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ABSTRACT: The purpose of this study was to 
investigate the effects of adding mannan-oligosac-
charides (MOS) on the following parameters in 
sheep: digestibility and retention rate of nutrients, 
ruminal fermentation, immunity, and antioxidant 
capacity. Twelve healthy crossbred wethers (Suffolk 
♂ × Small tail Han-yang ♀) with external ruminal 
fistula and similar body weights (28.04 ± 2.07 kg) 
were fed individually four treatments, three repeats 
of each treatment. The wethers diets were supple-
mental MOS at 0%, 1.2%, 1.6%, and 2.0%·kg−1 of 
basal diet (as fed basis). The experiment lasted 17 
d, including 10 d of acclimation and 7 d of formal 
experimentation. The results showed that MOS 
did not influence the apparent digestibility and 
retention rate of nutrients, ruminal fermentation, 
and immunity or concentration of serum nitric 

oxide and activity of serum nitric oxide synthase 
(P  ≥ 0.07). However, the apparent digestibility of 
neutral detergent fiber and acid detergent fiber at 
MOS supplementation rates of 1.6% and 2.0% 
both tended to be greater than the control group 
(P ≤ 0.103). There was also moderate evidence that 
MOS might increase the nitrogen retention rate 
(P = 0.082). MOS increased the antioxidant ability 
of sheep (P ≤ 0.018), especially at a dose of 1.6%: 
an increase in activity of total superoxide dismu-
tase (P = 0.007), glutathione peroxidase (P = 0.018) 
and total antioxidant capacity (P  <  0.001), and 
a decrease in concentration of malondialdehyde 
(P < 0.001) were found. The results indicated that 
in sheep MOS improved fiber digestion, N retention 
and some antioxidant abilities, but these effects may 
be too small to improve health and performance.
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INTRODUCTION

Functional oligosaccharides are widely used 
in animal feed because of the benefits to animal 
growth and immunity (Duan et al., 2016). Mannan-
oligosaccharide (MOS) has been identified as a typ-
ical functional oligosaccharide (Patel and Goyal, 
2011) and has been the subject of several studies 
on animals including pigs (Giannenas et al., 2016; 
Valpotic et  al., 2016), laying hens (Bozkurt et  al., 
2016; Ghasemian and Jahanian, 2016), broiler 
chickens (Attia et al., 2014), rabbits (Abdel-Hamid 
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and Farahat, 2016), and aquaculture (Akter et  al., 
2016; Torrecillas et  al., 2016). Most previous stud-
ies concentrated on monogastric animals, because 
it is believed that oligosaccharides are degraded by 
ruminal microbes and therefore bring no additional 
benefit to ruminant diets. However, a small number 
of studies show a benefit of oligosaccharides to rumi-
nants. MOS was found to limit body condition scor-
ing (BCS) loss following parturition in spring-calving 
beef cows (Linneen et al., 2014), and increased con-
centrate intake in very young pre-wean dairy calves 
without affecting their performance (Morrison et al., 
2010). Similarly, another study found that supple-
mentary MOS given to cows during the dry period 
enhanced not only their immune response to rotavi-
rus but also the subsequent transfer of rotavirus anti-
bodies to their calves (Franklin et al., 2005). However, 
very few studies on the effect of MOS in sheep were 
found (Demirel et al., 2007). Therefore, the objective 
of the current study was to investigate the effects of 
adding different doses of MOS to sheep diets on the 
digestibility and metabolism of nutrients, ruminal 
parameters, immunity and antioxidant capacity.

MATERIALS AND METHODS

Ethical Statement

This experiment was conducted according to 
the guidelines established by the Biological Studies 
Animal Care and Use Committee of Gansu 
Province, China (2005–12).

Experimental Design, Animals, and Housing

The experimental group consisted of 12 healthy 
crossbred wethers (Suffolk ♂ × Small tail Han-yang 
♀) fitted with an external ruminal fistula and with 
a similar body weight (28.04 ± 2.07 kg). They were 
fed individually four treatments, three repeats of 
each treatment. The wethers diets were supplemental 
MOS (Bio-Mos, Alltech, Nicholasville, KY) at 0%, 
1.2%, 1.6%, and 2.0%·kg−1 of basal diet (as fed 
basis). The test period included a 10-d acclimation 
and a 7-d formal experiment. All sheep were housed 
individually in an environmentally-controlled room. 
Each pen was equipped with a feeder, providing feed 
at 0.8 kg·sheep−1·d−1 (1.77 times maintenance level), 
and a drinker providing ad libitum access to water.

