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ABSTRACT 
Measuring intestinal digestion of protein in vivo is difficult, expensive 

and time-consuming. Therefore, alternative methods have been developed. 
The objective of this study was to measure and compare intestinal 

digestibility using tree methods: mobile bag, in vitro and in vivo. To obtain 
the ruminal undegradable protein (RUP) the samples were ruminally 
incubated in sacco for 16 h in four dry cows with ruminal cannulas. 
Intestinal digestibility of undegraded crude protein was determined by 
mobile bag method – four cannulated dry cows with T-cannula in proximal 
duodenum, in vitro method – enzymatic two-steps method, and in vivo 
method - rats of the Wistar breed were used. Cereals (wheat, barley, oats 
and rye), maize, rapeseed meal, soybean meal and sunflower meal were 
used for this purpose. The highest loses of N after 16 hours of incubation in 
the rumen were determined in wheat (93.5%), rye (90.2%) and barley 
(89.3%). The lowest loses were observed in maize (64.6%). Intestinal 
digestibility of undegraded residues determined by different methods 
increased while ruminal degradation decreased. More than 85% of soybean 
meal crude protein from the residual amount of undegraded N was 
digested. The mobile bag method yielded the highest values of intestinal 
digestibility. The smallest differences between the compared methods 
(6.5%) were calculated for wheat. The largest differences (36.1%) were 
calculated for maize. From all samples, the soybean meal was the most 
digestible for all used methods (in vivo – 85.6%, in vitro – 85.8%, mobile 
bag 97.6 %). 
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INTRODUCTION 
Current approaches to the evaluation of feed for ruminants are based 

on the usability of nitrogen in the small intestine of ruminants. The source 
of nitrogen consists of microbial proteins and crude protein undegraded in 
rumen. An important characteristic of crude protein is digestibility of by-
pass protein in the small intestine.  

For optimal evaluation of intestinal digestibility it is important to select 
the correct method for its determination. Available methods are: in vitro, in 
vivo and mobile bag methods. 

Among them, the mobile bag method is widely accepted, because it has 
many advantages, such as an effective recurrence rate and a significant 
correlation with the data obtained from the in vivo method. This method is 
however time-consuming and there is no standardized protocol for 
conducting this procedure. 

In vitro method can imitate an animal's physiological conditions, which 
saves time and effort (Calsamiglia and Stern, 1995).  

The objective of this study was to measure and compare intestinal 
digestibility of ruminal undegradable protein in different samples using 
tree methods: mobile bag, in vitro and in vivo. 
 
 

MATERIAL AND METHODS 
In our experiment, we used these samples: cereals (wheat, barley, oats 

and rye), maize, rapeseed meal, soybean meal and sunflower meal. The 
content of nutrients was analysed according to AOAC (2000). 

To obtain the ruminal undegradable protein (RUP) the samples were 
ruminally incubated in sacco for 16 h in four dry cows with ruminal 
cannula. Mobile bag method experiments were carried out in four non-
lactating cows with T-cannula in proximal duodenum. The animals were 
fed twice a day a diet consisting of 70% forage and 30% concentrate on a 
dry matter basis at maintenance level. Nutrient intake to one cow/day in 
our experiment was as follows: 9770 g dry matter; 1170 g crude protein; 
5050 g nitrogen free extract; 2660 g fibre; 1980 g starch and 650 g ash. 
Access to water was ad libitum. 

For mobile bag method were the samples weighed into small 4 × 2.5 cm 
bags from Uhelon 120 T. They were incubated in a solution of pepsin for 1 
hour at 37 °C. We put the bag into the duodenum through the T cannula. 
We caught them in faeces within 24 hours of insertion, thoroughly washed, 
dried and weighed. We determined the content of N indigested residues 
and calculated the losses of N. 

The in vitro method had two-steps. 1st step - digestion with pepsin in 
acid medium (pH 1.5) at 37°C. 2nd step – digestion with trypsin and 
chymotrypsin at pH 7.0 and 37 °C.  The undigested residue was dried, 
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weighted and milled. We determined in the rest the content of N and 
calculated its losses. 

For in vivo method, we used 120 g rats (Wistar breed), for 6 animals 
per type of feed. 

Crude protein of undegraded feed constituted 10% dry matter diet 
(Eggum, 1973). We collected the faeces for 5 days and then determined the 
content of N in the excrements and calculated the digestibility. 

We used the statistical method of standardized deviations to compare 
the results obtained by all three methods. 

 
 
RESULTS AND DISCUSSION 
An in sacco procedure using mesh bags that allow access to test feeds 

contained in the bags has been used extensively to obtain data on the rate 
and extent of digestion of feedstuffs in the rumen (Nissen, 1992). This 
procedure has been modified to permit estimation of postruminal digestion 
(De Boer et al., 1987; Hvelplund and Madsen, 1987).  

The amount of feed protein that gets into the small intestine of 
ruminants depends on the total content of crude protein in the feed and 
their degradability in the rumen (Chrenková et al., 2000).  

