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Table 1- Effect of nano-selenium on nutrients digestibility by rumen microorganisms in goat and sheep
Olsa posiles 5l paacalls
Digestibility (%)
Animal nano-selenium (ppm)  <zisule A e s o Jslaabosll)
Dry matter  Neutral detergent fiber

Goat 0.0 47.49¢8 23.92d
0.2 53.48¢% 26.42¢
0.4 55.63¢ 29.54¢b¢
0.6 56.62b¢cd 39.932
Sheep 0.0 56.32¢d 26.93¢
0.2 62.59% 30.03¢
0.4 62.91% 34.83%
0.6 66.86° 37.95%
SEM 2.034 2.82
P-value <0.01 <0.01

La:Silie oslulic slsa :SEM
SEM: Standard error of means (P<-/- o) cl Llofiae o sies Ko 5o @ sliie gua b lagSibie & glis
Means within same column with different letters differ (P<0.05)

L p ol 30 el ) S5 S o —uiben o5 9 3 dpasidi (SLapaunslS g Sas cacda Cusllad g3 gaidis gl 551 =Y Jgua
plgs
Table 2- Effect of nano-selenium (ppm) on digestion activity of rumen microorganisms in goat and
sheep- Regardless of nano-selenium level or animal species

pomiles 50 o/ o) gus aaacalls
Digestibility (%)
Animal\nano-selenium level Sadsole  Sidsab gl o Jslasbiosll

Dry matter ~ Neutral detergent fiber
aswile 53U mlans 51 B iy
Regardless of hano-selenium level

Goat 53.31b 29.95
Sheep 62.172 32.43
SEM 1.07 1.49
P-value <0.01 0.10

Olaan i S 51k By
Regardless of animal species

0.0 53.34P 25.42°
0.2 57.25% 28.22°
0.4 59.272 37.38%
0.6 61.742 38.94%
SEM 1.42 2.11
P-value <0.01 <0.01

Loy Silse o ,lilical (gllad SEM
(P<e/v0) caal Hlafme ¢y sies Ko o oglite goa b lap Sl o glas

SEM: Standard error of means
Means within same column with different letters differ (P<0.05)
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Table 3- Effect of nano-selenium on gas production coefficients by rumen microorganisms in goat and

sheep
Ols poile sl SBad sl
Gas production coefficients
Animal nano-selenium (ppm) B (ml) ¢ (ml/h)
Goat 0.0 45.66° 0.086"
0.2 44.14¢ 0.125%
0.4 44.82¢ 0.092°
0.6 45.02¢ 0.102°
Sheep 0.0 52.42° 0.033¢
0.2 56.61%® 0.029¢
0.4 56.63® 0.037°¢
0.6 58.20° 0.034¢
SEM 2.46 0.01
P-value <0.01 <0.01

LagSiles oIl slaa SEM

(P<’/’°)&:AJ—U“)‘JG:‘M‘QP\%JJDJ&LJJJ&‘:‘L&Q&Q—AQ\’&

SEM: Standard error of means,
Means within same column with different letters differ (P<0.05)
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Table 4- Effect of nano-selenium (ppm) on gas production coefficients by rumen microorganisms in
goat and sheep- Regardless of nano-selenium level or animal species

Animal\nano-selenium level

SBul Sl
Gas production coefficients

Regardless of hano-selenium level

Goat
Sheep
SEM
P-value

Oload S 5l Ll e
Regardless of animal species

0.0
0.2
0.4
0.6
SEM
P-value

B (ml) ¢ (ml/h)
44.91° 0.12
55.96% 0.03°
1.23 0.003
<0.01 <0.01
48.28 0.058°
51.13 0.0792
50.73 0.064°
51.61 0.068%
1.74 0.008
0.55 0.02

SEM: Standard error of means,

Means within same column with different letters differ (P<0.05)
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Table 5- Effect of nano-selenium on gas production parameters by rumen microorganisms in goat and

sheep
Olse gl 316 SBal 55 sladainl 3
Gas production parameters
Animal  nano-selenium (ppm) OMTD (mg) PF (mg/ml) MBP (mg) EMBP (%)
Goat 0.0 160.0 6.72 107.6 67.1
0.2 154.8 6.86 105.2 67.2
0.4 151.5 6.47 100.0 65.9
0.6 148.3 6.21 95.8 64.6
Sheep 0.0 185.1 7.11 127.8 68.9
0.2 164.7 6.58 109.6 66.5
0.4 183.8 6.62 122.8 66.7
0.6 164.7 5.84 102.8 62.3
SEM 11.18 0.48 11.18 2.3
P-value 0.28 0.51 0.51 0.42

oS 83 8063 wal g3 0L EMP (o9, a3 su 63 wil g3 MP (S8 Jole PF cond 323 Lasly JT sule OMTD

laoSilae o lslicul (sl SEM

OMTD: Organic matter truly degraded; PF: Partitioning factor; MP: Microbial biomass production; EMP: Efficiency of microbial

biomass production.

