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Introduction 
The quality of feeds for ruminants is largely 

determined by the nutritional value of protein, in-
cluding protein that is not degraded in the rumen. 
Fermentation processes during the ensiling of green 
forage lead to numerous quantitative and qualita-
tive changes in nutrient fractions, mostly in pro-
teins and carbohydrates. During the ensiling pro-
cess, plant proteases and peptidases convert most 
of the plant protein to free amino acids, ammonia 

nitrogen, and other forms of non-protein nitrogen 
(NPN). Most protein transformations in silo result 
from the presence of plant proteases and peptidases. 
The factors that determine the rate and extent of 
proteolysis during ensilage include dry matter (DM) 
content, pH, temperature, and the presence of pro-
teolysis inhibitors typical for a given plant species 
(Slottner and Bertilsson, 2006). DM content and pH 
are considered the most important factors, whereas 
plant species has a profound effect on the rate of 
proteolysis at lower DM contents (Jones, 2000).  

ABSTRACT. The effect of bale density (low: 122–127 kg dry matter (DM) · m–3 
vs high: 189–190 kg DM · m–3) and the addition of formic acid (5 l · t–1) on the 
in situ DM and crude protein (CP) degradation of wilted lucerne (Medicago 
sativa L.), red clover (Trifolium pratense L.) and red fescue (Festuca rubra) 
silages was determined. The effective DM degradability of lucerne, red clover 
and red fescue silages reached 59.8%, 52.8% and 51.9%, respectively, that 
of CP, 69.5%, 55.8% and 58.4%, respectively. High bale density decreased  
(P < 0.05) only DM degradability (53.9% vs 49.5%) and the a-value of red 
clover silage. The addition of formic acid had no effect on the DM degradability 
of silages. Bale density and formic acid, and their interaction, exerted the most 
significant effect on the effective degradation of CP and the content of rapidly 
degradable fraction a of lucerne silage. The effective degradation of DM and 
CP of red fescue silage was not affected by the experimental factors. 
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Guo et al. (2007), who investigated changes in the 
activity levels of plant proteases during ensilage of 
lucerne treated with different additives, point to the 
important role played by proteolytic enzymes such 
as carboxypeptidase, aminopeptidase and acid pro-
teinase; these enzymes differ with respect to pH and 
temperature optima and in their sensitivity to inhibi-
tors.

The research conducted to date has tended to 
focus on the effect of wilting and additives on the 
rate of fermentation, aerobic stability and the micro-
biological quality of baled silages. Little attention 
has been paid, however, to the effect of bale den-
sity on nitrogen fraction composition, crude protein 
(CP) degradation in the rumen, and soluble protein 
values. 

Purwin (2007) demonstrated that the effects 
of wilting degree and additive treatments on silage 
fermentation in bales are ambiguous and uncer-
tain. Thus, the technology of bale silage production 
should be further improved, including the use of 
high-efficiency balers to allow for higher compres-
sion and better anaerobic conditions in bales. Other 
authors (Han et al., 2006) investigated the effect of 
bale density on carbohydrate fermentation and baled 
silage storage, but they did not analyse the corre-
lation between bale density and proteolysis rate. 
According to Slottner and Bertilsson (2006), an in-
crease in DM content and the use of chemical and 
biological additives reduce the rate of proteolysis 
during ensiling, while proteolysis is not affected by 
the ensiling method (cylindrical bales vs horizontal 
silos). The cited authors demonstrated that whole-
crop harvesting with roll-balers decreases protein 
degradability as compared with a chopped crop en-
siled in a silo. Due to its effect on aerobic condi-
tions (the amount of oxygen trapped in the forage 
mass and porosity levels), bale density also influ-
ences temperature and fermentation intensity, thus 
affecting protein solubility and the activity of plant 
proteases responsible for the hydrolysis of nitrogen 
compounds during ensilage and the susceptibility of 
protein to microbial degradation in the rumen.

In view of the above, the objective of this study 
was to determine the effect of bale density (low vs 
high) and the addition of formic acid on the in situ 
DM and CP degradation of wilted lucerne (Medica-
go sativa L.) and red clover (Trifolium pratense L.) 
silages. A sample of red fescue (Festuca rubra) was 
used as a model temperate grass species from semi-
natural grasslands.

