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ABSTRACT 

Digestibility of whole grain crop silages was estimated by an in vivo method and by three 
different in vitro techniques: in situ nylon bag, in vitro true digestibility (1VTD) and in vitro gas 
production (GP). The silages were made of oat (Avena sativa, var. Senator) and triticale (var. 
Bogo), cut at three stages of maturity: heading (H), milk (M) and milk-dough (MD). Starch con
tents (g kg"1 DM) in oat silages were 13, 110 and 130 and in triticale 7, 78 and 147, for H, M and 
MD stages of maturity, respectively. For the same silages and stages of maturity, NDF contents 
(g kg"1 DM) were 471, 506, 483 and 517, 551, 499, respectively. 

The silages made at heading stage had the highest in vivo DM digestibility and in situ DM 
effective rumen degradability (ERD). In vivo DM digestibility was significantly correlated with 
the starch content in the silages. There was no significant correlation between ERD and starch and 
NDF contents but significant correlations between starch content and A, B and C parameters of 
D M degradability were found (r>0.90; P<0.05). Regardless of the species, silages made at M and 
MD stages had a lower IVTD than H silages. There was no significant correlation between IVTD 
and starch and NDF contents. Total gas production (TGP) as well as GP rate constant pointed at 
MD silages, especially oat, as the most digestible. There was no significant correlation between 
TGP and starch and NDF contents. However, a significant correlation (PO.05) was found be
tween GP rate constant and starch content. Among the methods compared, the highest correlation 
with in vivo DM digestibility was found for fractions A and B (in situ method), IVTD 48 and GP 
rate constant (gas production technique). 

* Supported by the State Committee for Scientific Research, Grant No P06E 00218 
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INTRODUCTION 

The efficiency of ruminant production is largely limited by forage quality, in 
which the most important is rumen digestibility. Low digestibility is mainly re
flected in low voluntary intake and finally in low energy supply (Van Soest, 1994). 
Determination of digestibility by the standard in vivo methods is time-consuming, 
laborious, expensive, and requires a large quantity of experimental feed. There
fore, many attempts have been directed towards the development of new methods 
that could satisfactorily predict forage intake and digestibility (Stern et al., 1997; 
Jones and Theodorou, 2000). New methods which have been the most often stu
died are in situ and in vitro, including gas production technique (Deaville et a l , 
1998). To reduce the cost of analysis and to increase its precision, new equipment 
has also become available. For example, the in vitro method invented by Van Soest 
et al. (1966) can now be performed using filter bags and a Daisy Incubator (IVTD, 
Ankom Co, Fairport, NY). However, it was shown in the study of Wilman and 
Adesogan (2000) that IVTD had a higher standard error and coefficient of varia
tion than conventional tube methods. Similarly, based on the principles described 
by Menke et al. (1979), automated gas production equipment gives the opportuni
ty for simultaneous analysis of numbers of samples (Schofield and Pell, 1995; 
Williams, 2000). 

The so-called "alternative" methods of the estimation of digestibility need to 
be standardized with the in vivo method, particularly due to a significant effect of 
chemical and physical characteristics of samples (Stern et a l , 1997). One of these 
characteristics is the origin of starch and its content in the feedstuffs. Previously 
conducted studies have shown a considerable influence of starch on the digestibi
lity of feedstuffs determined by different methods (Cerneau and Michalet-Doreau, 
1991; Opatpatanakit et al., 1994) as well as on the accuracy of predicting ruminal 
nutrient degradation (Mills et al., 1999). 

The most notable changes in the chemical composition of whole grain crops 
due to advancing maturity are in dry matter (DM), non-fibre carbohydrates (NFC), 
starch and crude fibre contents (Mannerkorpi and Brandt, 1995). Thus, whole grain 
crop silages made of plants cut at different stage of maturity may be used as model 
samples for determining the influence of starch content on roughage digestibility 
assessed by different methods. 

The aim of the present study was to determine the effect of stage of maturity of 
oat and triticale on chemical composition as well as on digestibility of whole grain 
oat or triticale silages determined by different methods: in vivo, in situ, in vitro and 
gas production technique. 
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MATERIAL AND METHODS 

Design and treatments 

Whole grain crop silages were made of oat (Avena sativa, var. Senator) and 
triticale (var. Bogo), cut at three stages of maturity: heading (H), milk (M) and 
milk-dough (MD). The plants were harvested in 1998, on June 19, July 13 and 
July 18 (oat) and May 28, June 19 and June 30 (triticale), respectively. After the 
cut, the plants were chopped and ensiled with a microbial inoculant additive 
(Microsil, 10 g/T fresh forage) in 100 1 plastic containers (9 containers for each 
forage, 54 containers in total). After 4 months, representative samples were taken 
from 3 sites of each container. The samples were then pooled together by con
tainers and frozen at -20°C until the chemical analysis. Chemical analyses were 
made separately for each container. For the same crop and cut, dried samples 
(45°C, 48 h) from each container were then pooled together for digestibility 
trials. 

