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Table 1- Feed ingredients (% of DM) of the second experiment

LRTEN aJLm.‘d
Diet number

(o2 we203) L) 1 2 3 4 5 6 78
Ingredients (% of diet)
= 34 34 34 34 29 29 29 29
Barley

=00 34 33 31.5 30.5 29 28 27 26
Corn

L dla<

R 0 0 0 0 8 8 8 8
Soybean meal

Lo
RS 0 0 05 05 4 4 4 4
Fish meal
|

509 2 2 2 2 0 0 0 0
Urea

RS

POl oo 10 10 10 10 10 10 10 10
Wheat bran

s 20 20 20 20 20 20 20 20
Alfalfa
[ S gy

preslS o e 2oy _ 0 1 2 3 0 1 2 3
Sodium or calcium bentonite

(S oule 5o y9) 0 a2 iS5

Chemical composition (% of DM)

L& . s

P oo 19.2 19.1 19.3 19.2 188 187 186 184

Crude Protein

O g9 O (s 59) 4w o had Jols (55

[NES 15.2 15.1 15.2 15.1 12.1 12.1 12 119
Rumen Degradable Protein (% of CP)
O s s 5o Jslaels LI

Neutral Detergent Fiber

22.9 22.8 22.6 22,5 22.6 225 224 222

| s gk ol oly 3L
ol o5 d 50 Jslaelh S 117 117 116 116 12 12 119 119
Acid Detergent Fiber
(BN
= es 3.1 3 3 3 3.1 3 3 3
Crude fat
sale a SIS 5o (s AEIKS) o e (535
(S 238 237 2.38 237 244 244 244 244

Metabolism Energy (Mcal/KgDM)

o sl ol sud @ Sl o (7 V0/V0 pSilie b)Y/ Y Sk 1) mlile (g1l (s uditedad b ssaa 5o Joas ool 5o
35 (30 ¥ 5 ¥ ) o) S oo g o Hlea 5 (weun ¥ V) ) e cd g pha Hlen gl Sl gaditdaS b oo

R W 4:\.4‘)§ ‘)-‘a.i BE)
YIn this table, two diets with different rumen degradability (low: mean of 12.22 % and high: mean of 15.15 %) are

considered. For each diet with different ruminal degradability, four levels of sodium bentonite (0, 1, 2 and 3 %) and
four levels of calcium bentonite (0, 1, 2 and 3%) is also considered.
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Table 2- Ammonia nitrogen concentration (mg/dl) in the culture media containing activated bentonite at
different incubation time

heal &l 3 'O gaela S e
Main effects Incubation time
celes celos YE
4 hour 24 hour

S @ el (oo se ) 0 6.70° 7.06
Mass percentage of acid to bentonite 10 6.88" 6.70

15 6.092 6.83

20 7.15P 6.66

b
Solsine gl <0.0001 0.64
P-Value
. . 0 6.70 7.06
Ly oled A 2 6.78 6.65
Reaction time effect 4 6.62 6.81
S 0.37 0.30
P-Value
e ol
Side effects
RNV I QRPN
Sample number Mass percentage of Reaction time 4 hour 24 hour
acid to bentonite
1 0 0 7.6020 7.06
2 10 2 6.952 6.74
3 10 4 6.82% 6.75
4 15 2 6.27° 6.53
5 15 4 5.86°¢ 7.02
6 20 2 7.132 6.56
7 20 4 7.172 6.75
Lo

Sl gl 0.003 0.51
P-Value
Soles u,luticd glas 0.22 0.2
SEM

(P 0) bl o sl gine BRI (5110 S idiasad Bgsa b s 5o oSl
Means with different letters in each column are significantly different (P<0.05).
il oo O manls s g 51 Gy @S e 51 (5580 sa3 Lol Sl el V6 5 ¢ slagle)’
ol st 80l et 55 Wb g5 5 9l GRS 5o €S 80 g s (S0 5ab (sl lad Lo Sae wde STy Loy
Time sampling (4 and 24 h) after incubation in the medium.

