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ABSTRACT. Virginia fanpetals (Sida hermaphrodita) as a crop plant is
characterized by high biomass yield, high protein content and good fibre
composition. The aim of the study was to evaluate ruminal degradability of
Virginia fanpetals herbage and silage of first swath and regrowth. In situ ruminal
degradability was determined using 2 rumen fistulated heifers fed standard
diet. Degradation was estimated using nylon bags with dried feed placed in the
rumen for 2, 4, 8, 16, 24, 48 and 72 h. Ensiling accelerated the dry matter (DM)
degradability of first swath in the first hours of incubation and slowed down in the
following hours. Ensiling the regrowth accelerated DM degradability both in the
initial and final hours. In the silage from regrowth effective rumen degradability
(ERD) of DM and neutral detergent fibre (NDF) were higher than in herbage.
Ensiling accelerated crude protein (CP) degradability in both swaths so ERD
of CP was higher in both silages. The results of the present study show that
Virginia fanpetals green fodder preserved by ensiling can be successfully used
as supplementary forage for ruminants. In particular, first swath silage, due to
its high protein content, can be used instead of legume silage in diets for cattle,
and also it can reduce the need to use high-protein concentrate. However,
ensiling caused significant acceleration of rumen protein degradability, which
with unchanged DM and fibre degradability rate is not a desirable effect and
requires simultaneous delivery of easily digestible carbohydrates into diets.

Introduction
Virginia fanpetals (Sida hermaphrodita L.), also
known as Virginia mallow), is cultivated in Europe
as a source of biomass used for energy purposes.
In terms of protein content, Virginia fanpetals is as
good as the legume plants, widely used in ruminant
nutrition, or even exceeds them. Moreover, Virginia
fanpetals leaves contain a relatively high content of
essential amino acids, especially lysine and methionine (Tarkowski and Truchliński, 2011). Contrary

to legume plants, Virginia fanpetals does not contain saponins, phytoestrogens, lectins or cyanogenic
glucosides, and antinutritional substances present in
Virginia fanpetals are not a threat to animal health
(Borkowska, 1994). On the other hand, Virginia
fanpetals contains a rutin (Bandyukova and Ligai,
1987), a flavonoid that inhibits the growth of many
strains of bacteria and fungi (Ganeshpurkar and
Saluja, 2017).
Silage produced from Virginia fanpetals is
a good substrate for biogas production (Oleszek
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et al., 2013). The results of preliminary studies indicate that Virginia fanpetals silages also have a high
nutritional value and are gladly consumed by ruminants. Virginia fanpetals silages could be a valuable
feed for ruminants, but such their usage is completely underestimated. Previous studies on the use of
preserved feed from Virginia fanpetals in the nutrition of ruminants have been limited to the use of dehydrated herbage and protein-fibrous extrudates as
substitutes for concentrated mixtures in diets for fattened lambs and dairy cows (Tarkowski, 2008). The
use of dehydrated herbage allowed to eliminate the
concentrate from rations for fattened lambs without
reducing the slaughter efficiency, and the usage of
the extrudate in the feeding of cows increased the
milk yield and protein content in milk (Tarkowski,
2008). However, the production of dehydrated herbage and extrudate is an energy-consuming process,
while the production of silage is the most frequently
used method of green forage preservation in European conditions. By ensiling, regardless of weather
conditions, a good quality fodder with high nutritional value is obtained. Silage produced from highprotein crops, such as Virginia fanpetals, could be
the basic source of nitrogen compounds for ruminants, reducing the need to use high-protein concentrates. However, nitrogen compounds from highprotein plants silages are not efficiently utilized due
to the excessive rumen degradability of protein. On
the other hand, too low ruminal feed degradability
causes a reduced dry matter (DM) intake and, consequently, low energy intake (Van Soest, 1994).
In Europe, the most important high-protein feed
used in ruminant nutrition are legumes, including
alfalfa (Medicago sativa), which is an alternative
for imported soyabean meal. Alfalfa silage contains a significant amount of protein, so it may be
a primary source of nitrogen compounds for ruminants reducing the need of using a high-protein
concentrate. This feed is very important in ruminant
feeding, but intensive processes of proteolysis and
deamination during ensiling lead to increased free
amino acids and ammonia nitrogen contents and decreased levels of protein and peptide nitrogen decreasing nutritional value of silage (Sullivan et al.,
2008). Such change in the profile of nitrogen fraction
is disadvantageous as it reduces the feed nitrogen
compounds utilization efficiency (Calsamiglia et al.,
2010). It also results in increased loss of nitrogen
in the urine, has an environmental footprint (Frank
et al., 2002) and requires diet supplementation with
other sources of proteins. Content of saponins and
phytoestrogens as well as unfavourable changes ob-