Experimental Diets

The basal diet was formulated to meet or exceed 
the recommendations for all nutrients of ram sheep 

under China Agricultural Industry Standard (NY/
T816-2004, Table 1).

Samples Collecting and Analysis

During the formal experimental period, 10% 
of total diet, 10% of total feces output, and 5% of 
total urine output was sampled for sequential 6 d and 
stored at −20 °C. For nitrogen analysis, samples of 
3% of total feces output were taken daily, stored in 
wide-mouth bottles with 20  mL 10% sulfuric acid 
and pooled for 6 d.  At the end of the data collec-
tion period, diets and fecal samples were thawed and 
pooled by sheep and then dried at 65 °C for 72 h in a 
forced-air oven for partial dry matter (DM) determin-
ation. Dried pooled samples of diets and feces were 
ground through a 1-mm screen in a Wiley Mill (Ogaw 
Seiki Co., Ltd., Tokyo, Japan) and examined for the 
following using Association of Official Analytical 
Chemists methods (AOAC, 2002): analytical DM 
(method 930.15), ash (method 942.05), Ca (method 
978.02), total P (method 946.06); neutral detergent 
fiber (NDF) and acid detergent fiber (ADF) were 
analyzed according to Goering and Soest (1970). The 
nitrogen content of diets, feces with 10% sulfuric acid 
and urine samples were determined by the Kjeldahl 
method (AOAC, 2002, method 990.03).

On the seventh day, the rumen fluid and blood 
samples before feeding and at 1 h, 3 h, 5 h, and 7 h 

Table  1. Composition and nutritional 
level of the experiment diets (air dry basis, 
concentrate:roughage = 40:60)

Feedstuff %

Corn 29.29
Soybean meal 9.00

Cotton seed meal 1.50

Alfalfa hay 26.00

Tall oat grass 33.00

Salt 0.70

Additive premix1 0.51

Nutritional level DM (%) 90.27

DE (digest-
ible energy) 
(MJ·kg−1)

10.32

CP (%) 11.03

DE/CP (energy 
: protein 
ratio) (MJ·g−1)

0.094

NDF (%) 29.57

ADF (%) 16.61

Ca (%) 0.53

P (%) 0.23

1Additive premix includes: mineral elements (mg/kg): S, 200; Fe, 25; 
Zn, 40; Cu, 8; I, 0.3; Mn, 40; Se, 0.2; Co, 0.1; vitamins (IU/kg):vitamin 
A, 940; vitamin E, 20.
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after feeding were collected. Approximately 50 mL of 
rumen fluid was taken from three places in the rumen, 
strained through four layers of cheesecloth and pre-
served in individual plastic tubes for each sheep. 
Immediately after collection, samples were evalu-
ated with a pH meter (PB-10; Sartorius Co. Limited, 
Göttingen, Germany) before storage at −20  °C. 
Volatile fatty acids (VFA) were measured by Agilent 
6890N gas chromatography (Agilent Co. Limited, 
Santa Clara, CA, USA) with a 30-m (0.32-mm i.d.) 
fused silica column (HP-19091N-213; Agilent Co. 
Limited). The total nitrogen content was determined 
by the Kjeldahl method (AOAC, 2002, method 
990.03). The ammonia nitrogen content was meas-
ured using a spectrophotometer (SP-723; Spectrum 
Instruments, Ltd., Shanghai, China) according to the 
Berthelot reaction (phenol-hypochlorite) described 
by Broderick and Kang (1980). A 5 mL blood sam-
ple was collected from the cervical vein into a non-
heparinized vacuum tube, incubated at 37  °C for 
4  h, stored at 4  °C overnight and then centrifuged 
(3,000 × g) for 10 min at 4 °C to obtain the serum. 
The serum activity or concentration of the follow-
ing were measured by colorimetric kits (Nanjing 
Jiancheng, Ltd., Nanjing, China) using a spectropho-
tometer (SP-723; Spectrum Instruments, Ltd): total 
superoxide dismutase (T-SOD), glutathione peroxi-
dase (GSH-Px), total antioxidant capacity (T-AOC), 
malondialdehyde (MDA), total nitric oxide synthase 
(TNOS), inducible nitric oxide synthase (iNOS), con-
stitutive nitric oxide synthase (cNOS) and nitric oxide 
(NO). The serum concentration of the following were 
determined using an ELISA kit (Assay Design Co. 
Limited, Michigan, USA) by a microplate reader 
(iMARK; BIO-RAD, Ltd., Hercules, CA, USA): 
immunoglobulin A (IgA), immunoglobulin G (IgG), 
interleukin 2 (IL-2) and complement 3 (C3).