Material and methods

Silage making

Silages were made from the first harvests of lu-
cerne cv. Alba, red clover cv. Nike and red fescue cv. 
Godolin in their second year of growth. The crops 
were grown in pure stands at the Experimental Sta-
tion of the University of Warmia and Mazury in 
Łężany (Poland). The forage was wilted for 48 h, and 
tedded once. The dry matter content of ensiled mate-
rials ranged from 41% to 43% (see experimental de-
sign). Harvested crops were compressed with two 
types of roll-balers, SIPMA (low bale density, 120 
kg DM · m –3) and CLAAS (high bale density, 200 kg  
DM · m –3). The crops were ensiled without additives 
and with the addition of 80% formic acid (FA), a prote-
olysis inhibitor, which was sprayed onto wilted forage, 
in the amount of 5 l · t–1. A total of 36 bales were made, 
according to the following experimental design:

To prevent differences in dry matter content be-
tween silages, both balers were operated simultane-
ously. Baled silages with and without formic acid 
were produced alternately by each baler, by turning 
the additive applicator on and off. The time between 
bale forming and wrapping with six layers of white 
30 micrometre stretch film did not exceed 60 min. 
Wrapped silage bales were stored in the vertical  
position.

Bale density (kg DM · m–3) was determined 
based on the weight of wrapped bales, the DM con-
tent of forage and bale volume calculated as the 
volume of a cylinder. Forty-five days after forming 
the bales, samples were taken from each one with a 
probe (ø 20 mm) at the diameter line and half height 
of the bale to a depth of 40 cm (Hancock and Col-
lins, 2006). Silage samples were stored at –25°C.  

Specification
Lucerne Red clover Red fescue
LO LA HO HA LO LA HO HA LO LA HO HA

No. 3 3 3 3 3 3 3 3 3 3 3 3
Low density + + + + + +
High density + + + + + +
Formic acid + + + + + +

Stage of growth beginning 
of flowering

beginning 
of flowering heading

DM, g · kg–1 429 423 412 
Fertilization, kg N · ha–1 – – 70 
Low density, kg · m–3 122.5 123.1 127.3 
High density, kg · m–3 189.2 190.2 189.7 
LO – low density, no additive; LA – low density, with FA; HO – high 
density, no additive; HA – high density, with FA
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After defrosting, some of silage samples were dried 
at 40°C using air flow dryers (Binder FED 720, 
Germany), and were ground in a Retsch 200 mill 
(Retsch Co.) to pass through a 1.5 mm screen for  
in situ studies and through a 1 mm screen for 
chemical composition analysis. 

Ruminal degradation
Effective degradation (ED) of DM and CP, and 

degradability parameters (a, b, c) were determined 
by the in situ method proposed by Michalet-Doreau 
et al. (1987) on three non-lactating cows fitted with 
rumen cannulas. The animals were fed twice a day 
a standard maintenance diet consisting of 70% for-
age and 30% concentrate on a dry matter basis at 
maintenance level. Approximately 3 g of samples 
(ground to pass through a 1.5 mm screen) were 
placed in polyester bags (8 × 11 cm with a pore size 
of 42 μm) and incubated for 2, 4, 8, 16, 24 and 48 
h (three replicates per sample and incubation time) 
in the rumen. After incubation, the bags were rinsed 
under cold tap water to remove excess ruminal con-
tents and then were washed in an automatic wash-
ing machine (three cycles of cold water rinsing and 
spinning, total time 18 min). The residuals in nylon 
bags were dried in an air-draught forced air oven at 
60°C for 48 h, and the residual DM and CP were 
used to calculate DM and CP disappearance at each 
incubation time. Washing losses were determined 
for 0 h incubation. The analyses were performed at 
the Kielanowski Institute of Animal Physiology and 
Nutrition, Polish Academy of Sciences in Jabłonna.

The disappearance of silage DM and CP after 
45 days of fermentation was fitted to the model of  
Ørskov and McDonald (1979) at a ruminal outflow 
(k) of 0.06 h–1 using non-linear regression proce-
dures (SAS, 1995). The effective degradation of CP 
and degradability rate constants (a, b, c) were cal-
culated as:

ED = a + (bc)/(c + kp) assuming kp = 0.06 h–1 
where: a – rapidly degradable fraction, b – slowly 
degradable fraction, c – rate of degradation (% h–1), 
kp – passage rate. The same model was used to cal-
culate the effective degradation of DM. 

