6H,O
in 100 mL with distilled water; solution B (buffer solution)
with39.0 g NaHCO, 6 35.0 g NaHCO, + 4.0 g de (NH)
HCO, . ; i, With distilled water; solution C (macro mineral)
by 5.7 g Na,HPO,, 6.2 g KH,PO,, 0.6 g Mg SO,.7H,O in
1 liter with distilled water; resazurin solution (100 mg re-
sazurin) made of 100 mL with distilled water; and reducing
solution 4 mL 1N NaOH, 625 mg Na,S.9H,0 added to 95
mL of distilled water.

To collect ruminal fluid three producing Holstein cows
were used with an average weight of 600 kg, fistulated in
the rumen dorsal sac and provided with a simple cannula
(Bar Diamond, Inc). They were housed in individual cubi-
cles and ate a whole grain diet consists of corn grain, cot-
tonseed, wheat bran, animal fat, bypass fat, corn gluten
meal, cottonseed meal, soybean meal, molasses, minerals
trace, salt, urea, calcium bicarbonate, alfalfa, fodder silage
and water ad libitum. The chemical composition of the
diet consumed by the fistulated cows (dry matter) was as
follows: DM, 61.13; CP, 17.80; CF, 21.87; Ash, 11.13, EE,
4.45 and NFE, 44.75 according to AOAC (2000).
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The ruminal fluid was collected 15 minutes before start-
ing the test with the help of a vacuum pump. Taking
the collected rumen fluid from the cows was held in the
morning immediately before feeding, considering that mi-
croorganisms are less active but more consistent in their
composition (Menke and Steingass, 1988; Blimmel and
Orskov, 1993). Samples were transported to the laborato-
ry in a 1000 mL sealed thermos previously tempered and
subsequently filtered through muslin. The procedure was
performed under a CO, atmosphere in order to ensure an-
aerobic conditions. The sample vials, ruminal fluid and ar-
tificial saliva were sealed and incubated at 39°C with con-
stant stirring (68 rpm), protecting from light; the evaluation
period lasted 48 h. The bottles internal pressure (exerted
by the GP) was measured with a pressure transducer at 3,
6, 12, 24 and 48 h incubation. The pressure values were
converted to volume of gas production (GP mL) according
Theodorou et al. (1994) GP net/h of each sample was ob-
tained from the GP observed difference less the average
GP white. Data are expressed in milliliters of 0.2 GP per g
dry matter (GP mL/0.2 g DM).

Ruminal Fermentation in vitro parameters (A, B, C) Solu-
tions A, B, C and resazurin were added into a flask with
distilled water, which was introduced in a rotary incubator
(Incubator Shaker 12400) at 39°C, subsequently reducing
solution was added and the whole mixture was bubbled
with CO2 until the color turned from blue to pink and fi-
nally clear (transparent). The previously collected rumen
fluid was filtered through a nylon stocking and mixed with
artificial saliva, artificial saliva: ruminal fluid final ratio was
2:1. It must be mentioned that the parameters A, B and C
were utilized to prepare the samples, but were not used in
the results interpretation because only the in vitro effect of
ruminal degradation was sought over this experiment time.

Experiment two: in vitro fermentation kinetics

Biological Materials and Media Culture

As result of the experiment one, a liquid yeast active ad-
ditive was created. The four yeast strains used for this
additive were: Kluyveromyces lactis strains 2 and 11; Is-
satchenkia orientalis, strain 3 and Saccharomyces cerevisae
strain 6, all obtained from solid state fermentation apple
bagasses, which were identified through the extraction
and amplification of 18S rDNA by Polymerase chain reac-
tion (PCR), in laboratory animal transgenesis, Facultad de
Zootecnia y Ecologia, Universidad Auténoma de Chihua-
hua (Villagran et al., 2009). To identify yeast serial dilu-
tion culture was performed and 16 colonies were isolated
to which DNA was extracted to amplify 18S rDNA region
(752 bp). The PCR product obtained was sequenced; the
analysis of the sequences was performed using the Blast
program database from National Center for Biotechnology
Information (NCBI). Stains were kept viable through peri-
odic passaging into wedges and in Petri dishes. The used
medium was malt extract 33.6 g/L and the incubation time
was 48 hours at a temperature of 30°C. Subsequently, they
were kept refrigerated 4°C. An experimental diet meeting
the NRC (2001) nutritional requirements for high produc-
ing Holstein cows (35 L/day expected production) was cre-
ated. Nutrién 5 software was used for the formulation of
this diet (Table 1).

