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a b s t r a c t

The objective of this experiment was to study the effect of elemental nano-selenium (NS) on
feed digestibility, rumen fermentation, and urinary purine derivatives in sheep. Eight male
ruminally cannulated sheep (42.5 ± 3.2 kg of body weight, BW) were used in a replicated
4×4 Latin square experiment in four 20 day periods. Depending on treatment designation,
sheep were fed the basal diet supplemented with 0 (control), 0.3, 3 and 6 g of nano-Se/kg
dry matter (DM). Ruminal pH (range of 6.68–6.80) and ammonia N concentration (range
of 9.95–12.49 mg/100 mL) was decreased (P<0.01), and total VFA concentration (range of
73.63–77.72 mM) was increased linearly (P<0.01) and quadratically (P<0.01) with increas-
ing nano-Se supplementation. The ratio of acetate to propionate was linearly (P<0.01) and
quadratically (P<0.01) decreased due to the increasing of propionate concentration. In situ
ruminal neutral detergent fiber (aNDF) degradation of Leymus chinensis and crude protein
(CP) of soybean meal were linearly (P<0.01) and quadratically (P<0.01) improved by feeding
nano-Se. Similarly, nutrients digestibility in the total tract and urinary excretion of purine
derivatives were also quadratically (P<0.01) changed by increasing nano-Se supplementa-
tion. The present results indicated that nano-Se supplementation in basal diet improved
rumen fermentation and feed utilization. Nano-Se could also stimulate rumen microbial
activity, digestive microorganisms or enzyme activity. The optimum dose of nano-Se was
about 3.0 g/kg dietary DM in sheep.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Selenium (Se), in the form of selenocysteine, plays an important role in animal nutrition. More than 30 selenoenzymes
have been described in animals (Abd El-Ghany Hefnawy and Tórtora-Pérez, 2010). As a component of these selenoproteins,
Se displays metabolic function in preventing oxidative damage to body tissue (Neve, 2002). Se deficiency has resulted in
impaired heats, cystic ovaries, birth of unthrifty kids with poor immunity and white muscle disease (Rock et al., 2001;
Hartikainen, 2005). Se deficiency in grazing and forage feed is widespread in China and other countries, so Se supplements
are generally required for ruminant. Selenium supplements could increase live weight gains, wool production and growth
rate (Gabbedy, 1971; Whelan et al., 1994; Mahima et al., 2006). Se supplementation may also improve the efficiency of the
antioxidant system; enhance the disease resistance and nutritional quality of the livestock product.

Abbreviations: ADF, acid detergent fiber; BW, body weight; CP, crude protein; DM, dry matter; ED, effective degradability; N, nitrogen; aNDF, neutral
detergent fiber; OM, organic matter; PD, purine derivative; VFA, volatile fatty acids.
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Table 1
The ingredients and chemical composition of the basal diet.

Ingredients g/kg dry matter, DM

Alfalfa hay, ground 380
Corn stalk, ground 280
Cracked corn 165
Wheat bran 20
Soybean meal (400 g crude protein/kg DM) 60
Sunflower meal (283 g crude protein/kg DM) 25
Salt 5
Calcium phosphate 3
Minerals and vitamin premixa 2
Chemical compositionb

Dry matter 845 ± 6
Metabolizable energy (MJ/kg DM) 9.86
Crude protein 120 ± 4
Acid detergent fiber 290 ± 5
Neutral detergent fiber 435 ± 5
Calcium 6.2 ± 0.02
Phosphorus 2.3 ± 0.04
Selenium (mg/kg) 0.040

a Provided per kilogram of the diet: 45 mg of Zn as ZnSO4·7H2O; 40 mg of Mn as MnSO4·H2O; 1.0 mg of I as KI; 1.0 mg of Co as CoCl2·6H2O; 45 mg of Fe
as FeSO4·7H2O; 20 mg of Cu as CuSO4·5H2O; 2500 IU of Vitamin A; 400 IU of Vitamin D and 200 IU of Vitamin E.

b Analyzed values except metabolizable energy.