All data were subjected to two-way ANOVA us-
ing the GLM procedure of SAS (1995). Differences 
between means were estimated by Duncan’s multi-
ple range test.

Chemical analyses
The content of DM and total CP in silages and 

in the residue after each hour of incubation in the ru-
men was estimated according to AOAC (2005). The 
protein nitrogen content of silages was determined 

as described by Licitra et al. (1996). Acid detergent 
fibre (ADF), neutral detergent fibre (NDF) and acid 
detergent lignin (ADL) were measured according to 
the method of Van Soest et al. (1991). Cellulose and 
hemicelluloses were computed as ADF minus ADL 
and NDF minus ADF, respectively. Insoluble nitro-
gen in neutral detergent (NDIN) and in acid deter-
gent (ADIN) solutions was determined by Kjeldahl 
analysis of the NDF and ADF residues, respectively. 
All chemical analyses were performed in duplicate 
on each individual sample. The content of DM, 
structural components, total nitrogen and nitrogen 
fractions in silages after 45 days of fermentation are 
presented in Table 1.  The dry matter content in si-
lage was corrected for volatiles (Haigh, 1995) using 
the following equation for silage produced in bales:

DM corrected (g · kg–1) = 17.9 + 0.99 DM (g · kg–1)    
(R2 = 0.99)

Table 1. Chemical composition (g · kg–1 DM) and nitrogen fractions   
 (g · kg–1 TN) of lucerne, red clover and red fescue silages

 Specification Low density High density
no additive FA no additive FA

 Lucerne
dry matter g · kg–1 FM 439 447 420 445
NDF 487 466 511 520
ADF 424 400 404 429
hemicellulose 63 66 107 91
cellulose 328 305 299 326
ADL 96 95 105 103
total nitrogen 28.1 27.8 28.0 28.4
protein nitrogen 371 403 538 486
NDIN 110 111 127 125
ADIN 95.7 101 121 115

 Red clover
dry matter g · kg–1 FM 438 421 447 440
NDF 554 519 570 514
ADF 450 415 454 418
hemicellulose 104 104 116 96
cellulose 360 326 341 330
ADL 90 89 113 88
total nitrogen 25.5 25.1 27.1 25.6
protein nitrogen  625 561 624 581
NDIN 252 250 250 242
ADIN 186 205 136 160

 Red fescue
dry matter g · kg–1 FM 485 433 437 453
NDF 617 642 598 590
ADF 410 445 408 429
cellulose 345 383 346 367
hemicellulose 207 197 190 161
ADL 65 62 62 62
total nitrogen 16.5 15.9 17.0 18.4
protein nitrogen 564 549 538 595
NDIN 174 202 190 211
ADIN 165 172 141 153

 FA – formic acid in the amount of 5 litres t–1; NDIN – insoluble nitrogen 
 in neutral detergent; ADIN – insoluble nitrogen in acid detergent
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Results
Data on the rumen degradation kinetics of DM 

and CP for lucerne, red clover and red fescue silages 
are presented in Table 2. The highest loss of DM and 
nitrogen compounds was observed throughout the 
incubation of lucerne silage. The effective degrada-
tion of DM and CP of lucerne silage reached sig-
nificantly (P ˂ 0.01) higher values, compared with 
red clover and red fescue silages. After 45 days of 
fermentation, a value of lucerne silage was signifi-
cantly higher, which immediately disappears from 
the bag. The insoluble fraction b of DM and CP 
was highly degradable, as reflected by a high rate 
of degradation. The effective degradation of DM of 
red clover and red fescue silages was at a similar 
level (52%–53%), and was lower than the effective 
degradation of CP (56%–58%). In comparison with  
lucerne silage, red clover and red fescue silages had 
a lower (P ˂ 0.01) content of rumen-degradable 
DM. Similar, but less pronounced, differences we-
renoted for CP. Insoluble DM fraction b,  potentially 
degradable, but at a slow rate (parameter c), domi-
nated in red clover and red fescue silages.

