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ABSTRACT 

In sunflower, grain oil concentration (OG) determines oil industrial yield and protein 
concentration (PG) determines the protein of by-products as pellets and meals (PM). There 
are various methodologies to quantify total grain nitrogen concentration (NG): a) Kjeldahl 
(wet digestion); b) Dumas (dry combustion); c) NIRS (analysis of the spectrum of the light 
reflected by the sample). NIRS represents a promissory method for determining NG 
because it is simple and fast. The objective of this work was to compare the methods of 
NIRS, Kjeldahl and Dumas to quantify NG in sunflower grains and to adjust models to 
estimate PM from NG. Eighty-four samples of sunflower grains were selected covering a 
wide range of NG (from 1.75 to 3.80% taking Dumas reference) from a net of experiments 
conducted in southeastern Buenos Aires Province (2013-2014 and 2014-2015). NIRS was the 
most precise method for the determination of NG and presented a greater degree of 
agreement with Dumas than Kjeldahl. PM was satisfactorily estimated with NG. Therefore, 
NIRS could be a better alternative to the other techniques because its low cost, quickness, 
low toxicity, and adaptability to determine other components of the grain simultaneously 
with the determination of NG. 
 
Keywords: Dumas, Kjeldahl, NIRS, protein. 
 

MÉTODOS PARA DETERMINAR NITRÓGENO EN GRANOS DE GIRASOL 

 

RESUMEN 
En girasol, la concentración de aceite (OG) determina el rendimiento industrial de los granos 
y la concentración de proteína (PG) determina la calidad de los subproductos como pellets y 
harinas (PM). Existen varias metodologías para cuantificar la concentración de nitrógeno 
total en grano (NG): a) Kjeldahl (digestión húmeda); b) Dumas (combustión seca); y c) NIRS 
(análisis del espectro de la luz reflejada por la muestra). NIRS representa un método 
promisorio para determinar NG porque es simple y rápido. El objetivo de este trabajo fue 
comparar los métodos de NIRS, Kjeldahl y Dumas para cuantificar NG en granos de girasol 
y ajustar modelos para estimar PM a partir de NG. Se seleccionaron ochenta y cuatro 
muestras de granos de girasol que cubren un amplio rango de NG (de 1.75 a 3.80% 
tomando la referencia del método de Dumas) de una red de experimentos realizados en el 
sudeste de la provincia de Buenos Aires (2013-2014 y 2014-2015). El NIRS fue el método 
más preciso para la determinación de NG y presentó un mayor grado de ajuste con Dumas 
respecto a Kjeldahl. La PM se estimó satisfactoriamente con NG. Por lo tanto, NIRS podría 
ser una alternativa superadora a las otras técnicas debido a su bajo costo, reducido tiempo 
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de análisis, es no tóxico y puede determinar otros componentes del grano de manera 
simultánea con la determinación de NG. 
 
Palabras clave: Dumas, Kjeldahl, NIRS, proteína. 
 

ABBREVIATIONS 

N: nitrogen  

NG: total grain nitrogen concentration 

OG: grain oil concentration 

PG: grain protein concentration 

PM: meal protein concentration 

 

INTRODUCTION 

Nitrogen (N) is the main nutrient 

affecting yield and grain quality in 

sunflower (Helianthus annuus L.) (Alberio 

et al., 2015). An efficient N management 

could help to reduce yield and quality gaps. 

However, N fertilization is not a common 

practice for farmers (Hall et al., 2013). In 

addition, N plays an important role in 

determining grain oil concentration (OG) 

and protein concentration (PG) (Alberio et 

al., 2015). From a commercial point of 

view, OG determines oil industrial yield and 

PG determines the quality of by-products as 

pellets and meals (Dauguet et al., 2016). 

Although an adequate N availability is 

necessary to obtain grains with high OG and 

PG, excessive concentration of this nutrient 

could reduce OG (Alberio et al., 2015). 

However, our previous work showed a 

positive effect on NG and, therefore, on PG 

without decreasing OG even with N rates up 

to 160 kg N ha-1 (Diovisalvi et al., 2018). 

Therefore, it is essential to determine not 

only OG but also NG. There are various 

methodologies to quantify NG. One of the 

first methods used is the Kjeldahl method 

(Jones Jr, 1991), which is based on the 

digestion of the sample with sulfuric acid 

and catalyzers at > 250 ºC. Then, the 

distilled product is titrated with a solution 

of standardized sulfuric acid to determine N 

content. The disadvantages of this method 

are that it requires corrosive and-or toxic 

products, takes a long time, and its several 

steps can lead to errors (Jung et al., 2003).  

The Dumas method is an alternative to 

Kjeldahl method because it is faster (less 

than five minutes per sample), precise, and 

it can be semi-automatic and avoids using 

corrosive or toxic products, being a relative 

secure method (Jung et al., 2003). It 

consists of a dry combustion of the sample 

at 950 ºC (converting all N forms into N 

oxides and reduction to gaseous N), and 

then the conductivity is measured with a 

TruSpec CN analyzer (LECO, 2021). Several 

works analyzed the effectivity of the Dumas 

method compared with to Kjeldahl method. 