Statistical Analysis

The data were analyzed by one-way ANOVA 
(SPSS 19.0, IBM Co. Limited, Chicago, USA) 
using the following model:

	 X m eij i ij= + +α

Where Xij is the observation of the dependent 
variable (i = 1 to 4, j = 1 to 3), μ is the population 
mean, αi is the random effect of treatment, and eij is 
the random error associated with the observation.

Significance was declared at P ≤ 0.05, and ten-
dency at 0.05  <  P  ≤  0.10, using Tukey’s multiple 
comparison test.

RESULTS

Nutrient Apparent Digestibility and Retention Rate

The nutrient apparent digestibility and reten-
tion rate are shown in Tables 2 and 3. There were 
no differences between the groups fed supplemen-
tary MOS in either nutrient apparent digestibility 
or retention rate (P > 0.07). However, a tendency 
of MOS to increase the NDF and ADF apparent 
digestibility and N retention rate was observed 
(P ≤ 0.103).

Ruminal Fermentation Parameters

The ruminal fermentation parameters are 
shown in Tables 4 and 5. Apart from the before 
feeding butyrate: total volatile fatty acid (TVFA) 
ratio, no differences were found (P  ≥  0.073). The 
before feeding butyrate:TVFA ratio in sheep given 
the 1.2% MOS diet was less than the other groups 
(P  =  0.001). Supplementary MOS led to a slight 
decrease in ammonia nitrogen concentration 1  h 
to 5  h after feeding and a slight increase in pro-
tein nitrogen concentration 5 h to 7 h after feeding 
(P ≥ 0.203).

Immune and Antioxidant Parameters

The immune and antioxidant parameters of 
sheep serum are shown in Table  6. There was no 
effect of MOS on immunity parameters or on 
serum NO, TNOS, iNOS, or cNOS concentra-
tion (P  ≥  0.112). However, there was an increase 
in antioxidant parameters: the values of T-SOD 
and T-AOC in sheep given the 1.6% and 2.0% 
MOS diet were greater than that of the control 
group (P = 0.007, P < 0.001); similarly, the value 
of GSH-Px in sheep given the 1.6% MOS diet was 
greater than that of the control group (P = 0.018). 
However, the value for MDA was less than in the 
control group (P < 0.001).

DISCUSSION

Nutrient Apparent Digestibility and Retention Rate

In the current study, the only parameters 
increased by MOS were apparent digestibility of 
NDF and ADF, and N retention rate. The reason 
for these could be that MOS promotes cellulolytic 
bacteria, causing a greater degradation of  fiber 
in the rumen; and promotes ruminal microbes 
to synthesize more degradable microbial protein 
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to increase N digestion, although the effect was 
slight. These findings are consistent with various 
other reports which found that MOS could in-
crease the digestibility and retention rate of 

various nutrients in monogastric animals, such 
as pigs and piglets (Nochta et al., 2010; Conejos 
et al., 2012; Zhao et al., 2012; Giannenas et al., 
2016), broiler chickens (Corrigan et  al., 2015), 

Table 3.  Apparent digestibility of N, Ca, and P and retention rate of N of sheep (g·d−1, %)