In vivo total tract dry matter digestibility of silages was determined using 12 
wethers allocated randomly into 3 groups. The animals were kept in metabolic 
cages and fed experimental silages (plus mineral mixture, 20 g d 1 head) twice a 
day, at a dose close to maintenance level. At the same time 3 silages of the same 
species were studied. The 7-day collection period followed the adaptation pe
riod that lasted 14 days. Representative samples of feeds, refusals and faeces 
were kept frozen at -20°C until chemical analysis. 

In situ rumen dry matter degradability (ISNB) was determined by the method 
of Michalet-Doreau et al. (1987). Measurements were carried out using three 
ruminally cannulated Holstein bulls weighing 390±30 kg. The animals were gi
ven 5.6 kg d"1 of meadow hay and 2.3 kg d"1 of concentrate mixture (%: barley, 
50; wheat, 10; wheat bran, 28; soyabean meal, 10; mineral mixture, 2). The diet 
contained 170 g kg*1 DM of crude protein and was balanced to keep the forage to 
concentrate ratio at 70:30. Approximately 3 g of samples dried and ground to 
pass through a 1.5 mm sieve screen were placed into nylon bags (Ankom Co, 
Fairport, NY; pore size 53 mm diameter, internal dimension 5x10 cm), yielding 
a ratio of sample mass per bag area of 27 mg cm 2 . Bags were introduced in the 
rumen at the same time just before the morning feeding and pulled out at diffe
rent times. Incubations ware carried out at 2, 4, 8, 16, 24, 48 and 72 h. Additio
nally incubation for 0 h was done to estimate washing losses from bags. Nine 
measurements (three replications for each of three steers) were made for each 
incubation time. After removal, bags were rinsed thoroughly with cold water 
and then washed in a washing machine, and dried to the constant weight. The 
effective rumen degradability (ERD) of dry matter and the degradability rate 
constants (A, B, C) were calculated according to Orskov and McDonald (1979) 
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at a ruminal outflow (k) of 0.06 tr 1, which is the value accepted for high yielding 
dairy cows. The data for one animal was then pooled before statistical analysis. 

In vitro true digestibility (IVTD) was estimated in a Daisy Incubator (Ankom 
Co, Fairport, NY) based on the Van Soest et al. (1966) tube procedure. The dried 
and ground (1.5 mm as above) samples were placed in filter bags made from 
polyester/polyethylene extruded filaments (50 x 55 mm exterior size). The bags 
(3 jars x 3 replications) were then incubated in the incubation jar in buffering 
ruminal fluid for 8, 24 and 48 h. According to Ankom's recommendation, 0.25 g 
of sample per bag were weighed for 8 and 24 h incubations and 0.5 g for 48 h 
incubation. Rumen fluid was collected by rumen cannula from two dry Holstein-
Friesian cows fed with 5 kg d"1 of meadow hay and 2 kg d"1 of barley grain with 
mineral mixture supplementation. The diet contained 140 g kg"1 DM of crude 
protein. The rumen fluid was collected directly before determinations. After in
cubation, the jars were drained and the bags rinsed thoroughly with cold tap 
water. The bags with residues were boiled for 75 min in neutral detergent solu
tion (Ankom 2 2 0 apparatus). After the solution was removed, 2000 ml of hot (90-
100°C) H 2 0 and 4.0 ml of a-amylase were used in the first and second rinses of 
bags. The bags were then dried and weighed. Use of the neutral detergent solu
tion and a-amylase (in samples containing starch) is an integrated step of the 
IVTD method. Since digestibility results obtained from this method depend mainly 
on the extent of fermentation of samples in the buffered ruminal fluid, it is as
sumed that it reflects potential rumen digestibility and can be compared with 
other methods used in the experiment. 

