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1. Introduction and presentation of pro-
blem
Due to their manufacture, starch products only 
contain very low concentrations of proteins. 
Therefore, satisfactory analysis has only been 
possible to date using high sample weights and 
long analysis times. With its innovative detection 
method and fast and complete combustion, DU-
MATHERM® from C. Gerhardt, with its innovative 
detection method and fast and complete com-
bustion for the detection of Nitrogen by Dumas, 
provides an interesting alternative to the cur-
rently still common Kjeldahl method.

1.1 Use of starch and starch products
Starches and their derivatives are widely used 
in the food industry in the manufacture of con-
fectionery, baked goods, milk products and par-
ticularly beverages in the form of starch-based 
sugars (mainly glucose syrup, dextrose and 
isoglucose). Due to the properties of the starch 
as modifiable polymer and its composition of 
fermentable sugar units, starch is also widely 
used as renewable raw material in the chemi-
cals industry.1 The many applications explain the 
high demand for starch-based products and the 
simultaneous requirement for fast and reliable 
analysis.

1.2 Starch production
In our part of the world, starch is usually ob- 
tained from potatoes or cereals. However, starch 
is also obtained from numerous other plants, of 
which rice (broken rice from the rice husking 
factories) and maize are particularly important 
in addition to wheat and potatoes.

Internationally, manioc (tapioca) is still an im-
portant starch resource. The extraction is per-
formed by washing out the starch from the plant 
parts using a saline solution.2

2. Protein analysis in starch
Due to the low concentration, proteins in starch 
can only be quantitatively verified with great 
difficulty. For the DIN method according to 
Kjeldahl3, big sample sizes (approx. 10 g) are 
weighed, digested with sulphuric acid and then 
subjected to further analysis steps. Strong foa-
ming of the samples at the beginning of Kjeldahl 
is problematic for heating up the digestion mix-
ture quickly to 400 °C. Large sample tubes and 
long digestion times are absolutely necessary. 
The consequence is low sample throughput per 
working day. 

Sample type Typical sample 
weights [g]

Theoretical content [%] 
Protein

Theoretical content [%] 
Nitrogen

Potato starch 5–10 0.08 – 0.90 0.0128-0.1441

Maize starch 5–10 0.24 – 0.63 0.0384-0.1008

Rice starch 5–10 0.76 0.1216

Tapioca starch 5–10 0.05 – 0.87 0.0080-0.1392

Wheat starch 5–10 0.21 – 0.50 0.0368-0.0877

Table 1: Protein contents in starch and sample weights in Kjeldahl digestion3

Table 1 shows the expected protein contents in 
various starches. It can be seen that Nitrogen / 
Protein analysis in Starch is almost a trace ana-
lysis using multiplication of N by the protein fac-
tor (e.g. 6.25 for maize and potato products or 
5.7 in wheat). With a high sample weight in the 

Kjeldahl method of approx. 10 g, there is only 1 
mg N (for 0.01% N content) in absolute terms. 
With Dumas combustion using 100-300 mg, the-
re is only 0.01 mg nitrogen in absolute terms for 
the detection during analyses.
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The following official methods have been used 
for comparison with the results obtained in this 
article:

– EN ISO 3188:1994 Starches and derived  
products - Determination of nitrogen con-
tent by the Kjeldahl method - Titrimetric 
method (ISO 3188:1978); Issue date (Ger-
man version): 10/1994

– AOAC 992.23, Crude Protein in Cereal 
Grains and Oilseeds

– ICC Standard method No. 167, 2000.

However, expected  precision values are not de-
fined in the above so the Dumas method DIN 
EU 16634, „Determination of the total nitrogen 
content by combustion according to the Dumas 
principle and calculation of the crude protein 
content“ has been used.

2.1 Combustion analysis of starch  
according to the Dumas principle 
Only the DUMATHERM® analyser from C. Ger-
hardt shown in Figure 1 was used for the analy-
ses presented here.

2.2 Theory: combustion method for  
nitrogen / protein analysis 

2.2.1 Sample feeding and combustion
While the acid digestion according to the Kjeldahl 
method destroys the sample in a rather rustic 
way, combustion provides a somewhat more 
elegant and time saving alternative. The sample 
is oxidised in a controlled way and the resulting 
gaseous products are subjected to further ana-
lysis. The objective is the complete conversion 
of the sample into the primary products carbon 
dioxide, water and nitrogen dioxide (equation 1) 
without the secondary products carbon monoxi-
de (CO) and nitrogen monoxide (NO)  being pro-
duced by incomplete combustion.

