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Abstract: Green biorefining uses fresh lignocellulosic biomass to produce green juice and pressed 

fibre fractions by wet fractionation. The latter is a byproduct, accounting for 25–32% of the starting 

material. In this study, the composition (glucan, xylan, arabinan, lignin, total phenol, flavonoid and 

protein) of pressed fibres obtained from four alfalfa, four soy and one broccoli varieties were de-

termined at different harvest times. Statistical analyses were performed to determine the effects of 

harvest time and variety on the measured parameters. In most of the cases, there were interactions 

between the effects of harvest time and variety. Among alfalfa varieties, OLI1 had the highest 

carbohydrate (52.09 w/w%) and DIM3 had the lowest lignin (13.02 w/w%) content. In the case of soy, 

the ADV2 variety had the highest carbohydrate (53.47 w/w%) and PK1 had the lowest lignin (11.14 

w/w%) content. Broccoli contained low amounts of carbohydrates (44.94 w/w%) and lignin (10.16 

w/w%). The phenolic and flavonoid contents were similar for each species, but the protein content 

was the highest in alfalfa fibre. Based on these data, the most promising species, varieties and 

harvesting time can be selected in terms of a certain component that could be essential to produce 

functional foods with enhanced nutritional value. 

Keywords: fibre; glucan; xylan; arabinan; Klason lignin; total phenol; total flavonoids; total  

protein; alfalfa; broccoli; soy 

 

1. Introduction 

Green biomass is a very good source of renewable raw material for green biorefin-

ing [1]. Its most common component is lignocellulose that is derived from the plant cell 

wall [2]. Green biorefining is a complex system that aims to apply sustainable, environ-

mentally and resource-friendly technology. The aim is to use all the biomass components 

generated, from which to produce bioenergy and high-value-added products [3]. In 

green biorefining, the green biomass is pressed to produce green juice and press fibre 

residue. The resulting fractions contain a wide range of compounds that make them 

valuable [4]. The global produced lignocellulosic biomass is more than 180 billion tonnes 

annually [5]. Lignocellulose mainly consists of cellulose, hemicellulose and lignin [6]. 

Lignin can be divided into acid-soluble and acid-insoluble parts, depending on its solu-

bility during acidic biomass treatments [7,8].The three components of lignocellulose 

(cellulose, hemicellulose and lignin) belong to the group of water-insoluble dietary fi-

bres, from a human nutritional point of view, which have effects on human health such 

as increasing faecal bulk and reducing intestinal transit time [9–13]. In addition to cellu-

lose, hemicellulose and lignin, the cell wall also contains other compounds that play an 

important role in human health, such as proteins and phenols [14], and their quantity, 

quality and properties also depend on the type of fibre [14,15]. 

Today, the circular economy is an important element in the sustainable use of nat-
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ural resources. The basic concept is to extend the life cycle of products, either by recycling 

them or by turning them into higher-added-value products. This is a necessity, as the 

growth of the world’s population and increasing climate change also justify the optimal 

use of biomass produced by agriculture [16–18]. This also raises economic issues, as cost 

efficiency and sustainability may be enhanced [19,20]. The concept of green biorefining is 

an excellent fit with a circular economy; however, the byproducts of wet fractionation 

(e.g., press fibre) are often undervalued, despite the fact that they contain high-value 

components [21,22]. The possible uses of pressed fibre are extremely varied. It can be an 

excellent raw material for biogas production, biofuel production and can also be used as 

a raw material for many other industrial applications, such as pharmaceuticals and paper 

[4]. It is suitable for feeding ruminants because of its excellent nutritional value, in par-

ticular, its protein content and its amino acid composition [21,23]. Pressed fibre can also 

be an excellent substrate for growing oyster mushrooms (Pleorotus ostreatus), as evi-

denced by Zhou et al. [24]. Some of the components of lignocellulose can also be used in 

the food industry, e.g., xylose and arabinose as natural sweeteners [25,26]. It also contains 

other phytonutrients important for the human body such as phenols [27,28], as well as 

the proteins mentioned earlier [21]. A key objective would be to buy back lignocellulosic 

substrates from farmers, increasing the role of biorefineries in the circular economy [29]. 

Extensive knowledge about the yield and composition of pressed fibres originated 

from different sources is essential to develop their circular use and especially for their use 

in the food industry, e.g., potentially for the production of functional foods. Hence, one of 

the objectives of this study was to determine the yields of pressed fibres at different 

harvest times for different varieties of three model plants: alfalfa, soybean and broccoli. 