Potential digestibility of silage dry matter was also estimated using semi-
automated gas production technique (GP) (Pell and Schofield, 1993), which was 
based on the original Menke and Steingass procedure (1988). The rumen fluid 
from two dry Holstein-Friesian cows was collected similarly as above. The amount 
of gas produced in an individual flask (4 repetitions for each sample) containing 
0.15 g of dried and ground (1.5 mm) sample and buffered ruminal fluid was 
measured every 10 min over 24 h by computer-interfaced pressure sensors. The 
24 h incubation time was chosen as suggested by Menke et al. (1979) and Menke 
and Steingass (1988), although other authors have used longer incubation. The 
24 h incubation time in this project was also chosen considering the high fer
mentation rate of whole crop silage organic matter in the rumen. For each fer
mentation run, three blank samples containing only buffered ruminal fluid were 
used. Blank sample fermentation readings were then considered in the calcula
tions of the total gas produced (TGP). TGP as well as GP rate constants were 
calculated using the exponential Orskov and McDonald (1979) equation, modi
fied for the LAG time (Beuvink and Kogut, 1993). 
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Analytical procedures and measurements 

Dry matter content of silages was determined by the toluene method (Dewar 
and McDonald, 1961). Chemical composition of silages, refusals, faeces and in 
situ and in vitro residuals was determined on dried (45°C, 48 h) and ground (to 
pass through a 1.5 mm screen) samples using standard methods (AOAC, 1995). 
Water-soluble carbohydrates (WSC) were determined by the colorimetric method 
of Deriaz (1961), starch content by the method of Faisant et al. (1995) and NDF, 
ADF and ADL by the method of Goering and Van Soest (1970). 

Statistical analysis 

The data, separately for oat and triticale, were subjected to one-way analysis 
of variance using the GLM procedure of SAS (1995). The model employed for 
statistical analysis was as follows: Yijk = \i + Ti + Rj + Eij, where: JLX = general 
mean, Ti = treatment effect, Rj = repetition effect (animal (ISNB) or jar (IVTD) or 
channel (GP)), Eij = experimental error. In each analysis, the individual means 
were separated by the Student-Newman-Keuls test (SAS, 1995). Differences were 
considered to be significant at P< 0.05. Relationships between parameters of di
gestibility, determined by different methods, were tested by correlation coefficients 
using REG procedure of SAS (1995). 

RESULTS AND DISCUSSION 

The chemical composition of silages is presented in Table 1. Aging of plants 
increased dry matter and starch contents, which was accompanied by a decrease in 
protein content. The same tendencies as related to stage of maturity were observed 
by Mannerkorpi and Brandt (1995) on barley plants and seem to be true for all 
cereal species. Irrespective of the species, M and MD silages had higher content of 
ADL than H silages (P<0.05). On the other hand, NDF and ADF contents were 
slightly increased in M silages and then decreased in MD ones. 

Regardless of the plant species, the highest total tract in vivo DM digestibility 
was shown for silages made at the heading stage of maturity (P<0.05; Table 2). 
It is worth noting that aging of oat to MD stage did not further decrease DM digesti
bility, compared to M stage. Also Borowiec et al. (1998) in in vivo studies con
ducted on whole crop barley silages showed similar tendencies as related to stage 
of maturity. In vivo DM digestibility in the present studies was negatively correla
ted with a starch content and was not influenced by the NDF content (Table 3). 
Prolonging plant growth is usually accompanied with an increase in fibre content 
(Van Soest, 1994). However, in this study an increase in NDF content was "dilu-
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TABLE 1 
Chemical composition of silages, g kg"1 DM 

Stage of maturity1 
Oat Triticale 

Stage of maturity1 

H M MD H M MD 

Dry matter, g kg"1 198 266 296 170 293 334 
Organic matter 916 928 927 918 933 937 
Crude protein 96 69 69 94 75 60 
Ether extract 73 62 52 49 38 27 
Crude fibre 243 265 264 284 299 278 
NFC 2 504 532 542 491 521 572 
WSC3 13 23 20 12 96 39 
Starch 13 110 130 7 78 147 
NDF 471 506 483 517 551 499 
ADF 299 336 311 337 357 342 
ADL 25 48 47 30 57 54 
1 H - heading; M - milk stage; MD - milk-dough stage 
2 non-fibre carbohydrates 
3 water-soluble carbohydrates 

ted" by the increase in starch content, which was probably the reason for the lack 
of influence of fibre on digestibility. The origin of the fibre should also be conside
red here, because of the changes not only in the concentration of NDF but also in 
its composition, which take place when the plant matures. Increases in highly di
gestible starch content in M and MD silages (Micek et al., 2001) with advancing 
maturity of plants balanced a possible decrease in DM digestibility due to changes 
in cell wall structure. 