Degradability parameters of dry matter 
The effects of treatments on the DM and CP 

degradation characteristics of the examined si-
lages are presented in Tables 3 and 4, respectively. 
The silages were compared with respect to the ad-
ditive used and bale density (low vs high) meas-
ured as DM per m3 of the ensiled material. The  
experimental factors had no significant effect on 
the effective degradation of DM of wilted lucerne 
silage, while DM degradation characteristics were  
 

significantly affected by the treatments. The wash-
ing loss of DM was higher (P ˂ 0.05) in FA-treated 
lucerne silage, due to an increase in the concen-
trations of rapidly degradable nitrogen fraction a  
(Table 4). Higher bale density reduced (P ˂ 0.05) 
the rate of DM degradation (0.074 h–1 vs 0.089 h–1), 
which could have resulted from an increase in the 
concentrations of NDF, ADIN and NDIN (Table 1).

Higher bale density of red clover silage and the 
addition of FA decreased (P ˂ 0.05) the effective 
degradation of DM, mostly due to a lower fraction a 
content, particularly in the HA treatment. An influ-
ence of bale density of red clover silage on DM deg-
radability was observed at the beginning of sample 
digestion in the rumen (after 2, 4 and 8 h of incuba-
tion). In the 8th h of sample incubation, an interac-
tion (P ˂ 0.01) was noted between the experimen-
tal factors affecting the fermentation process. The  
experimental treatments had no effect on the effec-
tive degradation of DM of red fescue silage. The 
noted values were lowest and similar (52%–54%). 

The content of rapidly degradable fraction a was 
low and also remained at a similar level. No-addi-
tive silages and FA-treated ensiled grasses differed 
significantly with regard to the values of modelling 
parameters b and c. Degradation rate c of fraction b 
was approximately 1.6-fold lower in additive-treat-
ed red fescue.

Degradability parameters of crude 
protein  

The effective degradation of CP of lucerne 
silage and modelling parameters a, b, c were af-
fected by bale density and the addition of FA, and 
the interaction (P ˂ 0.05) between the experimental  
 

Table 2. The effect of ensiled plant species on the effective rumen degradation of DM and CP and degradability parameters a, b, c  

Indices
Dry matter

SEM
Crude protein

SEMlucene red clover red fescue lucene red clover red fescue
h

 2 37.7A 29.9Ba 27.7Bb 0.88 43.2A 29.5B 29.2B 1.26
 4 38.3A 32.5B 32.4B 0.62 38.7A 30.8B 30.2B 0.88
 8 49.0A 39.9B 38.3B 0.97 52.1A 36.7B 36.2B 1.41
16 55.8A 52.4B 46.4C 0.81 59.2A 54.7B 44.1AB 1.26
24 62.7A 58.2B 57.5B 0.57 68.0A 64.4A 50.7B 1.48
48 65.6a 65.4a 63.4b 0.49 71.5A 73.2B 55.2B 1.67

ED 59.8A 52.8B 51.9B 0.80 69.5A 55.8B 58.4B 1.30
Fraction

a 30.7A 23.2B 22.9B 0.58 34.3A 20.4Bb 23.9Aa 0.99
b 36.0A 46.1B 45.7B 0.82 40.5B 59.5A 37.7B 1.74
c 0.081A 0.062 0.056B 0.003 0.068 0.057 0.065 0.003

a – rapidly degradable fraction, b – slowly degradable fraction, c – rate of degradation (% · h–1); ED – effective degradation; SEM – standard error 
of the mean; AB, ab means with different superscipts within a row are significantly different at P ≤ 0.01 or P ≤ 0.05, respectively
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factors. Both the compression level of wilted lucerne 
silage and FA treatment had an effect (P ˂ 0.01) on  
the effective degradation of CP and the content of  
rapidly degradable fraction a. The effective degrada-
tion of CP of lucerne silage was significantly higher 
in FA-treated silage compared with untreated silage. 
Acidification of wilted forage and high bale density 
(treatment HA) enhanced (P ˂ 0.01) the suscepti-
bility of N-constituents to ruminal degradation. The 
experimental factors also contributed to an increase 

in the content of rapidly degradable fraction a. Data 
regarding fraction b of CP showed the lowest ex-
tent of rumen degradation of silage with the lowest 
degradation rate c of fraction b. High bale density 
of lucerne silage (treatment HO) had no  efect on 
the effective degradation of CP and modelling pa-
rameters (a, b, c) in comparison with low bale den-
sity. It should be noted that there was a significant  
(P ˂ 0.05) interaction between the experimental fac-
tors (bale density and addition of FA) with respect 

Table 3. Treatment effects on the effective rumen degradation of dry matter (%) and degradability parameters (a, b, c) 

