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Investigation the buffering capacity of several conventional buffer compounds in
feeding of ruminant animals by acid titration method and their effect on gas
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ABSTRACT

The aim of present experiment was to investigate the buffering capacity of some buffers or alkalizers, their effect on
digestion and fermentation of high concentration diets. The concentration of 0, 0.5, 1, 1.5, 2 g in 100 ml from
different buffers and alkalizing agents including: sodium bicarbonate, sodium sesquicarbonate, magnesium oxide,
magnesium carbonate, sodium bentonite, zeolite and combined buffer (0.75% sodium bicarbonate+ 0.75% sodium
sesquicarbonate) was used. The initial pH of the buffer solution, the amount of consumed hydrochloric acid for
abrupt changes of pH to 5.2 or below it, and the final pH was registered. The lowest amount of the hydrochloric acid
was consumed for solutions containing sodium bentonite, magnesium oxide, magnesium carbonate and control for
suddently dropping their pH; and highest amount by sodium sesquicarbonate, combined buffer and sodium
bicarbonate, respectively. The zeolite buffer also indicated a proper resistance to pH changes and did not have a
significant difference with the combined buffer or sodium bicarbonate buffer. The treatments in gas production were
included: control or basal diet without buffer, and amounts of 0.5 to 2% sodium bicarbonate, 0.5 to 2% sodium
sesquicarbonate, 0.5% sodium bentonite, 2% magnesium carbonate, 1.5, 2 and 2.5% of zeolite and combined buffer,
which were added to basal diet. The highest produced gas was in the sodium sesquicarbonate, sodium bicarbonate,
combined buffers and zeolite. Therefore, sodium sesquicarbonate, combined buffers, sodium bicarbonate and zeolite
had the best position respectively, which were evaluated as suitable buffers for using in diets containing high
concentration ingredients for feeding the ruminant animals.

Keywords: Buffer capacity, pH, sodium sesquicarbonate, sodium bicarbonate, zeolite.
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Table 1. Investigation of buffering capacity by adding hydrochloric acid (ml) to buffer solution for reducing pH to 5.2

. - Amount of Difference
Item olfn;ct)llilt%ﬂ* The Enal hydrochloric acid ~ofpH
P consumption (ml)  (Initial and final)
Control 6.25" 2.2T° 1° 3.98%
Bentonite sodium 9.09° 3.69% 1° 5.34¢
Zeolite 7.70° 413" 13.75" 3.76%
Sodium Bicarbonate 8.29" 4.83* 18+ 3.29°
Magnesium oxide 7.84° 2.77* 1° 5.69*
Magnesium carbonate 7.69° 3.17* 1¢ 3.27*
Sodium sesquicarbonate 10.25¢ 5.23* 24.25% 4,98
Sodium Bicarbonate + Sodium Sesquicarbonate 9.51° 5.07¢ 22% 4.44*
SEM 0.13 0.42 2.97 0.63
P-value 0.0001 0.0001 0.0001 0.0001

* The pH without adding hydrochloric acid
¥ Distilled water (Without adding Buffer)
SEM :Standard error of means

Within column, means by the same letter are not significantly different (P<0.05).
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Figure 1. Comparison buffer capacity of 0.5% level using acid titration
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Figure 3. Comparison buffer capacity of 1.5% level using acid titration
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Figure 4. Comparison buffer capacity of 2% level using acid titration
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Table 2. The determining the appropriate buffer level in the diet by using the volume of produced gas (ml) after 96
hours incubation

Gas production in different hours (ml)

