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Abstract
This experiment employed the nylon bag method to investigate the effects of
dietary concentrate to forage ratio and mannan oligosaccharide (MOS) supple-
mentation on nutrient degradation rates in the rumen of sheep. Six wethers
(White Suffolk � × Small-tailed Han �) fitted with permanent rumen fistulas
were used in a 4$×$6 two-factor factorial experimental design, with dietary con-
centrate to forage ratio and MOS supplementation level as the two factors. The
dietary concentrate to forage ratios were 20:80 (A1), 30:70 (A2), 40:60 (A3),
and 50:50 (A4), and MOS supplementation levels were 0 (B1), 0.4% (B2), 0.8%
(B3), 1.2% (B4), 1.6% (B5), and 2.0% (B6). The results showed that dietary
concentrate to forage ratio significantly affected (P<0.05) the degradation rates
of dry matter (DM), organic matter (OM), and crude protein (CP) in sheep
rumen at different time points, the degradation parameters [for DM and OM:
rapidly degradable fraction (a), slowly degradable fraction (b), and degradable
fraction (a+b); for CP: a, b, and degradation rate of fraction b (c)], and the
effective degradation rates, all of which increased with increasing dietary concen-
trate proportion and reached the maximum in group A4. MOS supplementation
level only significantly affected (P<0.05) the degradation rates of CP at different
time points and the degradable fraction parameter a+b, both of which increased
initially and then decreased with increasing MOS supplementation level, reach-
ing the maximum in group B5. There was no significant interaction (P>0.05)
between dietary concentrate to forage ratio and MOS supplementation level on
nutrient degradation rates in sheep rumen. It was concluded that the effective
degradation rates of DM, OM, and CP in sheep rumen were highest at a dietary
concentrate to forage ratio of 50:50, and the degradation rate of CP was highest
at an MOS supplementation level of 1.6%.
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Abstract

This experiment investigated the effects of adding mannan-oligosaccharides
(MOS) to diets with different concentrate to roughage ratios on nutrient degra-
dation rates in sheep rumen using the nylon bag technique. Six wethers (white
Suffolk � × small-tailed Han sheep �) fitted with permanent rumen fistulas
were used in a 4$×$6 factorial design with two factors: dietary concentrate to
roughage ratio [A1 (20:80), A2 (30:70), A3 (40:60), and A4 (50:50)] and MOS
supplementation level [B1 (0%), B2 (0.4%), B3 (0.8%), B4 (1.2%), B5 (1.6%),
and B6 (2.0%)]. The results showed that dietary concentrate to roughage ratio
significantly affected the rumen degradation rates, degradation parameters
[for DM and OM: immediately degraded fraction (a), slowly degraded fraction
(b), and degradable fraction (a+b); for CP: a, b, and degradation rate of
b (c)], and effective degradation rates of dry matter (DM), organic matter
(OM), and crude protein (CP) at different time points (P<0.05). All these
parameters increased with higher concentrate proportions, reaching maximum
values in group A4. MOS supplementation level only significantly affected the
rumen degradation rate of CP and the a+b parameter of CP degradation at
different time points (P<0.05), showing a trend of initial increase followed by
decrease with rising MOS levels, with peak values observed in group B5. No
significant interaction was found between dietary concentrate to roughage ratio
and MOS supplementation level on rumen nutrient degradation rates (P>0.05).
In conclusion, the effective degradation rates of DM, OM, and CP in sheep
rumen were highest at a dietary concentrate to roughage ratio of 50:50, while
the degradation rate of CP peaked at a MOS supplementation level of 1.6%.

