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Introduction: The use of highly concentrated rations in the fattening of ruminant animals is done to improve the
performance per unit of feed consumption. Increasing the amount of concentrate in the ration improves the food
conversion ratio and the weight gain of fattening lambs, and the production of volatile fatty acids. However, some
in vivo experiments have reported that long-term use of highly concentrated diets is not always associated with
increased performance. Therefore, feeding diets containing high amounts of concentrate (with a limited amount
of effective fiber) often leads to metabolic disorders, the most important of which is subacute ruminal acidosis
which causes a decrease in dry matter consumption and reduces the fiber digestibility, milk fat, lameness, and
liver abscess, and even leads to the death of the animal. Moreover, sub-acute acidosis leads to significant economic
losses. Therefore, preventive measures to prevent acidosis and improve starch digestion, such as the use of
antibiotics, probiotics, and buffers, have been taken into consideration. Lactate-consuming bacteria metabolize
lactic acid and control its accumulation in the rumen. This process is important when the animal diet contains a
large amount of grain. Megasphaera elsdenii and Selenomonas ruminantium are the dominant strains that
consume lactic acid in the rumen, and among these two strains, Megasphaer alsdeni consumes 65 to 95% of the
lactate in the rumen. The use of biological methods in controlling pH changes can also reduce the dependence of
livestock on chemical additives to some extent. Therefore, the present experiment was conducted to compare the
effect of different chemical and biological buffers (acid-consuming bacteria) on the digestion and fermentation of
highly concentrated diets.

Materials and methods: The experimental treatments included: 1. The control diet (without additives and
containing 70% concentrate + 30% fodder or basal diet), 2. Basal diet + 3 mL of bacteria Megasphaera elsdenii
(bacteria- 4.5 x 108 cfu/3mL), 3. Basal diet + 1% sodium bentonite, 4. Basal diet + 1% sodium bentonite + 3 mL
of bacteria, 5. Basal diet + 1% sodium bicarbonate, 6. Basal diet + 1% sodium bicarbonate + 3 mL bacteria, 7.
Basal diet + 1% magnesium oxide, 8. Basal diet + 1% magnesium oxide + 3 mL bacteria, 9. Basal diet + 1%
zeolite, 10. Basal diet + 1% zeolite + 3 mL bacteria, 11. Basal diet + 1% sodium sesquicarbonate, and 12. Basal
diet + 1% sodium-sesquicarbonate + 3 mL bacteria. Megasphaera elsdenii bacteria were isolated and prepared
from Najdi goats at the Agricultural Sciences and Natural Resources University of Khuzestan (Ahvaz, Iran) and
their activity was investigated in experiments. In gas production experiments, the experimental samples were
ground with a mill containing a 1 mL sieve. About 200 mg of the dry matter of the desired sample was weighed
and poured into 100 mL vials, and eight replicates were considered for each treatment. The produced gas of the
samples was recorded at 0, 2, 4, 6, 8, 12, 24, 48, 72, and 96 hours of incubation using a digital barometer.
Results and discussion: The effect of experimental treatments on potential and rate of gas production, partitioning
factor, microbial biomass production, microbial biomass production efficiency, pH, ammonia nitrogen
concentration, apparent dry matter digestibility, and protozoa population was significant (P<0.05), and except for
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ammonia nitrogen, all parameters in buffer treatments were higher than the control. The highest gas production
potential (68.26 mg), microbial biomass production (1212.31 mg), and microbial biomass production efficiency
(79%) were observed in the treatment containing sodium bicarbonate + bacteria (P<0.05). The highest pH and
ammonia nitrogen were for the treatment containing bacteria (6.60) and control (27.30 mg/100 mL). The total
protozoa population was the highest in the treatment of sodium bentonite + bacteria.

Conclusions: In general, the results of the present experiment showed that the use of buffers improved digestion
and fermentation conditions, and each of the buffers had a greater effect on one or more parameters than the
others. In addition, acid-consuming bacteria as a pH regulator had competitive effects with chemical buffers,
especially bicarbonate buffer, and even better in some cases. The effect of some chemical buffers used in the
present experiment, such as bicarbonate, has been further investigated, but the effect of other chemical and
biological buffers mentioned in the present experiment on the digestive and fermentation properties of ruminant
animals has been investigated less. Therefore, it is recommended to investigate the effect of chemical buffers used
in the present experiment alone or together with acid-consuming bacteria in feeding ruminant animals.
Keywords: Chemical buffers, Megasphaera elsdenii, Protozoa population, Gas production parameters,
Digestibility
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Table 1. Feed ingredients and chemical composition of basal diet