The content of crude protein varied from 110.3 g.kg-1 DM (maize) to 
481.3 g.kg-1 DM (soybean meal) (Table 1). The highest loses of N after 16 
hours of incubation in the rumen were determined in wheat (93.5%), rye 
(90.2%) and barley (89.3%) (Table1). The lowest loses were observed in 
maize (64.6%). More than 85% of soybean meal crude protein from the 
residual amount of undegraded N was digested, which is advantageous 
from the viewpoint of use of N in ruminants, because there are not losses of 
N and it is maximal used of protein of N in the small intestine (Chrenková et 
al., 2000).  
 
Table 1. Nutrient content (g.kg-1 DM) to determination of intestinal digestibility of 
undegraded crude protein 

Feeds Crude 
protein 

Fiber Fat Ash 
Losses of N after 16 
hours incubation in 

rumen (%) 
Wheat 148.0 31.9 18.8 18.8 93.5 
Barley 130.6 61.0 19.7 28.4 89.3 
Oat 139.6 129.2 36.4 28.6 80.1 
Rye 129.7 26.3 15.9 19.0 90.2 
Maize 110.3 46.8 49.5 17.9 64.6 
Soybean meal 481.3 65.6 24.2 69.7 74.9 
Rapeseed meal 389.4 121.8 22.3 73.1 86.4 
Sunflower meal 324.8 298.6 15.5 71.7 83.4 
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The nylon bag procedure has an important advantage over other 
digestibility studies in that direct estimates of the digestibility of individual 
ingredients of diets are possible (Nissen, 1992). The highest intestinal 
digestibility using mobile bag method was determined in soybean meal 
(Table 2). Lower intestinal digestibility of sunflower meal and rapeseed 
meal is connected to the higher content of crude fibre in these feeds.  

 
Table 2. Digestibility of crude protein – different methods (%) 

 

Wheat Rye Barley Oats Maize 
Soybean 

meal 
Rapeseed 

meal 
Sunflower 

meal 

In vivo 71.1 71.6 70.6 73.6 84.3 85.6 48.1 64.9 

In vitro 74.4 73.7 73.9 74.4 58.9 85.8 44.3 70.7 

Mobile bag 77.6 80.1 80.5 81.9 95 97.6 66.0 78.6 

 
Measuring intestinal digestion of protein in vivo is difficult, expensive 

and time-consuming. In vitro method is a promising alternative to the 
mobile bag technology. The combined enzymatic method is suitable for 
measuring relative differences between feeds, less suitable for obtaining 
absolute values of digestibility of undegraded crude protein (Tománková 
and Homolka, 1999). The mobile bag method yielded the highest values of 
intestinal digestibility.  

The mobile bag method, in use for the determination of intestinal 
digestibility in ruminants for more than two decades, has been tested for 
different aspects that may influence the data on intestinal digestibility. The 
results of this method are influenced by various objective factors such as 
the quality of the bags used, the size of the weighing, the incubation time of 
the feed in the rumen, the conditions of the preincubation of the residues 
before insertion into the rumen, the digestion itself in experimental 
animals and others (Calsamiglia et al., 2010). 
 
Table 3. An overview of standardized deviation uij evaluation of intestinal 
digestibility of feed by methods. 

Feeds 
Method 

Total ρAi 
in vivo in vitro mobile bags 

Wheat -1.0213 -0.1714 0.2795 -0.3044 0,2138 
Rye -1.2693 -0.8822 0.3212 -0.6101  
Barley -1.3228 -0.7826 0.3090 -0.5988  
Oats -1.1818 -1.0635 0.3194 -0.6420 0,9909 
Maize -0.6671 -1.04857 0.3169 -0.6120 0,8503 
Soybean meal -1.1561 -1.0637 0.3418 -0.6260 0,9537 
Rapeseed meal -1.0938 -0.9808 0.4664 -0.5361 0,8703 
Sunflower meal -1.2933 -0.4838 0.6121 -0.3883  
Feeds total -1.0251 -0.9079 0.4005 -0.5109  
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Intestinal digestibility of undegraded residues determined by different 
methods increased while ruminal degradation decreased. The smallest 
differences between the compared methods (6.5%) were calculated for 
wheat. The largest differences (36.1%) were calculated for maize. From all 
samples, the soybean meal was the most digestible for all used methods 
(Table 2).  

The evaluated methods have approximately the same telling ability. 
Comparison of u mean values showed that determination by in vivo method 
is not statistically significantly different from the in vitro test method. 
However, there were high significant differences when compared to the 
method of mobile bags. 

 
Table 4. Standard mean deviations uij in intestinal digestibility evaluation 

Significant comparisons of average uij   values methods  

 1 in vivo 2 in vitro 3 mobile bag Total 

Feeds total -1.0251 -0.9079 0.4005 -0.5109 

Significance 3 : (1, 2)++ 

 
 
CONCLUSIONS 
We found that digestibility of undegraded feed residues is determined 

by methods unquestionably. Evaluated methods have approximately the 
same representational ability. 

Mean value comparison of u deviations showed there are no 
statistically significant deviations between the in vivo and in vitro methods 
and highly significant differences were determined in comparison to the 
mobile bag method. 
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