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Table 1. Dietary composition of the experimental TMR diets with different concentrate content

Dietary ingredients TMR 60% TMR 70%
Alfalfa hay 220 220
Corn silage 180 80

Dried beet pulp 40 40
Corn grain 130 180
Barley grain 130 180
Wheat grain 40 40
Soybean meal 110 110
Canola meal 70 70
Corn gluten meal 30 30
Ca carbonate 10 10

MgO 4 4

Salt 10 10

Sodium bicarbonate 10 10

Di-calcium-phosphate 6 6

Min/Vit supplement 10 10
Sum 1000 1000

Chemical composition

DM 60 60

NEI (Mcal/kg DM) 1.6 1.8

CP 18 18

NDF 33 28

NFC 38 44

Total Fat 2.4 24

Ca 1 1

P 0.6 0.6
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Table 2. Primer design and characteristics used for PCR amplification of rumen microorganisms

(FO- Primer) (RE — Primer) Ann. Temp. Reference
Total bacteria GTG STG CAY GGY TGT CGT CA GAG GAA GGT GKG GAY ACGT 60 Maeda et al. (2003)
Total protozoa CAYGTCTAAGTATAAATAACTAC CTCTAGGTGATWWGRTTTAC 61 Sylvester et al. (2004)
Total fungi GAGGAAGTAAAAGTCGTAACAAGGTTTC CAAATTCACAAAGGGTAGGATGATT 60 Denman & McSweeney (2006)
F. succinogenes GGTATGGGATGAGCTTGC GCCTGCCCCTGAACTATC 62 Tajima et al. (2001)
R. albus GTTTTAGGATTGTAAACCTCTGTCTT CCTAATATCTACGCATTTCACCGC 60 Potu et al. (2011)
R. flavefaciens TCTGGAAACGGATGGTA CCTTTAAGACAGGAGTTTACAA 62 Koike, S. & Kobayashi (2001)

B. fibrisolvens TAACATGAGTTTGATCCTGGCTC CGTTACTCACCCGTCCGC 62 Potu et al. (2011)
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Table 3. Effects of yeast supplementation on cumulative gas production kinetics in total mixed diet

Cumulative Gas production (ml/g DM)

Doses 2 4 6 8 12 24 48 72 96 120 144
TMR 0 2.99° 9.27¢ 13.78° 16.20¢ 23.54¢ 57.77¢ 150.28° 245.66° 336.77¢ 425.16¢ 489.82f
60% 4 4.818 12.77° 19.322% 23.14%® 32.91° 73.36% 167.52¢ 264.09¢ 356.48¢ 443.52¢ 507.26°
8 3.65% 10.80%° 15.83% 18.350¢ 26.14°%¢ 63.02° 163.82¢ 273.93¢ 376.65¢ 475.64¢ 547.84¢
12 5.33? 14.26° 21.49° 25.452 36.21° 80.952 187.15° 297.33P 408.57° 509.42" 583.04°¢
TMR 0 3.65% 10.80%¢ 15.83% 18.35%¢ 26.14%¢ 63.02¢ 163.82¢ 273.96° 376.65¢ 475.64¢ 547.84¢
70% 4 4.39° 12.41° 18.43° 21.61° 30.90° 71.52% 177.74¢ 294.10° 400.92° 503.57¢ 580.18¢
8 3.17° 10.61%¢ 15.77%¢ 18.93%¢ 28.02° 71.30% 185.69° 301.59° 411.63° 519.46° 598.70°
12 3.55% 12.11° 17.85° 21.48° 31.41° 78.632 204.66° 331.712 452.10° 570.422 657.50°
SEM 0.327 0.579 0.937 1.20 1.60 2.46 2.14 2.10 2.57 2.96 3.44
Pf‘T'LgS 0.0311 0.4765 0.3392 0.4176 0.6075 0.1805 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Yeast Dose <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TMR*Dose
Table 4. Effects of yeast Supplementation on rumen fermentation parameters in TMR diets

Doses Total Acetate  Propionate  Butyrate = Valerate Iso Iso pH N-NH; Lactic 'LPS

VFA (mlrL00mly (ml/L00mly (ml/L00mly muioom)y  Butyrate  Valerate (mg/dl) Acid activity