Silage LO LA HO HA SEM Density Additive Interaction
Lucerne

h
  2 35.5b 40.3a 35.9bc 39.0ac 0.74 **
  4 36.6b 41.7Aa 36.0B 38.8 0.83 **
  8 47.5 53.3 47.8 47.3 1.13
16 55.0 58.6 54.2 55.3 0.76
24 61.7b 66.6Aa 59.4B 62.9 0.94 * **
48 64.9 67.5 65.3 64.6 0.66
ED 57.4 61.1 58.3 60.3 0.66 *
fraction
a 28.8b 32.6a 29.8bc 31.8ac 0.53 **
b 36.8 35.7 36.6 34.7 0.61
c 0.079 0.099a 0.073b 0.075b 0.004 *

Red clover
h
  2 30.6 34.2Aa 28.3b 26.3B 1.04 **
  4 34.7Aad 32.8ac 32.3bc 30.2Bbd 0.56 ** *
  8 39.2B 44.3A 39.1B 37.0B 0.91 ** **
16 50.8b 54.3a 51.9 52.4 0.52 *
24 57.6 58.9 58.2 58.2 0.33
48 64.2b 65.3 65.9a 66.0a 0.28 *
ED 54.2a 53.6a 50.7 48.3b 0.83 **
fraction
a 25.7A 25.0a 22.2 19.8Bb 0.77 **
b 43.1b 45.5 46.3 49.6a 0.88 *
c 0.053 0.086 0.063 0.062 0.007

Red fescue
h
  2 28.1 25.8 29.1 27.7 0.90
  4 32.6 31.1 33.9 32.1 0.77
  8 38.5 35.2 40.3 39.4 0.95
16 47.9 42.1b 50.0a 45.8 1.18 *
24 56.2 56.0 58.8 58.8 0.84
48 58.7b 63.2 64.1 67.5a 1.23 *
ED 51.3 50.1 52.4 52.0 0.83
fraction
a 22.8 21.5 23.9 23.5 0.73
b 38.9B 49.8Aa 42.9b 51.2Aa 1.47

   c 0.073A 0.042Bb 0.064a 0.043Bb 0.004 **
FA – formic acid; ED – effective degradation; LO – low density, no additive; LA – low density, with FA; HO – high density, no additive; HA – high 
density, with FA; a – soluble fraction; b – insoluble but degradable fraction; c – degradation  rate; SEM – standard error of the mean; means 
followed by different letters in the same row are significantly different: AB, abcd means with different superscipts within a row are significantly 
different at P ≤ 0.01 or P  ≤ 0.05, respectively
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to the effective degradation of CP and both fractions 
(a and b). 

FA treatment (LA) decreased (P ˂ 0.05) the 
effective degradation of CP of red clover silage 
(48.9% vs 59.9%) and reduced (P ˂ 0.05) the 
content of rapidly degradable fraction a. At the same 
time, the slowly degradable fraction b enhanced 
c (P ˂ 0.05), and the rate of degradation tended to 
be faster. It should be stressed that there was an 
interaction (P ˂ 0.01) between the experimental 
factors with respect to the effective degradation of 
CP and the content of rapidly degradable fraction 
a. In contrast to legume silages, the CP degradation 
kinetics of red fescue silage during the first four 

hours of fermentation in the rumen did not differ 
between treatments. Significant differences in CP 
degradation were noted starting from the 8th h of 
sample incubation. A more rapid degradation rate of 
N-constituents was observed in the 8th h of incubation 
in treatments HO and HA. There were no significant 
differences between treatments in the effective 
degradation of CP and modelling parameters (a, 
b, c). Nonetheless, FA-treated red fescue silage 
tended to have a higher content of fraction b 
(43.8% vs 31.7% on average) and a slower rate of 
degradation of fraction b. Similar relationships were 
noted in the DM degradability of red fescue silage  
(Table 3).