Treatments — 7} 5 8 10 Y 24 78 72 %
1 0.47 4.04° 8.30°° 1371 26.83°  34.78™9  61.66°° 88.94° 117.00°¢ 136.39%
2 0.29 3.45° 7.63%¢ 11.34 23.50%"  34.98%"  5440%  83.39%" 11286 136.43°
3 0.73 3.25° 7.69% 16317 28.25°%%®  4427°%  £9.31°¢  93.58%°  119.12%9 138.01°
4 0.32 3.03° 6.66™ 11.52" 22.87" 3745 60.78%¢  86.41%9  113.83°9 138.91°
5 0.73 4.10° 9.68% 20.68° 38.67° 61.63 88.40° 12471*  160.22°  182.91°
6 1.39 4.60% 10.712 19.28° 28.82°%  41.80°%  62.12°°  100.84™" 138.44% 162.39%°
7 0.47 3.82° 763 12.63%¢ 2322 28.449 46.07' 72.61™ 10277 126.68°
8 0.32 3.65° 8.80™* 18.16% 32.93%¢ 52.08®  78.34®  11516® 14750%® 167.83%
9 0.25 2.77° 6.97™ 11.61% 20.97°¢ 32.75%9  50.90  76.90°9  10541™  130.03°
10 0.47 3.86° 7.97%¢ 17.05%°  31.85%¢ 4714  65.48%  92.92%%¢ 12229 14487 ¢
11 0.43 3.45° 8.74%¢ 17.88%  31.29%%  4596°¢  73.35%  113.95® 141.04* 166.47%
12 1.39 6.13° 9.94%® 16.50%  27.00%"  38.63%¢"  67.45°¢  104.84% 133.87°% 15458
13 0.25 2.96° 8.22%¢ 18.56% 35.92% 47.14% 7746®  114.44%  152.13% 172.38%
14 0.25 3.27° 5.37° 10.07' 19.41 24.10° 41.67" 69.03° 99.77° 116.36'
SEM 0.37 0.56 1.02 154 243 361 4.60 5.56 6.50 6.78
P-value 0.100 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Treatment 1 (Basal diet, containing 60% concentrate and 40% forage), Treatment 2 (Basal diet + 0.5% sodium bentonite), Treatment 3 (Basal diet +
0.5% sodium sesquicarbonate), Treatment 4 (Basal diet + 1% sodium sesquicarbonate), Treatment 5 (Basal diet + 1.5% sodium sesquicarbonate),
Treatment 6 (Basal diet + 2% sodium sesquicarbonate), Treatment 7 (Basal diet + 1% sodium bicarbonate), Treatment 8 (Basal diet + 1.5% sodium
bicarbonate), Treatment 9 (Basal diet + 2% sodium bicarbonate), Treatment 10 (Basal diet + 2% magnesium carbonate), Treatment 11 (Basal diet +
0.75% sodium sesquicarbonate + 0.75% sodium bicarbonate), Treatment 12 (Basal diet + 1.5% Zeolite), Treatment 13 (Basal diet + 2% Zeolite),

Treatment 14 (Basal diet + 2.5% Zeolite).
SEM: Standard error of means; within columns, means by the same letter are not significantly different (P<0.05).
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Table 3. Gas production coefficient of experimental diets containing different types of buffers

Treatments b (ml/200 mg DM) ¢ (ml/h)
1 183.10° 0.015 <A
2 205.75°% 0.011 %
3 161.01¢ 0.019°
4 195.14" 0.013 bece
5 215,58 0.019°
6 232.97% 0.012 %
7 218.67%® 0.094°¢
8 207.28°% 0.017%®
9 202.11°%¢ 0.010%
10 175.94% 0.017%®
11 212.75%® 0.016%¢
12 208.41°% 0.014 %
13 218.64% 0.016%°
14 208.02°%* 0.008°
SEM 10.89 0.001
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Treatment 1 (Basal diet, containing 60% concentrate and 40% forage), Treatment 2 (Basal diet + 0.5% sodium bentonite), Treatment 3 (Basal diet +
0.5% sodium sesquicarbonate), Treatment 4 (Basal diet + 1% sodium sesquicarbonate), Treatment 5 (Basal diet + 1.5% sodium sesquicarbonate),
Treatment 6 (Basal diet + 2% sodium sesquicarbonate), Treatment 7 (Basal diet + 1% sodium bicarbonate), Treatment 8 (Basal diet + 1.5% sodium
bicarbonate), Treatment 9 (Basal diet + 2% sodium bicarbonate), Treatment 10 (Basal diet + 2% magnesium carbonate), Treatment 11 (Basal diet +
0.75% sodium sesquicarbonate + 0.75% sodium bicarbonate), Treatment 12 (Basal diet + 1.5% Zeolite), Treatment 13 (Basal diet + 2% Zeolite),
Treatment 14 (Basal diet + 2.5% Zeolite).
b: Gas production from the fermentable fraction, c: Gas production rate (ml/h)
SEM: Standard error of means; within columns, means by the same letter are not significantly different (P<0.05).
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