Several kinds of Se sources have been used in Se deficient ruminants. Inorganic sodium selenite is the usual Se source used
in animal feeds. However, the shortage of supplementation with inorganic Se in salt or feed was the apparent short duration
of Se storage in animals (Surai, 2006a,b). Many studies reported that organic Se is absorbed more readily by ruminants than
inorganic Se (Weiss, 2003; Qin et al., 2007) and organic Se is less toxic than inorganic Se (Doucha et al., 2009). But the toxic
doses of organic Se (selenocystine) are similar with inorganic Se, while selenomethionine is somewhat less toxic in animals
(McAdam and Levander, 1987). Indeed, many reports have indicated that selenium intoxication due to excessive intake of
SeMet-enriched foods in human and livestock (James et al., 1981; Hartley et al., 1984; Jensen, 1984).

Many researches reported that a novel elemental Se source called nano-Se possessed a higher efficiency than selenite,
selenomethionine, and methylselenocysteine in upregulating selenoenzymes in mice and rats (Zhang et al., 2005, 2008;
Wang et al., 2007), and exhibited a lower toxicity (Zhang et al., 2001). The development of nanotechnology holds unique
properties for this redox state Se0 powder, because nanometer particulates exhibit novel characteristics, such as great specific
surface area, high surface activity, a lot of surface active centers, high catalytic efficiency and strong adsorbing ability.

However, little was known about influence of nano-Se on ruminant nutrition. Thus, the objectives of this study were
to evaluate the effects of nano-Se supplemented dose on feed digestibility, rumen fermentation, and excretion of purine
derivatives in sheep.

2. Materials and methods

2.1. Chemicals

Nano-Se was purchased from Shanghai Stone Nano-Technology Port Co., Ltd., China. The sizes of elemental Se particles
ranged from 60 to 80 nm, in the form of orange powder, and concentration was 1000 mg/kg of Se. Other frequently used
chemicals were guaranteed reagents and purchased from Beijing Zhonglian Chenmial Company (Beijing, China).

2.2. Animal diets and experimental design

This experiment was conducted at the Sheep Research Facility of Shanxi Agriculture University. Eight ruminally cannu-
lated male sheep (Dorset sheep×Small Tail Han×Tan sheep, 42.5 ± 3.2 kg of BW), were used in a replicated 4×4 Latin square
experiment with four 20-day periods (10 day adaptation and 10 day sampling collection each period). Treatments were:
control, NS-low, NS-medium and NS-high with 0, 0.3, 3.0 and 6.0 g nano-Se (provide 0, 0.3, 3 and 6 mg Se, respectively) per
kg of diet dry matter (DM), respectively. The supplement of nano-Se was added into the concentrate portion when it was
pelleted in the feed mill. The diets consist of 300 g/kg (dry matter) DM of basal concentrates and 700 g/kg DM of forage to
meet maintenance nutrition requirements of sheep. Sheep were placed in metabolic cages and were fed twice daily (07:00
and 19:00 h), and fresh water was available throughout the experimental period. The proximate composition of basal diet
was presented in Table 1. Samples of diets were collected once weekly for DM analysis, and then mixed by period. The
samples were dried in an oven at 60 ◦C for 48 h, and then ground to pass a 1 mm screen with a mill (FZ102, Shanghai Hong
Ji Instrument Co., Ltd., Shanghai, China) for chemical analysis.
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2.3. Apparent digestibility in the total tract

The amount of feces excreted was determined by using chromium oxide as an indigestibility marker (Harris, 1967).
Each sheep was dosed with 1 g chromic oxide in a paper capsule twice daily at 07:00 and 19:00 h on day 6–15 of each
period. The initial five days were used for uniform chromic oxide excretion and the five consecutive sampling days were
used for collection of feces. Fecal pellets were collected from the rectum two times daily and representative samples of
the feces collected were pooled for the 5 d collection periods, and then dried at 60 ◦C for 48 h. The samples were ground
to pass a 1 mm sieve for chemical analyses. Dry matter excreted in feces was evaluated by dividing chromium input by
chromium concentration in the feces. Excretion of other nutrients in the feces was evaluated by multiplying DM flow by
their concentration in fecal DM.

2.4. Ruminal pH and fermentation

Samples of rumen fluid were collected through the cannula at 0 h (i.e., just before feeding in the morning), 3, 6, and 9 h after
feeding on days 18 and 19 of each collection period. Rumen fluid was collected from several sites of the rumen and filtered
through four layers of cheesecloth for the determination of pH, ammonia-N and volatile fatty acids (VFAs). Ruminal pH was
immediately measured using an electric pH meter (Sartorius Basic pH Meter PB-20, Sartorius AG, Goettingen, Germany). Five
milliliters of filtrate was preserved by adding 1 mL of 250 g/L meta-phosphoric acid to determine VFA, and 5 mL of filtrate
was preserved by adding 1 mL of 20 g/L H2SO4 to determine NH3. The samples were subsequently stored frozen at −20 ◦C
until analyses.