Item

MOS1

SEM2 P value0% 1.2% 1.6% 2.0%

N
  Intake 15.11 15.80 15.42 14.34 0.29 0.376

  N in feces 5.07 5.00 4.60 4.47 0.13 0.326

  N in urine 6.76 7.07 6.68 6.41 0.19 0.724

  Digested N 10.03 10.80 10.82 9.87 0.24 0.395

  Apparent digestibility 66.41 68.31 70.15 68.78 0.70 0.334

  Retained N 3.27 3.72 4.14 3.46 0.14 0.105

  Retention rate 21.62 23.56 26.84 24.20 0.76 0.082

Ca

  Intake 4.71 4.93 4.81 4.47 0.09 0.376

  Ca in feces 3.68 3.86 3.67 3.44 0.07 0.207

  Digested Ca 1.03 1.07 1.14 1.03 0.03 0.724

  Apparent digestibility 21.84 21.69 23.62 22.96 0.49 0.499

P

  Intake 1.60 1.67 1.63 1.51 0.03 0.376

  P in feces 1.07 1.11 1.06 1.00 0.03 0.583

  Digested P 0.53 0.56 0.57 0.52 0.01 0.329

  Apparent digestibility 32.94 33.32 34.70 34.41 0.72 0.842

1Sheep were fed 0%, 1.2%, 1.6%, and 2.0% mannan-oligosaccharides (MOS) (n = 3 per treatment). Mean results of digestion and retention are 
shown for the six-day collection phase of the study for each treatment.

2SEM = standard error of the mean.

Table 2. Apparent digestibility of DM, OM, NDF, and ADF of sheep (g·d−1, %)

Item

MOS1

SEM2 P value0% 1.2% 1.6% 2.0%

DM
  Intake 685.48 716.92 699.80 650.59 13.28 0.376

  DM in feces 235.52 222.46 213.90 201.28 7.67 0.507

  Digested DM 449.95 494.46 485.90 449.31 11.04 0.364

  Apparent digestibility 65.55 68.98 69.40 69.23 0.95 0.474

OM

  Intake 639.22 668.54 652.57 606.68 12.38 0.376

  OM in feces 210.85 191.60 183.34 172.47 7.35 0.334

  Digested OM 428.37 476.94 469.24 434.21 10.66 0.289

  Apparent digestibility 66.92 71.34 71.87 71.76 1.01 0.259

NDF

  Intake 224.62 234.92 229.31 213.19 4.35 0.376

  NDF in feces 128.38 114.68 104.03 96.58 5.23 0.142

  Digested NDF 96.24 120.24 125.29 116.60 4.76 0.129

  Apparent digestibility 42.67 51.19 54.59 55.12 2.09 0.103

ADF

  Intake 126.17 131.96 128.81 119.75 2.44 0.376

  ADF in feces 74.49 68.42 60.74 55.29 3.07 0.105

  Digested ADF 51.68 63.54 68.07 64.46 2.56 0.097

  Apparent digestibility 40.83 48.16 52.80 54.26 2.10 0.070

1Sheep were fed 0%, 1.2%, 1.6%, and 2.0% mannan-oligosaccharides (MOS) (n = 3 per treatment). Mean results of digestion are shown for the 
six-day collection phase of the study for each treatment.

2SEM = standard error of the mean.
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and aquaculture (Anguiano et  al., 2013; Safari 
et al., 2014).

There are fewer studies in ruminants, and the 
results are less conclusive. For example, MOS 
did not affect apparent nutrient digestibility in 
steers (Jin et  al., 2014), and yeast culture did not 
alter apparent nutrient digestibility in dairy heif-
ers (Lascano and Heinrichs, 2009), dairy cows 
(Moallem et al., 2009), steers (Hinman et al., 1998), 
or lambs (Adams et al., 1981). In addition, Holstein 
cows given diet containing 56 g·d−1 of yeast culture 
showed only a small numerical increase in NDF di-
gestibility (White et al., 2008).

Other experiments had different conclusions. 
For example, Holstein cross calves fed MOS at 
4 g·d−1 had greater use of DM, total digestible 
nutrients (TDN) and crude protein (CP) (Ghosh 
and Mehla, 2012). Yeast culture supplementation 
increased true organic matter (OM) digestibility 
of steers early in the grazing season (Olson et al., 
1994b), and also increased in situ NDF and CP 
degradation in beef cows in June (Olson et  al., 
1994a). An earlier study concluded that yeast cul-
ture improved N, Zn, and Fe metabolism in lambs 
(Cole et al., 1992). A more recent study found that 
NDF decreased the apparent digestibility in sheep 
fed 136 mg·kg−1 of chitosan (Goiri et  al., 2010). 
These differences may be attributed to different 
species, additives, diets or feeding strategies.