2The reaction time indicates the activation time of the bentonite samples which has been explained in the materials and
methods section.
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Table 3- Ammonia nitrogen concentration (mg/dl) of diet with high rumen degradability protein at different
incubation time (15.15% of DM)

\(c.m.l...u) ol
Time (hour)
(%) ‘,_é-_uﬁ‘ ol 2 4 8 12 24
Additive level (%)
- 5.332 5.80° 5.95 6.34 6.35
0 Control
pro Sty 4.932 5.23% 5.99 6.28 6.55
Sodium bentonite
! prealS St 5.01% 5.5 570 582  6.44
Calcium bentonite
paes St 4570 5.01° 520 611 643
Sodium bentonite
2 prealS St 5.03% 5.53%® 574 583 648
Calcium bentonite
paes St 4.60° 5.14° 576 604 639
Y Sodium bentonite
prealS St 4.93% 5.48% 5.87 623 650
Calcium bentonite
L
Solasine gl 0.23 0.12 043 064 083
P-Value
SRS FUSITIN RV N A 1
;?M olebiel 0.20 0.19 023 024 008

(P<e/v0) widls go Hladre BT (5)ls Sidie n goa b st 5o slagSilke
Means with different letters in each column are significantly different (P<0.05).
il oo & ol s g 5 gy S laas ) (5580 a3 Gla) SSiko el YE Y A 8 Y slaglel)
Time sampling (2, 4, 8, 12 and 24 h) after incubation in the medium.
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Table 4- Ammonia nitrogen concentration (mg/dl) of diet with low rumen degradability protein at different
incubation time (12.02% of DM)

'(casle) Glay
Time (hour)
(0022 7) (23958 gl 2 4 8 12 24
Additive level (% of diet)
. ()
- 4.93 5.06° 5.18 5.45 6.22
0 Control
pates Sy 4.57 4.67% 5.06 5.34 6.49
Sodium bentonite
! prealS s 4.61 4.95%® 520 520 630
Calcium bentonite
pres sty 4.48 4,640 5.15 5.25 6.61
Y Sodium bentonite
2 el Sy 4.78 498% 500 528 659
Calcium bentonite
pres Saste 453 4630 5.26 5.40 6.58
Y Sodium bentonite
el Sy 4.68 4.88% 4.92 5.33 6.65
Calcium bentonite
L
i 0.19 0.01 030 099 030
P-Value
“S"ES"\:“ 2ol slls 0.16 0.10 010 029 014

(P<e/v0) il po sl as A (l)ls Solbe ue Sgoa b st 5o sla:Sike
‘Means with different letters in each column are significantly different (P<0.05).
il oo sl s g i 5 Gy S aane 1 (584 5a3 Lol Sk cmel YE 5 VY A £ Y slagle)
Time sampling (2, 4, 8, 12 and 24 h) after incubation in the medium.
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Introduction: Bentonite is a combination of aluminosilicate which has a high capacity to adsorb
toxins such as aflatoxins and other substances (Magnoli et al. 2010). Many researchers have used
this substance as a mineral to control and balance pH of rumen (Bringe and Schultz 1969; Rinsig et
al. 1969; Britton et al. 1978). It is identified with a clay composition that 90% of which contains
montmorillonite (Aghashahi et al. 2005). It has a high absorption property due to the presence of
negative charges on the surface of clay materials (Aghashahi et al. 2005). Bentonite is used for
different purposes such as performance improvement of male calves (Aghashahi et al. 2005), reduce
radiocaesium contamination of soil (Vandenhove et al. 2005), organic modification for the
adsorption of organic contamination (Sreedharan and Sivapullaiah 2012) and improvement the
strength properties of dry pellets (Timofeeva and Nikitchenko 2014). The physical and chemical
structure of bentonite, allows it to superficially absorb proteins and amino acids (Fenn and Leng
1989). This property of bentonite is hypothesized to protect the proteins and amino acids from
microbial fermentation occurring in the rumen. On the other hand, ion exchange attribute makes
ammonium ions and cations exchanged (Fenn and Leng 1989) and then, it prompts a more
optimized use of rumen microorganisms for microbial protein synthesis, by gradually discharging
ammonium ions (Nikkhah et al. 2001). Many commercial bentonites produce in Iran, but their
benefits for ruminants is unknown; so, this experiment was conducted to evaluate the effect of
sodium, calcium, processed and natural bentonites on ammonia nitrogen concentration using in
vitro methods.

