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In vitro gas production of a ration for dairy cows supplemented with
isolated yeasts from apple by-products
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In order to assess the effect of adding yeasts isolated from apple by-products on the in vitro gas production of a ration for dairy cows, eight inocula
were developed with the strains 2,9, 11 and 13 of Kluyveromyces lactis (K1); 3 and 8 of Issatchenkia orientalis (10); 4 and 6 of Saccharomyces
cerevisae (Sc). The in vitro gas production technique was applied for its assessment. The eight treatments consisted of 0.2 g of complete diet
+ 10 mL ruminal liquid + 20 mL artificial saliva and 1 mL of inoculum of the different strains. The inocula were evaluated in 120 glass
flasks of 50 mL, with three repetitions per treatment and different sampling times: 12, 24 and 48 h for the variables ammoniac nitrogen
(NH,), lactic acid (LA) and yeast counting (YC). For the gas production (PG), intervals of 3, 6, 12, 24 and 48h were established. The
data were assessed with the procedure Proc Mixed of SAS 9.0, for a random design of eight treatments in plots divided in time. The
results showed effect (P < 0.01) of strain and fermentation time in the variables NH,, LA and YC. The lowest values of NH, were
observed with the strain KI-2, and the highest ones with the lo-3, Io-8 and Sc-6, with values of 22.5, 24.8, 24.8 and 24.1 mM/mL,
respectively. Effect (P <0.01) was found on the YC, with best performance of the strains KI-2, K1-9, K1-11, K1-13 and Sc-6, with cell
counting of 1.9, 1.3, 1.2, 1.1 and 1.0 x 107cel/mL, respectively at 48h. It is concluded that the K. lactis yeast demonstrated to be the
most effctive strain for ruminal fermentation, with better performance in respect to higher cell counting and reduction of the lactic

acid.
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The productive performance of ruminants is in
function of the nutritional value of the diet they consume.
The in vitro gas production techniques used in the
assessment of ruminants’ feeds are of great interest for
the research on animal nutrition due to their low costs
and because they are not invasive.

These techniques simulate the fermentative and
digestive processes in the rumen, are cheaper and require
only small amounts of samples. Besides, they use less
time for their realization and favor better control of the
experimental conditions (Fondevila and Barrios 2001
and Lopez et al. 2007). The gas production technique
is in the peak as it allows following easily the evolution
of the ruminal fermentation and is very used to predict
the nutritive value of feeds, as well as to determine the
effect of substances used as additives (Colombatto et al.
2007 and Giraldo et al. 2008).

In order to improve ruminants’ health and productivity
(Lila et al. 2004), one of the alternatives used at present
is the yeast feeding additives, composed mainly
of Saccharomyces cerevisiae. The effects of using
microbial additives or their derivatives modify the
digestive and metabolic processes, translated into the
efficiency increase in the use of feeds and increase of
the productive capacity (Diaz-Reyes et al. 2009).

The search for alternatives of economically viable
feeds for animals that improve their productivity and
do not compete with human feeding; apart from being
natural and safe sources for human and animals’ health

is one of the premises of nutritionists (Calsamiglia et
al. 2005).

The objective of this study was to assess the effect
of adding eight strains of yeasts isolated from apple
by-products on the in vitro gas production of a ration
for dairy cows.

Materials and Methods

The experiment was conducted in the animal nutrition
laboratory of the Husbandry and Ecology Faculty of the
Autonomous University of Chihuahua, Mexico. The
strains used were K. lactis, strains 2, 9, 11 and 13; L
orientalis, strains 3 and 8; S. cerevisae, strains 4 and 6.
They were all obtained from solid state fermentation of
apple baggase for elaborating eight inocula. They were
added 100 g of molasses, 1 g of yeast, obtained from the
different strains; 1.2 g of urea, 0.2 g of ammonium sulfate
and 0.5 g of premixture of vitamins and trace minerals.
It was gauged at 1,000 mL with distilled water and
oxygenators were used for each flask. The fermentation
time for each inoculum was of 96 h, at average room
temperature of 20 °C. Once finished the fermentation
time for each inoculum, the yeasts were counted. Later,
dilutions of each until adjust them to 1.8 x10° viable
cells /mL1 were conducted.