Inocula Preparation

In a 1,000 mL glass flask it was added 1 g of the afore-
mentioned strains 250 g cane molasses, 750 mL whey, 2
g of urea and 0.04 g of ammonium sulfate. To each flask
an aquarium air pump was adapted to inject air and dilute
to volume of 1,000 mL with distilled water. The fermenta-
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tion time for the inoculum was 96 h to an average ambient
temperature of 28°C. Once the fermentation time for each
inoculum was completed, we proceeded to perform yeast
counts, finding the amount of 1.2x109 CFU/mL to subse-
quently adjust the amount of yeast required for each treat-
ment.

Rumen Fluid collection

All the animals used for ruminal fluid collection were kept
and handled following the procedures mentioned in Ful-
wider (2014). To collect ruminal fluid three producing Hol-
stein cows were used with an average weight of 600 kg,
fistulated in the rumen dorsal sac and provided with a
simple cannula (Bar Diamond, Inc). They were individually
housed in cubicles and ate a whole grain diet consists of
corn grain, cottonseed, wheat bran, animal fat, bypass fat,
corn gluten meal, cottonseed meal, soybean meal, molas-
ses, minerals trace, salt, urea, calcium bicarbonate, alfalfa,
fodder silage and water ad libitum, similar to the one used
in experiment 1. The rumen fluid was extracted through
said cannula and with the help of a vacuum pump before
food consumption in the morning (06 am). Samples were
transported to the laboratory in a 1000 mL sealed thermos
previously tempered and subsequently filtered through
muslin. The procedure was performed under a CO, atmo-
sphere in order to ensure anaerobic conditions. Bottles
with the food sample, ruminal fluid and artificial saliva
were sealed and incubated at 39°C with constant stirring
(68 rpm), protecting from light; the evaluation period last-
ed 48 h. The bottle’s internal pressure exerted by the gas
production was measured with a pressure transducer at 3,
6, 12, 24 and 48 h of incubation, after taking the reading
in each of the different times all pricked jars to release the
gas pressure. The pressure values were converted to vol-
ume of gas production (GP mL) according Theodorou et
al. (1994) GP net/h of each sample was obtained from the
GP observed difference less the average GP white. Data
are expressed in milliliters of 0.2 GP per g dry matter (GP
mL/0.2 g DM).

Treatments

There were evaluated three different treatments (inocu-
lum concentration) and a control treatment without inocu-
lum (Table 2). For the preparation of each treatment a 1
kg of the aforementioned experimental diet sample was
taken ground and manually mixed and homogenized with
the concentration of liquid yeast additive, respectively, in
a plastic tray. Then the amount of 0.2 g of the sample was
taken and placed in 50 mL glass jars (Table 2).