Material and methods: At the first experiment, ammonia nitrogen concentration was compared in
a medium containing natural and processed (mass percent of sulfuric acid to bentonite was 10, 15
and 20) bentonites after 4 and 24 h incubation. The culture medium was prepared according to
Menke and Steingass (1988) and Theodorou et al (2001). Ammonia nitrogen concentration was
determined according to kjeldahl (Mojtahedi and Danesh Mesgaran 2011). Rumen fluid was
collected via fistula of three Baluchi male sheep. Bentonite samples were processed and acivated
with sulfuric acid and temperature. Applied feed in this culture medium was composed of ground
barley (50%), urea (40%) and processed bentonite (10%). At the second experiment, the effect of
adding sodium or calcium bentonite on ammonia nitrogen concentration at different incubation time
in a culture containing feed rations with different rumen degradability was investigated. The crude
protein was similar between treatments with different ruminal degradability (12.02 vs. 15.15). The
culture medium was prepared just as experiment 1 with different feed ingredient (table 1). Bentonite
samples were taken from Vivan Company. Sodium bentonite was composed of 69%SiO2, 11.71%
Al203, 0.04% BaO, 1.56% CaO, 1.99% Fe203, 1.13% K20, 1.82 MgO, 0.04 MnO, 3.08 Na20,
0.08% P205, 1.17 S0O3, 0.16 TiO2, 0.01> Cr203, 8.22% LOI and calcium bentonite was composed



of 64.63%Si02, 10.02% AI203, 0.06% BaO, 4.68% CaO, 2.21% Fe203, 0.4% K20, 1.5 MgO,
0.05 MnO, 2.1 Na20, 0.08% P205, 2.31 SO3, 0.3 TiO2, 0.01> Cr203, 11.66% LOI.

Results and discussion: At the first experiment, the ammonia nitrogen concentration was affected
by the treatments after 4 h incubation (p<0.05) as, the highest and lowest concentrations were
observed in 15 (mass percentage of acid to bentonite: 15; ammonia nitrogen: 6.09mg/dl) and 20 %
(mass percentage of acid to bentonite: 20; ammonia nitrogen: 7.15 mg/dl), respectively. It was
reported reported that when sodium bentonite (SB) was added to the diet of Angora goats at 2.5 and
5 %, ammonia nitrogen concentration of the rumen fluid was reduced (Mohsen and Tawfic 2002).
When the ratio of nitrogen to energy increases in the rumen, ammonia nitrogen production increases
subsequently (Hammond 2006). Thus, bentonite with regards to it’s ammonia nitrogen adsorption
(Nikkhah et al. 2001), seems to be necessary for adsorption of surplus nitrogen produced in the
rumen. The protein degradability in the rumen is one of the most important parameters affecting the
supplying of amino acids to the small intestine; whereas, proteolysis determines the accessibility of
ammonia nitrogen, amino acids, peptides, and branched-chain fatty acids in rumen microbial
protein synthesis (Stern et al. 1994). In the second experiment, ammonia nitrogen concentration of
rations with high degradability protein was affected by the treatments at 2 and 4 h after incubation
(P<0.05) as, the lowest and highest values were belonging to 2 % sodium bentonite and control
treatment, respectively. Ammonia nitrogen concentration in the diet with low digestible protein was
also affected by the treatments after 4h incubation (P<0.05). According to Abdullah et al (1995),
applying 2 % of bentonite in the sheep diet reduced ammonia nitrogen of rumen fluid, relative to the
control group. It was also reported that the extra ammonia nitrogen was absorbed to the blood
through the rumen wall and transferred into the liver and was finally transformed to urea; a process
which reduces the ammonia nitrogen harmful effects on the animals (Hammond 2006). Moreover,
the liver is able to synthesize urea from the NHs, which is released from amino acids as a result of
post-rumen digestion and also deamination process. The urea can be excreted through the urine or
reabsorbed into the rumen. Thus, there is a strong relationship between ammonia nitrogen and blood
urea nitrogen (Hammond 1983). So, application of bentonite in the diets can affect the control of the
released nitrogen in the rumen and finally the blood urea nitrogen (BUN) concentration.
Conclusion: Generally, the results indicated that the ammonia nitrogen concentration was affected
by the processing procedure of bentonite and sodium or calcium bentonites and the highest
ammonia nitrogen absorption was observed at the first incubation times (2 and 4 h). It seems that
sodium bentonite compared to calcium bentonite can be more effective in ammonia nitrogen
adsorption.
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