Only in cases with high nitrate 

concentrations, the analysis by Dumas 

produced higher NG values because this 

method measures some N forms not 

quantified by the Kjeldahl method (Simonne 
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et al., 1997). Moreover, for soybean protein 

meals, cereal grains and dairy products 

both methods presented similar behavior. 

However, in most cases, laboratories use 

the Kjeldahl method as it is cheaper than 

the Dumas one (Jung et al. 2003).  

Near infrared spectroscopy (NIRS) 

represents other method for determining 

NG. This technique is widely used for the 

analysis of different traits of food quality 

and farm products because it is non-

destructive, fast, and simple, and it allows 

working with a sample size more 

representative than in other methods 

(Batten, 1998). The NIRS technique is based 

on the analysis of the spectrum of the light 

reflected by the sample (wavelength 1100-

2500 nm), which provides information of 

the product composition (Murray, 1993; 

Batten, 1998). It is an indirect or secondary 

method because it requires calibration with 

reference samples estimated with other 

method (chemical or physical) (Sáez-Plaza 

et al., 2013), so it depends on the accuracy 

of the reference method, even though its 

precision may be superior (Batten, 1998). 

Under correct use, NIRS can be more 

profitable than traditional methods of wet 

chemistry (Manley, 2005). In sunflower, it 

was not developed as in other grains mainly 

because the spectrum of the hull does not 

represent the whole grain composition (Sato 

et al., 1995; Perez-Vich et al., 1998). 

However, calibrations for estimating OG and 

fatty acid composition were developed with 

milled grains using this technique (Velasco 

et al., 2004), but there is limited 

information about determining NG in those 

grains. In addition, with NIRS technology no 

chemical products are used as in the 

Kjeldahl method and the cost per sample is 

lower than Dumas method. For these 

reasons, NIRS represents and interesting 

alternative to be used as a routine method 

in routine analysis (Velasco et al., 2004).  

Knowing PG is useful to estimate protein 

in by-products (PM) (González-Pérez, 2015; 

Dauguet et al., 2016). Differences up to 1-

2% in PG could represent differences up to 

5% in PM, so it is essential to obtain grains 

with high PG (Merrien et al., 1988; Diovisalvi 

et al., 2018). In the by-products market, 

pellets with PM> 36% have better prices 

than with lower protein (De Figueiredo et 

al., 2015, Dauguet et al., 2016). According 

to Dauguet et al. (2016), with PM of 36%, 

prices would be equivalent to 70% of the 

price of soybean pellets, while at 29% of PM, 

prices were equivalent to just 43%. Thus, it 

is essential to have methods to accurately 

determine NG. 

The objective of work was to compare 

the methods of NIRS, Kjeldahl and Dumas to 

quantify NG in sunflower grains and to 

adjust models to estimate PM from NG. 

 

MATERIALS AND METHODS 

Genetic material and experimental design 

 

Eighty-four samples of sunflower grains 

were selected from experiments conducted 

during the 2013-14 and 2014-15 growing 
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seasons in the southeastern Buenos Aires 

Province (from 37°45´ S, 58°17´ W to 

38°40´ S, 60°08´ W). The experiments 

included 14 sites and 5 N rates (0, 60, 90, 

120 and 150 kg N ha-1) applied as surface-

broadcasted urea at crop emergence in 

each site (Table 1). All sites, with different 

farming histories, were conducted under 

no-tillage system. Predominant soils are 

Petrocalcic Argiudoll (series fine, mixed, 

thermic) and Typic Argiudoll (series fine, 

mixed, thermic) (Soil Taxonomy) (United 

States, 1975) with a slope < 2%. The 

characteristics of this region are: mean 

annual rainfall of 955 mm, potential 

evapotranspiration of 950 mm, and mean 

temperature of 13.9°C. Different 

conventional and high oleic hybrids were 

sown (Table 1), but with similar 

characteristics: high yield potential and OG, 

resistant to lodging, and good behavior to 

diseases (ASAGIR, 2021). Planting date were 

within the recommended ones for each site. 

The experimental design was a randomized 

complete block with three replications. Soil 

analysis before sowing, as reported at 

Diovisalvi et al. (2018), is shown in Table. 

(Table 1). 

Sunflower grain samples were dried in an 

oven at 50ºC during 24 h, milled (particle 

size < 1mm), and homogenized. Milled 

samples were dried at 60ºC until constant 

weight for NG analysis. The results of NG 

were expressed in dry basis.  

