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1 Introduction
On average, Brazil consumes up to 60.7 liters of beer per 

capita. Since 2007, Brazil is the third largest beer producer and 
consumer of the world (Dias & Falconi, 2018). In its production, 
barley malt is the most used input and Brazilian normative 
states that up to 45% of primitive extract may be substituted by 
adjuncts. For barley to be suited for malting must have specific 
characteristics, such as grain size, husk, starch, and protein 
contents. It is known that the higher the protein content, the 
lower the starch (Fox, 2008). Therefore, Brazilian law states that 
barley to be considered appropriate for brewing use must have 
up to 12% protein content (Brasil, 1996).

High protein content in malting barley slows down the 
malting process and negatively impacts beer qualities. Grains with 
such characteristic are usually harder as protein binds together 
the starch granules to the endosperm’s cell wall, causing them to 
be tighter (Brennan et al., 1996). This hardness causes a worse 
water and enzyme distribution throughout the endosperm, 
slowing its modification and degradation, consequently, slowing 
down the malting process (Psota et al., 2007; Piacentini, 2015). 
Besides, for beer brewing the high protein content promotes high 
viscosity and turbidity, reducing shelf-life and also process yield 
(Molina-Cano et al.,1997; Zhang et al., 2001; Sá & Palmer, 2004; 
Fox, 2008; Scobie & Jones, 2010; Jamar et al., 2011; Fang et al., 
2019). Thus, precisely measure barley’s protein content and then 
malt’s is crucial to avoid economic losses.

The official methodologies used for protein quantification 
in food are Kjeldahl and Dumas (Jung et al., 2003; Chang & 

Zhang, 2017). Both are based on nitrogen quantification in 
samples. The Dumas method or nitrogen combustion method 
was created in 1831 and avoids the use of corrosive chemical 
products; but it does not only quantify protein, it also considers 
inorganic nitrogen including nitrate, nitrite, and some other 
organic ones, as nucleic acids. This causes the protein content 
to be overestimated (Jung  et  al., 2003; Garcia  et  al., 2015; 
Krausová et al.,2018). The Kjeldahl method was created in 1833 
and meant for the brewing industry, as it can be used to measure 
the differences in protein content in grains throughout the malting 
and fermentation processes (Kjeldahl, 1883; Sáez-Plaza et al., 
2013a). Using this methodology is susceptible to mistakes as it 
requires several steps, is time-consuming and generates health 
hazardous residues, causing environment pollution (Buckee, 1994; 
Jung et al., 2003; Sáez-Plaza et al., 2013a; Garcia et al., 2015).

Alternatively, some authors suggest the adaption of these 
classic methodologies. Garcia et al. (2015) used an elemental 
analyzer to determine the Carbon, Hydrogen, Nitrogen (CHN), 
and even Sulfur content simultaneously, it works by burning 
the samples in a similar manner to Dumas. Other researchers 
claim that flux injection analysis (FIA) is an excellent tool to 
automate Kjeldahl methodology (Watson & Galliher, 2001; 
Sáez-Plaza et al., 2013b).

Thereby, the purpose of this paper is to compare Kjeldahl 
and Dumas methods to barley cultivated in several places. 
The procedures used were both the classic methods and their 
adaptation (FIA and CHN elemental analysis).
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2 Materials and methods
Four two-row barley samples of two different genotypes were 

grown in 2016 and 2017. The genotype BRS Brau was cultivated 
in the Midwestern part of Brazil, both in the Federal District 
(CFI) and in the State of Goiás (CFN); the other, BRS Cauê, was 
grown in the Federal District (CFE) and in the Southern part 
of Brazil (CP) and donated by Fundação Agrária de Pesquisa 
Agropecuária (FAPA) located in Guarapuava, Paraná, Brazil. 50 g 
of each sample was milled and homogenized for further analysis.

2.1 Combustion methods

For the combustion methods, 0.2000 g of sample was used 
for Dumas (EBC 4.3.2) and 0.0020 g for CHN elemental analysis 
at 925 °C. In both methods, the sample preparation was done 
during the process by combustion. The gases released were 
then analyzed by gas chromatography equipped with a thermic 
conductor detector.