The other objective was to quantify the lignocellulosic components (cellulose, hemicel-

lulose and lignin) and protein, as well as the total phenol and flavonoid content of the 

model plants. The current study aims to provide a basis for the future valorisation of the 

analysed byproducts. 

2. Materials and Methods 

2.1. Source of Biomass 

All the examined plants were produced in open fields in the experimental site of the 

University of Debrecen. The field experiment for each variety was set in three replica-

tions. We applied general agronomic practice like irrigation, weed control and fertilisa-

tion in the production of these crops. 

2.1.1. Alfalfa 

Alfalfa seeds at 25 kg/ha were sown in March 2018 in chernozem soil. the varieties 

used in this study were Danubia, Dimitra, Plato and Olimpia. The varieties were set in 

three repetitions. The plot size was 10.0 m2, with a randomised block layout. The dates of 

the alfalfa harvest were June, August and October 2018, when the plants were harvested 

in a green bud state before flowering. The harvest took place in the morning, followed by 

processing in a laboratory. The quantity of the sample collected from each variety was 1 

kg per plot, resulting in 3 kgs of sample for each variety. We referred to the alfalfa varie-

ties involved in the study as Danubia (DAN), Dimitra (DIM), Plato (PLA) and Olimpia 

(OLI). 

2.1.2. Soy 

The soy varieties we used were Advisor, Bólyi 612, Isidor and Pannónia kincse. To 

gain the fresh biomass, the row spacing we used was 24 cm instead of 45 cm, applied in 

farming practice. Soy seeds at 200 kg/ha were sown. The varieties were set in three repe-

titions. The size of the plots was 4.52 m2, with a randomised block layout. The dates of the 

soy harvest were June and August 2020. The harvest took place in the morning, followed 

by processing of the samples in a laboratory. The quantity of the sample collected from 
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each variety was 1 kg per plot, resulting in 3 kgs of sample per variety in total. The plant 

was cut from the bottom 15 cm of the stem from the soil surface. We referred to the soy 

varieties involved in the study as Advisor (ADV), Bólyi 612 (BOL), Isidor (ISI) and 

Pannónia kincse (PK). 

2.1.3. Broccoli 

Broccoli was planted under field conditions in May 2020. The variety we used was 

Calebrese; according to the farming practice, a 60 × 40 spatial arrangement was used. The 

harvest took place at the end of May 2020, collecting three specimens. In the case of 

broccoli, the leaf and petiole were used to study the fibre content. 

2.2. Fibre Production 

Following the harvest of each variety of the model plant species, the green plant 

biomass was fractionated into green juice and compressed fibre fractions using a 

twin-screw juicer (Angel Juicer 5500, Angel Ltd., Czech Republic). Samples were stored 

in a freezer at −21 °C after processing. 

2.3. Determination of Lignocellulosic Components 

2.3.1. Sample Preparation 

Before the measurements, the frozen samples were dried at 40 °C for 3 days and the 

fibre samples were homogenised with a coffee grinder. A modified NREL (National Re-

newable Energy Laboratory) method was used to determine the fibre components. Based 

on this information, 0.5 g of dry fibre was added to 2.5 mL of 72% (w/w) sulphuric acid. It 

was kept at room temperature for 2 h, being stirred every 30 min. Distilled water (75 mL) 

was added and the suspension was placed in an autoclave at 121 °C for 1 h. It was then 

filtered through a preweighed G4 glass filter with a vacuum pump. The supernatant was 

filtered through a 45 μm nylon filter [8]. 

2.3.2. Recoverable Sugars 

The supernatatant was used to determine glucose, xylose and arabinose by 

high-performance liquid chromatography (HPLC) (Detector: Shimazu RID-10 A; Col-

umn: BioRad (Hercules, CA, USA) Aminex HPX-87H (300 × 7.8)) at 65 °C. The eluent was 

5 mmol/L sulphuric acid, and the flow rate was 0.5 mL/min. 

The recoverable sugars measurement was carried out in triplicate. The glucan, xylan 

and arabinan contents of the fibre samples were determined, taking into account the 

depolymerisation factor of the monosaccharides [8]. The glucan includes all polysaccha-

rides consisting of glucose monomers. 

