
 

   
 

 
Case study: Dumas nitrogen determination  

Are macro sample weights at 
macro costs still viable today? 
 
By Dr. Werner Küppers, Königswinter, Germany 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

 

 

 

 

 

  

 

   

 



 
2 

 

  

Special Reprint 2015 
Published in “Mühle + Mischfutter” · 152nd Volume · Issue 10 · May 21, 2015, Pages 302-305 



 
 

 
3 

Today, the question of speed and cost efficiency 
seems more relevant than ever in light of our 
need to conserve resources. The DUMATHERM® 
nitrogen analysis device, produced by C. Ger-
hardt GmbH & Co. KG, in Königswinter, Germany 
and operated according to the Dumas method, 
shows that these challenges need no longer be 
irreconcilable. Combustion catalysts without 
chrome constituents, non-toxic absorbents for 
water and carbon dioxide, as well as chemical-
free solutions for the separation of carbon diox-
ide from the analytical gas stream, demonstrate 
this fact conclusively. If we are then able to use 
micro sample weights in place of gram weights 
on the basis of intelligent analytical technology, 
we can consequently view the combustion anal-
ysis in a new light, as it becomes a real alterna-
tive to both secondary methods and the Kjeldahl 
reference method. 

This article aims to establish whether gram 
sample weights are still viable today, or whether 
intelligent detection technology paired with effi-

cient equipment design render gram weights 
redundant. Flour and soybean are taken as 
sample matrices. 

1. The general principle of combustion ma-
chines 

For nitrogen/protein determination, samples are 
converted into their oxides through combustion 
at high temperatures with the presence of cata-
lysts. The resulting nitric oxide (NO2) is then 
transformed into elementary nitrogen using 
copper. The water and carbon dioxide by-
products are separated completely before the 
remaining nitrogen is analysed with a thermal 
conductivity detector (see equation). The specific 
protein content is then calculated from the ni-
trogen content using the documented protein 
factor. The calculation is as follows: protein con-
tent = nitrogen content x protein factor. 

(CxHyN2)(s/l) + O2 (g) -> x CO2 (g) + y H2O (g) + z NO2 (g)  

Analysis devices that function according to this 
principle comply with national and international 

Nitrogen/protein analysis of flour using the DUMATHERM® nitrogen analyser with different sample weights (100-500mg)  
measured on various days. 

 

Fig. 1.: Protein values of flour (type 405), measured on 56 days using DUMATHERM. The day and the protein content are plotted here; the protein factor is 6.25. 
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Standard deviation (in percentage terms) of different sample weight quantities as part of the analysis of flour 
with the Dumatherm nitrogen analyser. 

standards and analysis regulations and fulfil the 
specified analytical quality requirements. Du-
mas devices are used across many fields of flour 
production and processing including, of course, 
in reference analyses for nitrogen/protein pa-
rameters, but also in direct production control 
using the Dumas reference method. And it is 
here that the speed of the Dumas method - 
which takes three to four minutes per analysis - 
proves particularly advantageous. 

For Dumas devices, as for all analytical systems, 
the preparation of samples plays a decisive role. 
In many German standards, for example DIN EN 
ISO 166341, a sample weight of at least 100mg is 
required. Weight measurements with an analyti-
cal balance should also produce a reading accu-
racy of 0.0001g. 

The following tests aim to show that convention-
al crop samples can measured using moderate 
sample weights - without difficulties and with 
excellent repeatability. This means the need for 
gram weighting can be conclusively discounted 
and the focus can instead be shifted to high 

throughput, speed and conservation of re-
sources.  

2. Repeatability in protein content for flour 

If there is a repeated measurement of the same 
type of flour sample (flour type 405, without 
sample preparation) over a long period (56 
measuring days over a total of 11 weeks, with 
over 200 measurements), in daily routine and in 
different sample weights (100, 200, 300 and 
500mg), this renders the results illustrated here 
in Fig. 1 as average values of the four-tiered 
determinations. 
The following conclusions can be derived from 
Fig. 1: 

- The fluctuations in the measurement values 
are, as expected, larger for micro sample 
weights (100, 200 mg) than for macro sam-
ple weights (300, 500 mg). 