 

Determination of NG with Kjeldahl method  

 

Dry and milled sample (0.1 g) was placed 

in a 70 mL test tube, and 1.1 g of catalyzer 

and 4 mL of concentrated H2SO4 were 

added. The mixture heated in a digester 

(270ºC) until the sample became light green 

(approx. 1 h and 45 minutes). Once cold, 

the tubes were made up to 50 mL with 

distilled water and mixed. Ten mL NaOH at 

45% were added to an aliquot of the sample 

and the mix was distilled. The distilled (35-

40 ml) was recovered on 5 mL of H3BO3 

indicator solution. Finally, it was titrated 

with H2SO4 0.005 N until the sample shifted 

from green to pink. The N concentration 

was calculated as follow:  

 

NG (%) = ((M-B) ml x 0.005 x 14 x 50 x 

100) / (1000*10*0.1) 

                     

where M and B are milliliters (ml) of H2SO4 

used in the titration of the sample (M) and 

the control (B); 0.005 is the normality of 

H2SO4; 14 is the equivalent weight of the N; 

50 is the volume of the sample; 10 is the 

distilled volume; and 0.1 is the sample 

weight. 

 

Determination of NG with Dumas method  

 

Dry and milled sample (0.2 g) was burned 

at 950ºC using high purity oxygen (99.9%). 

The product of this reaction was filtered, 

dried and quantified using an infrared cell. 

This procedure was performed with an 

analyzer TruSpec CN (LECO, 2021). The 
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equipment was calibrated with grains with 

high and low NG certified by Leco Company.  

 

 

Table 1. Characterization of the experimental sites. OM:  organic matter. Bray P: Bray extractable phosphorus. 
NO3-- N: available N content at a 0 -60 cm depth at sowing. PD: planting date. HO: high oleic. C: conventional. 
Tabla 1. Caracterización de los sitios experimentales. OM: materia orgánica del suelo. P Bray: fósforo 
extractable. N- NO3-: contenido de N disponible a la siembra de 0-60 cm de profundidad. PD: fecha de 
siembra. HO: alto oleico. C: convencional. 

 

 

Determination of NG with NIRS technology  

 

The samples were measured in a Near 

Infrared Spectroscopy Equipment (InlabNIR 

TEC-NIR-256, Tecnocientífica). Milled 

samples were stabilized at room 

temperature, and individually placed in the 

equipment capsule. The conditions of the 

equipment were adjusted to read at least 

115 spectrums of each sample to ensure the 

measurement representativeness. Each 

measurement took less than 60 sec. Those 

spectrums were average to obtain the N 

concentration of each sample. The NIRS 

equipment was previously calibrated using 

samples measured with the Dumas method 

as reference. The calibration method was 

carried out with 208 samples covering a N 

concentration range from 1.5 to 3.9% NG, 

and it was validated with 105 independent 

samples. The standard error of the 

prediction was 0.2%.   

Grain oil extraction and determination of N 

in the meal 

 

Twenty-two (22) samples were selected 

from the 84 sunflower grain samples, 

covering a wide range of NG (1.75-3.80%) 

according to the values obtained with the 

three methodologies. The samples were 

milled and the oil was extracted by using n-

hexane (Soxhlet) at 80°C during 8 h. The 

defatted samples were dried at 60ºC until 

constant weight to eliminate the rest of 

solvent and NG was determined with the 

Dumas method. To calculate PM of the 

defatted samples, we used a factor of 5.3 

(Jones, 1941), and considered the 

percentage of residual hull of 10% according 

to Peyronnet et al. (2012).  

 

Data analysis 

Precision (dispersion parameter) and 

accuracy (position parameter) were 
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determined for each method. The precision 

is the proximity among results of 

independent determinations. It can be 

accessed via the repeatability, using the 

same procedure in a single sample, with the 

same operator, in short periods, using the 

same equipment in the same laboratory 

(OAA, 2008). This repeatability of the 

methods was assessed with the standard 

deviation (SD) and the variation coefficient 

(CV). The accuracy indicates the proximity 

between the average of measurements and 

the real value (OAA, 2008). It was evaluated 

with the bias (difference between the 

observed value and the reference value), 

and the percentage of relative difference 

(DRP) (INTI, 2021).  

To determine the precision and accuracy 

of the methods, two sunflower grain 

standards with different NG were used (Leco 

Corp. NG-high = 3.36% and NG-low = 1.72%). 

The standards were measured 30 times with 

each methodology and the mean value, SD, 

CV, bias and DRP were calculated. The 

mean values of NG quantified with Kjeldahl, 

Dumas and NIRS were assessed with an 

ANOVA analysis with the procedure PROC 

GLM (R Core Team, 2021) and the Least 

Significant Difference (LSD, 5%). 

Correlation and linear regression analysis 

between the methods were performed with 

all samples (n=84), and the intercept and 

slope of the regressions were compared 

with the 1:1 line with the Dummy method 

(5%). In addition, the absolute differences 

of the NG measurements with the three 

methods were plotted and compared with 

the concordance curve of Dumas-Kjeldahl 

and Dumas-NIRS using the test 

PetoWilcoxon (Raggio et al., 2003). 

The relationship between PM and NG for 

Dumas, NIRS and Kjeldahl was described 

with lineal models. The slope and intercept 

of the three models were compared to asses 

if a unique equation could be developed to 

explain the relationship between PM and NG.  