Eight treatments were prepared with the eight
inocula: 1) 0.2 g complete diet + 10 mL ruminal liquid
+ 20 mL artificial saliva and 1 mL inoculum strain
2; 2) 0.2 g of complete diet + 10 mL ruminal liquid



166

+ 20 mL artificial saliva and 1 mL inoculum strain
9; 3) 0.2 g of complete diet + 10 mL ruminal liquid
+ 20 mL arificial saliva and 1 mL inoculum strain
11; 4) 0.2 g complete diet + 10 mL ruminal liquid +
20 mL artificial saliva and 1 mL inoculum strain 13;
5) 0.2 g complete diet + 10 mL ruminal liquid + 20
mL artificial saliva and 1 mL inoculum strain 3; 6)
0.2 g complete diet + 10 mL ruminal liquid + 20 mL
artificial saliva and 1 mL inoculum strain 8; 7) 0.2 g
complete diet + 10 mL ruminal liquid + 20 mL artificial
saliva and 1 mL inoculum strain 4; 8) 0.2 g of complete
diet + 10 mL ruminal liquid + 20 mL artificial saliva and
I mL inoculum strain 6.

The combinations were assessed in 120 glass flasks of
50 mL, with three repetitions per treatment (t) and different
sampling hours (12, 24 and 48 h) for the variables. For
yeasts counting (YC), the methodology described by Diaz
(2006) was used. The ammoniac nitrogen was calculated
with colorimetry, according to the procedure of Broderick
and Kang (1980). The lactic acid (LA) was determined by
colorimetry according to the procedure of Taylor (1996).
Samplings were established at 3, 6, 12, 24 and 48 h for the
in vitro gas production and the technique of Theodorou et
al. (1994) was applied.
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Statistical analysis. It was conducted with a mixed
model, using the time and the type of strain (inoculum)
as fixed effect. The repetition nested in each treatment
was used as random effect. The data were assessed
with the Proc Mixed procedure, of the SAS (2004) for
a random design of eight treatments in plots divided
in time.

Results and Discussion

Effect was found (P < 0.01) for the yeasts counting
due to the interaction time x inoculum (table 1). This
indicates differences in the amount of yeast with an
increase of the different treatments in function of time.
The highest concentration of yeasts proved in the gas
production corresponded to the t1 with the strain K1-2.
It standed out in all sampling times. The concentration
of yeasts in t5 with the strain lo-3, and in t6, with lo-8
disappeared rapidly from the ruminal environment.
The yeasts of the different inocula submitted to gas
production diminished gradually as fermentation
time passed. This result coinicides with the report
of Galindo et al. (2005) and Castillo et al. (2009)
when studying the growth of S. cerevisiae in ruminal
environment. They state that yeasts are not able to

Table 1. Influence of the type of yeast strain on the temporary evolution of cell counting N-NH, and LA

. . Hours
Variable Treatments  Strain
12 24 48

N-NH, 1 KI-2 12.1+0.75° 15.3+0.33° 22.8+0.35°
(mM/mL) 2 K1-9 12.0£1.15° 15.1+0.48° 23.2+0.33"

3 KI-11 12.6+0.76* 15.0+0.32° 23.24+0.31°

4 KI-13 12.2+0.59* 15.0+0.86° 23.2+0.21°

5 Io-3 13.3+£0.282 17.5£1.67° 24.5+0.00°

6 Io-8 11.7+0.722 16.5+1.65° 24.7+0.04°

7 Sc-4 13.3+0.02? 15.0+0.40° 23.8+0.10°

8 Sc-6 13.2+0.14* 13.8+0.23¢ 24.0+0.07°
LA 1 KI-2 21.7+0.31¢ 7.5+0.10e 2.4+0.01¢
(mM/mL) 2 KI-9 27.5+0.30° 10.1+0.04¢ 2.8+0.34¢

3 KI-11 34.7+0.22° 10.4+0.18¢ 2.3+0.31°

4 KI-13 28.1+£0.20¢ 15.8+0.35¢ 2.3+0.07°

5 To-3 45.74+0.39° 34.4+0.28° 17.6+£0.31°

6 To-8 32.8+0.34° 21.9+0.51° 15.3+£0.432

7 Sc-4 26.3+0.30¢ 17.7+£0.47¢ 8.8+0.32°

8 Sc-6 36.1+0.36° 18.24+0.18¢ 9.9+0.39*
Yeasts 1 KI-2 3.3x107+0.01¢ 2.5x107+0.01° 1.9x107+0.02?
(cel/mL) 2 KI-9 2.6x1107+0.01° 1.5x107+0.02° 1.3x107+£0.01°