Keywords: sheep; concentrate to roughage ratio; mannan oligosaccharides;
nylon bag technique; rumen degradation rate

Mannan-oligosaccharides (MOS) are novel feed additives that have received con-
siderable attention in recent research. These linear or branched low-degree poly-
merized sugars consist of 2–10 glucose, mannose, or galactose molecules linked
by 𝛽-1,4-D-mannopyranoside bonds or 𝛼-1,2, 𝛼-1,3, or 𝛼-1,6 glycosidic bonds,
and are primarily obtained through fermentation of yeast cell walls rich in MOS.
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MOS not only promote the proliferation of beneficial bacteria but also adsorb
pathogenic bacteria, improve intestinal microecology, enhance non-specific im-
munity, and increase animal resistance. Additionally, MOS serve as intestinal
regulators with advantages over antibiotics, including no pollution, no residue,
and no side effects. While numerous studies have investigated MOS application
in monogastric animal production, research on their use in ruminant production
remains limited.

Dietary concentrate to roughage ratio significantly influences rumen environ-
ment and digestive metabolism in ruminants, with ratios that are too low or
too high adversely affecting health status and production performance. Appro-
priate roughage supplementation not only increases satiety and reduces feed
costs but also promotes gastrointestinal motility, improves digestibility, and of-
fers potential benefits for optimizing rumen environment. Feeding diets with
suitable concentrate to roughage ratios is crucial for improving nutrient utiliza-
tion and production performance. Therefore, this study employed the nylon
bag technique to determine the degradation rates of dry matter (DM), organic
matter (OM), and crude protein (CP) in sheep rumen for diets with different
concentrate to roughage ratios supplemented with varying MOS levels, and to
explore their interaction, thereby providing fundamental data for MOS appli-
cation in ruminant production and its interaction with dietary concentrate to
roughage ratio.

1.1 Experimental Design

A 4$×$6 factorial design was employed with two factors: dietary concentrate to
roughage ratio (A) and MOS supplementation level (B). Factor A comprised four
levels: 20:80 (A1), 30:70 (A2), 40:60 (A3), and 50:50 (A4). Factor B comprised
six levels: 0% (B1), 0.4% (B2), 0.8% (B3), 1.2% (B4), 1.6% (B5), and 2.0%
(B6), resulting in 24 treatment combinations. The experimental design scheme
is presented in Table 1 .

Table 1 The experimental design scheme

Dietary concentrate to roughage ratio MOS adding level
20:80 (A1) 0 (B1)
30:70 (A2) 0.4 (B2)
40:60 (A3) 0.8 (B3)
50:50 (A4) 1.2 (B4)

1.6 (B5)
2.0 (B6)

1.2 Experimental Diets

Feed ingredients low in MOS content, including corn, soybean meal, cottonseed
meal, alfalfa hay, and oat grass, were selected to formulate four experimental di-
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ets with different concentrate to roughage ratios. The composition and nutrient
levels are shown in Table 2 .

Table 2 Composition and nutrient levels of experimental diets (air-dry basis),
%

Item Dietary concentrate to roughage ratio
20:80 (A1)

Ingredients
Corn [values]
Soybean meal [values]
Cottonseed meal [values]
Alfalfa hay [values]
Oat grass [values]
NaCl [values]
Premix [values]
Total
Nutrient levels
DM [values]
DE/(MJ/kg) [values]
CP [values]
DE/CP (MJ/g) [values]
NDF [values]
ADF [values]
Ca [values]

The premix provides the following per kilogram of diets: S 200 mg, Fe 25 mg,
Zn 40 mg, Cu 8 mg, I 0.3 mg, Mn 40 mg, Se 0.2 mg, Co 0.1 mg, VA 940 IU,
VE 20 IU.

1.3 Experimental Animals and Management

Six healthy crossbred wethers (white Suffolk � × small-tailed Han sheep �) ap-
proximately one year old and weighing (28.04$±$2.07) kg, fitted with permanent
rumen fistulas, were used as experimental animals. During the experimental pe-
riod, the sheep were fed diet A3 at 1.0 kg/head/day with free access to water.