served in ensiled alfalfa induce the search for alfalfa
substitutes among high-protein crops, including Virginia fanpetals.
In our previous research the suitability of Virginia fanpetals for ensilage, the good fermentation
profile and high microbiological quality of the silage produced from the first swath was confirmed
(Fijałkowska et al., 2017). Virginia fanpetals having
similar protein content as alfalfa could be an important source of high-protein roughage for cattle. Unlike alfalfa, Virginia fanpetals can be successfully
grown in soils poor in organic matter (OM) and nutrients (Manning et al., 2015). We have previously
shown that complete replacing alfalfa silage in rations for dairy cows with Virginia fanpetals silage
harvested in the early vegetation stage does not reduce milk yield (Purwin et al., 2020). Therefore it
was justified to investigate the ruminal degradability of Virginia fanpetals herbage and silage depending on the harvest time and to assess their nutritive
values. The comparison with alfalfa silage was also
included.

Material and methods
The animal protocol and the number of animals
used in the present study were consistent with
regulations of the Local Ethics Committee for
Animal Experiments (Resolution No. 73/2015,
Warsaw, Poland), and the study was carried out in
accordance with EU Directive 2010/63/EU on the
protection of animals used for scientific purposes
(OJEU, 2010).

Herbage and silage
The experiment was conducted in 2015 in northeastern Poland (53°05′27.7″N, 21°11′47.5″E). The
experimental material was the first swath of Virginia
fanpetals harvested in the bud formation stage on
11 June and the regrowth harvested on 12 September,
2015, with the Claas Jaguar 930 self-propelled
forage harvester (CLAAS KGaA mbH, Harsewinkel,
Germany) equipped with the Kemper 360 attachment
(KEMPER GmbH & Co. KG, Stadtlohn, Germany).
At the beginning of the growing season, plants were
fertilized with 100 kg N/ha, 50 kg K2O/ha and 80 kg
P2O5/ha. Herbage samples were collected before
ensiling. Virginia fanpetals biomass was ensiled
without previous wilting in 220-liter standard
open-head high-density polyethylene (HDPE)
drums (Brenntag GmbH, Essen, Germany) without
drainage holes, and was compressed to the density
of 830 kg fresh mass (FM)/m3. After 90 days, silage
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samples were collected with a probe (ø 80 mm)
along the entire length of the drums, dried at 60 °C
or 48 h in the Binder FED 115 dryer (Binder GmbH,
Tuttlingen, Germany), and ground in the Retsch
SK 100 mill (Retsch GmbH, Haan, Germany) to
a 1-mm particle size. The obtained samples were
frozen at −25 °C.

Chemical analysis of herbage and silage
Herbage and silage samples, as well as their
dried samples used for in situ rumen degradability,
were assayed for proximate chemical composition:
DM (method 934.01), crude protein (CP; N × 6.25,
method 976.05), crude fibre (method 978.10), ether
extract (method 920.39) and crude ash (method
942.05), as described by AOAC International
(2005), water-soluble carbohydrates (WSC) by the
anthrone method (Thomas, 1977), neutral detergent
fibre (NDF) assayed with heat-stable amylase and
expressed exclusive of residual ash, acid detergent
fibre (ADF) expressed exclusive of residual ash
and acid detergent lignin (ADL) according to Van
Soest et al. (1991) using the ANKOM220 fibre analyser (ANKOM Technology Corp., Macedon, NY,
USA). The chemical composition and fermentation
products of the first swath Virginia fanpetals (herbage and silage) and alfalfa silage were reported in
detail in our previous papers (Purwin et al., 2014;
Fijałkowska et al., 2017). The chemical composition of herbages, silages are presented in Table 1 and
dried samples used for in situ rumen degradability
are presented in Table 2 .
Table 1. Chemical composition of Virginia fanpetals herbages (first
swath and regrowth) and their silages, and alfalfa silage, g/kg dry matter
Virginia fanpetals
herbage-1st1 silage-1st
DM, g/kg 197
199
CP
199
176
Crude ash 84
89
WSC
73
6.0
NDF
403
378
ADF
308
314
ADL
38
43
Indices