2.2 Digestion methods

The digestion methods analyzed were Kjeldahl and flux 
injection analysis (FIA). Digestion was the same for both methods 
and it used 0.2000 g of sample, 2 mL of concentrated sulfuric 
acid and 0.2000 g of Kjeldahl catalyst. All reactants were obtained 
from Sigma-Aldrich. Kjeldahl was conducted as is and FIA was 
conducted according to QuikChem Method 13-107-06-2-G 
(Sáez-Plaza et al., 2013b).

2.3 Statistical analysis

In order to analyze and validate the results, we calculated 
the standard deviation (s), variation coefficient (VC%) and 
confidence interval (CI) between replicates for each analysis. 
We analyzed the data variance and grouped the averages by the 
Scott-Knott test (5% significance) with the aid of Genes program 
(Cruz, 2013). The variance analysis was done individually for 
each method using the randomized block design.

3 Results and discussion
Most of the barley was cultivated in the Brazilian Savannah 

has more than 12% protein content, which makes it unsuitable 
for malting by law (Brasil, 1996). The CP sample was used as 
standard malting barley as it was cultivated in the Southern part 
of Brazil and it is a commercial crop. It was the only one with 
adequate protein content for commercialization, between 9.19% 
and 10.65%. The other crops obtained between 12.31% (CFE) 
and 17.43% (CFI), depending on the crop or quantification 
method used, as shown in Table 1.

Table 1 highlights the difference between the values obtained 
for each method. FIA, Kjeldahl and Dumas had similar averages, 
up to 2.22%, statistically equal to the uncertainty of the method 
and Scott-Knott test (5% significance). The three methodologies 
did not create a second group by Scott-Knott for CP, but for 
other samples Kjeldahl created a second group.

The CFI sample obtained a different group by Scott-Knott 
for the CHN result (15.70%), it was lower than FIA and Dumas 
(16.58% and 17.43%, respectively) and was the one with the 
highest variation coefficient (8.17%). In all cases, CHN had the 
highest VC, suggesting imprecision of the measurement. This 
is due to different particle size, sampling or weight variation 
in each measurement. Barley has an extremely heterogeneous 
composition, even varying from grain to grain, making sampling 
and particle size determinant for precise results (Briggs, 1998; 
Smith & Tabatabai, 2003; Rutherford et al., 2008).

Nevertheless, for digestion analysis, a high precision was 
achieved as the standard deviations were low (0.06-0.31). 
On the other hand, higher deviations for CHN were obtained. 
This variation was not attributed to sample preparation errors, 
since the procedure was performed for all methodologies by 
using a Jones-type quarter and, subsequently, the samples were 
milled for greater homogenization. The size of particles used for 
carrying out the procedures was taken into account, which may 
require specifications not covered in the operational procedures.

Kjeldahl, FIA and Dumas require approximately 0.2000 g 
of sample, whereas CHN uses only 0.0020 g. This reduction is a 

Table 1. Protein content quantification by Kjeldahl, flux injection analysis (FIA), Carbon, Hydrogen and Nitrogen (CHN) elemental analysis and 
Dumas and their standard deviation and variation coefficient. Letters identify Scott-Knot groups. The samples are CP for BRS Cauê commercial 
crop cultivated in Southern Brazil; CFE for BRS Cauê in the Federal District; CFI for BRS Brau in the Federal District; and CFN for BRS Brau 
in State of Goiás, Brazil.

Sample Kjeldahl FIA CHN Dumas
CP Average (%) 9.19 ± 0.23 a 10.65 ± 0.50 a 9.80 ± 1.49 a 10.42 a

s 0.09 0.20 0.60 -
VC (%) 1.02 1.88 6.11 -

CFE Average (%) 12.31 ± 0.17 b 13.76 ± 0.76 a 13.84 ± 1.51 a 14.27 a
s 0.07 0.31 0.61 -

VC (%) 0.55 2.22 4.40 -
CFI Average (%) 15.36 ± 0.16 b 16.58 ± 0.50 a 15.70 ± 3.19 b 17.43 a

s 0.06 0.20 1.28 -
VC (%) 0.42 1.21 8.17 -

CFN Average (%) 15.60 ± 0.36 b 17.03 ± 0.41 a 17.22 ± 2.32 a 17.11 a
s 0.15 0.16 0.93 -

VC (%) 0.93 0.96 5.43 -
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source of variation, as the fewer the mass the more homogeneity 
is required for it to be representative of the whole.

