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The energy values of spelt (Triticum spelta) and emmer (T. dicoccon) chaff 
were determined and compared to wheat and barley straw. The 
thermophysical parameters (moisture content, lower calorific value, gross 
calorific value, content of fixed carbon, volatile matter, and ash) and 
elemental composition (content of C, H, S, N, and O) of spelt and emmer 
chaff were determined. Spelt and emmer chaff were characterized by 
higher gross calorific value (18.75 GJ/Mg vs. 18.31 GJ/Mg), higher lower 
calorific value (16.74 GJ/Mg vs. 16.35 GJ/Mg), noticeably lower ash 
content (3.79% vs. 6.16%) and lower content of volatile matter (70.3% vs. 
74.9%) than wheat and barley straw. Emmer chaff contained noticeably 
more sulfur (0.148%), nitrogen (2.20%) and hydrogen (7.50%) than both 
types of straw (0.064%, 0.66% and 5.55% on average, respectively) and 
spelt chaff (0.071%, 0.80%, and 7.06%, respectively). Despite the fact that 
the relatively high sulfur content in emmer chaff is not desirable, the results 
of this study indicate that the chaff of hulled wheat had considerable 
energy potential and that hulled wheats could be effectively used as 
renewable sources of energy in the region of their production. 
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INTRODUCTION 
 

The significance of cereal straw for energy generation will probably increase in the 

near future due to the steady growth in the proportion of cereals in the cropping system 

(Gennari 2015). Spelt (Triticum spelta (L.)) is a hexaploid wheat that is closely related to 

common wheat (Triticum aestivum (L.)), whereas tetraploid emmer (Triticum dicoccon 

(Schrank)) is a close relative of durum wheat (T. durum (L.)) (Hammer et al. 2011). Spelt 

and emmer have hulled, non-threshable grains, which are characterized by high nutritional 

value (Galterio et al. 2003). They are more resistant to drought and fungal pathogens than 

common wheat, which increases their significance in agriculture, in particular in organic 

farming systems. Machine harvested emmer and spelt grain requires dehulling. On average, 

grain makes up approximately 70% of crop yield, and the biomass that remains after 

dehulling consists of chaff, glumelles, rachises, rachillas, and awns. This biomass is used 

as feed and litter in cattle and poultry production, and it can also be composted. Cleaned 

spelt chaff can be used as pillow filling. According to Tittlemier et al. (2014), the 

concentrations of mycotoxins in the by-products of wheat grain cleaning are extremely 

high. In the “light dockage” fraction that contains dust and roughage, such as glumes, 

fragments of stem, or rachis, the mycotoxin concentrations can reach up to 32 mg/kg of 

deoxynivalenol, 0.532 mg/kg of zearalenone, and 0.249 mg/kg of ochratoxin. The content 
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of deoxynivalenol, the most common Fusarium toxin, and ergosterol (a quantitative 

indicator of fungal biomass in plant tissues), can be five times higher in spelt chaff than in 

spelt grain (Wiwart et al. 2009). For this reason, the material left after grain cleaning and 

dehulling should not be fed to animals, and it could be more rationally utilized in the 

production of energy. Jovičić (et al. 2015) reported that spelt biomass can serve as a 

renewable source of energy. According to Brlek et al. (2012), the biomass remaining after 

spelt dehulling can be pelleted.  

The objective of this study was to determine and compare the basic energy 

parameters of the by-products of spelt and emmer dehulling with those of wheat and barley 

straw. This experiment is the first and, currently, the only study to investigate the value of 

biomass obtained after grain dehulling of two hulled Triticum species for energy generation 

purposes. 

 
 
EXPERIMENTAL 
 

Materials 
The material used for this experiment was the biomass that remained after the 

dehulling of grains of five Spring spelt breeding lines (UWM10, UWM11, UWM12, 

UWM13 and UWM14) and three emmer breeding lines (P1, P2 and P3). All breeding lines 

were developed at the Department of Plant Breeding and Seed Production of the University 

of Warmia and Mazury in Olsztyn, Poland. The field experiment was conducted at the 

Experimental Station in Bałcyny, Poland (53°36 N, 19°51 E). Before sowing, the 

experimental plots were fertilized once with nitrogen/phosphorus/potassium at the rate of 

40/25/80 kg/ha, respectively. The plots, with an area of 11 m2 each, were sown with whole 

spikelets at a rate of 135 kg/ha. The harvested grain was dehulled in the LD 180 laboratory 

thresher (WINTERSTEIGER AG, Ried im Innkreis, Austria). Wheat and barley straw from 

plants grown under identical conditions was used as the control. 

