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Table 1- Feed ingredients and chemical composition of the experimental basal diet fed to lambs

Ingredients Amounts (g/kg DM)
Alfalfa hay 201
Wheat straw 99
Barley grain 300
Corn grain 210
Soybeans meal 1235
Wheat bran 55
Calcium carbonate 4
Salt 25
Vitamin and mineral supplements? 5
Chemical composition

Dry matter 891
Organic matter 948
Ash 51.7
Crude protein 161
Ether extract 27
NDFom® 290
ADFom® 165
ME¢ (Mcal/kg DM) 2.65
Non-fiber carbohydrates® 472

2 Premix contained (per kg): Vitamin A, 500,000 IU/mg; vitamin D3, 100000 1U/mg; vitamin E, 100 mg/kg; Ca, 180
g/kg; P, 60000 mg/kg; Na, 60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 3000 mg/kg; Mn, 19000 mg/kg; Cu,
300 mg/kg; Co, 100 mg/kg; Se, 1 mg/kg; I, 100 mg/kg; antioxidant, 400 mg/kg; carrier, up to 1000 g.

®PNDFom, ash-free neutral detergent fibre.
¢ ADFom, ash-free acid detergent fibre.
d Calculated from each feed ingredients.

¢ Calculated as: NFC=1000 — (NDFom g/kg + crude protein g/kg + ether extract g/kg + ash g/kg).
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Table 2- Comparison of performance characteristics in lambs fed with the experimental diets

Treatments
Variables Control Buffer Me+Sc SEM P-value
Dry matter intake (g/d)
0to 21d 906.88 882.17 930.19 11.67 0.25
22to42d 1034.07 1060.54 1075.85 17.57 0.64
43to 63 d 1119.10 1165.01 1123.72 21.09 0.64
0Oto63d 1019.47 1035.62 1042.07 15.65 0.84
Body weight, Kg
Initial 24.33 23.60 23.53 0.65 0.87
21d 28.15 27.66 27.93 0.64 0.95
42d 32.66 32.50 32.71 0.65 0.99
63d 37.25 37.06 37.12 0.68 0.99
Body weight gain, kg
0to21d 3.81b 4.06% 4.40° 0.11 0.09
22to42d 451 4.83 4,78 0.16 0.71
43to 63 d 4,58 4.56 4.41 0.19 0.92
0Oto63d 12.91 13.46 13.59 0.27 0.58
Average daily gain (g)
0to 21d 181.75° 193.65% 209.522 5.34 0.09
22to42d 215.08 230.16 227.78 7.62 0.71
43t0 63 d 218.35 217.26 210.02 9.04 0.92
Oto63d 205.06 213.69 215.77 4.30 0.58
Feed conversion ratio
0to21d 5.05 4,57 4.48 0.13 0.19
22to42d 4.86 4.65 4.84 0.14 0.83
43to 63 d 5.20 5.43 5.67 0.25 0.76
0to63d 5.00 4.85 4.86 0.11 0.84

Control= without any supplementation, Buffer= sodium bicarbonate supplementation, Me+Sc= Megasphaera

elsdenii+ Saccharomyces cerevisiae

ab Means with different superscripts in the same row differ significantly (P < 0.05). SEM= standard error of means
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Table 3- Nutrients digestibility, and N balance in fattening lambs fed with the experimental diets

. Treatments
Variables

Control Buffer Me+Sc SEM P-value
Digestibility (%)
DM 73.15 71.16 72.70 0.77 0.56
CP 78.502 74.78P 79.528 0.75 0.01
oM 75.64 74.12 75.98 0.73 0.57
NDF 53.65 47.96 51.72 1.45 0.27
ADF 51.43 50.38 51.90 1.77 0.94
ME (Mcal/kg DM) 2.68 2.64 2.71 0.02 0.60
Nitrogen balance (g/day)
Intake 26.25° 29.01@ 28.43® 0.51 0.06
Excreted in feces 5.54P 7.422 5.76° 0.21 <.0001
Excreted in urine 7.192 7.378 5.96° 0.23 0.01
Retained 13.50° 14.21° 16.692 0.47 0.009

SEM-= standard error of means; DM= dry matter; CP= Crude protein; OM= Organic matter; NDF= Neutral detergent
fibre; ADF= Acid detergent fibre; ME= Metabolizable energy; control= without any supplementation, Buffer=
sodium bicarbonate supplementation, Me+Sc= Megasphaera elsdenii+ Saccharomyces cerevisiae

ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Table 4- The rumen ammonia nitrogen concentration and pH in fattening lambs fed with the experimental

diets
Variables Treatments
Control Buffer Me+Sc SEM P-value
pH
Time, h
0 7.04 7.00 7.07 0.049 0.86
3 6.07 6.12 6.10 0.042 0.91
6 6.44 6.45 6.32 0.044 0.41
NH3-N (mg/dl)
Time, h
0 19.94 25.61 23.62 1.15 0.124
3 12.92 15.09 13.98 0.67 0.432
6 15.67 17.60 19.74 0.81 0.122

SEM= standard error of means; Control= without any supplementation, Buffer = sodium bicarbonate
supplementation, Me+Sc= Megasphaera elsdenii+ Saccharomyces cerevisiae
ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Table 5- The rumen volatile fatty acides concentration in fattening lambs fed with the experimental diets

Variables Treatments

Control Buffer Me+Sc SEM P-value
Total VFA, mmol 106.60° 107.46° 141.89? 6.16 0.001
Individual VFA, mmol
Acetate(A) 50.55° 59.29° 70.072 3.19 0.01
Propionate(P) 28.55P 26.65" 58.182 5.27 0.0002
Isobutyrate 1.482 0.52° 0.46° 0.18 0.01
Butyrate(B) 19.382 16.27% 9.92° 1.9 0.1
Isovalerate 1.732 0.57° 0.67° 0.22 0.032
Valerate 3.0° 1.82° 1.38° 0.25 0.0006
AP ratio 1.89% 2.332 1.20° 0.21 0.08

SEM= standard error of means; VFA= Volatile fatty acid; Control= without any supplementation, Buffer = sodium
bicarbonate supplementation, Me+Sc= Megasphaera elsdenii+ Saccharomyces cerevisiae
ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Table 6- The some blood and liver parameters in fattening lambs fed with the experimental diets

. Treatments
Variables

Control Buffer Me+Sc SEM P-value
Glucose (mg/dl) 85.08 81.08 87.33 1.32 0.14
BUN (mg/dl) 18.68 19.10 21.10 0.49 0.09
Creatinin (mg/dl) 0.75 0.80 0.79 0.02 0.60
Trigliserid (mg/dl) 19.5 20.11 20.07 0.13 0.09
Cholesterol (mg/dl) 59.91 54.08 58.33 1.26 0.15
HDL (mg/dl) 24.15 25.87 27.83 0.75 0.13
LDL (mg/dl) 21.16° 17.25° 17.5° 0.59 0.007
SGOT (AST) (1U/l) 78.13 80.80 69.66 2.45 0.15
SGPT (ALT) (1U/l) 17.26 16.33 16.26 0.74 0.83
Albumin (g/dl) 3.42 3.35 341 0.03 0.58
Protein (g/dl) 7.16 6.16 6.83 0.20 0.12

SEM-= standard error of means; BUN= Blood urea nitrogen; Control= without any supplementation, Buffer = sodium
bicarbonate supplementation, Me+Sc= Megasphaera elsdenii+ Saccharomyces cerevisiae
ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Introduction: Subacute acidosis is characterized by pH of 5.5 and below, reduced feed intake and
livestock performance, and leads to significant economic losses. Therefore, preventive measures to
prevent the occurrence of acidosis and improved digestion of starch such as probiotics and buffers
have been considered. The feeding of high fermentable carbohydrates in ruminants resulted in
producing high amounts of organic acids in the rumen, followed by a decrease in rumen pH. In the
animals not adapted to high levels of carbohydrate fermentation, rumen lactate concentrations
increase unacceptably, because populations of lactate-utilizing bacteria such as Selenomonas
ruminantium and Megasphaera elsdenii are low and cannot rapidly match and their proliferation need
more time (Chaucheyras-Durand et al. 2008). Reports show that the consumption of live yeast cells
of Saccharomyces cerevisiae leads to the removal and consumption of oxygen in the rumen
environment as well as the release of some essential enzymes, vitamins and other nutrients. These
factors can significantly contribute to the proper life and activity of microorganisms in the ruminal
environment. It has been suggested that the yeast of Saccharomyces cerevisiae may develop the
population of Megasphaera elsdenii and increase lactate use (Calsamiglia et al. 2012). Megasphaera
elsdenii prevents the sharp decrease in ruminal pH by consuming lactic acid as a result of lactic acid
accumulation (Perbo et al. 2012). Due to the diverse ability of different species of Megasphaera
elsdenii to produce volatile fatty acids under acidosis, further research can help find new species with
high ability to use lactate (Sedighi and Alipour 2019). The use of yeast and bioactive compounds
compared with the chemicals can be effective in reducing inflammation caused by acidosis
(Aschenbach et al 2019).