Measured Variables

pH, yeast and protozoa count, ammoniac nitrogen and
lactic acid were evaluated in 48 glass jars of 50 mL, with
3 replicates per treatment (t) and different sampling times
(h) 12, 24, 48 and 96 h. pH was determined directly with
a digital potentiometer within = 0.1 units, based on the
methodology described by Rodriguez et al. (2001). Yeast
counts (YeC) this analysis was based on, the methodology
described by Diaz (2006). 2 mL samples were deposited in
50 mL plastic bottles with cap; in each sample, two drops
of formalin 10% solution were added to preserve it in the
refrigerator until the count was performed. The YeC was
performed by microscopy; a variable volume pipette with
a range of 100 to 1000 pl with disposable tips was used
to take 1 mL of liquid sample and a serial dilution was
prepared using distilled water as diluent; a variable vol-
ume pipette with a range of 0.5 to 10 pl with disposable
tips; 10 pl of the dilution of each sample were taken, and
were placed in a hemocytometer (Neubauer chamber) for
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counting. Protozoa count (PrC), counted using a light mi-
croscope in a Neubauer chamber. For this protozoa were
stained with gentian violet solution in 0.01% glacial ace-
tic acid by 1% according to Painting and Kirsop method
(1990). Ammonia nitrogen, 2 mL were taken of each sam-
ple were placed in 50 ml plastic jars and frozen (-5°C) for
storage until the determination of N-NH, samples were
thawed under refrigeration (4°C) and NH3-N concentra-
tion of the liquid samples was determined by colorimetry
according to the Broderick and Kang (1980) method. For
lactic acid (LAc), 2 mL were taken of each sample were
placed in 50 mL plastic jars and frozen (-5°C) for storage
until determining LAc. Upon determination, the samples
were thawed under refrigeration (4°C) and the concen-
tration of LAc of liquid samples was determined colori-
metrically by the method of Taylor (1996). The in vitro gas
production (GP) was determined in 12 in addition to the
48 glass vials of mL 50 above mentioned with 3 repli-
cates per treatment in different sampling times, 6, 12, 24,
48 and 96 (h), according to the technique of Menke and
Steingass (1988). Sample preparation involved the ground
substrate in a Tmm mesh (Menke et al., 1979). Samples
were dried at 105° C for 8 hours. The in vitro rumen con-
sisted of bicarbonate and phosphate buffers, a reducing
agent, a nitrogen source, various minerals and resazurin.
CO2 was used during preparation of the means to en-
sure an anaerobic environment at the inoculation time.
Avrtificial saliva comprising solution A (micro minerals) con-
sists of 13.2 g CaCl2.2H20, 10.0 g MnCI2.4H20O, 1.0 g
CoCl2.6H20, 8.0 g FeCl3.6H20 in 100 mL with distilled
water; B (buffer solution), solution consisting of 39.0 g or
35.0 g NaHCO3 + or 4.0 g of (NH4) HCO3 in 1 liter with
distilled water; C (macro mineral) solution consists of 5.7 g
Na2HPO4, 6.2 g KH2PO4, 0.6 g Mg SO4.7H20 in 1 liter
with distilled water; resazurin solution (100 mg resazurin)
made of 100 mL with distilled water; and reducing solution
consisting up to 4 mL 1N Na OH, 625 mg Na25.9H20,
added to 95 mL of distilled water. Incubation was carried
out in 50 mL glass flasks; within these 0.2 g of the com-
plete ration, 10 mL of ruminal fluid and 20 mL of artificial
saliva was placed and the corresponding amount of yeast
was added per treatment in each glass jar.

Statistical Analysis

Data were evaluated with the procedure (Proc Mixed) of
SAS (2004) for an 8 treatments randomized design (Experi-
ment 1) and 4 treatments (Experiment 2) in split plots in
time.

RESULTS

Experiment One Yeast Count (YeC) In the interaction time
by inoculum an effect (P <0.01) was found, indicating that
there were differences in the amount of yeast with in-
creased in the different treatments depending on the time.
The highest concentration of yeast found in the gas pro-
duction (GP) was observed in t1, with the Kl-2 strain ex-
celled in all sampling times, the t5 with strain lo-3 and t6
with [-8 strain disappeared in ruminal environment quickly
as shown in Figure 1.