 

RESULTS AND DISCUSSION 

 

Yield, oil and protein  

 

Mean sunflower yield of the experiment 

was 3476 kg ha-1 (from 1804 to 5406 kg ha-

1). These results are in accordance with 

those reported by ASAGIR (2021) for the 

southeastern Buenos Aires Province (mean 

yield 3692 kg ha-1) and by Zamora & 

Massigoge (2008) for south-central and 

western regions of the province (mean yield 

3000-3200 kg ha-1). The average of OG was 

50.7% (from 42.7 to 59.2%). These oil 

concentrations are higher than those 

reported for the Argentine National Trial 

Network of Commercial Sunflower Hybrids 

during the growing season 2016-2017 (43% 

to 53% ± 10%) (ASAGIR, 2021); probably 

because of the adequate hydric conditions 

of our experiments. Regardless of the 

methodology, NG ranged from 1.57 to 3.80% 

indicating that a wide range of N 

concentration was obtained (Figure 1). The 

NG of 79% of the samples (n= 66) were in 
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the range 2-3% values in accordance with 

those reported by Echeverría (2008) for 

southeastern Buenos Aires Province (2.1 to 

3.1%). Only 11% and 10% of the samples 

presented NG values lower than 2% or higher 

than 3%, respectively (Figure 1).  

 

Precision and accuracy of each methodology 

 

The estimation of N of the standard 

samples (Leco Corp. NG-high = 3.36% and 

NG-low = 1.72%), showed differences among 

methods (p < 0.05). These differences 

among methods could be attributed to the 

fact that each one determines different 

forms of N. Kjeldahl method only quantifies 

organic N, which passes into the ammonia 

form and is quantified as ammonium, 

whereas Dumas and NIRS methods also 

quantify other N forms. Dumas determines 

total N, including inorganic fractions as 

nitrite and nitrate (Daun & DeClercq, 1994; 

Simonne et al., 1997), and NIRS measures 

the light absorption by the sample due to 

bonds or protein bands (Wells, 2006). 

However, Dumas and Kjeldahl presented 

similar values for the N estimation of the 

standard NG-high, while both differed with 

NIRS (Table 2). Lanza et al. (2016) 

estimated total N for different types of 

meals and observed no differences in the 

estimation between Kjeldahl and Dumas. 

However, from the practical point of view, 

light differences were observed between 

Dumas and NIRS for NG-low (0.27%) and 

Kjeldahl and NIRS for NG-high (0.17%). 

These differences represent less than 1.5% 

PG, indicating that any of the tested 

methodologies could be satisfactorily used 

to quantify NG.  

The NIRS method was the most precise 

(considering SD and CV), meaning that it 

had good repeatability in NG estimations. 

The second method was Dumas and the last 

one was Kjeldahl, which presented the 

highest CV values (Table 2). Unlike the 

results observed in this work, Mihaljev et 

al. (2015) reported that NIRS presented 

high relative standard deviation for 

estimations of N in meat and else, lower 

precision than Dumas and Kjeldahl which 

showed high precision and narrow variation. 

On the other hand, Blanco & Villarroya 

(2002) reported that the estimations with 

NIRS presented similar precision than other 

analytical methods because the sample is 

barely manipulated. Lanza et al. (2016) 

reported that the Kjeldahl method 

produced high deviations in the estimation 

of total N of food samples compared to 

those obtained with Dumas. According to 

these authors, the Kjeldahl method involves 

a high number of steps and factors where 

the error of the operator and the pre-

treatment of the samples may result in a 

high dispersion of the results. However, in 

our evaluation, the CV for Kjeldahl was 

acceptable in all cases (< 5%). 
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Figure 1. Grain Total nitrogen concentration (NG) by Dumas, Kjeldahl and NIRS methods in sunflower. Box lines 
are percentile 0.25, 0.50 and 0.75; whiskers are 0.10 and 0.90, and dots are 0.05 and 0.95 percentile (n= 84). 
Figura 1. Concentración de nitrógeno total en grano (NG) de girasol para Dumas, Kjeldahl y NIRS. Las líneas de 
cada caja son percentiles 0.25, 0.50 y 0.75; los bigotes son 0.10 y 0.90, y los puntos son percentiles 0.05 y 0.95 
(n = 84). 
 
Table 2. Average (%), standard deviation (SD), coefficient of variation (CV) (%), bias (%) and percentage 
relative difference (PRD) for two Leco reference standards of sunflower grain with different concentration of 
total nitrogen (NG-high and NG- low), determined by the Dumas, Kjeldahl and NIRS methods. 
Tabla 2. Promedio (%), desvío estándar (SD), coeficiente de variación (CV) (%), sesgo y diferencia relativa 
porcentual (PRD) para dos estándares de referencia Leco, en grano de girasol con diferente concentración de 
nitrógeno total (NG-alto and NG- bajo), determinado por los métodos Dumas, Kjeldahl y NIRS. 