SEM: Standard error of means
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Table 6- Effect of nano-selenium (ppm) on gas production parameters by rumen microorganisms in
goat and sheep- Regardless of nano-selenium level or animal species

o ssilen 5 ehas/ ) gun

Sl 5 sladainl 3
Gas production parameters
OMTD (mg) PF (mg/ml) MBP (mg) EMBP (%)
poiles 56wl 5 G5 By
Regardless of nano-selenium level

Animal\nano-selenium level

Goat 153.6° 6.57 102.1 66.2
Sheep 174.6° 6.54 115.7 66.1
SEM 5.59 0.34 6.59 1.15
P-value 0.029 0.41 0.12 0.39
Olan S 5 G e
Regardless of animal species

0.0 172.5 6.91 117.7 68.04
0.2 159.7 6.72 107.4 66.83
0.4 169.7 6.55 111.4 66.29
0.6 156.5 6.03 99.3 63.48
SEM 7.91 0.48 7.91 1.63
P-value 0.50 0.25 0.46 0.20

2 905ae 83 8053 w53 8030 EMP (o5, s 8053 wil 53 (MP (S8 Jole PF ond 4323 Lasly JT suls :OMTD

a5Silee o luilicul (slad :SEM

OMTD: Organic matter truly degraded; PF: Partitioning factor; MP: Microbial biomass production; EMP: Efficiency of microbial

biomass production.
SEM: Standard error of means,
Means within same column with different letters differ (P<0.05)
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Table 7- Comparison the effect of nano-selenium on digestion activity of isolated rumen bacteria in
goat and sheep

Olsa posils 5l paacalls
Digestibility (%)
Animal nano-selenium (ppm)  <zisule A e s o Jslaabosll)
Dry matter ~ Neutral detergent fiber

Goat 0.0 43.32 19.36
0.2 44.27 19.15
0.4 44.65 19.11
0.6 48.10 19.35
Sheep 0.0 47.05 22.03
0.2 46.15 19.23
0.4 49.45 21.96
0.6 49.84 19.15
SEM 3.39 2.37
P-value 0.52 0.45

L oSilis usluticd sld :SEM
SEM: Standard error of means
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Table 8- Effect of nano-selenium (ppm) on digestion activity of isolated rumen bacteria in goat and
sheep- Regardless of nano-selenium level or animal species

poniles 50 o/ 0 gas paacalls
Digestibility (%)
Animal\nano-selenium level Sidsals  Sdean el o Jelasbioldl

Dry matter  Neutral detergent fiber
Regardless of nano-selenium level

Goat 45.08° 18.24°
Sheep 48.12¢8 20.592

SEM 0.59 1.18
P-value 0.002 0.001

Oload S 5l Lk Lyus
Regardless of animal species

0.0 45.18° 18.70
0.2 45.22° 19.19
0.4 47.05% 19.25
0.6 48.972 20.54
SEM 1.04 1.68
P-value 0.01 0.88

a5Silie o luilicul slad SEM

(P<e/v0) caal Hlafme ¢y sies Ko o o gliie goa b lag Sl o glas
SEM: Standard error of means,
Means within same column with different letters differ (P<0.05)
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Table 9- Comparison the effect of nano-selenium on digestion activity of isolated rumen fungi in goat

and sheep
Olsas asale sl aaaculls
Digestibility (%)
Animal nano-selenium (ppm)  <sissle BAe s o J bl
Dry matter  Neutral detergent fiber
Goat 0.0 47.47 18.77
0.2 46.21 19.08
0.4 4497 17.80
0.6 46.86 16.38
Sheep 0.0 40.64 17.94
0.2 41.93 20.51
0.4 41.50 19.10
0.6 43.99 17.55
SEM 3.28 2.25
P-value 0.32 0.4

SEM: Standard error of means
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Table 10- Effect of nano-selenium (ppm) on digestion activity of isolated rumen fungi in goat
and sheep- Regardless of nano-selenium level or animal species

aaacalils
Digestibility (%)

Animal\nano-selenium level

SaAsube
Dry matter

oy gl 5o Jslae bl
Neutral detergent fiber

aoilis 50 oy 51 515 8y
Regardless of nano-selenium level

Goat 46.37° 21.33
Sheep 42.01° 19.01
SEM 0.64 2.12
P-value <0.01 0.31
Oload S 5l Lk Lyus
Regardless of animal species

0.0 44.05 18.36
0.2 44.07 19.80
0.4 44.23 18.07
0.6 45.42 19.47
SEM 2.9 1.50
P-value 0.06 0.41

SEM: Standard error of means,

Means within same column with different letters differ (P<0.05)
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Introduction: Generally, most feeds used in livestock nutrition are deficient in some nutrients, and
require nutritional supplements. Among the supplements, micro and macro minerals are particular
importance. Selenium (Se) plays an important role in the reproductive function and immune system
and is known as an antioxidant and catalyst for the production of thyroid hormone. It is believed that
low selenium absorption in ruminants is due to the deficiency of selenium in ration and its conversion
into insoluble form (Peterson and Spedding 1963; Surai 2006). Nano-particles are smaller and more
active than larger particles. The importance of Selenium for rumen microorganisms are not entirely
clear. The present experiment was conducted to evaluate the effect of nano-selenium on activity of
whole population of microorganisms, bacteria and fungi, which isolated from the rumen liquid of
sheep and goats.