Ammonia nitrogen (AN)

An effect (P <0.01) was found for the interaction time by
inoculum, indicating different behavior between strains
over fermentation time. The AN increased, especially in t5,
t7 and t8 treatments: 13.32+0.28 to 24.52+0.00 mM/mL in
t5, 13.37+ 0.02 to 23.85+0.10 mM/mL in t7, 13.21+0.14 to
24.05+£0.07 mM/mL in t8 (Figure 2).

Lactic acid (LAc)
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An effect (P <0.01) in the hours of fermentation on LAc
concentration in all treatments was observed. Estimates
of mean t1, t2, t3 and t4 treatments inoculum of yeast K.
lactis, values had more LAc loss compared to the other
inocula of the h 12 to h 48 with values of 21.75+0.31 to
2.47+0.01 mM/mL in t1, 27.54+0.30 to 2.82+0.34 mM/mL
in t2, 34.77+0.22 to 2.37+0.31 mM/mL in t3, 28.14+0.20
to 2.39+0.07 mM/mL in t4. The behavior for this variable
by the strains of three different genera, it is seen that at 48
hours, the four K. lactis strains had less LAc, then the two
strains of the genus S. cerevisiae and the two strains of I.
orientalis showed more concentration of LAc (Figure 3).

Gas Production (GP)

An effect (P <0.01) on GP was observed in all treatments.
In the inocula where different yeast strains were included,
it can be observed the maximum increased from the GP
accumulated in the h3 and h48, with values of 4.63+0.06
to 2.00+0.05 GP mlL/0.2g MS in t1, 4.36+x0.08 to
2.00£0.03 GP mL/0.2g MS in t2, 4.36+0.12 to 2.03+0.03
GP mL/0.2g MS in t3 and 4.26+0.012 to 1.93+0.08 GP
mL/0.2g MS in 4, all the K. lactis genus (Figure 4).

Experiment Two.

pH: This variable showed an effect (P <0.01) in treat-
ment time interaction. Estimated pH values from h12 to
h96 in t1, increased gradually over time of 7.17+0.00 to
7.44%0.00 h; whereas t2, t3 and t4 treatments showed a
gradual decline from the h12 to h24, a slight increase from
h48 to h96.

Yeasts counting (YeC): effect (P <0.01) was found by treat-
ment time interaction in the amount of yeast, with a fluc-
tuating behavior in the different treatments depending on
the time. The highest yeast concentration was found in the
GP was observed in t4, with a value of 5.4x107+0.00 in
h12 and 1.8x107+0.01 CFU/mL-" in the h48 (Figure 5).

Protozoa count (PrC): An effect (P <0.01) in treatment time
interaction in the amount of protozoa, with a fluctuating in-
crease in all treatments, highlighting t4 with a production
of 1.1x106£0.02 to 2.0x167+0.00 CFU/mL-1 (Figure 6).

Ammonia nitrogen (AN): An effect (P <0.01) by treatment
time interaction for all treatments from h12 to h96 was
found.

Lactic acid (LAc): A significant effect (P <0.01) was ob-
served between the inoculum concentration and time in t2,
t3 and t4 treatments, where an LAc reduction, from h12 to
h96 with values of 10.73+0.29 to 1.95+0.16 mM/mL was
recorded in t4 being the best LAc reduction (Figure 7).

In vitro gas production (GP): An effect (P <0.01) was found
for treatment time interaction in all treatments. The maxi-
mum cumulative GP increase was presented at h3 with val-
ues 3.06x0.06 GP in mL/0.2g DM in t1, 4.03£0.03 GP in
mL/0.2g DM in t2, 4.70+0.05 GP mL/0.2g DM t3 and GP
4.70+0.05 mL/0.2g DM in t4, and was gradually reduced
(Figure 8).

DISCUSSION

The present study provides for the first time data related
to the development of a liquid yeast additive created us-
ing inherent strains from the apple bagasse which can be
utilized for the ruminant animal diets.