 

* Reference value of the Leco Corp. NG-high standard = 3.36% and NG-low = 1.72%. 
Different letters within columns indicate significant differences between Standard Value of NG as determined 
by the LSD test (p < 0.05).  
* Valor de referencia de Leco Corp. Estándar NG-alto = 3.36% y NG-bajo = 1.72%. 
Las diferentes letras dentro de las columnas indican diferencias significativas entre el Valor estándar de NG 
según lo determinado por la prueba LSD (p <0.05). 

 

Although the NIRS method was the most 

precise, using both standards, the most 

accurate methods were Dumas and 

Kjeldahl, which presented lower bias and 

DRP than NIRS (Table 2). The NIRS tended 

to overestimate the N concentration of the 

standard NG-low and to underestimate NG-

high value, probably because NIRS is an 
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indirect method and its accuracy depends 

on the reference method used for  

calibration (Sáez-Plaza et al., 2013)  

 

Comparison of the three methods 

 

Figures 2a, 2b, and 2c show significant 

relationships between Dumas, Kjedahl and 

NIRS methods in determining NG. In all 

cases, the coefficients of determinations 

were higher than 0.80 and the correlation 

was statistically significant (p < 0.001) 

between the different methods. According 

to these results, the three methods could 

be used to determine NG. Esquivel-

Valenzuela et al. (2018) reported that NIRS 

is an alternative to the traditional methods 

of analysis, with potential to obtain values 

of soil properties (e.g. organic carbon, total 

N) fast and with precision. Watson & 

Galliher (2001) reported a narrow 

correlation (r=0.96) between the 

estimations of NG of farm products (seeds, 

plant tissues, manure, water, etc.) with 

Kjeldahl and Dumas methods. Other authors 

reported that Dumas and Kjeldahl methods 

showed similar results for NG of soil and 

vegetable products (Simonne et al., 1997). 

In this study, the relationship between the 

NG content determined by NIRS and Dumas 

showed the highest degree of association (r2 

= 0.93) (Figure 2a), and highest correlation 

coefficient (r = 0.96). The correlation 

between the other methods was slightly 

lower (r = 0.91 for Kjeldahl-Dumas, and 

0.90 for NIRS-Kjeldahl). 

Nevertheless, in the three relationships, 

the slopes between observed vs predicted 

data differed from 1 (p < 0.001); and the 

intercepts were different from 0 (p < 

0.001). At high NG concentrations, the 

methods NIRS and Kjeldahl sub estimated 

NG compared to the Dumas method (Figure 

2a and 2b, respectively). However, at low 

NG concentrations, NIRS tended to 

overestimate NG whereas the Kjeldahl 

method was similar to Dumas (Figure 2a 

and 2b). Jung et al. (2003) reported that 

the NG values of soybean by-products 

determined by Kjeldahl were slightly lower 

than those obtained with Dumas. Similar 

results were obtained by Daun & DeClercq 

(1994) in oleaginous grains (canola, soybean 

and sunflower), attributing that differences 

among methods to the inability to use 
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Figure 2. Relationship between grain total nitrogen concentration (NG) in sunflower determined by a) NIRS and 
b) Kjeldahl with respect to Dumas and, c) NIRS with respect to Kjeldahl. Dotted line equals the 1: 1 line. n = 
number of cases. 
Figura 2. Relación entre la concentración de nitrógeno total en grano (NG) de girasol determinada por a) NIRS 
y b) Kjeldahl con respecto a Dumas y, c) NIRS con respecto a Kjeldahl. La línea punteada es igual a la línea 1: 
1. n = número de casos. 
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 mercury as catalyzer in the Kjeldahl 

method. Watson & Galliher (2001) observed 

that the correlation between Kjeldahl and 

Dumas method improved to 0.99 when the 

samples with high nitrate concentrations 

were excluded. Simonne et al. (1997) 

observed that in products with high nitrate 

concentration, the Dumas method showed 

higher values of N because this method 

quantifies inorganic N form not quantified 

by Kjeldahl. So, for NG concentrations of 

sunflower grains lower than 3% 

approximately (Figure 2a and 2b), and 

considering that the most usual N 

concentrations in these grains are between 

2.1 and 3.1% (Echeverría, 2008), NIRS or 

Kjeldahl methods could be a trustworthy 

alternative as they predict similarly to 

Dumas method.  

On the other hand, when comparing NG 

determined by NIRS with respect to 

Kjeldahl, NIRS over- and under-estimated 

NG at low and high N concentrations, 

respectively (Figure 2c). Similar results 

were observed with NIRS compared to 

Dumas method (Figure 2a). Acuña (2005), 

in a study predicting the nutritional 

composition of foods by NIRS, pointed out 

that the high levels of error were a 

consequence of a weak relationship 

between the NIRS prediction and the 

reference values, since the data were 

overestimated and underestimated by the 

NIRS technique. Vivar (2009) comparing the 

protein values of hydrolyzed feather meal 

determined by NIRS with respect to 

Kjeldahl observed that the NIRS tended to 

underestimate and overestimate these 

values. Other researchers reported that this 

behavior could be explained because NIRS 

and Kjeldahl quantify different 

characteristics.  