- The average value of all these measure-
ments at the different sample weights is 
almost the same in each case and, as such, 
there is no apparent matrix effect.

Fig. 2.: Comparison of the relative standard deviations at different sample weights, determined, in each case, from a consecutive set of 6 repetitions 
Sample weight [mg] 
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Standard deviation (in percentage terms) of different sample weight quantities as part of the analysis of flour  
with the DUMATHERM® nitrogen analyser. 
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If the standard deviation (in percentage terms) is 
plotted against the sample weight, this provides 
convincing evidence of the precision of modern 
analytics devices (Fig. 2). 

Conclusion: from 200mg upwards, the relative 
standard deviation barely changes to any signifi-
cant degree and the repetition of a consistently 
good standard deviation is guaranteed.  For this 
reason, larger sample weights can be done away 
with - and not just for reasons of cost. There 
must also be a consideration of the interaction 
between the air in the laboratory and the sample 
matrix, in the case of open sample weight ves-
sels. 

The sample weight volume at 500mg can be as-
sessed from a purely visual perspective in the 
following diagram (Fig. 3). A 1 cent coin is used 
for size-comparison purposes. 

 

Fig. 3.: 200mg of flour compared to 500mg of flour and a 1 cent 
coin. 

 

Combustion devices usually operate with an ash 
collection insert (Fig. 4) for the separation of 
unavoidable ash residue during combustion. 
These are gas-permeable ceramic frits which 
are installed in the combustion reactor directly 
under the autosampler.  

 

 

Fig. 4.: Analysis principle of a combustion device according to the 
Dumas principle with an Autosampler, combustion reactor with 
ash collection insert and a reduction reactor filled with copper and 
systems for water and carbon dioxide separation. Finally, a ther-
mal conductivity detector and external PC for data evaluation 

 

In order to avoid the higher costs associated 
with high sample weights and high ash levels, it 
is advantageous to have the lowest possible 
sample weights. The dispersed sample matrix 
that results during combustion with an open 
sample weight vessel also seems undesirable. 
All of this can be avoided using a sealed foil cov-
er and, furthermore, the energy that is re-
leased from the burning of this foil can be used 
to reduce the combustion temperature. This 
means that modern combustion devices can be 
operated at a temperature of 950°C instead of 
1,000°C. 

3. Individual analyses 

For additional precision, the results of the vari-
ous measurements must be analysed again 
more carefully. If the flour is measured in series 
- on one day, as multiple determinations, and 
with a sample weight that remains the same - 
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an excellent, absolute standard deviation of 
0.01% is produced (Fig. 5).  

3.1 Sample weight of 200mg of wheat flour, 
type 405 

In the case of these multiple determinations, the 
standard deviation is smaller than 0.01% (Fig. 5). 
Sample weights of 200mg are clearly sufficient 
to achieve precise, and above all representative 
results with flour type 405. 

3.2. Different sample weights:  
soybean example 

In the case of feed that is highly inhomogeneous, 
the problem of bad repeatability at micro sam-
ple weights usually arises due to the sample 
itself. To solve this problem, one can either in-
crease the sample weight or, as a better alter-
native, grind the sample so that it is finer. 

Results of the first strategy: Increasing the 
sample weight 

Table 1: Average values in protein determination using soy-
bean (directly from the production line) at different sample 
weights. Average value of eight measurements. 
 
Sample weight 
[mg] 

Protein value [%] Standard deviation 
[%] 

200 45.91 0.65 
300 46.56 0.32 
400 46.44 0.25 

 

While the average value remains almost un-
changed, the standard deviations decrease as 
the sample weights increase, as was to be ex-
pected. The inhomogeneity of the sample is 
clearly recognisable in these values, however.

Fig. 5.: Measurement result with 200mg of wheat flour, type 405 
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Results of the second strategy: Finer grinding 
of the sample 

Fig. 6 shows the results of grinding down to a 
mesh size of 0.5mm (right). It is possible to see a 
direct improvement with the naked eye.  

As a result, the standard deviation should im-
prove with the finer grind. Table 2 shows the 
results.  