Material and methods: The experimental sample in the present experiment was a basal diet
including: 29% barley grain, 25% wheat bran, 20% wheat straw, 25% corn silage, 1% selenium-free
mineral-vitamin supplement. In the present experiment 0, 0.2, 0.4 and 0.6 ppm nano-Se was added to
the basal standard diet of sheep and goats, then digestibility and fermentation parameters of diets
were measured by the rumen fluid of sheep and goats in vitro. The rumen fluid was taken through the
stomach tube from four Najdi goat and Arabi sheep before the morning meal, mixed separately,
filtered using four layers of cheesecloth, and potted in a flask content warm water. These animals
were fed with a diet, approximately similar to basal ration, but without selenium, about three weeks.
Gas production of the basal diet containing different levels of nano-Se was determined using the
Menke and Steingass (1988) in six replications. The rumen fluid was mixed with artificial saliva (1:2
ratio, respectively) in lab, and then nano-Se levels added to it. The gas production was recorded at
zero, 2, 4, 6, 8, 12, 24, 48, 72 and 96 hours after the start of incubation in water bath. The gas
production data were analyzed using the exponential model and the gas production parameters were
calculated (@rskov and McDonald, 1979). Two steps digestion (Tilley and Terry 1963) method in six
replications was used to measure digestibility of experimental diets. The rumen fluid and buffer was
prepared as mentioned for gas production experiment. Isolation and purification of bacteria and fungi,
and studying the effect of nano selenium on their digestibile activity conducted by preparing the
specific medium cultures of ruminal anaerobic bacteria or fungi according to recommended method
(Zhang et al., 2007; Mohammadabadi et al. 2012).

Results and discussion: The highest digestibility of dry matter (DM) and neutral detergent fiber
(NDF) of experimental diets in sheep and goats were for the level of 0.6 ppm nano-Se that was higher
than control diet (P<0.05). Regardless the nano-Se level, the DM and NDF digestibility by rumen
microorganisms of sheep was more than goat. Regardless the type of animal, digestibility of DM and
NDF increased with increasing the amount of nano-Se (P<0.05). It has been reported that cell wall
digestibility in sheep was not affected by treatments containing 0.2 and 0.4 mg/kg selenium as sodium
selenite (Alimohamady and Aliarabi, 2013). The use of 0.2, 0.4 and 0.6 mg/kg of nano-selenium in
buffalo reduced the digestibility of dry matter and NDF (Chaji et al. 2015). In contrast, using 0.15,
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0.20 and 0.45 mg/kg nano-Se in diet resulted to increase the digestibility of NDF (Wang et al. 2009).
Differences in results can be derived from the unknown or different properties of nano compounds
relative to the conventional form, such as surface activity, catalytic efficiency, high absorption ability
and low toxicity; because it has been reported that selenium nanoparticle uptake efficiency is higher
than non-nano sized particles (Wang et al. 2007). Potential of gas production was maximum in diets
containing 0.6 ppm nano-Se by microorganisms of sheep and was more than goat for all levels
(P<0.05). The researchers reported that using nano selenium in the diet and incubating it with rumen
fluid of cow resulted to reduce the potential of gas production (Chaji et al., 2014), which was in
contrast with the results of the present experiment. While in another experiment, the rate of gas
production in the diet containing 0.2 mg of nano-Se was the highest (Chaji et al., 2014), which was
consistent with the results of the present experiment. The digestibility of DM and NDF by rumen
bacteria of sheep was significantly higher than the goat, reversely; digestibility of these nutrients by
fungi isolated from goat was more than sheep. The exact reason for higher digestible activity of
isolated bacteria from rumen of sheep than goats, affected by nano-Se, was not ascertained. The
various studies were shown that sheep and goat, along with similarities, has many different properties,
such as resistance to nitrate, tannin, the populations of bacterial, protozoa and fungi (Kamra 2005);
also, type of food, nutritional behavior (grazer or browser), rumen ammonia nitrogen, salivation (in
goats more than sheep), and rumen passage rate and so on (Agrawal et al. 2014). Therefore, the
differences in the effect of nano-Se in these two species may be related to each of these differences,
especially the differences in their microbial population.

Conclusion: Therefore, the use of nano-Se resulted to increase digestibility and fermentation of
nutrients by whole rumen microorganisms and bacteria of both species.
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