Material and methods: Twenty-four Arabic male lambs with four months old and initial body
weight of 23.9+3.15 kg were used in a completely randomized design with three treatments and eight
replicates. The trial period consisted of 77 days (11 weeks) including 14 days of habituation period
and 63 days (9 weeks) of recording period. The lambs were randomly assigned to one of the three

treatments: 1-control (no additive) 2-control + Sodium bicarbonate (1% daily diet in two meals) 3-
control + Megasphaera elsdenii and Saccharomyces cerevisiae (bacterial-yeast). The amount of
Megasphaera elsdenii was 3 ml per animal (4.5 x 108 cfu / ml) plus 2 g of Saccharomyces cerevisiae
(7 x 10 ° cfu/g) (DFM) fed to the animals daily in the morning (Sedighi and Alipour 2019). The diets
were adjusted using the Small Ruminants Nutrition Requirements (NRC 2007). The lambs were fed
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a fully mixed (TMR) ratio of 30% forage and 70% concentrate at two meals (8 and 16 hours) with
free access to water. Ruminal fluid was taken by stomach tube at 0, 3 and 6 hours after morning
feeding to measure pH and ammonia nitrogen (NH3-N) concentration. The ruminal fluid was
analyzed for ammonia-N using a phenol-hypochlorite method (Broderick and Kang 1980). On the
last day of the experiment, rumen fluid was taken to measure the concentration of volatile fatty acids
(5 ml of rumen fluid with 2 ml of 25% acid metaphosphoric acid (W/V) was mixed and stored at -20
° C until analysis). Blood sampling was taken from each lamb within 3 h after the morning feeding
from the jugular vein by using EDTA as an anticoagulant. Blood samples were analysed for glucose,
blood urea nitrogen (BUN), total protein, cholesterol, triglycerides, LDL, HDL, creatinine and liver
enzymes including aspartate amino transaminase (AST) and alanine aminotransferase (ALT). During
the last seven days of the period, total faeces and urine samples were collected to determine
digestibility and nitrogen retention.

Results and discussion: No differences were observed between treatments in dry matter intake
(DMI), daily weight gain (ADG), feed conversion ratio, pH and ammonia nitrogen (NH3 — N)
(P>0.05). In the first 21 days of the experiment, body weight gain and average daily gain in the
bacterial-yeast recipient treatment were significantly higher than the control (P <0.05). Observing a
lower concentration of ammonia nitrogen at 3 o'clock than 6 o'clock after feed intake is the result of
better use of ammonia nitrogen in the rumen due to the greater supply of carbohydrates available in
the rumen. Propionate concentration was higher in the bacteria-yeast treatment than other treatments
(P <0.05). Megasphaera elsdenii is the only known rumen microorganism that can convert lactate to
propionate by the acrylate pathway; when the lactate concentration increases, which produces
propionate and acetate and sometimes butyrate from it (Prabhu et al. 2012). The concentrations of
butyrate, isobutyrate, isovalerate and rumen valerate in the bacterial-yeast recipient treatment and
bicarbonate buffer was lower than the control treatment (P <0.05). The production of branched-chain
fatty acids (such as isobutyrate, isovalerate, and valerate) has been shown to be the result of the
activity of amylolytic bacteria (Zhang et al. 2017). Protein digestibility was higher in control and
bacteria-yeast treatments than in buffer treatment (P <0.05). Low-density lipoprotein (LDL) was
lower in buffer and bacteria-yeast treatments than in control treatment (P <0.05). Nitrogen retention
was higher in the bacteria-yeast treatment than in the other treatments (P <0.05). Significance of
nitrogen retention in the bacterial-yeast recipient treatment can be attributed to the decrease in ruminal
ammonia nitrogen concentration, which appears to be due to increased nitrogen incorporation in the
microbial protein, which is a logical consequence of increased rumen microbial activity (Paryad and
Rashidi 2009). Liver factors that are considered as an indicator of liver health were numerically lower
in treatments containing buffer or bacterial-yeast.

Conclusion: The use of acid-consuming bacteria can be an effective way to modify rumen
fermentation conditions of lambs fed with high concentrate diets. In the present experiment, the effect
of acid-consuming bacteria was competitive with the sodium bicarbonate chemical buffer on nutrient
digestion and growth performance. Results from volatile fatty acids showed that bacteria-yeast
treatments by leading the fermentation pathway to convert lactate to propionate could be beneficial
for livestock health and its economic longevity.

Keywords: Buffer, Lambs, Megasphaera elsdenii, Ruminal acidosis, Saccharomyces cerevisiae