The concordance of the NIRS and 

Kjeldahl methods with Dumas from absolute 

differences is shown in Figure 3. NIRS 

presented higher agreement level with 

Dumas than Kjeldahl ( p< 0.05). Considering 

a tolerance limit of 0.20%, the agreement 

between Dumas-NIRS and Dumas-Kjeldahl 

was of 90% and 60%, respectively (Figure 

3). Moreover, NIRS presented a better 

perform respect Kjeldahl for the whole 

range of comparison. Therefore, NIRS could 

be a reliable alternative to Dumas, given 

the high concordance with this reference 

method in the determination of NG respect 

to Kjeldahl. In addition, NIRS has the 

advantage of being a low-cost method 

compared to Dumas (Velasco et al., 2004). 

The NIRS method, presents greater 

accuracy, does not use chemical products, 

does not generates toxic waste, demands 

little time to analysis, it is simple and it is a 

non-destructive or invasive technique since 

it requires a minimum preparation of the 

sample (Blanco & Villarroya, 2002; Bosco, 

2010). In addition, NIRS allowed the 

determination of oil concentration and fatty 

acid composition simultaneously with NG, 

representing an additional advantage over 

the other methodologies (Blanco & 

Villarroya, 2002; Velasco et al., 2004). 
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Figure 3. Discordant proportion of observations between Dumas-NIRS and Dumas-Kjeldahl. The dotted line 
indicates the proportion of discordance for an absolute difference between methods of 0.20. 
Figura 3. Proporción de discordancia de observaciones entre Dumas-NIRS y Dumas-Kjeldahl. La línea punteada 
indica la proporción de discordancia para una diferencia absoluta entre los métodos de 0,20. 
 

Estimation of PM  

 

The PM under the dehulling conditions, as 

described in materials and methods section, 

was estimated from NG concentrations 

determined by each of the methodologies 

(Figure 4). The NG explained 59%, 67%, and 

57% of the variation in PM values for Dumas, 

NIRS and Kjeldahl, respectively (Figure 4 a, 

b and c).  

In addition, comparing the three models, 

the slopes and the intercepts were similar, 

thus a single model explained the 

relationship between PM and NG (r2 = 0.60) 

(Figure 4 d). For PM estimations, it is 

important to define the dehulling and oil 

extraction conditions, as the relationship 

between NG and PM will vary according to 

the oil and hull remains in the meal. The 

NIRS could be a better alternative to the 

other methods, mainly because it is fast 

and inexpensive. This would be of great 

importance within the market for the 

commercialization of by-products since the 

estimation of PM would indicate the quality 

of pellets. Grains with 2.1% of NG would 

result in by-products with 36% protein, and 

else, differential prices in the market (de 

Figueiredo et al., 2015; González-Pérez, 

2015; Dauguet et al., 2016). Moreover, 

although any of the three methods could be 

used to determine NG and estimate PM, the 



COMPARISON OF KJELDAHL, DUMAS AND NIRS METHODS 

Cienc. Suelo (Argentina) 39 (2): 217-232, 2021 

      229  

 

 

 

 

Figure 4. Relationship between the percentage of protein in byproducts (PM) and total grain nitrogen (NG) in 
sunflower determined by a) Dumas, b) NIRS, c) Kjeldahl and d) the three methodologies (global model). n = 
number of cases. Dotted lines indicate the 95% confidence interval. 
Figura 4. Relación entre el porcentaje de proteína en subproductos (PM) y el nitrógeno total de grano (NG) de 
girasol determinado por a) Dumas, b) NIRS, c) Kjeldahl y d) las tres metodologías (modelo global). n = número 
de casos. Las líneas punteadas indican el intervalo de confianza del 95%. 
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 NIRS has the advantage of being a fast, 

economic, non-toxic, accurate and a 

precise method. 

 

CONCLUSIONS  

 

NIRS was the most precise method for 

the determination of NG, while Dumas and 

Kjeldahl were the most accurate methods. 

In addition, NIRS presented a greater 

degree of agreement with Dumas than 

Kjeldahl.  

The PM value might be estimated from NG 

independently of the methodology. 

Although further studies are necessary to 

validate the proposed methods and models, 

they represent a significant advance to 

estimate PM, a character that determines 

the quality of by-products of the oil 

industry.  

 

CONFLICTS OF INTEREST 

The authors declare no conflicts of 

interest. 

 

ACKNOWLEDGEMENT 

This study was possible due to the 

financial Support of Fertilab Soil Testing 

Laboratory, Project AGR447/14 UNMdP 

(Prognosis de macronutrientes en cultivos 

extensivos relevantes) and Fondo de 

Investigación Científica y Tecnológica 18 

(FONCyT) (Proyecto PICT 2016-0304). 

 

REFERENCES 

Acuña, P. 2005. Utilización de la Espectroscopia de 

Reflectancia en el Infrarrojo Cercano (NIRS), para 

la Predicción de la Composición Nutricional de 

Sopas Crema. Tesis Lic. en Ing. en Alimentos. 

Valdivia. Universidad Austral de Chile, Facultad de 

Ciencias Agrarias, 81 p. 