2.5. In situ ruminal degradability

Ruminal degradability of soybean meal and Leymus chinensis was measured using nylon bag technique on day 11–13 of
the experimental period. The samples of soybean meal and Leymus chinensis were milled to pass a 2.5 mm screen with a mill
(FZ102, Shanghai Hong Ji Instrument Co., Ltd., Shanghai, China), Approximately 3.5 g of Leymus chinensis and 4.5 g of soybean
meal were weighed in 6 cm×10 cm nylon bags made of monofilament Pecap polyester (Guangzhou Minyuan Business Co.,
Ltd., Guangdong, China). Samples were incubated separately in duplicate bags and suspended in the rumen of each sheep
2 h after feeding and removed after 0, 6, 12, 24, 48 and 72 h. All removed bags were rinsed in cold water until the bags
were clean; the bags immediately were dried in an oven at 65 ◦C for 12 h, then 105 ◦C for 24 h in order to determine DM
disappearance. Residual DM of bags were ground to pass a 1 mm screen with a mill (FZ102, Shanghai Hong Ji Instrument
Co., Ltd., Shanghai, China) for chemical analysis.

Ruminal nutrient degradability was estimated using the equation described by McDonald (1981):

y = a + b (1 − e−c(t−L)), for t > L

where a is the soluble fraction; b is the slowly degradable fraction; c is the fractional degradation rate constant at which b is
degraded; L is the lag time (h); and t is the time of incubation (h). The non-linear parameters “a”, “b” and “c” were estimated
using the non-linear regression procedure of SAS (1996).

Effective degradability (ED) of feeds in the rumen were calculated using the model of Ørskov and McDonald (1979):
ED=a+[(b×c)/(c+k)], where k was the particulate passage rate out of the rumen and was 0.02/h for Leymus chinensis and
0.052/h for soybean meal according to our measurements (Xun et al., date not published).

2.6. Urine collection and PD measurements

Total urine was collected from day 11 to 20 of each period. Urine volume was measured daily and collected into containers
with approximately 10 mL of 10% H2SO4 to bring down the pH to below 3 for prevention of PD destruction by bacteria, and
1% daily aliquot was pooled over the 10 day period per sheep. At the end of the collection days, 20 mL urine samples was
diluted to 100 mL with distilled water, then divided into three subsamples and stored at −20 ◦C for analysis of allantoin, uric
acid, xanthine and hypoxanthine. Total urinary PD excreted (mmol/day) were estimated as the sum of all four compounds.
The relationship between the excretion of PD in urine and absorption of microbial purines was estimated using the equation
described by Chen and Gomes (1992):

Y = 0.84X + (0.150W0.75e−0.25X )

where Y (mmol/d) is the excretion of PD in urine; X (mmol/d) is the absorption of microbial purines; (0.150 W0.75 e−0.25X)
represents excretion of the endogenous PD, W0.75 represents the metabolic body weight (kg) of the animal.

2.7. Chemical analyses

All dried samples were ground with a mill to pass a 1-mm screen (FZ102, Shanghai Hong Ji Instrument Co., Ltd., Shanghai,
China). Oven-dried samples were analyzed for dry matter (DM, ID No. 934.01 AOAC, 1990), organic matter (OM, ID No.
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Table 2
Effects of Nano-Se supplementation on nutrient digestibility in the total tract of sheep.

Item Treatmentsa SE Contrast, P

Control NS-low NS-med NS-high Linear Quadratic

Dry matter 0.630 0.669 0.677 0.634 0.007 0.36 0.01
Organic matter 0.631 0.672 0.683 0.646 0.007 0.02 0.01
Crude protein 0.640 0.707 0.715 0.642 0.012 0.37 0.01
Ether extract 0.520 0.595 0.608 0.523 0.013 0.42 0.01
Neutral detergent fibre 0.466 0.567 0.581 0.524 0.014 0.01 0.01
Acid detergent fibre 0.453 0.568 0.588 0.486 0.017 0.01 0.01

a Control (without Nano-Se), NS-low, NS-medium and NS-high with 0.3, 3 and 6 g/(sheep day) Nano-Se, respectively.