 
Methods 
Analysis of thermophysical parameters 

Laboratory analyses were performed on air-dried biomass. The biomass was 

ground in a MF10 mill (0.25-mm mesh, IKA® Werke GmbH, Staufen im Breisgau, 

Germany). All analyses were conducted in three replications. The weight of a pooled 

sample was 200 g.  

Moisture content was determined in 5-g samples, dried to a constant weight at 105 

°C ± 1 °C. The content of ash, volatile matter and fixed carbon was determined in the 

Thermostep thermogravimetric analyzer (ELTRA GmbH, Haan Germany). Samples of 

approximately 1.50 g were placed inside the analyzer where the temperature and 

atmosphere were controlled automatically. The analyzer temperature was set to 650°C 

(nitrogen atmosphere) for volatiles and 600°C (oxygen atmosphere) for ash. 

Gross calorific value (GCV, GJ/Mg) was determined by the dynamic method in the 

C 2000 calorimeter (IKA Werke, Staufen im Breisgau, Germany) according to ISO 1928 

(2009). Samples of approximately 0.5 g were pelleted in a press and dried at 105°C. The 

pellets were weighed to the nearest 0.1 mg, placed in a bomb calorimeter, and burned in 

pure oxygen. The results were expressed as arithmetic means of three simultaneous 

measurements, with a standard deviation not greater than 80 GJ/Mg. The results were used 

https://www.google.pl/search?biw=1920&bih=945&q=Staufen+im+Breisgau+Niemcy&stick=H4sIAAAAAAAAAOPgE-LSz9U3MKm0yDEqV-IEsS2ysyrTtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFAMI_WKZFAAAA&sa=X&sqi=2&ved=0ahUKEwjPz9bd75PRAhWHUBQKHY-AAgUQmxMIlAEoATAO
https://www.google.pl/search?biw=1920&bih=945&q=Staufen+im+Breisgau+Niemcy&stick=H4sIAAAAAAAAAOPgE-LSz9U3MKm0yDEqV-IEsS2ysyrTtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFAMI_WKZFAAAA&sa=X&sqi=2&ved=0ahUKEwjPz9bd75PRAhWHUBQKHY-AAgUQmxMIlAEoATAO
https://www.google.pl/search?biw=1920&bih=945&q=Staufen+im+Breisgau+Niemcy&stick=H4sIAAAAAAAAAOPgE-LSz9U3MKm0yDEqV-IEsS2ysyrTtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFAMI_WKZFAAAA&sa=X&sqi=2&ved=0ahUKEwjPz9bd75PRAhWHUBQKHY-AAgUQmxMIlAEoATAO
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to calculate the lower calorific value (LCV) using Eq. 1 (Brlek et al. 2012; Jablonowski et 

al. 2016),  
 

 Qs =Qs × (100 - W) / 100 - W × 0.02443    (1) 
 

where Qs is the LCV (J/g), Qs is the GCV (J/g), W is the moisture content (%), and 0.02443 

is the enthalpy of water vaporization. 

 

Analysis of elemental composition 

The content of carbon, hydrogen and sulfur was determined in the CHS 500 

analyzer ELTRA GmbH, Haan, Germany). Analytical samples of approximately 0.2 g ± 

0.1 mg were collected from the material dried at 105 °C, and placed in the analyzer, then 

burned in pure oxygen at 1350°C. Nitrogen content was determined by the Kjeldahl 

method, using the Büchi system (K-424 Digestion Unit and B-324 Distillation Unit, 

BÜCHI Labortechnik AG, Flawil, Switzerland). The results were used to calculate oxygen 

content using Eq. 2 (Jenkins 2014), 
 

 O  = 100 – (A + C + H + Sc + N)     (2) 

 

where O is the oxygen content of the sample (%) and A, C, H, Sc and N are the percentages 

of ash, carbon, hydrogen, sulfur and nitrogen content in the sample, respectively. 