(mMolfl) (m/100ml) (m/100ml) (9/)  (x103 EU/mI

TMR 0 104.25f 59.40% 27.05% 7.10 5.35 0.50 0.60 5.93f 13.992 0.164° 3.16°

60% 4 115.74¢ 60.05° 26.87% 6.48 5.48 0.43 0.69 6.11¢ 13.84° 0.117¢ 2.07%

8 124.50° 60.42° 26.46% 5.86 6.03 0.46 0.78 6.38" 13.76% 0.053¢ 1.18¢

12 131.99° 61.13° 25.62° 7.17 5.04 0.42 0.62 6.41° 13.67° 0.026° 0.342f

TMR 0 110.80¢ 57.11° 28.68% 7.31 5.72 0.48 0.71 5.86¢ 12.38¢ 0.186% 5.272

70% 4 122.30° 57.56" 28.342 7.08 5.76 0.47 0.79 6.02¢ 12.158 0.121°¢ 2.65%

8 130.81° 59.15% 27.67% 6.89 5.03 0.50 0.76 6.23° 12.03f 0.059¢ 1.74¢%

12 141.05° 60.86° 26.59% 7.06 4.40 0.44 0.66 6.39° 11.719 0.028° 0.472f

SEM 0.665 1.113 0.844 0.590 0.452 0.048 0.05 0.0073 0.0247 0.023 0.166

Pralues <0001 00389 00144 01349 07127 01100  0.0043 <0.0001 <0.0001 <0.035  <0.0125

Yeast Dose <.0001 <0.0001 0.0021 0.0529 0.0057 0.2362 0.0416  <0.0001 <0.0001 <0.002 <0.001

TMR*Dose 0.1698  0.8649 0.9389 0.7959  0.1949 07039  0.1565  0.0217 <0.0001 <0.061  <0.001

Means within same column with different letters differ significantly (P<0.05)
0.0043 0.0211 0.0277 0.0681 0.0778 0.0829 0.0460 0.3800 0.2497 0.0121 0.0013

Means within same column with different letters differ significantly (P<0.05)
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Figure 1. Effect of yeast supplementation on the protozoa, fungi and cellulolytic microorganisms’
population in the rumen in vitro in diets containing 60 (a) and 70 (b) percent concentrate
SEM was 5.11, 4.12, 3.08, 4.32, and 5.11 for protozoa, fungi, fibrobacter succinogenes, Ruminococcus albus,
and Ruminococcus flavefaciens, respectively.
The effect of yeast level, diet type and interaction between them in relation to all studied strains was

Table 5. Effects of yeast supplement (Saccharomyces cerevisiae) on gas production parameters and DM and NDF digestibility
in TMR

Doses b c Gya4 ME OMD NDFD DMD
(ml/g DM) (mifh)  (mlig DM) MJkg (g/100gOM) (g/100gDM) (g/ 100g DM )
(DM)

TMR 60% 0 31753 0.032° 53.200 7.62° 60.25¢ 57.63% 61.78¢
4 329.34¢ 0.027% 70.650% 7.93b 62.35¢ 59.25p 64.53d
8  334.81% 0.031° 59.37¢ 8.072b 64.540 59.98ba 66.97¢
12 35564 0.018° 76.192 8.19 66.212 61.86° 67.660

TMR 70% 0 328510 0.050° 59.36% 6.84¢ 63.73¢ 53.10° 65.11°
4 36397° 0.040% 68.88¢ 6.96° 62.95¢ 57.174 64.53d
8  391.15b 0.026" 68.61° 7.22¢ 64.12° 58.65¢ 66.97¢"
12 408.80° 0.017¢ 74.242 7.35¢ 63.40¢ 59.43b2 67.662

SEM 3.043 0.0032 0. 001 0.043 0.011 0.633 1.46

Pvalues

TMR <0.0001  <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Yeast Dose <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TMR*Dose <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0166