942.05), and crude protein (CP, ID No. 984.13 AOAC, 1990). The neutral detergent fiber (aNDF) and acid detergent fiber (ADF)
were determined according to Van Soest et al. (1991) with heat stable alpha amylase and sodium sulfite used in the NDF
procedure, and results were expressed inclusive of residual ash. Ruminal VFA was determined using gas chromatography
(GC102AF; Shanghai Specialties Ltd., China). Ammonia N (NH3-N) of rumen fluid was determined by the method of AOAC
(1990). Allantoin and uric acid in urine was determined by using the procedure of IAEA (1997).

2.8. Statistical analyses

Data were analyzed using the mixed model procedure of SAS (Proc Mixed, 1996). The model included square (n = 8), period
within square (n = 8), animal within square (n = 8) and treatment (n = 8). The treatment was as a fixed effect; square, period
within square, and animal within square were as random effects. Data on the ruminal pH, VFA and NH3-N measurements
were also analyzed using the same mixed model with a repeated measures statement. Linear and quadratic orthogonal
contrasts were tested using the CONTRAST statement of SAS with coefficients estimated based on the selenium application
rates. Effects of factors where P<0.05 were considered significant unless otherwise noted.

3. Results

3.1. Digestibility in the total tract

The nutrient digestibility in the total tract of different groups was shown in Table 2. Digestibility of DM, organic matter
(OM), crude protein (CP), ether extract (EE), aNDF and ADF in the total tract were higher for NS-low and NS-medium than
control and NS-high treatments (P<0.01).

3.2. Ruminal pH and fermentation

Ruminal pH, ammonia N and VFA profiles were shown in Table 3. Mean ruminal pH and ammonia N content was quadrat-
ically (P<0.01) decreased with increasing nano-Se supplementation. There was no effect on molar proportion of acetate and
butyrate (P>0.05), whereas that of propionate was linearly (P<0.01) increased with increasing nano-Se supplementation.
As a result, ratio of acetate to propionate was linearly (P<0.01) and quadratically (P<0.01) decreased. Total ruminal VFA
concentration was linearly (P<0.01) and quadratically (P<0.01) increased as increasing nano-Se supplementation.

3.3. Effective ruminal degradability

In situ ruminal digestion kinetics and effective degradability (ED) of Leymus chinensis and soybean meal were shown in
Table 4. For Leymus chinensis, with increasing nano-Se supplementation, the soluble fraction, fractional degradation rate

Table 3
Effects of Nano-Se supplementation on ruminal pH and fermentation in sheep.

Item Treatmentsa SE Contrast, P<

Control NS-low NS-med NS-high Linear Quadratic

pH 6.88 6.71 6.68 6.80 0.030 0.17 0.01
Ammonia N (mg/100 mL) 12.49 10.30 9.95 11.22 0.343 0.06 0.01
Acetate (A) (mol/100 mol) 55.48 54.63 53.42 54.21 0.336 0.10 0.20
Propionate (P) (mol/100 mol) 15.67 17.21 18.10 17.26 0.277 0.01 0.01
Butyrate (mol/100 mol) 5.62 5.53 5.33 5.27 0.069 0.06 0.92
A:P 3.54 3.17 2.95 3.14 0.068 0.01 0.01

Total VFA (mM) 73.63 75.18 77.72 75.42 0.472 0.01 0.01

a Control (without Nano-Se), NS-low, NS-med and NS-high with 0.3, 3 and 6 g/(sheep day) Nano-Se, respectively.
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Table 4
In situ ruminal digestion kinetics and effective degradability (ED) of Leymus chinensis and soybean meal.

Item Treatmentsa SE Contrast, P<

Control NS-low NS-med NS-high Linear Quadratic

Leymus chinensis
DM

ab 0.172 0.198 0.213 0.189 0.005 0.01 0.01
b 0.816 0.746 0.648 0.622 0.025 0.01 0.01
c (/h) 0.007 0.011 0.015 0.010 0.01 0.01 0.01
ED 0.383 0.465 0.489 0.393 0.014 0.07 0.01

aNDF
ab 0.053 0.061 0.068 0.060 0.002 0.01 0.01
b 0.519 0.828 0.937 0.701 0.047 0.01 0.01
c (/h) 0.014 0.011 0.010 0.011 0.001 0.01 0.01
ED 0.266 0.349 0.388 0.308 0.014 0.01 0.01