The results were processed by analysis of variance (ANOVA), and the mean values 

were compared by the Student–Newman–Keuls multiple comparisons test. A principal 

component analysis (PCA) was performed for all of the analyzed parameters, separately 

for thermophysical parameters and elemental composition. The results of all measurements 

were processed statistically using STATISTICA software (StatSoft Inc., Version 12, Tulsa, 

OK, USA). 

 

 
RESULTS AND DISCUSSION 
 

The average moisture content of the straw was 9.44%, and emmer chaff was 

characterized by a somewhat higher moisture content than spelt chaff at 10.03% and 

9.01%, respectively (Table 1).  

 

Table 1. Mean (± SD) Values of the Thermophysical Parameters of Spelt and 
Emmer Chaff in Comparison with Wheat and Barley Straw 

Material Total 
Moisture 

(%) 

Volatiles 
(% DM) 

Chemically 
Bonded 
Carbon 
(% DM) 

Total 
Ashes 

(% DM) 

Gross 
Calorific 
Value 

(GJ/Mg-1) 

Lower 
Calorific 
Value 

(GJ/Mg-1) 

Spelt Chaff 
(n=5) 

9.01 

( 0.10) 

70.95b 

( 0.45) 

24.24b 

( 0.34) 

4.81b 

( 0.59) 

18.68a 

( 0.15) 

16.78 

( 0.12) 

Emmer Chaff 
(n=3) 

10.03 

( 0.50) 

69.65c 

( 0.46) 

26.60a 

( 0.71) 

3.76b 

( 0.54) 

18.83a 

( 0.14) 

16.70 

( 0.14) 

Cereal Straw 
(n=2) 

9.44( 2.77) 
74.90a 

( 0.25) 

18.94c 

( 0.61) 

6.16a 

( 0.86) 

18.31b 

( 0.00) 

16.35 

( 0.58) 

*DM: dry matter; Values signed by the same letter differ not significantly within column at p < 
0.01 
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The average gross calorific value (GCV) of chaff was 18.65 GJ/Mg, ranging from 

18.42 GJ/Mg (UWM 14 spelt) to 18.99 GJ/Mg (P2 emmer). The GCV of emmer was 

somewhat higher compared to spelt (18.83 GJ/Mg and 18.66 GJ/Mg, respectively), but 

both values were noticeably higher than the GCV of straw by 2.8% and 2.0%, respectively. 

A similar, but less clearly accentuated trend was observed in lower calorific value (LCV) 

values which were 2.1% and 2.6% lower in straw than in emmer and spelt chaff, 

respectively.  

The results were difficult to analyze because the utilization of spelt chaff as a 

renewable energy source has only been discussed in a single paper to date, and there is a 

general absence of data concerning emmer chaff (Brlek et al. 2012). The moisture levels 

noted in the present study were somewhat higher than those reported by Brlek et al. (2012) 

(8.13%), but remained within the range of values given by Allica et al. (2001) (from 6.77% 

to 13.99%), and were similar to those reported by other authors (Friedl et. al. 2005; Kargbo 

et. al. 2010; Greenhalf et al. 2012). McKendry (2002) determined the LCV values for 

wheat and barley straw at 17.3 GJ/Mg and 16.1 GJ/Mg, respectively, whereas the LCV 

value of spelt chaff reported by Brlek et al. (2012) reached 17.114 GJ/Mg. The LCV values 

were slightly higher than in the present experiment.  

The ash content of chaff ranged from 3.35% (P1 and P2 emmer) to 5.82% (UWM14 

spelt). For wheat and barley straw, these values were higher by approximately 22% in 

comparison with spelt chaff, and by 39% in comparison with emmer chaff. In a study by 

McKendry (2002), ash content was 4.0% in wheat straw and 6.0% in barley straw, and 

according to Friedl et al. (2005), the ash content of combined wheat and barley straw could 

reach 3.9%. 