Alberio, C; N Izquierdo & L Aguirrrezábal. 2015. 

Sunflower crop Physiology and Agronomy. In: 

Martínez-Force E, N Dunford, J Salas (editors). 

Sunflower: chemistry, production, processing and 

utilization. Press: Urbana, IL Illinois USA. AOCS. 

pp 53-91. 

ASAGIR. 2021. Argentine Sunflower Association. 

Tecnología: Evaluación de cultivares. Campañas 

2016-2017 y 2017-2018. http://www.asagir.org.ar 

(accessed 24.05.21). 

Batten, GD. 1998. Plant analysis using near infrared 

reflectance spectroscopy: the potential and the 

limitations. Aus. J. Exp. Agric. 38:697–706. 

Blanco, M & I Villarroya. 2002. NIR spectroscopy: a 

rapid-response analytical tool. TrAC Trends Anal. 

Chem. 21:240-250. 

Bosco, GL. 2010. James L Waters Symposium 2009 on 

near-infrared spectroscopy. TrAC Trends Anal. 

Chem. 29:197-208. 

Dauguet, S; F Labalette; F Fine; P Carré; A Merrien & 

JP Palleau. 2016. Genetic impact on protein 

content and hullability of sunflower seeds, and on 

the quality of sunflower meal. OLC. 23(2). doi: 

10.1051/OCL/2016003. 

Daun, JK & DR DeClercq. 1994. Comparison of 

combustion and Kjeldahl methods for 

determination of nitrogen in oilseeds. JAOCS 

71(10):1069-1072. 

De Figueiredo, AK; LM Rodríguez; M Fernández; IC 

Riccobene & SM Nolasco SM. 2015. Loss of lipid 

material during the dehulling of oilseeds with 

different structural characteristics. J. Food Sci. 

Technol. 52:7934-7943. doi: 10.1007/s1319. 

Diovisalvi, N; N Reussi Calvo; N Izquierdo; G Divito; H 

Echeverría & F García. 2018. Effects of genotype 



COMPARISON OF KJELDAHL, DUMAS AND NIRS METHODS 

Cienc. Suelo (Argentina) 39 (2): 217-232, 2021 

      231  

 

 

 

and nitrogen availability on grain yield and quality 

in sunflower. Agron. J. 110:1532-1543. 

doi:10.2134/agronj2017.08.0435. 

Echeverría, H. 2008. Nutrición y diagnóstico de 

nitrógeno en girasol. Agromercado 46, 20-25. 

Esquivel-Valenzuela, B; JA Cueto-Wong; CO Cruz-

Gaistardo; A Guerrero-Peña; A Jarquín-Sánchez & 

D Burgos-Córdova. 2018. Carbono orgánico y 

nitrógeno total en suelos forestales de México 

mediante espectroscopia VIS-NIR. Revista 

Mexicana de Ciencias Forestales 9(47):295-313. 

González-Pérez, S. 2015. Sunflower proteins. In: 

Martínez-Force E, N Dunford, J Salas (editors). 

Sunflower: chemistry, production, processing and 

utilization. Press: Urbana, IL Illinois USA. AOCS. 

pp 331-393. 

 Hall, A; C Feoli; J Ingaramo & M Balzarini. 2013. 

Gaps between farmer and attainable yields across 

rainfed sunflower growing regions of Argentina 

Field Crop Res. 143:119-129. 

INTI. 2021. Instituto Nacional de Tecnología 

Industrial. http:www.inti.gob.ar (accessed 

24.05.21).  

Jones, DB. 1941. Factors for converting percentages 

of nitrogen in foods and feeds into percentages of 

proteins, Washington, DC: US Department of 

Agriculture. pp: 1-22. 

Jones Jr, JB. 1991. Kjeldahl method for nitrogen 

determination. Kjeldahl method for nitrogen 

determination. 

Jung, S; D Rickert; N Deak; E Aldin; J Recknor; L 

Johnson & P Murphy. 2003. Comparison of Kjeldahl 

and Dumas methods for determining protein 

contents of soybean products. J. Am. Oil Chem. 

Soc. 80:1169–1173.  

Lanza, JG; PC Churión & N Gómez. 2016. 

Comparación entre el método Kjeldahl tradicional 

y el método Dumas automatizado (N cube) para la 

determinación de proteínas en distintas clases de 

alimentos. Saber 28(2):245-249. 

doi=427749623006. 

LECO. 2021. Organic application notes. 

http://www.leco.com (accessed 25.05.21). 

Manley, M. 2005. Near infrared Spectroscopy (NIRS): 

An invaluable tool for feed quality control. Dep. 

of Food Sci. South Africa. 

Merrien, A; A Quinsac & C Maisonneuve. 1988. 

Variabilite de l’teneur en proteines des graines de 

tournesol en relation avec l’etat proteique 

foliare. Presented at Proc. 12th Int. Sunflower 

Conf., 158-169. Novi-Sad, Yugoslavia. 