Oat and triticale silages made at heading stage of maturity had the highest ERD 
of DM (Table 2), probably due to the lowest NDF and ADL contents. Fast lignifi
cation of the plant cell wall between H and M stage of growth (Table 1) might 
cause a decrease in the ERD of M silages. As mentioned above, although the plant 
still matures, an increase in NFC content, particularly starch, in MD silages, when 
compared to M silages, could dilute this lignification effect. As a result the ERDs 
of MD silages were significantly increased over M ones. Thus, it is likely that the 
difference in ERD between H and M silages was influenced mainly by the fibre 
content whereas the difference between M and MD silages was more affected by 
the starch content. However, the overall correlation between ERD and starch or 
NDF contents was not significant (Table 3). 

For 0, 2 and 4 h of incubation (Table 2), MD silages had the highest DM disap
pearance, which was in line with the highest value of fraction A. On the other 
hand, for incubations lasting for a longer time, the highest disappearance was shown 
for H silages. They also had the highest proportion of fraction B, and the highest 
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rate of digestibility (fraction C). The reasons for such tendencies could be the 
starch and fibre contents in the sample. I f the MD silages contained the highest 
amount of starch and the lowest of fibre and additionally the starch of these fora
ges is highly and rapidly degraded in the rumen (Micek et al., 2001), it is clear that 
DM degradability of MD silages at short periods of incubation was the highest. 
When the starch has already been degraded (after 8-16 h) (Micek et al., 2001), it is 
possible that the DM degradability at longer incubation periods was more influ
enced by the fibre content and its composition. This resulted in the highest DM 
disappearance from the H silages. The above discussed effect of starch content on 

TABLE 2 
In vivo DM digestibility, in situ DM degradability, in vitro true digestibility (IVTD) and gas produc
tion profile of oat and triticale silages 

Sltapp o f m n t i i r i t v ' 
Oat 

SE -
Triticale 

SE 
u i u c v \ji 11 t u i u i i L y H M MD 

SE -
H M MD 

SE 

In vivo method 
D M digestibility 66.5a 56.3b 56.1 b 1.61 70.5a 62.8ab 58.3b 2.07 

In situ method 
Oh 35.2C 41.2b 44.2a 0.35 34.0b 39.0a 38.7a 0.41 
2 h 41.3C 43.7b 45.6a 0.39 36.9b 40.0a 39.4a 0.50 
4 h 42.6b 44.5a 45.9a 0.43 39.6a 40.7a 39.7a 0.55 
8 h 50.7a 47.2b 49.5a b 0.69 47.4a 43.7b 41.5C 0.46 

16 h 58. T 52.3b 53.3b 0.98 53.5a 48.9b 45. l c 0.83 
24 h 66.9a 57.8b 59.2b 0.91 66.5a 56.2b 57.9b 1.04 
48 h 76.6a 66.3b 66.9b 0.97 75.8a 64.4b 66.1 b 1.11 
72 h 80.3a 69.4b 69.1 b 0.56 79.7a 67.9b 66.0b 0.71 
A 36.5C 41.4b 44.6a 0.66 34.6C 39.6b 41.3a 0.57 
B 45.4a 35.9b 30.7C 1.36 49.3a 33.4b 33.5b 1.48 
C 0.046a 0.028b 0.027b 0.00 0.042 a 0.028b 0.028b 0.00 
ERD 2 56.2a 51.4C 53. l b 0.45 54.6a 50.3C 52.0b 0.43 

In vitro method 
IVTD 8h 49.2a 45.5b 47.2a b 0.64 47.3a 43.4a 44. l a 0.95 
IVTD 24 h 69.6a 60.0b 61.9b 1.51 63.8a 59.3a 60.2a 1.02 
IVTD 48 h 64. l a 61.2" 62.7a 0.78 68.3a 62.9b 61.8b 1.12 

Gas production technique 
TGP, ml 100 mg-' D M 12.57c 14.33b 16.193 0.19 17.57a 15.59b 17.97a 0.22 
GP rate constant, ml h"1 0.07c 0.13b 0.14a 0.001 0.09b 0.10a 0.11a 0.002 

a b c - means with the same letter are not significantly different (P>0.05) 
1 H - heading; M - milk stage; MD - milk-dough stage 