1.4 Nylon Bag Procedure

Approximately 3.0 g of sample was accurately weighed and placed in nylon
bags (18 cm × 15 cm, 40 µm pore size), which were then sealed tightly. Each
treatment had three replicates. Twelve nylon bags were placed in each sheep’
s rumen in two repetitions, secured to the fistula opening. The clamped nylon
bags were inserted into the rumen ventral sac before morning feeding. Bags
were removed at 3, 6, 9, 12, 24, and 48 h post-incubation, rinsed with 37°C
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distilled water while controlling water flow rate, temperature, and rinsing time
(approximately 5 min). After rinsing, nylon bags and residues were dried to
constant weight in a 65–70°C oven. DM, OM, and CP contents in diets and
residues were then determined according to Zhang et al. [7], and degradation
rates were calculated.

1.5 Determination of Rumen Passage Rate K and Effective Degrada-
tion Rates of DM, OM, and CP

The chromium marker method [8] was used to determine rumen passage rate
K. Based on sampling time points and chromium oxide concentrations in feces,
CurveExpert 1.3 software was used for least squares curve fitting to determine
K values, which are presented in Table 3 . Effective degradation rates of DM,
OM, and CP were calculated using the model proposed by Ørskov et al. [9],
with SAS software employed for least squares curve fitting to obtain a, b, and c
values.

The degradation model is:

𝑃𝑡 = 𝑎 + 𝑏(1 − 𝑒−𝑐𝑡)

Where:
𝑃𝑡 = degradation rate of the tested nutrient at time t
𝑎 = immediately degraded fraction
𝑏 = slowly degraded fraction
𝑎 + 𝑏 = degradable fraction
𝑐 = degradation rate of fraction b
𝑡 = feed retention time in rumen

The effective degradation rate of the tested nutrient is related to rumen passage
rate K as follows:

𝑃 = 𝑎 + 𝑏 × 𝑐
𝑐 + 𝐾

Where:
𝑃 = effective degradation rate of the tested nutrient in rumen
𝑎 = immediately degraded fraction
𝑏 = slowly degraded fraction
𝑐 = degradation rate of fraction b
𝐾 = rumen passage rate of the diet

Table 3 K values of diets with different concentrate to roughage ratios

Item K value
[values]
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1.6 Statistical Analysis

Two-way ANOVA was performed using SPSS 16.0 software package. When
significant differences were detected, Tukey’s test was used for multiple
comparisons. Significance was declared at P<0.05 and P<0.01, while
P$�0.20𝑤𝑎𝑠𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑𝑡𝑜𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑎𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑡𝑟𝑒𝑛𝑑.𝑆𝑖𝑛𝑐𝑒𝑡ℎ𝑒𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝑑𝑖𝑒𝑡𝑎𝑟𝑦𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑒𝑡𝑜𝑟𝑜𝑢𝑔ℎ𝑎𝑔𝑒𝑟𝑎𝑡𝑖𝑜𝑎𝑛𝑑𝑀𝑂𝑆𝑠𝑢𝑝𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛𝑙𝑒𝑣𝑒𝑙(𝐴×$B)
had no significant effect on any parameters, only main effect data are presented.

2.1 Effects of MOS Supplementation in Diets with Different Concen-
trate to Roughage Ratios on Rumen Nutrient Degradation Rates

As shown in Tables 4 , 5 , and 6 , dietary concentrate to roughage ratio sig-
nificantly affected rumen degradation rates of DM, OM, and CP at all time
points (P<0.05). All parameters increased with higher concentrate proportions,
with group A4 showing the highest degradation rates at each time point, signif-
icantly greater than groups A1 and A2 (P<0.05). MOS supplementation level
only significantly affected rumen CP degradation rates at different time points
(P<0.05), exhibiting a trend of initial increase followed by decrease with rising
MOS levels. Group B5 showed the highest CP degradation rates at all time
points, significantly higher than group B1 (P<0.05).

Table 4 Rumen DM degradation rate at different time points, %

Groups Time points/h P-value
3 6

A1 30.31c 35.90b
A2 33.61b 38.03b
A3 35.80ab 41.26a
A4 36.45a 41.59a
P-value <0.001 <0.001

In the same column, values with no letter or the same letter superscripts mean
no significant difference (P>0.05), while different small letter superscripts mean
significant difference (P<0.05). The same as below.