Mihaljev, ŽA; SM Jakšić; NB Prica; ŽN Ćupić & MM 

Živkov-Baloš. 2015. Comparison of the Kjeldahl 

method, Dumas method and NIR method for total 

nitrogen determination in meat and meat 

products. J. Agroalim. Proc. Technol. 21(4):365-

370. 

Murphy, J & J Riley. 1962. A modified single solution 

method for the determination of phosphate in 

natural waters. Anal. Chem. 27:31–36. doi: 

10.1016/S0003-2670(00)88444-5. 

Murray, I. 1993. Forage analysis by near infrared 

spectroscopy. In: Sward Herbage Measurement 

Handbook British Grassland Society. Davies A, R 

Baker, S Grant & A Laidlaw (editors), pp 285–312.  

OAA. 2008. Organismo Argentino de Acreditación. 

Guía para la validación de métodos de ensayo. 

Codigo: DC-LE-05. Versión: 2, 5pp. 

Osborne, B; T Fearn & P Hindle. 1993. Practical NIR 

spectroscopy with applications in food and 

beverage analysis. 2 th. Ed. Longmann Scientific 

and Technical. New York, 227 pp.  

Pérez-Vich, A; L Velasco & JM Fernández-Martínez. 

1998. Determination of Seed Oil Content and 

Fatty Acid Composition in Sunflower Through the 

Analysis of Intact Seeds, Husked Seeds, Meal and 

Oil by Near-Infrared Reflectance Spectroscopy. J. 

Am. Oil Chem. Soc. 75:547–555. 

Peyronnet, C; F Pressenda; A Quinsac & P Carré. 

2012. Impact du décorticage du tournesol sur la 

valeur nutritionnelle et l’intérêt économique des 

tourteaux en fabrication d’aliments composés. 



COMPARISON OF KJELDAHL, DUMAS AND NIRS METHODS 

Cienc. Suelo (Argentina) 39 (2): 217-232, 2021 

      232  

 

 

 

Oléagineux, Corps gras, Lipides 19:341-346. doi: 

10.1684/ocl.2012.0486. 

Raggio, LR; AJ Leal Costa; P Kale & GL Werneck. 

2003. Assessment of agreement of a quantitative 

variable: a new graphical approach. J. Clin. 

Epidemiol 56:963-967.  

R Core Team. 2021. R: A language and environment 

for statistical computing. R Foundation for 

Statistical Computing, Vienna, Austria. Versión 

3.1.2. Available: http://www.R-project.org 

(accessed 24.05.21).  

Sáez-Plaza, P; M Navas; S Wybraniec; T Michałowski & 

A Asuero. 2013. An overview of the Kjeldahl 

method of nitrogen determination. Part II. Sample 

preparation, working scale, instrumental finish, 

and quality control. Crit. Rev. Anal. Chem. 

43:224-272. 

Sato, T; Y Takahata; T Noda; T Tanagisawa; T 

Morishita & S Sakai. 1995. Nondestructive 

Determination of Fatty Acid Composition of 

Husked Sunflower (Helianthus annuus L.) Seeds by 

Near-Infrared Spectroscopy, J. Am. Oil Chem. Soc. 

72:1177–1183. 

Simonne, AH; EH Simonne; RR Eitenmiller & CP 

Cresman. 1997. Could the Dumas Method Replace 

the Kjeldahl Digestion for Nitrogen and Crude 

Protein Determinations in Foods? J. Sci. Food 

Agric. 73:39–45. 

United States. 1975. Science & Education 

Administration. Soil taxonomy: a basic system of 

soil classification for making and interpreting soil 

surveys (No. 436). US Department of Agriculture. 

Velasco, L; B Pérez-Vich & JM Fernandez-Martinez. 

2004. Use of near-infrared reflectance 

spectroscopy for selecting for high stearic acid 

concentration in single husked achenes of 

sunflower. Crop Sci. 44:93-97. 

Vivar, VM. 2009. Creación de un programa de 

mejoramiento de ecuaciones de calibración NIR y 

análisis de la información obtenida mediante el 

uso de esta tecnología. Tesis Doctoral. Valdivia. 

Universidad Austral de Chile, Fac. Ci. Agr., 53 p. 

Watson, ME & TL Galliher. 2001. Comparison of 

Dumas and Kjeldahl methods with automatic 

analyzers on agricultural samples under routine 

rapid analysis conditions. Commun. Soil Sci. Plant 

Anal. 32:2007 – 2019. Doi:10.1081/CSS-120000265. 

Wells, G. 2006. Espectroscopía de reflectancia en el 

infrarrojo cercano (NIRS) en el análisis 

cuantitativo y cualitativo de carne de cordero. 

Tesis M. Sc. Valdivia. Universidad Austral de Chile, 

Fac. Ci. Agr., 106 pp. 

Zamora, M & J Massigoge. 2008. Fertilización de 

girasol con nitrógeno y azufre bajo siembra 

directa en el centro sur bonaerense. Actas XXI 

Congreso Argentino de la Ci. Suelo. Potrero de los 

Funes, May. 2008. En  CD. 