Soybean meal
DM

ab 0.248 0.313 0.390 0.302 0.016 0.01 0.01
b 0.605 0.613 0.615 0.601 0.002 0.58 0.02
c (/h) 0.041 0.035 0.029 0.035 0.003 0.01 0.01
ED 0.515 0.558 0.610 0.546 0.010 0.01 0.01

CP
ab 0.324 0.340 0.341 0.331 0.003 0.28 0.01
b 0.613 0.671 0.679 0.643 0.025 0.02 0.01
c (/h) 0.017 0.025 0.027 0.025 0.001 0.01 0.01
ED 0.473 0.559 0.575 0.541 0.012 0.01 0.01

a Control (without Nano-Se), NS-low, NS-medium and NS-high with 0.3, 3 and 6 g/(sheep day) Nano-se, respectively.
b Parameters were calculated from the fitted equation y=a+b(1−e−c(t−L)) for t > L, where y is the percentage of DM disappearance from the nylon bag at

time t, a is the soluble fraction, b is the slowly degradable fraction, c is the fraction rate constant at which b is degraded, L is the lag time (h), and t is the
time of incubation (h). Effective degradability (ED) was calculated using equation a+bc/(c+k), where k = 0.02/h for Leymus chinensis and 0.052/h for soybean
meal, respectively.

and the ED of Leymus chinensis DM were linearly (P<0.01) and quadratically (P<0.01) increased, whereas slowly degradable
fraction was quadratically (P<0.01) decreased. Regarding the digestion kinetics of aNDF, the soluble fraction, slowly degrad-
able fraction and ED of aNDF were linearly (P<0.01) and quadratically (P<0.01) increased with increasing nano-Se addition,
whereas fractional degradation rate was linearly (P<0.01) and quadratically (P<0.01) decreased.

For soybean meal, the soluble fraction and ED of DM were both increased linearly (P<0.01) and quadratically (P<0.01), and
slowly degradable fraction was quadratically (P<0.05) increased as the level of supplemental nano-Se increased, whereas
fractional degradation rate of DM was linearly (P<0.01) and quadratically (P<0.01) decreased. Similarly, slowly degradable
fraction, fractional degradation rate and ED of CP were linearly (P<0.05) and quadratically increased (P<0.01), and soluble
fraction of CP was quadratically (P<0.01) increased with increasing nano-Se supplementation.

3.4. Urinary purine derivatives

Urinary purine derivatives are shown in Table 5. There was no effect on daily urinary excretion of uric acid, xanthine and
hypoxanthine (P>0.05). However, urinary excretion of allantoin and PD was increased quadratically (P<0.01) with increasing
nano-Se supplementation.

Table 5
Effects of Nano-Se supplementation on urinary purine derivatives in sheep.

Item Treatmentsa SE Contrast, P<

Control NS-low NS-med NS-high Linear Quadratic

Urinary excretion (mmol/day)
Allantoin 12.28 15.90 16.31 13.05 0.55 0.15 0.01
Uric acid 3.14 3.35 3.42 3.23 0.05 0.47 0.08
Xanthine and hypoxanthine 0.25 0.30 0.31 0.26 0.01 0.76 0.07

Total PD 15.43 19.26 19.75 16.28 0.58 0.10 0.01

a Control (without Nano-Se), NS-low, NS-medium and NS-high with 0.3, 3 and 6 g/(sheep day) Nano-Se, respectively.
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4. Discussion

4.1. Ruminal fermentation

Ruminal pH is an important indicator in reflecting the rumen microbial ecosystem. Lower pH has been appeared to have a
negative effect on fiber digestion (Mould and Orskov, 1984; Mould et al., 1984). Cheng et al. (1984) reported that low ruminal
pH shown to prevent attachment of bacteria to plant cell walls and inhibit fiber digestion. In our study, mean ruminal pH was
in the optimum range for cellulolytic bacterial activity (Russell and Wilson, 1996). The decrease of ammonia N concentration
was consistent with the finding of Wang et al. (2009) who reported a decrease of ammonia N content by SY supplementation.
Faixová et al. (2007) found that Se supplementation could significantly increase rumen microbial population and activity.
Similarly, Mihaliková et al. (2005) observed Se supplementation could help development of some rumen ciliate species
in young sheep. Our study also confirmed incremental rumen microbial population by nano-Se supplementation would
increase the ammonia N utilization. This was consistent with urinary purine derivatives which were quadratically increased
with increasing nano-Se supplementation.