Table 5 Rumen OM degradation rate at different time points, %

Items Time points/h P-value
3 6

A1 28.41b 31.88c
A2 29.05b 32.50c
A3 32.22a 36.34b
A4 34.53a 39.29a
P-value <0.001 <0.001
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Table 6 Rumen CP degradation rate at different time points, %

Items Time points/h P-value
3 6

A1 32.41c 32.73c
A2 35.44b 34.97c
A3 36.60ab 38.31b
A4 38.77a 39.13ab
B1 34.06bc 34.06bc
B2 37.07bc 37.07bc
B3 40.17bc 40.17bc
B4 44.20ab 44.20ab
B5 45.95a 45.95a
B6 47.01a 47.01a
P-value <0.001 <0.001

2.2 Effects of MOS Supplementation in Diets with Different Concen-
trate to Roughage Ratios on Rumen Nutrient Degradation Parame-
ters and Effective Degradation Rates

As shown in Tables 7 , 8 , and 9 , dietary concentrate to roughage ratio signif-
icantly affected the a, b, a+b fractions and effective degradation rates of DM
and OM, as well as the a, b, c fractions and effective degradation rate of CP
(P<0.05). All parameters increased with higher concentrate proportions, with
group A4 showing the highest effective degradation rates for DM, OM, and
CP, significantly greater than groups A1, A2, and A3 (P<0.05). MOS supple-
mentation level only significantly affected the a+b fraction of CP degradation
(P<0.05), showing a trend of initial increase followed by decrease with rising
MOS levels. Group B5 had the highest a+b value for CP, significantly greater
than groups B1, B2, and B3 (P<0.05).

Table 7 Rumen degradation parameters and effective degradation rate of DM

Item a b c a+b Effective degradation rate P-value
A1 18.23d 43.94b [value] 62.17d 46.38d <0.001
A2 21.14c 44.13b [value] 65.26c 51.58c <0.001
A3 23.67b 43.89b [value] 67.56b 56.31b <0.001
A4 24.32a 44.51a [value] 68.84a 58.12a <0.001
P-value <0.001 <0.001 [value] <0.001 <0.001

Table 8 Rumen degradation parameters and effective degradation rate of OM
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Item a b c a+b Effective degradation rate P-value
A1 18.44c 36.48d 0.553 54.92d 41.11d <0.001
A2 17.79d 42.25c [value] 60.04c 46.05c <0.001
A3 21.27b 44.62b [value] 65.89b 52.44b <0.001
A4 22.94a 53.91a [value] 76.85a 60.82a <0.001
P-value <0.001 <0.001 0.553 <0.001 <0.001

Table 9 Rumen degradation parameters and effective degradation rate of CP

Item a b c a+b Effective degradation rate P-value
A1 26.60c 37.22a 0.043c 62.95d 43.46d <0.001
A2 30.05b 36.05b 0.044c 64.38cd 48.64c <0.001
A3 30.61b 36.81ab 0.050b 66.00bc 52.69b <0.001
A4 32.55a 35.67c 0.055a 67.91ab 55.56a <0.001
B1 [value] [value] [value] 62.95d [value] <0.001
B2 [value] [value] [value] 64.38cd [value] <0.001
B3 [value] [value] [value] 66.00bc [value] <0.001
B4 [value] [value] [value] 67.91ab [value] <0.001
B5 [value] [value] [value] 69.24a [value] <0.001
B6 [value] [value] [value] 67.86ab [value] <0.001
P-value <0.001 <0.001 <0.001 <0.001 <0.001

Rumen nutrient degradation rate reflects the digestibility and utilization diffi-
culty of feed ingredients, serving as an important indicator of nutrient utilization
by the animal body and a measure of feed value. Higher effective degradation
rates signify better utilization by rumen microorganisms and body tissues, and
dietary concentrate to roughage ratio is one of the key factors determining ru-
men nutrient degradation rate.