herbage-2nd
324
100
60
72
506
373
69

silage-2nd
352
97
78
8.7
516
384
68

Alfalfa
silage2
420
175
101
511
404
105

data published in our previous paper (Fijałkowska et al., 2017);
chemical composition of alfalfa silage reported in our previous
paper (Purwin et al., 2014); DM – dry matter, CP – crude protein,
WSC – water soluble carbohydrates, NDF – neutral detergent fibre,
ADF – acid detergent fibre, ADL – acid detergent lignin
1
2

Rumen degradability of herbage and silage

In situ rumen degradability of Virginia fanpetals
herbages (first swath and regrowth) and their
silages was determined by the method of Michalet-

Table 2. Chemical composition of Virginia fanpetals herbages (first
swath and regrowth) and dried samples of their silages used for in situ
rumen degradability, %
Virginia fanpetals
Indices
herbage-1st silage-1st
herbage 2nd silage-2nd
DM
90.0
81.4
91.9
92.5
CP
17.4
15.7
9.3
8.9
Ether extract 1.3
2.4
1.9
1.9
Crude fibre 22.1
24.3
28.7
30.8
Crude ash
7.8
7.0
5.9
6.7
NDF
36.2
34.5
46.8
42.7
ADF
27.7
30.3
35.3
37.1
ADL
3.1
5.0
6.7
6.3
DM – dry matter, CP – crude protein, NDF – neutral detergent fibre,
ADF – acid detergent fibre, ADL – acid detergent lignin

Doreau et al. (1987), using 2 rumen fistulated Jersey
heifers fed standard diets based on the INRA (2007)
recommendations. The analysis was performed at
The Kielanowski Institute of Animal Physiology and
Nutrition, Polish Academy of Sciences (Jabłonna,
Poland). Approximately 3 of dried and ground
samples of each forage were placed in the nylon bags.
The chemical composition of samples is presented
in Table 2. The number of bags with samples and
incubation times were as follows: 2 h - 3 bags,
4 h - 3–4 bags, 8–24 h - 3–5 bags, 48 h - 5–7 bags,
72 h - 8–10 bags per heifer. All bags used in each
period of incubation were placed in the rumen
and removed at the determined time points. After
incubation, the bags were rinsed under cold tap
water to remove excess ruminal content, and
washed in an automatic washing machine (three
cycles of cold water rinsing and spinning, total time
of 18 min). At time point 0 h (3 samples of each
forage), bags were not incubated but only washed
in an automatic washing machine. The obtained
samples of the residues were assayed for the content
of DM (method 934.01) and CP (N × 6.25, method
976.05) as described by AOAC International (2005),
and NDF according to Van Soest et al. (1991).
In situ rumen degradability of alfalfa silage
cv. Alba ensiled without additives after wilting in
bale (density about 189 kg DM/m3) was performed
at The Kielanowski Institute of Animal Physiology and Nutrition, Polish Academy of Sciences
(Jabłonna, Poland) by the same staff and determined
by the same method using 3 rumen fistulated Jersey
heifers and was published by Purwin et al. (2014).

Calculations and statistical analyses
Content of DM was corrected using the equation
proposed by Porter and Murray (2001) for drying
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at 60 °C. The rumen degradabilities of DM, CP and
NDF were calculated for Virginia fanpetals herbages
(first swath and regrowth) and their silages. The effective rumen degradability (ERD) and degradability
rate constants (A, B, C) were determined according to
the methods of Ørskov and McDonald (1979). Based
on the applied methodology, a rumen outflow rate (k)
of 6% per h was assumed. The effect of the ensiling
process on Virginia fanpetals ruminal degradability
was analysed. Degradability results are presented as
arithmetic means for individual incubation times.
Calculations and graphs were performed using
the Excel 2013 (Microsoft, Redmond, WA, USA).
The statistical analysis was performed with use of
the STATISTICA ver. 13.1 (Dell Inc., Round Rock,
TX, USA). The results of a one-way ANOVA, followed by a Fisher’s least significant difference
post-hoc test (LSD), were regarded statistically significant at P ≤ 0.05. ANOVA was performed on the
assumption of normality (Shapiro-Wilk test) and homogeneity of variances (Levene’s test).