Ruminal Fermentation Parameters

In ruminants, nitrogen metabolism parame-
ters are used to predict ruminal health and assess 
whether nitrogen supplementation is appropriate 
to the need. In this study, MOS decreased am-
monia nitrogen concentration and increased pro-
tein nitrogen concentration of rumen fluid to a 
small degree. A less ammonia nitrogen concentra-
tion is commonly considered a sign of flourishing 
ruminal microorganisms. Therefore, MOS could 
provide some benefits to ruminal microorganisms 
by enhancing their ability to synthesize microbial 
protein, even though this is less important than in 
monogastric animals.

Some similar results were found from previ-
ous studies in ruminants. Yeast culture was able to 
decrease ammonia nitrogen concentration in dairy 
cows (Moallem et al., 2009), similar to results found 
in lambs (Adams et al., 1981) and steers (Malcolm 
and Kiesling, 1990; Olson et al., 1994b). One study 
found that galacto-oligosaccharide (GOS) could 
decrease ruminal ammonia nitrogen concentra-
tion in sheep, although there was no influence of 
yeast culture (Mwenya et al., 2004). A  later study 
also reported that GOS marginally decreased the 
ruminal ammonia nitrogen concentration in sheep 
(Pen et al., 2007). A study into chitosans found that 
they decreased ammonia nitrogen concentration of 

Table 4. Parameters related to nitrogen metabolism in rumen fluid (mg·100 mL−1)

Item

MOS1

SEM2 P value0% 1.2% 1.6% 2.0%

Total nitrogen
  Before feeding 157.60 124.80 152.00 164.80 12.19 0.733

  After 1 h 160.80 165.87 201.60 177.07 13.43 0.778

  After 3 h 183.20 130.13 181.87 146.40 12.48 0.354

  After 5 h 145.60 153.07 149.87 160.80 12.78 0.990

  After 7 h 133.60 173.33 188.00 170.40 13.12 0.646

Ammonia nitrogen

  Before feeding 71.24 81.43 71.72 68.42 3.97 0.794

  After 1 h 179.97 97.87 105.00 95.44 15.02 0.203

  After 3 h 131.78 89.35 91.56 89.81 8.45 0.305

  After 5 h 136.26 96.96 50.86 53.75 17.97 0.385

  After 7 h 72.18 70.32 74.35 90.67 5.95 0.716

Protein nitrogen

  Before feeding 81.69 68.87 77.19 93.48 13.58 0.960

  After 1 h 66.93 65.64 94.95 111.52 11.22 0.446

  After 3 h 48.76 38.19 89.25 54.44 11.03 0.360

  After 5 h 43.89 54.48 115.32 105.58 14.88 0.237

  After 7 h 58.78 100.08 111.25 78.49 13.96 0.679

1Sheep were fed 0%, 1.2%, 1.6%, and 2.0% mannan-oligosaccharides (MOS) (n = 3 per treatment). Mean results of nitrogen metabolism of 
rumen fluid are shown for the five time point collection at seventh day of the study for each treatment.

2SEM: standard error of the mean.
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sheep rumen fluid (Goiri et al., 2010). These results, 
including those from the current study, indicate 
that MOS has the potential to affect ruminal fer-
mentation, depending on the species, diet, and the 
quality of MOS.

In the current study, there was little evidence of 
supplementary MOS effect on ruminal pH or TVFA 
concentration. This could be because the effect of 
MOS on ruminal microorganisms was too small to 
change ruminal fermentation, although there was a 
small effect on butyrate concentration. This seems 

to be consistent with previous studies where yeast 
culture supplementation did not affect the major 
fermentation acids or pH in vitro (Kung et  al., 
1997) or in steers (Malcolm and Kiesling, 1990). 
Similarly, a more recent study found that GOS had 
no impact on propionate or acetate molar propor-
tions in sheep (Pen et al., 2007). In contrast, a study 
found that TVFA, propionate, acetate and isoacid 
concentration increased when yeast culture was 
added to dairy heifer diets (Lascano and Heinrichs, 
2009). This finding corroborates an earlier paper 

Table 5. Parameters related to pH and volatile fatty acid in rumen fluid (mM, %)