Table 4. Treatment effects on the effective rumen degradation of crude protein (%) and degradability parameters (a, b, c) 

Silage LO LA HO HA SEM Density Additive Interaction
Lucerne

h
  2 39.3C 44.5B 41.1C 48.1A 1.04 **
  4 36.5b 39.5 37.2 41.5a 0.82 *
  8 49.6 54.2 52.9 51.6 1.03
16 58.7 59.6 62.7 55.9 1.17
24 65.0b 74.2a 68.8 63.9b 1.59 *
48 69.2 71.6 78.2 66.8 2.00
ED 65.2Bb 68.9Ba 66.9B 76.1A 1.02 ** ** *
fraction
a 30.3Bb 33.9Ba 31.9B 41.2A 1.01 ** ** *
b 41.3a 40.1 49.9A 30.6Bb 2.13 ** *
c 0.076 0.083a 0.060 0.052b 0.005 *

Red clover
h
  2 30.0 26.4 28.0 33.4 1.41
  4 34.4A 24.0Bb 31.4a 33.4A 1.46 *
  8 37.9 34.7 32.6 41.8 1.58
16 53.7 50.7b 55.2 59.3a 1.37
24 65.0 61.1 63.1 68.5 1.28
48 72.2b 71.7b 70.6b 78.1a 1.11 *
ED 59.9a 48.9b 54.0 59.0a 1.59 **
fraction
a 24.9a 13.9b 19.0 24.0a 1.57 **
b 52.5b 64.8a 59.9 61.0 1.86
c 0.050 0.066 0.056 0.054 0.004

Red fescue
h
  2 28.6 27.8 30.5 30.0 0.65
  4 31.3 29.3 29.4 30.9 0.76
  8 36.0a 32.4Bb 37.7A 38.6A 0.81 ** *
16 45.7 a 40.3 b 45.2 45.0 0.92
24 48.7b 48.1 b 50.1 56.0 a 1.25 *
48 50.5 b 53.9 b 52.9 b 63.4 a 1.88 *
ED 58.0 58.3 59.4 59.7 1.03
fraction
a 23.0 23.3 24.4 24.7 0.99
b 30.8 44.0 32.6 43.5 2.81
c 0.092 0.052 0.070 0.048 0.008

FA – formic acid; ED – effective degradation; LO – low density, no additive; LA – low density, with FA; HO – high density, no additive; HA – 
high density, with FA; a – soluble fraction; b – insoluble but degradable fraction; c – degradation  rate; SEM – standard error of the mean.  
AB, ab means with different superscipts within a row are significantly different at P ≤ 0.01 or P ≤ 0.05, respectively 
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Discussion

The conditions of bacterial activity and growth 
vary depending on the species of ensiled crops and 
the additives used during ensilage. Forage legumes 
differ considerably with respect to their susceptibil-
ity to proteolytic attack by rumen microorganisms. 
Protein in red clover has been found to be degraded 
less extensively in the rumen than the protein in 
other non-tannin legumes (Broderick and Albrecht, 
1997; Cassida et al., 2000; Broderick et al., 2004). 
Our results confirmed the higher susceptibility 
of DM and CP of lucerne silage (cv. Alba) to ru-
minal degradation in comparison with red clover  
(cv. Godolin) silage. Significantly (P ˂  0.01) reduced 
susceptibility of red clover DM to ruminal degra-
dation, as compared with lucerne DM, could result 
from higher concentrations of slowly degradable 
fractions and higher levels of NDIN and ADIN in  
red clover. Lucerne silage has a higher content of 
DM and CP soluble fractions than red clover silage. 
The protein degradation rate of fraction b was also 
higher in lucerne silage. Similar relationships were 
reported by Broderick et al. (2004) who compared 
the parameters of protein degradability in lucerne 
silage and silages made from genetically different 
red clover varieties. According to the information 
quoted by the above authors, polyphenol oxidase 
(PPO) – an enzyme naturally present in red clover – 
may have generated o-quinones that react with frac-
tion a and other proteins that supply N for microbial 
synthesis of protein. This reduces the breakdown of 
protein in the rumen. A similar situation can be ob-
served in a silo where o-quinones generated by PPO 
action may exert an inhibitory effect on red clover 
proteases, thus reducing rumen protein degradabil-
ity. In the present study, DM degradability of red 
clover silage was lower (P ˂ 0.01) compared with 
lucerne silage, which could be related to higher 
concentrations of slowly degradable fractions and 
higher levels of NDIN and ADIN. 