Results
The herbage of the first swath was characterized
by higher content of DM and a two times higher content of CP in DM, but it contained much less NDF,
ADF and ADL than herbage of the second swath
(Table 1). It was similar in the case of silage, but the
differences between the swaths in the content of DM
and NDF, increased as a result of ensiling.
Ruminal degradability of DM and OM during the individual incubation times (except for the
4th h) was the lowest in the second swaths of herbage
(P < 0.01) (Table 3). Ensiling the regrowth increased
the ruminal degradability of DM and OM during the
individual incubation times; however ensilage of the
first swath increased DM and OM degradability for
the first 2 h of incubation, whereas after 16 h the rate
of DM and OM degradability, except OM for the
24th h, were lower in silage than in herbage (P < 0.05).
The ensiling process resulted in a reduction of CP
content in the silage in comparison to herbage (176 vs
199 and 97 vs 100 for the first and second swath, respectively) (Table 1). In samples prepared for in situ
rumen degradability, the highest CP content was also
found in the herbage of first swath, and the lowest in
the silage of the second swath (Table 2).
Ruminal degradability of CP was similar in both
swaths of herbage. Ensiling accelerated CP degradability, more than in the case of the first swath silage,
in which the protein degradation occurred faster
(P < 0.01).

Table 3. Ruminal degradability of dry matter (DM) and organic matter
(OM) including rumen incubation time and degradability constants
(A, B, C) in the first and second swath of Virginia fanpetals and its
comparison with alfalfa silage, %
Virginia fanpetals
Incubation
herbage- silagetime, h
1st
1st
A
DM, % 0
24.6
31.5C
B
2
32.2
38.3C
A
4
35.5
37.0AB
8
56.6C
53.8C
C
16
60.8
57.9B
C
24
71.2
68.1B
48
76.1D
74.7C
D
72
79.4
71.9C
A
24.98
30.90
B
52.36
43.17
C
0.077
0.073
ERD
54.3
54.6
OM, % 0
21.9A
28.1C
2
28.1B
34.6D
a
4
32.3
33.4ab
B
8
54.1
50.7B
16
58.3B
54.9A
C
24
62.0
65.8B
D
48
74.6
73.0C
72
78.2D
70.1C
A
21.88
27.25
B
54.45
45.16
C
0.073
0.071
ERD
51.7
51.7
Indices

herbage2nd
24.4A
27.8A
39.1AB
43.2A
55.3A
–
58.8A
61.2A
23.33
37.12
0.109
48.2
21.8A
25.8A
36.8b
41.0A
53.3A
–
58.1A
60.2A
21.06
38.41
0.104
46.3

silage2nd
29.4B
33.9B
40.7B
47.7B
57.4AB
57.9a
61.2B
63.7B
28.84
33.57
0.103
50.1
25.6B
30.9C
37.4b
44.9A
54.8A
55.3A
59.2B
61.8B
25.32
35.00
0.102
47.3

Alfalfa
silage1
–
35.9
36.0
47.8
54.2
59.4
65.3
–
23.9
42.9
0.064
52.4
–
–
–
–
–
–
–
–
–
–
–
–

data reported in our previous paper (Purwin et al., 2014); A – rapidly
degradable fraction, B – slowly degradable fraction, C – rate of
digestibility, ERD – effective rumen degradability; ab,AB – means with
different superscripts in the same row are significantly different at
P < 0.05 and P < 0.01, respectively
1

Ensilage caused an increased solubility of NDF
(0 h) in both the first and second swath, however,
from 24 h of incubation, decreased NDF degradability was noted in the first swath silage.
The ensiling process contributed to an increase
in the proportion of soluble fraction (A) and a decrease in the proportion of insoluble but potentially
degradable fraction (B) of DM and OM (Table 3)
and CP (P < 0.01) (Table 4), both for the first swath
and regrowth. In the ruminal degradability of NDF
the proportion of both soluble and slowly degradable fraction decreased due to ensilage the first swath;
however ensilage of the regrowth increased the proportion of fraction A and decreased the fraction B.
The calculated ERD of DM and OM were numerically higher in first swath herbage and silage,
and the lowest in herbage from the second swath.
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Variable
CP, %

