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Introduction 

 

Condensed distillers solubles (CDS) is a pasty by-product of bio-ethanol production from grains and 

an interesting feedstuff for ruminants. The net energy value of CDS may be derived from digestion 

trials with sheep, but the protein value, expressed as digestible protein in the intestines (DVE) and the 

degraded protein balance (OEB) is far more difficult to determine. The reason is that the reference 

method, being nylon bag incubations in the rumen and in the intestines of fistulated animals, is not 

applicable for feedstuffs consisting of small particles. An in vitro method with rumen fluid as 

inoculum is also less practical, not only because of the necessity for fistulated animals but mainly 

because one has to correct for microbial protein formed during incubation. A potential alternative is in 

vitro incubation with enzymes and Streptomyces griseus is a commonly used protease for simulating 

protein digestion in the rumen (Roe et al., 1990). Mustafa et al. (1999) used this technique to 

determine protein degradability of thin stillage, another liquid byproduct of bio-ethanol production. 

The main difficulty of this approach is the conversion of in vitro degradability to in situ values to 

enable the calculation of the protein value. The aim of our experiment was to estimate the protein 

value of diverse CDS batches from in vitro degradability by means of a sample set of protein feeds 

with known in situ protein degradability characteristics.   

 

Material and Methods 

 

Five types of CDS originating from the 3 Belgian bio-ethanol plants, 1 Dutch and 1 German plant with 

a dry matter (DM) content varying from 248 to 325 g/kg were evaluated. For chemical analysis and in 

vitro tests, samples were freeze dried and ground through a 1 mm screen. In vitro crude protein (CP) 

degradability was determined according to Cone et al. (1994) by incubating samples, equivalent to 200 

mg CP, with 50 ml of Streptomyces griseus in a borate-phosphate buffer at pH 6.7 and at 40°C during 

1, 6 and 24 h (indicated as SG1, SG6 and SG24, respectively). After incubation, tubes were 

centrifuged and nitrogen was determined in the supernatant. Besides, CP-solubility was obtained by 1 

h incubation with buffer alone (SG0). These in vitro tests were also carried out on a sample set of 28 

protein feeds, including 13 dried distillers grains and solubles and some treated protein meals. Of these 

reference feeds protein degradation characteristics were previously determined with the nylon bag 

technique according to the Dutch CVB-protocol (2003). The percentages of bypass protein (%BRE) 

and its digestibility (%DVBE) were calculated according to the last version of the Dutch protein 

system (Tamminga et al., 2007). As it was not possible to determine NDF degradability of CDS, 

microbial protein and endogenous protein losses were calculated from rumen fermentable organic 

matter (Tamminga et al., 1994). Equations to predict the undegradable protein fraction (UCP), the 

degradation rate (kdCP), %BRE and %DVBE were derived by means of multiple regression analysis 

using CP, crude fat, crude ash, NDF, starch, sugars and SG0, SG1, SG6 and SG24 as independent 

variables. These equations were then used to predict the in situ protein values of CDS.  

 

Results and discussion 
 

Compared with the reference feeds, CDS is low in NDF and high in sugar (Table 1). The CP content 

was very high for the German CDS (495 g/kg DM) and varied from 238 to 315 g/kg DM for the other 

products. The mean in vitro CP degradability of CDS was clearly higher than that of the protein feeds. 

The best correlated variable to UCP, kdCP, %BRE and %DVBE was respectively CP, SG6, SG6 and 

SG1 (Table 2). Combining CP, crude ash and NDF could explain about 60% of the variation in UCP as 

well as in %DVBE. CP and SG6 was the best combination to predict both kdCP and %BRE with a 



determination coefficient (R²) of respectively 51 and 69%. Further, direct prediction of %BRE 

appeared far more accurate than calculation of %BRE from SG0, UCP and kdCP (RSD: 6.8 vs.7.3%). 

  

 Table 1. Chemical composition, in vitro degradability and in situ protein values of the feeds 

 Reference protein feeds (n=28) Condensed distillers solubles (n=5) 

Chem. comp. (g/kg DM)  Mean ± SD Range Mean ± SD Range 

Crude protein 357 ± 71 206 – 526 325 ± 99 238 – 495 

Crude fat 91 ± 50 28 – 225 71 ± 14 61 – 95 

Crude ash 58 ± 12 26 – 81 78 ± 26 41 – 108 

NDF 287 ± 83 114 – 534 96 ± 44 43 – 154 

Starch 26 ± 45 0 – 199 19 ± 7 11 – 30 

Sugars 62 ± 33 7 – 116 123 ± 24 97 – 154 

In vitro CP-degradability (%)    

SG0 13.8 ± 6.3 4.5 – 35.0 35.2 ± 9.6 23.3 – 45.3 

SG1 19.3 ± 7.7 7.1 – 42.9 43.1 ± 8.0 34.7 – 53.4 

SG6 28.7 ± 11.0 10.1 – 50.0 56.9 ± 7.5 49.3 – 65.1 

SG24 39.4 ± 16.3 17.4 – 74.1 63.1 ± 8.9 52.6 – 71.9 

In situ protein values     

UCP (%) 3.8 ± 2.1 0.2 – 8.1 3.6 ± 3.4 0.0 – 7.3 

kdCP (% h
-1

) 4.61 ± 2.78 0.97 – 12.19 10.04 ± 1.11 8.98 – 11.83 

%BRE 58.9 ± 12.3 35.4 – 84.4 31.1 ± 5.3 22.2 – 35.3 

%DVBE 91.0 ± 6.2 78.2 – 98.9 86.6 ± 9.3 76.6 – 96.6 

DVE (g/kg DM) 227 ± 76 98 – 454 143 ± 47 104 – 220 

OEB (g/kg DM) 72 ± 44 4 – 208 126 ± 63 67 – 228 

 
Table 2. Prediction of in situ protein values of reference feeds (n=28) by one and by more variables 

In situ protein value Single variable r Multiple variables R² (%) RSD 

UCP (%) CP -0.56 CP, crude ash, NDF  58 1.4 

kdCP (% h
-1

) SG6 0.64 CP, SG6 51 1.95 

%BRE SG6 -0.76 CP, SG6 69 6.8 

%DVBE SG1 -0.54 CP, crude ash, NDF, SG6 64 3.8 

 
Calculating DVE and OEB of the reference feeds with a directly predicted %BRE and %DVBE 

resulted in a R² of 92 and 80%, respectively and a RSD of 9.3 and 24.9%. The predicted protein values 

of CDS are presented in italics in Table 1. Compared to the reference feeds, CP of CDS is rapidly 

degraded and thus has a lower % bypass protein. Considering the big variation among CDS types in 

%DVBE as well as in DVE and OEB, the use of mean values in ration formulation is not advised. 

Another conclusion is that the in vitro protein evaluation of liquid feeds needs to be validated in vivo.   
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