The average volatile matter (70.46%) content of chaff was noticeably lower 

compared to straw, and emmer chaff contained less (69.65%) volatiles than spelt chaff 

(70.95%). A reverse trend was noted in the content of fixed carbon, which was lowest in 

both straws (on average 18.94%) and highest in emmer chaff (26.60%). These results 

correspond with the data reported by Greenhalf et al. (2012), Allica et al. (2001) and Wang 

et al. (2009). These authors reported that the fixed carbon content of different straws ranged 

from 15% to 19.5%. The results of the elemental analysis are presented in Table 2.  

 

Table 2. Mean (± SD) Content of Carbon, Hydrogen, Sulfur, Nitrogen and 
Oxygen in Analyzed Samples 

Material C H S N O 

Spelt Chaff 
(n=5) 

51.80a 

( 0.56) 

7.06b 

( 0.12) 

0.071b 

( 0.00) 

0.804b 

( 0.07) 

35.5b 

( 0.60) 

Emmer Chaff 
(n=3) 

51.79a 

( 0.41) 

7.50a 

( 0.26) 

0.148a 

( 0.01) 

2.200a 

( 0.17) 

34.6b 

( 0.50) 

Cereal Straw 
(n=2) 

46.73b 

( 0.74) 

5.55c 

( 0.11) 

0.064b 

( 0.03) 

0.660b 

( 0.16) 

40.9a 

( 0.20) 

Values marked with the same letter do not differ significantly within the column at p < 0.01 

 

The carbon content of chaff samples averaged 51.80%, which was remarkably 

higher compared to straw (46.7%). The content of hydrogen was higher in chaff than in 

straw, whereas sulfur content, an undesirable biomass component, ranged from 0.064% in 

spelt to 0.160% in emmer. Sulfur content was more than twice higher in emmer chaff than 

in wheat and barley straw, which undermined the usefulness of T. dicoccon biomass for 
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energy generation. Biomass used for energy generation should not be characterized by 

excessive nitrogen levels which contribute to high NOx emissions. On average, nitrogen 

content was 0.80% in spelt chaff, 2.2% in emmer chaff, 0.55% in barley straw, and 0.77% 

in wheat straw.  

 

 
 
Fig. 1. Graph illustrating PCA results for all thermophysical parameters and elemental 
compositions; confidence Gaussian ellipses were drawn for the probability of 80% 

 

Table 3. Factor Loading Values Based on the Correlation between the PC and 
the Variable, and the Contribution of Variables (in parentheses) for the 
Thermophysical Parameters and the Content of Carbon, Hydrogen, Sulfur, 
Nitrogen and Oxygen 

Variable PC 1 PC 2 

Total Moisture  0.949**  (0.120) -0.011  (0.000) 

Volatiles -0.995**  (0.132) -0.003  (0.000) 

Chemically Bonded 
Carbon 

 0.911**  (0.110)  0.028  (0.000) 

Total Ashes -0.918**  (0.112)  0.060  (0.002) 

GCV -0.597  (0.047)  0.676*  (0.285) 

LCV -0.597  (0.047)  0.676*  (0.285) 

C -0.899**  (0.108)  0.369  (0.085) 

H -0.978**  (0.127)  0.055  (0.002) 

S -0.674*  (0.060) -0.737**  (0.339) 

N -0.719*  (0.069) -0.659*  (0.271) 

O  0.927**  (0.114) -0.156  (0.015) 

*,** - significant at p < 0.05 and 0.01, respectively 

 
The PCA of all evaluated traits strongly discriminated between the analyzed 

objects, and PC1 and PC2 explained 91.19% of the total variance (Fig. 1). The parameters 

that determined the energy value of the biomass most effectively discriminated between 

spelt chaff, emmer chaff, wheat straw, and barley straw. Interestingly, GCV and LCV were 
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the least discriminating traits (Table 3). Spelt chaff was characterized by the most desirable 

elemental composition. The movement of points that corresponded to emmer in the 

direction of negative values of PC1 and PC2 resulted mainly from the high content of sulfur 

and nitrogen in chaff. 

 
 
CONCLUSIONS 
 

1. The findings in this study indicate that the examined emmer and spelt biomass was 

generally more appropriate for energy production than wheat and barley straw. 

2. Emmer and spelt chaff could be used as renewable energy sources in regions where 

those crops are grown. 
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