(CHNO) (s)  +  O2  (g)  = CO2  (g)  + H2O (g)  + NO2 (g) (1)

As air has a nitrogen content far in excess of  
70 %, the key to success here is effective sealing 
against the ambient air in combination with an 
efficient purging function.
An efficient autosampler is needed so that inter-
action of the sample and air is ruled out. Figure 2 
shows two such models.

Figure 1: DUMATHERM® from C. Gerhardt with 
pneumatic autosampler and PC controller

Figure 2: Autosampler with purge function -  
a purge chamber is continuously purged with 
helium before the sample is mechanically or 
manually fed to the combustion by the slider.
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Modern combustion apparatus use helium tech-
nology to expel atmospheric nitrogen whilst 
achieving the greatest possible precision of ana-
lysis. 

Figure 3 shows in detail an example of such 
an analysis on the DUMATHERM® from C. Ger-
hardt. Based on the classic principle of combus-
tion analysis according to Jean Dumas3 , almost 
maintenance-free operation is possible with 
modern control software. 

The pneumatic autosampler (AS) feeds the so-
lid or liquid samples (shown as red dots) packed 
in tin foil to the combustion furnace (CF). At the 
same time, the helium gas flow is changed over 
to oxygen to initiate the combustion. The samp-
le incinerates and the ash produced is collected 
in the ash insert (AI). The gaseous combustion 
products react completely in the presence of 
catalysts to the required oxides and are trans-
ported through the machine by a helium flow 
after combustion. The nitrogen oxides are first 
reduced to elementary nitrogen in the reduction 
reactor (RF) while the secondary products, wa-
ter and carbon dioxide, are separated in special 
traps (F1 to F3). A gas flow consisting of helium 
and nitrogen remains, from which the nitrogen 

can be measured using a thermal conductivity 
detector. Computer-control enables simulta-
neous evaluation of the analysis data.

2.2.2 Detection and evaluation
For ultra low level nitrogen analysis – particu-
larly in starch application – helium is recom-
mended as carrier gas as it is the only gas which 
shows very different thermal conductivity in 
comparison with nitrogen, Table 2.

Gas name λ 300 K, W/m · K

Helium, He 156.7

Carbon dioxide, CO2 16.8

Nitrogen, N2 26.0

Carbon monoxide, CO 16.8

Table 2: Thermal conductivities of various gases at 
300 K6. The greater the difference in the thermal 
conductivity values the better the detection capabi-
lity and the precision of the machine.

Figure 3
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Helium as carrier gas and nitrogen as analyte 
are the ideal combination as a reference gas 
flow in the detector (as used in classic detectors 
based on a Wheatstone bridge) is unnecessary.

As only minimal amounts of nitrogen are pre-
sent in starch samples, the use of helium as 
carrier gas is therefore crucial for the success 
of the analysis.

2.3 Practice: Performing a combustion 
analysis
In addition to the actual analysis by the DUMA-
THERM®, other points are still essential for good 
and reproducible performance:

– Sample preparation
- Sample weight
- Calibration of the detector
- Quality assurance by the user
- Selecting measurement conditions correctly
- Assessment and evaluation of the results

Tin foil is used in sample weighing and sample 
balls are made from this which are then kept in 
the sample tray until analysis.

The foil wrapped samples are placed in the sam-
ple tray and the autosampler is then closed with 
the cover plate before analysis (Figure 4).

 
2.4 New type of calibration for starch 
analysis using DUMATHERM®

A new starch application has been developed for 
the DUMATHERM®. A key component for suc-
cess here is the calibration for determining the 
very small nitrogen peak areas of starch sam-
ples.

Figure 4: Sample weighing in tin foil (picture on the left) and placing samples in the sample tray 
until sample feeding in the autosampler (picture on the right).

Why do we use tin foil? 

Tin combusts strongly exothermic 
to tin(IV)oxide. The energy released 
during that process supports the full 
combustion of the sample.