Means within same column with different letters differ significantly (P<0.05)
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Introduction: Saccharomyces cerevisiae is one of the most common probiotics used in ruminant
nutrition. Saccharomyces cerevisiae increase gas production through specific biochemical
mechanisms. Some of these mechanisms, based on the yeast's ability to excrete excess oxygen from
the rumen, create a better space for ruminal anaerobic bacteria. The yeast Saccharomyces cerevisiae
can provide a place for metabolic exchange and a suitable environment for the growth and activity
of beneficial microorganisms around the substrates. On the other hand, increased gas production by
adding yeast may be due to increased propionate fatty acid production due to improved ruminal
fermentation. Because carbon dioxide is produced by some rumen bacteria through the succinate-
propionate pathway when propionate is produced. Because the fermentation of dietary
carbohydrates into volatile fatty acids produces gases in the rumen that are mainly hydrogen, carbon
dioxide, and methane, the addition of yeast not only has the potential to improve gas production, but
can cause qualitative changes in the gases produced and reduce the negative impact on the
environment. The addition of yeast in concentrated diets increased the population of fiber
decomposing microorganisms compared to the control group without adding yeast (Callaway&
Martin 1997; Dehghan-Banadaky et al. 2012). Yeast also directly stimulates ruminal fungi, which may
improve fiber digestion. Gas production forms the basis of any substrate, mainly dependent on the
availability of nutrients for ruminal microorganisms it is quite clear that the increase in gas
production was due to the increase in crude protein content. It is well known that Saccharomyces
cerevisiae can reduce the production of ammonia in the rumen. Ammonia emissions from cattle
manure reduces by reducing protein degradation and overall nitrogen excretion by the animal.
The direct result of this action is an increase in protein bypass in the rumen, which is absorbed and
metabolized as a real protein in the gastrointestinal tract and small intestine. Reducing the latency
phase by increasing the protein content (for example, a diet with higher crude protein) indicates the
rapid activity of Saccharomyces cerevisiae on the fermentation process. In addition, Saccharomyces
cerevisiae contains small peptides and other nutrients that are needed by the dominant ruminal
cellulite bacteria to initiate growth. The activity of Saccharomyces cerevisiae depends on many
factors, including the availability of nutrients to rumen microorganisms, which stimulates the
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fermentation process (Newbold et al. 1995). This study aimed to investigate the effects of yeast
supplementation on fermentation parameters in total mixed rations in vitro.

Materials and methods: Accordingly, the effect of 4 levels of yeast supplementation involved,
zero, 4, 8, and 12 mg/g of yeast in two TMR diets containing 60 and 70% of concentrates, on the
kinetics and parameters of gas production, rumen fermentation parameters including pH, ammonia
nitrogen, concentration and profiles of volatile fatty acids, and true digestibility of dry matter and
neutral detergent fibers were evaluated. In addition, the effect of yeast supplementation on the
population of protozoa, anaerobic fungi, and cellulolytic microorganisms were evaluated using
molecular techniques. In this experiment, three adult Holstein steers equipped with ruminal fistulas
were used to prepare ruminal fluid. For the polymerase chain reaction, after sequencing of the
primers, the extracted DNA was amplified using PCR to check primer specificity. DNA
amplification was examined by the system (R-T PCR) with three replications for each pair of
primers.

Results and discussion: The addition of different levels of Saccharomyces -cerevisiae
supplementation caused a significant increase (P<0.05) in the amount of gas produced by increasing
the incubation time of experimental diets. The results show that there is a statistically significant
difference (P<0.05) between different levels of supplementation; so that from 24 hours after
incubation onwards, the highest amount of gas produced in the experimental diets was at the level
of 12 mg/g supplement was observed. The addition of different levels of Saccharomyces cerevisiae
supplementation caused a significant increase (P<0.05) in the total amount of VVFA produced in the
rumen with increasing levels of supplementation in experimental diets. The results show that there
is a statistically significant difference (P<0.05) between different levels of supplementation so that
the highest amount of total VFA produced in both diets was observed at the level of 12 mg/g
supplement. The effect of adding different levels of Saccharomyces cerevisiae supplementation on
ruminal parameters caused a significant increase (P<0.05) in ruminal pH and a decrease in ruminal
ammonia production by increasing the level of supplementation in experimental diets. The results
show that there is a statistically significant difference between different levels of supplementation
so that the greatest increase in ruminal pH and decrease in ammonia production in experimental
diets at the level of 12 mg/g. The effect of diet type was also significantly different (P<0.05). The
highest increase in ruminal pH and decrease in ammonia production was observed in diets
containing 60% concentrate. The results of this study showed that the yeast supplementation in high
fermentative TMR diets increased (P<0.05) the rumen environmental stability, increased (P<0.05)
the fermentability of dietary insoluble fraction, reduced (P<0.05) the gas production rate and
reduced (P<0.05) the lag phase. addition of Saccharomyces cerevisiae in higher crude protein diets,
improved of the dry matter digestibility. Nutrient analysis without affecting the digestibility of
insoluble fibers in neutral detergent and the digestibility of soluble fibers in acidic detergent with
diets containing higher crude vitamin, even with the addition of Saccharomyces cervicia, improved
dry matter digestibility and organic matter digestibility. However, Saccharomyces cerevisiae only
affects the edibility of the desiccant. Both diets had different crude production. Therefore,
improving the treatability of dry matter and the edibility of organic matter was the result of
increasing the raw material, which improved micro activities in the rumen.

Conclusions: Yeast supplementation improved fiber digestibility and reduced lactate accumulation
and LPS concentration by stabilizing the anaerobic environment in the rumen and stimulating the
growth and activity of fiber-degrading microorganisms.
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