2 effective rumen degradability of DM 
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TABLE 3 
Some correlation coefficients between starch and NDF contents and digestibility parameters deter
mined by different methods 

Starch NDF In vivo DM digestibility 

ERD1 -0.67 -0.56 0.34 
Fraction - A 0.92** -0.15 -0.94** 
Fraction - B -0.90* -0.03 0.96** 
Rate constant - C -0.91* -0.34 0.68 

IVTD 24 h -0.72 -0.64 0.60 
IVTD 48 h -0.81 0.10 0.89* 

TGP 0.35 0.34 -0.03 
GP rate constant 0.82* 0.00 -0.86* 

In vivo DM digestibility -0.93** 0.16 

* P<0.05, **P<0.01 
1 effective rumen degradability of DM 

rumen DM degradability may be confirmed by the high and significant relation
ship between starch content and the in situ constants (A, B and C; Table 3). Starch 
content was positively correlated with the A fraction and negatively with the B 
fraction. 

Irrespective of the time of incubation, the highest IVTD was obtained for sila
ges made at heading stage (Table 2). Prolonging plant maturity from M to MD 
stage had no effect on IVTD at any incubation time. There was no correlation 
between IVTD (at any incubation periods) and NDF content in silages (Table 3). 
On the other hand, there was a relationship between IVTD and starch content, 
which was however significant only for IVTD 48 h. The lack of significant differ
ences (statistical analysis not shown) between IVTD obtained after 24 and 48 h of 
incubation shows that this part of organic matter, which determines the differences 
between plants and stages of maturity, likely undergoes very fast fermentation 
processes (within 24 h). 

The total gas production (TGP) as well as the GP rate constant pointed to the 
silages made of plants cut at MD stage as the most susceptible to rumen fermenta
tion, especially in the case of oat (Table 2). It is difficult to explain why the H stage 
triticale silage TGP was as high as in the MD silage. There was no relationship 
between TGP and starch or NDF contents in the samples (Table 3). The results of 
the volume of gas produced should be interpreted with care, particularly when 
feedstuffs with a high content of starch are studied (Menke and Steingass, 1988). 
The fermentation of easily fermented sugars leads to the production of high amounts 
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of propionic acids by rumen microflora. This process influences the volume of 
gases produced to a lesser extent than the production of acetic and butyric acids 
(lack of C0 2 and then CH 4 separation) (Williams, 2000). 

Irrespective of the plant species, its aging significantly increased the GP rate 
constant. Moreover, a significant relationship (r=0.82) was found between starch 
content and GP rate constant (Table 3). This means that i f the sample contains 
more starch, as a result of aging of the plant, the rate of gas production increases. 

The reason for the opposite signs of the correlation coefficients between starch 
content and rate constant C (minus; in situ method) and GP rate constant (plus) is 
probably in the nature of the method studied. In the in situ method the rate constant 
is calculated considering the disappearance of the sample from the bag. I f the 
starch disappears after times of incubation, the rate constant C of fraction B is 
influenced by the non-starch components. In the GP technique, the products of the 
starch fermentation remain in the sample and the GP rate constant shows the rate 
of gas production of the whole material, including such products. Also Valentin et 
al. (1999), who studied maize silage DM digestibility determined by different 
methods, concluded that the in situ nylon bag method and GP technique did not 
give the same prediction of nutritive value of samples. 

General considerations 

The results obtained in this study confirm the well-known fact that along with 
advancing maturity of cereal plants, the starch content increases (in DM) and at 
the same time the fibre content (and its fractions) remains more or less stable. This 
may have a significant effect on digestibility, regardless of the method used. In all 
of the methods under comparison, the highest digestibility coefficients were shown 
for H silages. Based on a classical understanding of the process of lignification of 
plants, one could assume that prolongation of plant vegetation until the MD stage 
of growth could constantly decrease its digestibility. However, increasing the con
tent of starch in MD silages, in relation to M and H silages, may mask the effect of 
lignification. Due to this process, regardless of digestibility method, the silages 
made at MD stage of growth had equal or even higher digestibility when compared 
with M silages. In this context, it can be assumed that the level of lignification 
influences DM digestibility only in early stages of growth, whereas for later sta
ges, the starch content seems to be the most important factor. The above tenden
cies might have been confirmed by the correlation coefficients between starch and 
NDF contents and digestibility parameters (Table 3). None of the coefficients 
between NDF and digestibility were significant. 