As an alternative, nitrogen free 
weighing paper could be used to pack 
the samples allthough additional 
amounts of ash from the paper must 
be considered then. 
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Figure 5: THAM (Tris(Hydroxymethyl) amino-
methane) and EDTA (ethylene diamine tetra-
acetic acid), with 9.57 % N) calibration for the 
DUMATHERM®  with a total of
20 measuring points
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Warum benutzt man Zinnfolie? 
Zinn verbrennt stark exotherm zu Zinn(IV)oxid. Dabei frei wer
dende Energie unterstützt die vollständige Verbrennung der 
Probe, sodass die Probe hierbei quasi wie ein Schwamm aufge
saugt wird von Energie. Als Alternative könnte auch stickstoff
freies Wägepapier verwendet werden, allerdings fallen hier 
große Mengen zusätzlicher Asche an, welche abgetrennt wer
den muss. 

2.4 Neuartige Kalibration für die Analytik von Stärke mittels 
„Dumatherm™“
Für die Analytik mittels „Dumatherm™“ wurde eine neue Stär
keapplikation entwickelt. Wesentlicher Baustein zum Erfolg ist 
hierbei die Kalibration, um die nur sehr kleinen Peakflächen des 
Stickstoffes aus Stärkeproben quantitativ zu bestimmen.
Zur Berechnung der Analysenergebnisse muss eine Kalibration 
verwendet werden, welche die Signalgrößen der unbekannten 
Proben vollständig abdeckt. Bei den verwendeten Einwaagen 
von ca. 150 mg wurden Signalgrößen von ca.150–500 mVs er
reicht. Da die Signalgrößen am absoluten Detektionslimit lie
gen, empfiehlt sich eine mehrstufige Kalibration mit einem 
Feststoffstandard als auch einem Flüssigstandard. Abb. 5 zeigt 
eine derartige Kalibrationskurve, erweitert durch Messpunkte 
nach oben hin mit dem Feststoffstandard EDTA. 

Für die Analysen der unbekannten Proben wurden zunächst 
Standardbedingungen verwendet, d. h. ca. 100–200 mg Einwaa
ge, SauerstoffDosierung mit 400 ml/min, 990 °C Verbrennungs
temperatur. 
Die folgenden Abb. 6 und 7 zeigen Analysenergebnisse am Bei
spiel der Kartoffelstärke und Weizenstärke.

Als Besonderheit wurde die Kartoffelstärke noch mit stark un
terschiedlichen Einwaagen gemessen, wobei auch hier noch aus
gezeichnete relative Standardabweichungen von <0,6% erhal
ten wurden. Dies zeigt, dass für die Analysen nur 100 mg Ein  
waage notwendig ist. Die erhaltenen Peakflächen sind mit ca. 
200 mVs sehr nahe am Detektionslimit von 0,01 mg N absolut. 

2.5 Langzeitstabilität der Kalibration
Die entwickelte Kalibration hatte eine sehr gute Stabilität. Mit 
einer Kartoffelstärke und einer Weizenstärkeprobe, die über 
fast 2 Monate an 24 Arbeitstagen kontinuierlich in der täglichen 
Routine mit analysiert wurden, konnte gezeigt werden, dass die 
neu ausgearbeitete Kalibration eine hochpräzise Analytik im 
Bereich von unter 0,25% Protein mit dem „Dumatherm™“ sta
bil möglich macht. Die Ergebnisse sind in Abb. 8 gezeigt.

2.6 Fazit
Die Stickstoff/Proteinanalyse nach Dumas wird mit den heute 
verfügbaren Verbrennungsgeräten eine ernstzunehmende Al
ternative zur Säureaufschlussmethode nach Kjeldahl. Trotz nur 
geringen Einwaagen ist eine ausgezeichnete Reproduzierbar
keit und Wiederholbarkeit ohne großen Aufwand möglich. Die 
vorgestellte Kalibrationsstrategie erlaubt die verlässliche Ana
lyse von Stickstoffgehalten am Detektionslimit von 0,01 mg N 
absolut, bis hin zu hochproteinhaltigen Glutenproben (60–80% 
Protein). Da die untersuchte Stärke eine ausgezeichnete Homo
genität aufweist, waren sogar beste Analysenergebnisse mit nur 
100 mg Probeneinwaage möglich. Hiermit sind die üblichen Pro
bleme im KjeldahlAufschluss mit starkem Schäumen und hohen 
Chemikalienverbräuchen eliminiert und man kann schnell und 
sauber eine quantitative Analyse mit einem Verbrennungsgerät 
erhalten. Nicht ohne Grund etabliert sich deshalb die Verbren
nungsmethode immer mehr als zweite Referenzmethode neben 
der KjeldahlMethode. 
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Abb. 5: THAM (Tris(hydroxymethyl)aminomethan) und EDTA (Ethylendi
amintetraessigsäure, mit 9,57% N) Kalibration für den „Dumatherm™“ mit 
insgesamt 20 Messpunkten
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Figure 6:  
Analysis results for potato 
starch with varying sample 
weights from 100 – 200 mg.
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Abb. 5: THAM (Tris(hydroxymethyl)aminomethan) und EDTA (Ethylendi
amintetraessigsäure, mit 9,57% N) Kalibration für den „Dumatherm™“ mit 
insgesamt 20 Messpunkten
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Abb. 7: Weizenstärke mit gleichbleibender Einwaage von ca. 150 mg