Item

MOS1

SEM2 P value0% 1.2% 1.6% 2.0%

pH
  Before feeding 7.17 7.10 7.05 7.37 0.08 0.653

  After 1 h 6.40 6.54 6.49 6.68 0.12 0.933

  After 3 h 6.46 6.22 6.81 6.60 0.13 0.443

  After 5 h 6.55 5.76 6.40 6.11 0.22 0.648

  After 7 h 6.94 6.80 6.94 6.83 0.16 0.992

Total volatile fatty acid

  Before feeding 57.48 55.58 61.20 48.67 5.29 0.916

  After 1 h 95.25 67.23 90.03 69.44 9.50 0.730

  After 3 h 93.69 66.28 75.26 65.94 8.36 0.747

  After 5 h 69.48 55.10 110.02 87.33 14.69 0.660

  After 7 h 54.87 70.45 77.61 65.07 8.74 0.907

Acetate:TVFA

  Before feeding 69.83 68.84 69.51 70.94 0.66 0.810

  After 1 h 67.02 67.47 69.38 67.83 0.82 0.822

  After 3 h 67.56 68.61 67.74 66.96 0.74 0.924

  After 5 h 66.94 70.86 68.55 66.08 1.50 0.742

  After 7 h 68.70 64.50 69.83 69.82 1.28 0.396

Propionate:TVFA

  Before feeding 13.34 13.23 9.55 10.61 0.82 0.242

  After 1 h 21.08 17.30 16.85 18.29 1.14 0.703

  After 3 h 18.59 17.01 16.95 20.54 0.94 0.601

  After 5 h 18.06 14.81 15.70 22.34 1.58 0.395

  After 7 h 13.48 20.72 14.13 13.86 1.52 0.240

  Butyrate:TVFA

  Before feeding 12.21a 10.43b 12.89a 12.42a 0.35 0.001

  After 1 h 9.58 10.82 10.31 9.91 0.48 0.878

  After 3 h 10.02 10.87 11.54 9.45 0.35 0.156

  After 5 h 11.14 11.61 12.04 8.56 0.54 0.073

  After 7 h 12.82 10.72 10.37 12.13 0.41 0.113

Acetate:Propionate

  Before feeding 5.24 5.47 7.39 6.69 0.42 0.202

  After 1 h 3.22 4.07 4.14 4.02 0.28 0.760

  After 3 h 3.67 4.06 4.12 3.38 0.22 0.716

  After 5 h 3.87 5.15 4.39 3.14 0.49 0.578

  After 7 h 5.11 3.28 5.41 5.40 0.53 0.420

1Sheep were fed 0%, 1.2%, 1.6%, and 2.0% mannan-oligosaccharides (MOS) (n = 3 per treatment). Mean results of pH and volatile fatty acid of 
rumen fluid are shown for the five time point collection at seventh day of the study for each treatment.

2SEM = standard error of the mean.
a,bMeans within rows with different superscript letters differ (P < 0.05).
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which suggested that adding yeast culture to a 
high-concentrate diet increased TVFA production, 
butyrate and valerate concentrations, but decreased 
acetate concentration in vitro (Carro et al., 1992).

Immune and Antioxidant Parameters

In the current research, MOS influenced nei-
ther the immune factors nor the serum NO con-
centration or activity of nitric oxide synthase. 
However, MOS supplementation did increase anti-
oxidant capacity, especially at the 1.6% dose. This 
suggests that MOS could increase antioxidase 
activity, which would decrease oxygen radicals and 
MDA concentration. One previous study found no 
effect on IgG level and antibody response in lambs 
(Demirel et  al., 2007). Another previous study 
found no effect on passive immunity characteristics 
transferred from beef cows to their calves (Linneen 
et al., 2014). In contrast, another study concluded 
that MOS supplementation in dairy cows during 
their dry period enhanced their immunity response 
to rotavirus, and tended to enhance the subsequent 
transfer of rotavirus antibodies to their calves 
(Franklin et al., 2005).

CONCLUSION

Additional MOS did not impact the apparent 
digestibility and retention rate of the vast majority 
of nutrients, nor did it affect ruminal fermentation, 
immunity, or serum NO concentration or activity 

of nitric oxide synthase in sheep. However, MOS 
did appear to increase apparent digestibility of 
NDF and ADF, and there was moderate evidence 
that it also increased the rate of N retention. In 
addition, MOS increased the antioxidant ability 
of sheep. The results suggest that MOS improved 
fiber digestion, N retention and improved antioxi-
dant capacity; however these effects were too small 
to lead to substantial changes in sheep.
Conflict of interest statement. The authors declare 
no conflicts of interest.
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