NDF, %

Virginia fanpetals
Incubation
herbagesilagetime, h
1st
1st
0
31.6A
68.5D
B
2
44.2
74.0D
A
4
46.9
72.6D
8
69.5B
83.4C
A
16
74.8
84.8D
B
24
84.3
89.8C
48
87.8C
90.6D
D
72
89.8
87.2C
A
32.10
68.21
B
55.83
21.18
C
0.103
0.116
ERD
67.4
82.2

herbage2nd
39.1B
42.6A
55.1B
63.6A
77.2B
–
77.8A
79.0A
36.74
42.65
0.130
66.3

silage2nd
55.7C
59.4C
63.1C
70.7B
79.7C
80.0A
79.3B
79.8B
54.34
26.23
0.126
72.1

0
4
8
16
24
48
72

7.1C
14.7B
15.0A
28.6b
–
35.0A
41.1A

10.1D
17.0B
26.4C
29.6b
29.8A
36.5A
41.7A

A
B
C
ERD

1.5A
4.0A
23.1BC
27.4ab
44.1C
54.0C
60.2C

4.3B
5.6A
17.8AB
23.9a
38.2B
52.1B
49.8B

1.63

1.21 7.12

67.4
0.033
25.5

54.4 33.3
0.042 0.051
23.5 22.4

11.42

Alfalfa
silage1
–
41.1
37.2
52.9
62.7
68.8
78.2
–
31.9
49.9
0.060
66.9
–
–
–
–
–
–
–
–

–
28.1
0.062 –
–
25.7

data reported in our previous paper (Purwin et al., 2014); A – rapidly
degradable fraction, B – slowly degradable fraction, C – rate of
digestibility, ERD – effective rumen degradability; ab,AB – means with
different superscripts in the same row are significantly different at
P < 0.05 and P < 0.01, respectively
1

The ERD of CP was numerically higher in both silages than in herbages; however, in the case of the
first swath, the increase in ERD of CP caused by ensilage was much greater. Contrary to the CP degradation, ensiling did not increase ERD of NDF in the
first swath, and caused only an irrelevant increase in
ERD in the regrowth.

Discussion
Virginia fanpetals silage was characterized by
a lower DM content than alfalfa silage due to the
ensilage of unwilted green forage. This technology
was adopted after preliminary unsuccessful attempts
to wilting the Virginia herbage, reported in our previous paper (Purwin et al., 2020). In the first swath
of Virginia silage CP content was similar to that

observed in alfalfa silage, while the content of NDF,
ADF and ADL was much lower. The second swath
silage was characterized by nearly times lower CP
content, lower ADF and ADL content, and similar
the NDF content to alfalfa silage.
The ensiling process positively influenced
the rate of degradability of DM and OM, thus
increasing the value of fraction A for both the first
and the second swath. In comparison to the results
of Purwin et al. (2014), the rumen degradability of
DM in Virginia fanpetals silages in different hours of
incubation was similar as in alfalfa silage (Figure 1).
80.00
80
70.00
70

degradability, %

Table 4. Ruminal degradability of crude protein (CP) and neutral
detergent fibre (NDF) including rumen incubation time and degradability
constants (A, B, C) in the first and second swath of Virginia fanpetals
and its comparison with alfalfa silage, %

60.00
60
50.00
50
40.00
40
VS-1

30.00
30
20.00
20

0

8

16
24
32
incubation time, h

VS-2

AA-S

40

48

Figure 1. Dry matter ruminal degradability of Virginia fanpetals silage
in the first (VS-1) and second (VS-2) swath and comparison with
alfalfa silage (AA-S) from 2 to 48 h of incubation.