3 KI-11 2.6x107+0.01° 1.4x107+0.03° 1.2x107+£0.03°

4 KI-13 2.3x107+0.02¢ 1.4x107+0.03° 1.1x107+0.02°

5 lo-3 2.2x107+0.02¢ 8.0x10°+0.02¢ 3.2x1004+0.26¢

6 To-8 2.4x107+0.01°¢ 9.0x10°+0.00¢ 1.5x10°+0.05¢

7 Sc-4 2.8x107+0.02° 1.1x107+£0.03° 9.8x10°+£0.00°

8 Sc-6 2.6x107+0.01° 1.3x107+0.06° 1.0x107+0.03°

ab.e.deDifferent letters with superscripts show difference (P < 0.01) between treatments
Means (+ SE) of the in vitro fermentative performance between treatments of eight yeasts strains
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keep a productive population in ruminal environment,
as it has growth inhibitor factors, like temperature.
The inocula tl, t2, t3 and t4, with the yeast K. lactis,
as well as t8, with S. cerevisiae showed higher yeast
population in the rumen in respect to the rest of the
inocula up to 48 h. This is due to the use of lactic acid
as energy source that allow them keep developing.
Similar results were obtained by Rodriguez (2009)
and Diaz-Plascencia et al. (2010a).

Effect was found (P <0.01) in the ammoniac nitrogen
due to the interaction time X inoculum, indicating
a different performance between the strains in the
fermentation time (table 1). This effect increased and was
more marked in the treatments t5, t7 and t8, with values
of 13.32 £ 0.28 to 24.52 + 0.00 mM/mL in t5; 13.37 +
0.02t023.85+0.10 mM/mL int7; 13.21 £ 0.14 to 24.05
+0.07 mM/mL in t8. The ammoniac nitrogen is the main
nitrogen source for the ruminal microorganisms, being
able to supply between 40 and 100 % of the nitrogen
needs for the synthesis of microbial protein (Dewhurst
et al. 2000). This effect is produced by the urea added
to the substrates during the fermentation processes,
which is transformed into NH, by the effect of ureolytic
microbial strains. Several authors report so in studies
related with manzarine and saccharine production, in
which similar effects are shown (Rodriguez 2009 and
Diaz-Plascencia et al. 2010b).

There was effect (P < 0.01) for the LA variable
during the fermentation hours (table 1), specifically
on the LA concentration in the treatments 1, 2, 3 and
4. There was higher loss of LA with Kluyveromyces
lactis in respect to the other inocula, from the 12 h to
48.

In respect to the performance for this variable by
the strains of the three genera, the four strains of K.
lactis showed less LA at 48 h. The two strains of the
genus S. cerevisiae were next, and those showing
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the highest concentration were the two strains of /.
orientalis. The LA increase of some fermentations
inhibits the microbial growth and induces the cell
death of the yeast or microorganisms, as reported
by Madrid et al. (1999), Ludovico et al. (2001)
and Garcia ef al. (2008). It is known that the LA
toxicity depends on the system pH. When the pH is
low, the LA is mainly in un-dissociated form and
may enter to the microbial cell through passive
diffusion (Geros et al. 2000). It dissociates in the
cytoplasm because of more neutral pH and the
protons are released. The cytoplasm pH interferes
with some metabolic paths (Schiiller et al. 2004),
as well as with the nutrients and ions transportation.
This modifies the membrane structure of the fatty
acids, the phospholipids composition and the protein
synthesis (Ramos et al. 2006). The LA is produced
by the carbohydrates catabolism and it is the best
indicator of the correct fermentation of the forages
under anaerobic conditions. However, the yeast K.
lactis has a very marked on the use of the LA, when
using it as energy source to survive for long periods
of time.

There was effect (P<0.01) on the treatments 1,
2, 3 and 4 with the yeast Kluyveromyces lactis for
gas production (figure 1). The fermentation rate and
degree of carbohydrates in the rumen vary accroding
to their type and structure (Ivan et al., 2005), and the
predominant microbial population (Dehority 2003).
The gas production increase obtained with these
strains could be the result of the raise of propionic
acid production. This is because the carbon dioxide
is produced when the propionic acid is formed by any
ruminal bacteria through the succinate-propionate
metabolic pathway.

Tang et al. (2008) also found possitive effect of
a yeast culture ont he gas production of Straw from

Gas production
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Figure 1. Comparison of the in vitro gas production of

eight yeasts
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different cereals. Other authors (Marrero 2005 and
Castillo 2009) have obtained similar results when
using the gas production technique to assess the yeasts
performance with different substrates.

Form the yeast strains used in this experiment,
the Kluyveromyces lactis was the most viable in
gas production and the one that resisted the most
the ruminal degradation. It also showed better
performance in yeasts production and lactic acid
reduction.
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