Wang et al. [11] used the nylon bag technique to study nutrient degradation
rates in lactating cows fed diets with different concentrate to roughage ratios,
finding that DM and OM degradation rates in rumen increased significantly
with higher concentrate proportions. Getachew et al. [12] measured DM degra-
dation rates of alfalfa hay, corn silage, and wheat straw silage after 72 h of in
vitro incubation, reporting higher DM degradation for alfalfa hay than for corn
silage and wheat straw silage. Castrillo et al. [13] demonstrated that increased
concentrate proportion and barley supplementation in diets elevated rumen DM
and OM degradation rates in sheep. Zhao [14] investigated the dynamic degra-
dation patterns and effective degradation rates of DM, CP, and fiber fractions
in several commonly used dairy cow forages, showing that DM, CP, NDF, and
ADF degradation rates of alfalfa hay and alfalfa hay cubes were higher than
other forages. Our findings are consistent with these conclusions. This study
confirmed that rumen degradation rates of DM, OM, and CP in sheep increased
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with higher dietary concentrate proportions, with the highest effective degrada-
tion rates observed at a 50:50 concentrate to roughage ratio. When dietary
concentrate proportion increases, more fermentable nutrients are supplied to
rumen microorganisms, promoting their growth and proliferation, which sub-
sequently enhances degradation rates of various nutrients. At similar nutrient
levels, altering the concentrate to roughage ratio inevitably changes diet com-
position, affecting rumen microbial populations and thus nutrient degradation
rates. Furthermore, neutral detergent fiber (NDF) content in feed is negatively
correlated with in vitro digestibility. Bo et al. [18] found in nylon bag exper-
iments that vinegar residue had lower DM digestibility than distilled spirits
residue, which was attributed to its relatively higher NDF content. Liu et
al. [19] reported that relatively high crude fiber (CF) content in feed might lead
to decreased CP degradation rates in rumen. International studies have also
found that a considerable portion of protein in roughage is tightly bound to
lignin, making it less degradable in rumen.

This study also found that dietary concentrate to roughage ratio significantly
affected the a, b, and a+b fractions and effective degradation rates of DM
and OM, as well as the a, b, c fractions and effective degradation rate of CP,
all increasing with higher concentrate proportions and peaking in group A4.
Bo et al. [18] observed in nylon bag experiments that distilled spirits residue
had higher a values than vinegar residue, possibly due to its higher content of
readily degradable CP. Research indicates that a values are positively correlated
with CP content, while b values are primarily positively correlated with NDF
content and digestibility, and that a considerable portion of protein in roughage
is tightly bound to lignin. Therefore, as concentrate proportion increases, a
values gradually increase while b values gradually decrease.

Protein in roughage primarily exists in cell contents, and its degradation rate
depends on the fiber structure of plant cell walls. Consequently, fiber degra-
dation significantly influences protein degradation rates. This study confirmed
that MOS significantly promoted CP degradation in sheep rumen and signifi-
cantly increased the a+b fraction of CP. This improvement may be attributed to
exogenous oligosaccharides enhancing rumen fermentation function, stabilizing
and improving the rumen environment, providing favorable conditions for ru-
men microbial growth, promoting microbial proliferation, and thereby increasing
degradation rates of CP and fiber fractions in rumen. Appropriate MOS supple-
mentation in diets can also increase activities of proteases and fiber-degrading
enzymes in rumen, further improving CP degradation rates.

In this study, the two factors—dietary concentrate to roughage ratio and MOS
supplementation level—showed no significant interaction on rumen degradation
rates of DM, OM, and CP at any time point or on their effective degradation
rates. This is likely because dietary concentrate to roughage ratio exerted strong
main effects on rumen degradation rates of DM, OM, and CP, thus masking any
potential interaction effects.
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Conclusion

� As dietary concentrate proportion increased, rumen degradation rates and
effective degradation rates of DM, OM, and CP in sheep all increased, reaching
maximum values at a concentrate to roughage ratio of 50:50.

� Dietary MOS supplementation improved rumen CP degradation rates in sheep,
with the highest values observed at a MOS supplementation level of 1.6%.

� No significant interaction was found between dietary concentrate to roughage
ratio and MOS supplementation level on rumen degradation rates of DM, OM,
and CP in sheep.
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