Abb. 8: Langzeitstabilität der Kalibration über einen Zeitraum von insgesamt 
zwei Monaten, gemessen an 24 unterschiedlichen Arbeitstagen.

Abb. 6: Analysenergebnisse zur Kartoffelstärke mit variierenden Einwaagen 
von 100–200 mg

Figure 7:  
Wheat starch with  
constant sample weight  
of approx. 150 mg.

Calibration which completely covers the signal 
levels of the unknown samples must be used for 
the calculation of the analysis results. Signal le-
vels of approx. 150 - 500 mVs have been achieved 
for the sample weights of approx. 150 mg. As the 
signal levels are at the absolute detection limit, 
multistage calibration with a solid standard as 
well as with a liquid standard is recommended. 
Figure 5 shows such a calibration curve, exten-
ded by measuring points at the top with the solid 
standard EDTA.

For the analyses of the unknown samples, stan-
dard conditions were initially used, i.e. approx. 
100 - 200 mg sample weight, oxygen dosing at 
400 ml/min, 990 °C combustion temperature.

The following Figures 6 and 7 show analysis re-
sults using the examples of potato starch and 
wheat starch.
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As a special feature, the potato starch was also 
measured with very different sample weights 
where excellent relative standard deviations of 
less than 0.6 % were obtained. This shows that 
sample weights of only 100 mg are necessary for 
the analyses. The peak areas obtained of approx. 
200 mVs are very close to the absolute detection 
limit of 0.01 mg N.

2.5 Long-term stability of the  
calibration

The calibration created had very good stability. 
Using a potato starch and a wheat starch sam-
ple which were continuously analysed in a daily 
routine over almost 2 months for a total of 24 
working days, it could be demonstrated that the 
newly developed calibration makes stable high-
precision analysis with the DUMATHERM® pos-
sible in the range of less than 0.25 % protein. 
The results are shown in Figure 8.

2.6 Conclusion
Nitrogen / protein analysis according to the Du-
mas principle with the combustion apparatus 
available today is a credible alternative to the 
acid digestion method according to Kjeldahl. 
Despite only low sample weights, excellent re-
producibility and repeatability are possible. The 
calibration strategy presented here enables reli-

able analysis of nitrogen content at the absolute 
detection limit of 0.01 mg N up to gluten samples 
with high protein content (60-80 % protein). As 
the examined starch had excellent homogeneity, 
the best analysis results were even possible with 
only 100 mg sample weight. This eliminates the 
usual problems of strong foaming and high che-
mical consumption in Kjeldahl digestion and a 
quantitative analysis can be obtained quickly and 
cleanly using combustion apparatus.

Therefore, it is not without reason that the com-
bustion method is increasingly establishing its-
elf as second reference method in addition to 
Kjeldahl.

Figure 8: Long-term stability of the calibration over a total period of 2 months, measured on 24 
different working days.
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An excerpt from our product portfolio

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

  COMPLETELY  AUTOMATIC  FAT  EXTRACTION 
SOXTHERM® – automatic fast extraction system for fat determi-
nation 

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

  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 CRUDE FIBRE EXTRACTION 
 FIBRETHERM® – completely automated processing of the  
boil ing and filt ration processes for determining crude fibre, ADF 
and NDF.

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 reproducible analysis re-
sults quickly, at low cost, economically and highly efficiently.

AUTOMATING  STANDARD
ANALYSES
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