In the ensiling process, chemical additives are 
used to inhibit enzyme activity in the ensiled crop, 
thus reducing proteolysis and accumulation of 
NPN that consists principally of free amino acid-N  
(FAA-N), peptide-N and ammonia-N (NH3-N). 
Most published research findings show that the 
content of NPN, NH3-N and FAA-N is significantly 
lower in chemically-treated silages. Since FA effec-
tively reduces plant enzymatic activity, the amount 
of protein that had not been hydrolysed during fer-
mentation is expected to be higher in early stages of 
the ensiling process. Guo et al. (2007) demonstrated 
that the reduction of proteolysis by FA is probably 

due to acidifying the forage below the pH optima 
of plant protease. In the cited study, FA and formal-
dehyde effectively inhibited proteolysis after half  
a day of ensiling, and tannic acid,  after one day. The 
inhibition of proteolysis may be reflected in reduced 
rumen protein degradability in acidified legume 
or grass silages. Pursiainen and Tuori (2008) and  
Lorenz et al. (2010) demonstrated decreased protein 
degradation in preserved silages. In contrast, Sid-
dons et al. (1982) showed no effect or only slight-
ly reduced degradability of protein in FA-treated 
ryegrass or red clover silages; more effective than 
FA alone was a mixture of FA and formaldehyde.

The current results show that FA exerted  a sig-
nificant effect only in red clover ensiled at a low 
degree of compression. The decrease (P ˂ 0.05) 
in CP degradability and lower (P ˂ 0.05) solubi- 
lity resulting from the a value observed in our study 
are consistent with the findings of other authors. 
The parameters of rumen protein degradability in 
the above treatment were correlated with the con-
centrations of protein-N and ADIN. In the present 
experiment, the highest amount of ADIN in total N 
affected (P ˂ 0.05) degradability parameters a and 
b, leading to a significant decrease in the effective 
degradation of CP. The loss of readily fermentable 
substances and the possible Maillard reaction be-
tween fibre and proteins in the treated silage of red 
clover probably reduced CP degradability. It seems 
interesting that the effective degradation of DM was 
reduced in treatment HA (Table 3). When red clover 
was ensiled with FA at higher bale density, the ef-
fective degradation of DM was lower (P ˂ 0.05) due 
to lower protein solubility (a value). The changes in 
the effective degradation of CP of lucerne ensiled 
with FA at different compression levels are diffi-
cult to explain, however. A significant interaction  
(P ˂ 0.05) was observed between the experimental 
factors. High bale density combined with FA addition 
increased (P ˂ 0.01) modelling degradability para-
meter a, and enhanced the effective degradation of 
CP. Similar, but less pronounced (P ˂ 0.05), trends 
were observed in treatment LA. It should be noted 
that the rate of CP and (in particular) DM degradation 
was more rapid during the first few hours of ruminal 
incubation of legume silages. Lȁttemȁe et al. (1996) 
also found the largest differences during the first  
12 h of ruminal incubation in the degradability cha-
racteristics in red clover silages submitted to treat-
ment with FA and molasses. Some research (Rodri-
gues et al., 2002; Hetta et al., 2003) has shown that 
the degradation kinetics during the first 12 h of fer-
mentation in the rumen can be important in predict-
ing forage intake. Unlike legume silages, red fescue 
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silage was more intensely degraded in the rumen only 
after 8 or 16 h of incubation, which could be due to  
a lower content of rapidly degradable fraction a of 
CP and DM. In comparison with legume silages, DM 
of red fescue silage has low concentrations of ADL 
and high levels of hemicellulose and cellulose. As  
a result, rumen DM degradability of red fescue  
silage is comparable with that of red clover silage. 

To our best knowledge, the degradability charac-
teristics of red fescue silage have not been previously 
described. Only Bruinenberg et al. (2002) reported 
in a review article that in vitro organic matter digest-
ibility (OMD) of red fescue green forage in the first 
and second year of growth was 0.72, and in the fourth 
year, 0.62; the respective values for ryegrass (Lolium 
perenne), which is used as a reference standard, were 
0.80 and 0.73. Our findings also indicate that red fescue 
and red clover silages were characterized by a similar  
degree of microbial degradation of DM and nitrogen 
compounds in the rumen and similar degradability 
parameters. The addition of FA and bale density had 
no significant effect on the effective degradation of 
DM and CP. 

Conclusions 
Bale density and the addition of formic acid may 

affect the effective degradability of crude protein in 
lucerne silages while these factors do not affect the 
effective degradability of dry matter and crude pro-
tein in red fescue ensiled in round bales.
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