 

    

 

Fig. 6.: Soybean samples prepared in different ways 
 

Table 2: Comparison of different grinding fineness levels: Production 
grinding and 0.5mm grinding. Average value of eight measurements. 
 
Grinding fineness Protein value 

[%] 
Standard deviation 

[%] 
Production grinding, sample 
weight: 200mg 

45.91 0.65 

Grinding fineness: 0.5mm, 
sample weight: 200mg 

46.45 0.14 

 

A finer grind, as expected, reduces the relative 
standard deviation dramatically. As a result of 
the multiple determination process, the average 
values are almost the same throughout. The 
time and cost factor of the multiple determina-
tion process as measured against the finer grind 
must be weighed up. 

A Kjeldahl determination, carried out as a com-
parison, with sample weights in grams, pro-
duced an average value of 46.42% protein. The 

comparison of methods thus produced identical 
values, without any concerns about deviating 
results. 

For this reason, there are always several possi-
bilities for the optimisation of measurement 
results for inhomogeneous products. To avoid a 
detailed discussion on the statistical aspect of 
the analytical results, this finer grade of grind-
ing offers a pragmatic and fast solution. 

4. Conclusion: 

The DUMATHERM® is a highly-efficient, precise 
and fast analytic device for protein determina-
tion and represents, for most sample matrices, 
a genuine alternative to traditional processes 
such as Kjeldahl. Using the Dumas combustion 
method, the sample material is burned at high 
temperatures and the resulting combustion 
gases are analysed. 

Thanks to its intelligent design, the DU-
MATHERM® features very few parts that are 
subject to wear, which reduces maintenance 
requirements to a minimum. The monitoring 
and operation of the device is performed entirely 
via PC using the DUMATHERM® Manager control 
software, and a result is available approximately 
three minutes after the reference method. 

 

5. References 

Cereals, pulses, milled cereal products, 
oilseeds, oilseed residues and animal feeding 
stuffs - Determination of total nitrogen content 
by combustion according to the Dumas principle 
and calculation of the crude protein content. - 
ISO/DIS 16634:2006; German version PrEN 
16634:2006; DIN EN ISO 16634 - Draft 

Soybean sample taken  
directly from production 

Soybean samples ground to a 
mesh size of 0.5mm with the 
Pulverisette 14 laboratory mill 
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C. Gerhardt – Quality made in Germany 

AUTOMATING STANDARD ANALYSES 
 

Completely automated laboratory analysis systems from C. Gerhardt 
are highly developed special equipment. They automate recurring 
analysis processes in accordance with national and international 
standards and norms. They continuously provide precise and repro-
ducible analysis results quickly, at low cost, economically and highly 
efficiently. 
 
 

 
 

+ COMPLETELY AUTOMATIC FAT EXTRACTION 
SOXTHERM® – automatic fast extraction system for fat determination  
 

+ COMPLETELY AUTOMATIC CRUDE FIBRE EXTRACTION 
FIBRETHERM® – completely automated processing of the boiling and  
filtration processes for determining crude fibre, ADF and NDF. 

 

+ COMPLETELY AUTOMATIC HYDROLYSIS 
HYDROTHERM – automatic acid hydrolysis system for fat determina- 
tion according to Weibull-Stoldt. When combined with SOXTHERM®,  
HYDROTHERM is an ideal system solution for total fat determination. 

 

+ COMPLETELY AUTOMATIC NITROGEN ANALYSIS 
DUMATHERM® – nitrogen/protein determination of solid and liquid 
samples according to the Dumas combustion method. A fast and  
convenient alternative to the classic Kjeldahl method for almost all 
sample matrices.  
 

+ COMPLETELY  AUTOMATIC  WATER  STEAM DISTILLATION 
VAPODEST® – fast distillation system for Kjeldahl nitrogen/protein deter-
mination and water steam distillation as sample preparation for further 
analysis. 
 
 

C. Gerhardt GmbH & Co. KG 
Cäsariusstraße 97, 53639 Königswinter, GERMANY 
Tel.: +49 (0) 2223 2999-0, www.gerhardt.de 