Nano-Se supplementation in sheep switched rumen fermentation pattern from acetate to propionate, and the increased
propionate concentration resulted in the reduction in the ratio of acetate to propionate. Our results of increasing total VFA and
propionate production by nano-Se supplementation are consistent with the finding of Naziroglu et al. (1997) who reported
that total VFA and propionate production were increased by supplemented 0.3 mg/kg Se (Na2SeO3) in lambs. Similarly, Wang
et al. (2009) reported total VFA and propionate increased when supplementation with 0.3, 0.6 and 0.9 mg selenium (from
yeast selenium) per kg of dietary DM in dairy cows. However, Serra et al. (1994) found total VFA, acetate and propionate
and the ratio of acetate and propionate decreased slightly by administration 0.2 mg Se (Na2SeO3 and Na2SeO4) per kg DM
in sheep. The inconsistent result may be due to low absorption of inorganic selenium in sheep. Ruminal microbes reduced
much of the dietary Se to insoluble forms, and thus decrease its availability.

4.2. Apparent digestibility in the total tract and in situ ruminal degradability

The quadratic increase of in situ ruminal ED of Leymus chinensis DM and aNDF was in line with quadratic increase of
nutrients digestibility in total tract (Table 2) and ruminal total VFA (Table 3) with increasing nano-Se supplementation. Also,
Wang et al. (2009) found a linear (P<0.01) and quadratic (P<0.01) increase digestibility of aNDF by supplemented with 0.15,
0.3 and 0.45 mg Se per kg DM in dairy cows. The results suggested that activity and number of cellulolytic bacteria was
promoted by nano-Se. However, Serra et al. (1994) reported that addition 0.2 mg Se (Na2SeO3 and Na2SeO4, per kg DM) in
sheep had no effect on digestibility of NDF. The difference could be due to the different metabolic style between inorganic
selenium and nano-Se in rumen.

A linear and quadratic increase was observed in situ ruminal ED of soybean meal DM and CP by nano-Se supplementation
(Table 4). The similar results were observed in the prior studies. Digestibility of crude protein was significantly increased
by supplemented with 0.1 mg/kg organic Se in pigs (Chaudhary et al., 2009). Selenium deficiency lead to the numbers and
activities of proteolytic enzymes decreased in the pancreas of chicks (Thompson and Scott, 1970; Noguchi et al., 1973),
and in rats (Ewan, 1976), and in pigs (Chaudhary et al., 2009). The present results suggested Se functions to maintain the
production of proteolytic digestive enzymes and activity of protein decomposing bacteria could be improved by nano-Se.

4.3. Urinary purine derivatives

Total urinary excretions of PD (allantoin, uric amino acids acid, xanthine and hypoxanthine) were used to estimate
microbial biomass supply (Chen and Gomes, 1992) and hence protein supply. In the study, the quadratic increase of total
urinary excretion of PD (Table 5) was consistent with decrease of ruminal ammonia N concentration (Table 3) by nano-Se
supplementation. The increase of total PD and reduction of ruminal ammonia N concentration with nano-Se supplementation
should be due to an enhanced microbial growth, because rumen bacteria could have consumed more ammonia N. Besides,
cellulolytic bacteria obtain their N exclusively from ammonia N (Russell et al., 1992). The increased in situ ruminal degradation
of Leymus chinensis and the nutrient digestion in the total tract also supported an increase of ruminal microbial protein
synthesis by nano-Se supplementation.

5. Conclusions

Increasing supplementation of sheep with nano-Se increased ruminal VFA concentration and switched rumen fermen-
tation pattern from acetate to propionate. In situ ruminal aNDF degradation of Leymus chinensis and CP of soybean meal was
improved by nano-Se. Urinary excretions of PD and nutrients digestibility were also quadratically increased with increasing
nano-Se supplementation. The optimum dose of nano-Se was about 3.0 g/kg dietary DM in sheep under the present experi-
mental conditions. The optimum dose of Se (3 mg/kg dietary DM) in our study was higher than NRC (2007) recommended,
and if supplement with other Se sources at this dose could improve feed utilization and rumen fermentation is unknown.
Further study is warranted to focus on comparison of nano-Se and other se sources on feed utilization and fermentation.
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