Ingredients Amounts (g’kg DM)
Alfalfa hay 201
Wheat straw 99.0
Barley grain 300
Corn grain 210
Soybeans meal 123.5
Wheat bran 55.0
Calcium carbonate 4.00
Salt 2.50
Vitamin and mineral supplements® 5.00
Chemical composition
Dry matter 891
Organic matter 948
Ash 51.7
Crude protein 161
Ether extract 27.0
NDFom® 290
ADFom® 165
Non-fiber carbohydrates¢ 470.3
ME® (Mcal/kg DM) 2.65

2 Premix contained (per kg): Vitamin A, 500,000 IU/mg; vitamin D3, 100000 IU/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; 1, 100 mg/kg; antioxidant, 400 mg/kg; carrier, up to 1000 g.

> NDFom, ash-free neutral detergent fiber.
¢ ADFom, ash-free acid detergent fiber.

d Calculated as: NFC=1000 — (NDFom g/kg + crude protein g/kg + ether extract g/kg + ash g/kg).

¢ Calculated from each feed ingredient.
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Table 2. Gas production parameters (coefficients) of experimental diets containing buffer and bacterial additives

regulating ruminal pH
: 3
E(rfatment Experimental treatments (basal diet + additive)! bCzerl;IE))roductlon P arame;e(r;L Ty
1 Control (basal diet without additive) 40.169 0.045¢
2 Basal diet (BD)+ 3 mL Megzasphaem elsdenii 57 50 0113
(bacteria)
3 BD+ 1% Sodium bentonite 55.56¢ 0.0872b¢
4 BD+1% Sodium bentonite + 3 mL bacteria 57.76° 0.046°
5 BD+ 1% Bicarbonate sodium 60.08° 0.0712b¢
6 BD+ 1% Sodium bicarbonate + 3 mL bacteria 68.26° 0.108%
7 BD+ 1% Magnesium oxide 49.40¢° 0.052%¢
8 BD+ 1% Magnesium oxide + 3 mL bacteria 47.99¢ 0.0632b¢
9 BD+ 1% Zeolite 53.60 0.108%
10 BD+ 1% Zeolite + 3 mL bacteria 52.08 < 0.094%
11 BD+ 1% Sodium sesquicarbonate 49.44¢ 0.0602b¢
12 BD+ 1% Sodium sesqu.icarbonate +3mL 49 9]¢ 0.046¢°
bacteria
SEM 3.0312 0.0176
P-value 0.0001 0.0212

! Control (Basal diet, containing 70% concentrate and 30% forage).

2 Megasfera elsdenii (1.5x10% cfu/mL).

3 b: Gas production from the fermentable fraction; c: Gas production rate (mL/h)
*dWithin the same column, means by similar letters are not significantly different (P<0.05).

SEM: Standard error of the means.
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Table 3. Fermentation parameters of gas production of experimental diets containing buffer and bacterial
additives regulating ruminal pH in the gas production experiment

Gas production parameters

. o Microbial Microbial Truly
Experimental treatments Partitioning bi bi d dabl
(basal diet + additive)' factor 10mass 10mass cgradabie
Treatment (mg/mL) production prodqctlon organic matter
No. (mg) efficiency
1 Control (basal diet without 10.20° 172.65¢ 0.71¢ 250°
additive)
2 Basal diet (BD)+ 3 mL 9.282b¢ 206.65% 0.76%¢ 265%
Megasphaera elsdenii
(bacteria)?

3 BD+ 1% Sodium bentonite 9.292be 203.25% 0.772¢ 260%
4 BD+1% Sodium bentonite + 9.422b¢ 209.33* 0.79* 265%

3 mL bacteria
5 BD+ 1% Bicarbonate sodium 8.39° 208.49% 0.78% 2707
6 BD+ 1% Sodium bicarbonate 8.91b¢ 212.31* 0.79* 270%

+ 3 mL bacteria
7 BD+ 1% Magnesium oxide 10.132 180.95% 0.73¢¢ 2554
8 BD+ 1% Magnesium oxide + 10.04° 195.73%® 0.752¢ 250°
3 mL bacteria
9 BD+ 1% Zeolite 9.352b¢ 188.712¢ 0.73« 265%
10 BD+ 1% Zeolite + 3 mL 9.232bc 202.77% 0.75%¢ 270°
bacteria
11 BD+ 1% Sodium 9.202b¢ 192.13% 0.752¢ 2602
sesquicarbonate
12 BD+ 1% Sodium 9.332b¢ 202.12% 0.76%¢ 250°
sesquicarbonate + 3 mL
bacteria

SEM 0.335 8.008 0.012 4.621
P-value 0.0259 0.0309 0.0302 0.0488

! Control (basal diet, containing 70% concentrate and 30% forage).
2 Megasfera elsdenii (1.5x10% cfu/mL).