Assuming in vivo DM digestibility as a point of reference, the highest relation
ship between in vivo and in situ or in vitro digestibility was observed for degrada
bility parameters (A and B) of the in situ method (Table 3). Additionally, statisti-
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cally proved correlations were also observed for IVTD 48 h and GP rate constant. 
Other parameters such as IVTD 24 h or ERD were not correlated with in vivo DM 
digestibility. It was particularly a surprise in the case of TGP and ERD, conside
ring the high correlation with fractions A and B. Due to the number of observa
tions, the results of such a comparison should be taken with caution. However, 
also Adesogan et al. (1998) showed an imprecise prediction of in vivo digestibility 
from chemical composition (starch included) as well as from in vitro digestibility 
of whole crop wheat silage when determined by different methods. It is possible 
that the changing nature of the samples caused by advancing maturity (from f i 
brous to starchy) could bias some in vitro analyses, for example the gas production 
technique. 

CONCLUSIONS 

Aging of whole oats or triticale crops changed the chemical composition of 
whole crop silages. The main effect was an increasing content of starch. Prolon
ging growth increased lignification of the plants only from heading to milk stage 
of maturity. The starch content had a greater effect than NDF on in vivo, in situ and 
in vitro digestibility. In vivo DM digestibility was significantly correlated with 
rumen DM degradability parameters (A and B) of the in situ method, IVTD 48 h 
and GP rate constant. 
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STRESZCZENIE 

Strawnosc kiszonek sporzqdzonych z calych roslin zbozowych oznaczona roznymi mctodami 

Materialem do badah byly kiszonki z owsa (Avena sativa, odm. Senator) oraz pszenzyta (odm. 
Bogo) zebrane w trzech fazach rozwojowych: kloszenie (H), dojrzalosc mleczna (M) i mleczno-
woskowa ziarna (MD), roznia^ce si$ zawartoscig. skrobi. Strawnosc oznaczono metodami: worecz-
kow nylonowych in situ, strawnosc rzeczywista^ in vitro (IVTD) oraz in vitro polautomatyczna^ tech-
nika^ gazowa^ (GP). Dodatkowo oznaczono strawnosc in vivo kiszonek w calym przewodzie pokar-
mowym tryczkow. Zawartosc skrobi (g kg"1 s.m.) w kiszonkach z owsa wynosila: 13 (H), 110 (M) 
i 130 (MD), a w kiszonkach z pszenzyta odpowiednio 7, 78 i 147. Zawartosc NDF (g kg"1 s.m.) 
w tych kiszonkach wynosila odpowiednio 471, 506 i 483 oraz 517, 551 i 499. 

Strawnosc s.m. in vivo kiszonek sporzadzonych z materialu zebranego w fazie kloszenia byla 
najwyzsza oraz najwyzszy byl efektywny rozklad suchej masy w zwaczu (ERD), oznaczony metodâ  
in situ. Strawnosc in vivo s.m. byla statystycznie istotnie skorelowana z zawartoscia^ skrobi w kiszon
kach. Nie wykazano jednak istotnej zaleznosci pomi^dzy ERD a zawartoscia^ skrobi lub NDF. 
Z drugiej strony zawartosc skrobi byla istotnie skorelowana z wielkoscig. stalych rozkladu s.m., tj. A, 
B i C (r>0.90; PO.05). Bez wzglqdu na gatunek rosliny, IVTD kiszonek sporzadzonych z materialu 
zebranego w fazie dojrzalosci mlecznej i mleczno-woskowej ziarna byla wyzsza niz kiszonki zebra-
nej w fazie kloszenia. Wykazano przy tym istotna^ zaleznosc pomi^dzy IVTD 48 h a zawartoscia^ 
skrobi. Calkowita ilosc produkowanego gazu (TGP), jak rowniez stala produkcji gazu wskazuja ,̂ ze 
najbardziej podatne na fermentacJQ sâ  kiszonki zebrane w fazie MD, zwlaszcza owies. Nie wykazano 
jednak istotnej zaleznosci pomi^dzy TGP a zawartoscia^ skrobi lub NDF. Z drugiej jednak strony 
wykazano istotna^korelacje: (PO.05) pomiejdzy zawartoscia^ skrobi i stalâ  produkcji gazu. 

Sposrod porownywanych metod oznaczania strawnosci, strawnosc s.m. in vivo byla najwyzej 
skorelowana z wielkoscia^frakcji A i C (metoda/'/z situ), IVTD 48 h oraz z wielkoscia^ stalej produkcji 
gazu. 