However the rapidly degradable fraction A of
Virginia fanpetals silages was higher and the fraction
B was similar or lower. The obtained ERD of the first
swath silage was higher, and of the second swath
silage was lower compared to alfalfa. Probably, the
DM of Virginia fanpetals silages is more susceptible
to ruminal degradation than the DM of alfalfa
silage due to a lower content of NDF, ADF and
ADL. Mustafa and Seguin (2003) analysed the DM
degradability of ensiled alfalfa which was harvested
in the early bloom stage and contained smaller
amounts of NDF and ADF than in alfalfa analysed
in our study. The examined silage was characterized
by a higher proportion of fraction A and higher ERD
of DM than alfalfa in our study and also higher than
Virginia fanpetals silage. Analysing the results of
our experiment and the available data on the DM
ruminal degradability of legumes (Mustafa and
Seguin, 2003), it can be assumed that the content of
NDF, ADF and ADL is the main factor influencing
the DM ERD of the analysed feeds.
The CP ruminal degradability of dried herbage
in the present study was lower than that obtained
by Tarkowski and Truchliński (2011). In that study
a similar level of nitrogen fertilization (200 kg N/ha)
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was obtained, however the degradability of DM exceed 91% after just 8 h of incubation in the rumen.
Probably, higher degradation rate in that study was
associated with a higher level of fertilization, and
thus with a higher content of rapidly degradable nitrogen compounds in herbage.
Unfortunately, the ensiling process increased the
dynamics of ruminal protein degradability. It was
probably due to intense proteolysis processes occurring since the harvesting a forage crop until the end
of the ensiling process. Therefore Virginia fanpetals
silages had a much higher content of the rapidly degradable fraction A than herbages. This negative effect of ensilaging was particularly evident in the case
of the high-protein silage from the first swath which
was characterised by more than a two-fold increase in
the A fraction content.
The A fraction was more than two-thirds of the
CP and was much higher than in alfalfa silage reported in our previous study (more than twice as
high in the first swath) (Purwin et al., 2014). At the
same time the content of the slowly degradable fraction B was much lower than in herbages and also
than in alfalfa silage.
However, Mustafa and Seguin (2003) revealed
a higher proportion of fraction A analysing the CP
degradability in silage of alfalfa harvested in the
early blooming stage. These results are in line with
our results obtained for the first swath Virginia fanpetals silage.
The ensiling intensified the ruminal degradation
of CP, which is not beneficial from the nutritional
point of view because considerable amounts of ammonia are released within a short period of time, and
readily fermentable carbohydrates have to be simultaneously supplied to the rumen. The rumen degradability of CP in Virginia fanpetals silages was also
considerably higher in different hours of incubation
than in alfalfa silage (Figure 2) (Purwin et al., 2014).

degradation, %

100
100
90
90
80
80
70
70
60
60
50
50
40
40
30
30

VS-1
VS-1

00

88

16
16

24
24

32
32

VS-2
VS-2

40
40

AA-S
AA-S

48
48

incubation
incubation time,
time, hh

Figure 2. Crude protein ruminal degradability of Virginia fanpetals
silage in the first (VS-1) and second (VS-2) swath and its comparison
with alfalfa silage (AA-S) from 2 to 48 h of incubation

Excessive CP degradability can also lead to the
loss of valuable essential amino acids, and it can
decrease protein absorption in the small intestine.
The ERD of CP in first swath Virginia fanpetals silage was 14% higher than in regrowth and was 23%
higher than in alfalfa silage analysed in our previous
study (Purwin et.al., 2014). However, Mustafa and
Seguin (2003) revealed even higher ERD than for
the first swath Virginia fanpetals silage in this study.
The fraction A of NDF content in both the herbage and silage from the first swath was several times
lower than in regrowth. The proportion of fraction
A of NDF in the first swath Virginia fanpetals silage
was also more than four-times lower than that determined by Mustafa and Seguin (2003) in ensiled
alfalfa harvested in the early blooming stage. However, the content of non-degradable NDF was also
lower in Virginia, therefore the ERD of NDF was
only about 14% lower in the first swath Virginia fanpetals silages than in alfalfa silage in Mustafa and
Seguin (2003) study. Ensiling decreased the content
of NDF at the first swath, and its fractions A and
B, relative to herbage, and this change lowered the
NDF ERD. This modification could have been attributed to a series of reactions triggered by a high
increase in the temperature of the ensiled substrate.
At the same time, the ADF content was slightly increased in silage from both swath, which was probably the result of a change in the proportions.

Conclusions
The results of the present study, which investigated the rumen degradability of silage made from
the first swath and regrowth of Virginia fanpetals
confirmed that such silage can be used not only as
a source of renewable energy but also as a supplementary forage for ruminants. In particular, the first
swath silage, due to its high protein content, can be
used instead of legume silage in diets for cattle, and
also it can reduce the need to use high-protein concentrate. Unfortunately, ensiling caused significant
increase in the rate of rumen protein degradability,
which with unchanged dry matter and fibre degradability rate is not a desirable effect and requires
simultaneous delivery of quickly digested carbohydrates into ruminant diets.
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