The temperature used for CHN analysis was 925 °C which 
is under the 1050 °C required for plants, so the results might be 
underestimated as some nitrogenous compounds residue may 
not be decomposed (Smith & Tabatabai, 2003; Rutherford et al., 
2008).

Considering Kjeldahl and the other analyses, the results in 
general were up to 2% lower than Dumas for the same sample. 
Analyzing the Scott-Knott groups, the CFI sample was grouped 
with the CHN results and their values were 15.36% and 15.70% 
for Kjeldahl and CHN, respectively.

For CFN and CFE samples, the Kjeldahl methodology had 
a different result group, lower than others. Only CP sample, 
reference malting barley, obtained all methods in the same group, 
though the Kjeldahl result was lower (9.19%). This is explained 
by how the nitrogen was presented in this sample.

It is known that Dumas quantifies all nitrogen in the sample, 
including inorganic sources and organic other than proteins. 
In combustion, nitrogen is converted into NOx, then reduced 
and measured as N2, which overestimates the protein content 
(Garcia et al., 2015); the same applies to CHN. On the other 
hand, Kjeldahl does not measure inorganic nitrogen, so its results 
tend to be lower than combustion ones (Krausová et al., 2018). 
Therefore, the lower results obtained by digestion methods was 
caused by the fewer inorganic compounds measured; although 
they can be quantified if the reduction step is not adequate during 
digestion, which might be the case for FIA (Jung et al., 2003). 
Kjeldahl and FIA do not use the same reactants nor have them 
the same sources of error.

Statistical analysis was done to evaluate the variation between 
the methods applied and the results are expressed in Table 2. 
Regression analysis and correlation (R2) between values are 
shown in Figure 1 as a dispersed graph for each two methods 
as the values varied from 9.19% to 17.43%.

Figure 1. Regression analysis and correlation between protein content obtained by (a) Kjeldahl and Carbon, Hydrogen and Nitrogen (CHN) 
elemental analysis, (b) flux injection analysis (FIA) and CHN, (c) Kjeldahl and FIA, (d) Dumas and CHN, (e) Dumas and Kjeldahl and (f) Dumas 
and FIA.
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There are variations between methodologies due to their 
characteristics and sample homogeneity, operation modification 
and specific demands for each method are also sources of 
error along with random errors. The variation between the 
methodologies can be explained by the peculiarities of execution of 
each analysis. Operational changes and the specific requirements 
of each method promote variation between results, as well as 
errors associated with them (random errors). Therefore, CFI 
had the highest divergence between methods, with a standard 
deviation of 1.01, mostly because of CHN results (15.70 with 
standard deviation (s) of 1.28). Regardless of the method used 
to quantify protein, CP was the only one with value under 12% 
required by Brazilian law to be used for malting and then brewing.

There is a positive correlation between methods as shown in 
Figure 1. The highest discrepancy was between CHN and Dumas 
with R2 of 0.881 and the lowest for FIA and Kjeldahl with 0.995. 
Saha et al. (2012) obtained a R2 of 0.9985 for dispersion graph 
between manual and automated Kjeldahl, slightly higher than 
the one we obtained. Garcia et al. (2015), on the other hand, 
compared Kjeldahl to Dumas and obtained a R2 of 0.85 lower than 
the one we obtained, 0.989. Even with the variations presented 
and the matrix complex the results obtained are satisfactory 
as their correlations were high and VC were less than 10%, as 
stated by Pimentel-Gomes (1990) as good VC for agronomic 
samples. Even with some value dispersions, considering the VC, 
the experimental data was adequate.

Thus, any methodology can be used to measure protein 
content as long as specific precautions are taken to minimize 
errors. It is recommended the use of combustion methods 
whenever possible due to their advantages. Despite its high 
operational cost, the operation time is up to six minutes; sample 
preparation requires only milling and uses no chemical product 
harmful to humans or to the environment.

4 Conclusion
The methodologies tested showed good correlation for 

CHN results (higher than 0.881) and excellent for the others 
(higher than 0.981), as variations are related to matrix complexity 
and systematic errors (sampling and sample preparation). 
Considering this, all quantification methods for measuring 
protein content in barley are valid. However, it is recommended 
the use of combustion methods for their lower production of 
environment- and health-hazardous residues and the rapid 
analysis, with results in up to 6 minutes.
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