*d'Within the same column, means by similar letters are not significantly different (P<0.05).

SEM: Standard error of the means.
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Table 4. Effect of chemical buffers and Megasphaera elsdenii bacteria on fermentative parameters and /n vitro
dry matter digestibility in 24 h

Treatment

Experimental treatments (basal diet +

Ammonia nitrogen

3

No. additive)! pH (mg/100 mL) IVOMAD

1 Control (basal diet without additive) 6.12¢ 27.30% 51.72°

2 Basal diet (BD)-.‘r. 3mL Me%asphaera 6.60° 17.024 57300

elsdenii (bacteria)

3 BD+ 1% Sodium bentonite 6.27° 16.23% 54.76%

4 BD+1% Sodium bentonite + 3 mL bacteria  6.50% 15.91¢ 55.30%

5 BD+ 1% Bicarbonate sodium 6.50% 19.70bede 52.08®

o . .

6 BD+ 1% Sodium blcgrbonate +3mL 6.548 22 04be 53 ggab
bacteria

7 BD+ 1% Magnesium oxide 6.41% 23.85° 50.8240

o > .

8 BD+ 1% Magnesmrp oxide + 3 mL 6.50 22 540 53 240
bacteria

9 BD+ 1% Zeolite 6.44%° 20.67b<4 50.682%

10 BD+ 1% Zeolite + 3 mL bacteria 6.46% 17.93¢de 52.74%®

11 BD+ 1% Sodium sesquicarbonate 6.46% 19.48bcde 50.982®

o . .

12 BD+ 1% Sodium sesqu}carbonate +3 mL 6.49% 18.09¢de 52 02ab
bacteria

SEM 0.0759 1.374 1.7602

P-value 0.0089 0.0020 0.0244

! Control (Basal diet, containing 70% concentrate and 30% forage).

2 Megasfera elsdenii (1.5%108 cfu/mL).

3 In vitro organic matter digestibility IVOMAD, %) = 14.88 + 0.8893GP + 0.0448CP + 0.0651 Ash.
2¢ Within the same column, means by similar letters are not significantly different (P<0.05).

SEM: Standard error of the means.
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Table 5. Rumen protozoa population (x10*) of experimental diets containing chemical buffer and Megsfera
elsdenii bacteria in the gas production experiment

Treatment Experimental treatments . . . 3 Total protozoa
No. (basal diet + additive)! Holotrich  Entodinomorphs Cellulolytic population
! Control (:gfi?tlisgt without 0.50¢ 2,00 2.00° 4.50°
2 Basal diet (BD)+ 3 mL
Megasphaera elsdenii 2.50P 5.50° 1.00° 9.00%
(bacteria)?
3 BD+ 1% Sodium bentonite 3.00° 2.00% 2.50% 7.50
o . X
4 BD+1% Sodium beptomte 2500 8.50° 4.00% 15.00°
+ 3 mL bacteria
o/ T
> BD+1 g’) ?i‘lfrfb"nate 1.00¢ 2.00¢ 4.50% 7.500
6 BD+ 1% Sodium . d ab .
bicarbonate + 3 mL bacteria 1.00 0.50 3.0 300
7 BD+ 1% Magnesium oxide 1.00¢ 1.50¢ 3.50% 6.00°
o . .
8 Bbr1ve ﬁigé‘aecstl:ﬁ‘z"’“de 5.00° 2.50¢ 1.50° 9.00°
BD+ 1% Zeolite 2.00% 4.00° 7.502 13.50%
o .
10 BD+1 /"bfcet‘:r‘it; *3mL 1.500 3,000 4.50% 9.00%
o .
1 BD+ 1% Sodium 1.50% 2.50¢ 1.50° 5.50¢
sesquicarbonate
12 BD+ 1% Sodium
sesquicarbonate + 3 mL 0.75¢ 2.00% 5.00° 7.50b¢
bacteria
SEM 0.736 0.854 1.315 1.968
P-value 0.0339 0.0016 0.0166 0.0350

! Control (Basal diet, containing 70% concentrate and 30% forage).

2 Megasfera elsdenii (1.5x10% cfu/mL).
3 Polyplastron, Epidinium, and Eudiplodinium

*d Within the same column, means by similar letters are not significantly different (P<0.05).

SEM: Standard error of the means.
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