Experiment One
Yeast Count (YeC)
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According to the obtained results, yeasts from different in-
ocula under the GP gradually decreased as fermentation
time went by which coincides with similar results obtained
by Arambel and Rung-Syin (1987) and Marrero et al. (2014)
when they studied the growth of S. cerevisiae on ruminal
environment. These authors pointed that yeasts are unable
to maintain a productive population within the rumen en-
vironment, as this contains inhibitory growth factors such
as temperature. The inocula t1, t2, t3 and t4 with K. lactis
strain and t8, S. cerevisiae strain shown to have a larger
yeast population in the rumen compared to other inocu-
lants up to h48, this probably due to the use of the lactic
acid as an energy source to keep viable and further de-
veloped (Rodriguez-Muela et al., 2010; Diaz-Plascencia
et al, 2011). Inocula t5, t6 and t7 provided an acceptable
concentration of yeast, but immediately enter degrada-
tion phase, which confirms the point made by Williams
et al. (1990). However, it is important to mention that the
anaerobic fermentation process in the rumen by microor-
ganisms makes substrates mainly in carbohydrates and mi-
crobial protein, and other fermentation final products such
as volatile fatty acids, dioxide carbon (CO,), peptides and
amino acids among others (McDonald et al., 2002; Dehor-
ity, 2003).

Ammonia nitrogen (AN)

The AN is the main nitrogen source for rumen microor-
ganisms, which can supply between 40 and 100% of this
item needs for microbial protein synthesis (Dewhurst et al.,
2000). This effect is given by the urea added to the sub-
strates in fermentation processes, as it is transformed to
AN affect ureolytic microbial species, as reported in the
production of manzarina and saccharina mainly showing
similar effects to that observed in the present study (Val-
ifo et al., 2002; Calderén et al.,, 2005; Rodriguez, 2009,
Diaz-Plascencia et al., 2010). If the substrate has a low en-
ergy input, microorganisms cannot incorporate them in the
amino acids formation for growing or do so at a low rate.
When you have a low pH AN produced is retained in the
substrate (Diaz-Plascencia et al., 2011). The AN may also
occur by deamination activity and thus can be used by cer-
tain microorganisms that do not hydrolyze added urea to
the fermentation medium and as a result, the amount of
some microorganisms in fermented substrates can be in-
creased and may even disappear, causing the increase or
lower the levels of AN; as a result, the fermentation me-
dium is modified and causes changes in pH, the transit
speed and ruminal microbial population prevailing, which
in turn can alter the proteolytic activity (Cardozo et al,,
2000; Cardozo et al., 2002)

Lactic acid (LAc)

The LAc increased in some fermentation inhibits microbial
growth and induces cell death in yeast or microorganisms
(Madrid et al., 1999; Ludwig et al., 2001). It is known that
LAc toxicity is pH dependent on the system. At low pH,
this LAc is found primarily in undissociated form and can
enter the microbial cell by passive diffusion (Geros et al.,
2000); dissociates in the cytoplasm due to more neutral
pH and protons are released, lowering the cytoplasm pH,
which interferes with some metabolic pathways (Schiller et
al., 2004) and in the transport of nutrients and ions, chang-
ing the membrane structure, in the fatty acids, the compo-
sition of phospholipids and protein synthesis (Ramos et al.,
2006). LAc is produced by the catabolism of carbohydrates
and is the best indicator of the right fodder fermentation
under anaerobic conditions, but the yeast K. lactis, has a
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very marked effect on the use of this molecule when used
as an energy source to continue to survive for prolonged
periods.

Gas Production (GP)

The rate and extent of fermentation of carbohydrates in
the rumen varies with the type and structure thereof (lvan
et al., 2005) and according to the dominant microbial pop-
ulation (Dehority, 2003). The increase in GP obtained with
these strains could be the result of increased production
of propionic acid because the carbon dioxide is produced
when the propionic acid is formed by some rumen bacte-
ria for the metabolic pathway succinato- propionate (Wolin
and Miller, 1988). Tang et al. (2008) also found a positive
effect in GP when adding a yeast culture to different cere-
als straws. Several authors coincide in similar results when
they used the GP technique to assess the behavior of
yeast against different substrates (Lila et al., 2004; Castillo
et al., 2009; Marrero et al., 2014).

Experiment Two.

pH: The ruminal pH strengthens the balance between the
buffering capacity and the fermentation acidity considering
that pH decreasing, acetate propionate ratios narrow, con-
sequently with pH increasing reactions acetate propionate
are extended (Wales et al., 2004).

Yeasts counting (YeC): Yeasts of different treatments de-
creased as fermentation time went by, which coincides
with similar results obtained by Castillo et al. (2009), when
they studied S. cerevisiae growth in the rumen environ-
ment.

Protozoa count (PrC): The increase was probably due to
the fact that all treatments had pH and a supply of AN
and LAc suitable for their growth and multiplication. Pro-
tozoa degradation is usually associated with a decrease
in the butyrate proportion and acetate or propionate in-
creased. These results are similar to those reported by
Kumar et al. (1994), who indicate that yeast increases the
total bacteria number, total viable cellulolytic, amylolytic
bacteria and protozoa.

Ammonia nitrogen (AN): The found AN increase, could be
given by the added urea to the substrates in fermentation
processes, as it is transformed to AN affect ureolytic mi-
crobial species. A similar effect has been reported in the
production of manzarina and mainly saccharina (Rodriguez-
Muela et al., 2010).

Lactic acid (LAc): The increase in the concentration of LAc
in t4 is mainly due to the establishment of the lactogenic
bacteria. Increasing LAc in some fermentation inhibits mi-
crobial growth and induces cell death in yeast or microor-
ganisms (Garcia et al., 2008).

In vitro gas production (GP): The increase in GP obtained
with these strains could be the result of increased produc-
tion of propionic acid because the carbon dioxide is pro-
duced when the propionic acid is formed by some rumen
bacteria for the metabolic pathway succinato- propionate
(Tang et al., 2008). The fermentation pattern in ruminants
is performed in the ruminal environment which is influ-
enced by the interaction between diet, microbial popula-
tion and the animal itself. Two important aspects in the ru-
men are for fermentation conditions an efficient cellulolytic
activity and needs for optimal microbial protein synthesis.
However, the relative importance of these processes varies
according to the food characteristics.
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CONCLUSIONS

Of the eight yeast strains used in this study, K. lactis
proved to be the most viable for the GP and the one that
most resisted ruminal degradation, showing a better per-
formance in yeast production and participation in reducing
lactic acid. The yeasts S. cerevisiae and |. orientalis shown
to have an important role during fermentation, being these
which give the primary conditions for K. lactis, in subse-
quent fermentation processes. Yeasts are incorporated into
diets with the purpose of improving health and especially
the animal performance and improve their husbandry char-
acteristics, so it is advisable to continue testing this yeasts
inoculum obtained from apple bagasse in order to further
improve it. It is concluded that the addition of the liquid
yeast additive in diets favored the gas production, the
yeasts count and total protozoa counting with a marked re-
duction of lactic acid in treatment 4 so we believe that the
optimal amount to use is 30 mL/kg of offered food.

Table 1. Content and calculated analysis from the diet
used in the experiment, for high producing Holstein
cows (expected production 35 L cow/day). Nutritional
requirements from NRC (2001).
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Table 2. Treatment design (experiment 2)
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Figure 1. Yeast population degradation by time accord-
ing to the used inoculum (experiment 1).
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Figure 2. Ammonia Nitrogen concentration by time ac-
cording to the used inoculum (experiment 1).
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Figure 3. Lactic Acid reduction by time according to the
used inoculum (experiment 1).
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Figure 6. Protozoa population by time according to the
inoculum concentration (experiment 2).
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