2.3.3. Klason Lignin 

G4 glass filters were placed in a desiccator and weighed after 30 min. Using the 

modified NREL method, after filtration and washing, the water-insoluble part remains in 

the glass filter. The glass filter was then placed in an oven at 105 °C overnight and then 

weighed. The glass filter was then placed in an oven at 550 °C overnight and then 

weighed. Finally, the Klason lignin content was determined using the appropriate for-

mula [8]. 

2.4. Determination of Total Phenol Content (TPC) 

The TPC was determined in the fibre samples according to Singleton and Rossi [30], 

with minor modifications. A total of 20 mg of the lyophilised powdered fibre sample was 

placed in 1 mL of methanol:distilled water (70:30), vortexed and incubated in an ultra-

sonic bath for 30 min. It was then centrifuged at 13,200 rpm for 3 min. The supernatant 

was filtered through an Eppendorf tube. Subsequently, 1250 μL Folin–Ciocalteu rea-

gent:distilled water (1:10) and 200 μL methanol:distilled water (70:30) were added to 50 
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μL of the supernatant. After waiting for 1 min, 1000 μL of 0.7 M Na2CO3 was added and it 

was incubated in a 50 °C water bath for 5 min. The absorbance was measured at 760 nm 

(Ultrospec 2100 pro, Amersham BioSciences spectrophotometer). All phenol contents 

were calculated using a calibration curve, obtained by using the gallic acid standard. 

2.5. Determination of Total Flavonoids (TFC) 

The TFC was determined in the fibre samples according to a modified method of 

Kim et al. [31]. The determination is based on the complex of flavonol- and flavone-type 

compounds with aluminium chloride in stoichiometric reaction in acidic medium. The 

colour intensity of the resulting complex is an indication of the amount of compounds 

present in the solution. A rutin standard was used to prepare the calibration curve. For 

the measurement, 0.5 mL of the sample was added to 4.5 mL of Al solution. The Al solu-

tion contained 5 mL 10g mL−1 AlCl3 solution, 5 mL 1M KOac solution, 75 mL methanol 

and 140 mL distilled water. The measurement was performed at 415 nm (Ultrospec 2100 

pro, Amersham BioSciences spectrophotometer). Results were obtained from the cali-

bration equation in rutin equivalents. 

2.6. Total Protein (TP) 

The TP was determined in the fibre fraction according to the Bradford method [32]. 

Briefly, 20 mg of lyophilised powdered fibre sample was added to 1 mL of protein solu-

bilising solution, which contained 3.5 M urea, 1M thiourea, 0.1 M NaOH and 0.6% NaCl, 

and the pH was 13.00. It was then vortexed for 1 min, incubated in an ultrasonic water 

bath for 1 h and centrifuged at 10,000 rpm for 5 min. A total of 10 μL of the supernatant 

was added to an Eppendorf tube and 90 μL of 0.15 M NaCl was added. Then 1 mL of 

Bradford reagent was added. The absorbance was measured at 595 nm (Ultrospec 2100 

pro, Amersham BioSciences spectrophotometer). A standard curve was used to calculate 

the concentration. The blank was 100 μL NaCl plus 1 mL Bradford reagent. 

2.7. Statistical Analyses 

In the statistical analysis, a two-way ANOVA was used IBM SPSS Statistics 24 (IBM 

Corp, Armonk, NY, USA), and the effect of two independent variables (variety and har-

vest) was analysed on the studied parameters (fibre, lignin, glucan, xylan, arabinan, total 

phenol, total flavonoid and total protein). Before running the ANOVA, a test of normality 

and Levene’s Test of Equality of Variances were performed. The means were compared 

by Tukey’s Honestly Significant difference (HSD) test at p < 0.05 [33]. In the event that the 

combined effect of the variables (interaction) was not confirmed, a one-way ANOVA was 

performed. The explanatory power of the model was characterised by partial Eta squared 

(Eta2). 

3. Results 

3.1. Mass of Pressed Fibre from Different Plants 

3.1.1. Alfalfa 

There was an interaction between harvest and variety, jointly affecting the pressed 

fibre yields; however, there was no statistically verified difference among the pressed fi-

bre yields obtained, considering the interaction (Figure 1A). Nevertheless, the statistical 

model produced 79% explanatory power (Eta2 = 0.788). For the Danubia, Dimitra and 

Plato varieties, we saw the highest fibre yields in the case of the first harvest, which were 

305, 296.33 and 290.33 g, respectively, with the exception of the Olimpia variety, provid-

ing its highest figure in the case of the third harvest (302.66 g). For Danubia and Plato, the 

lowest value was observed during the third harvest (250.66 and 259.33 g). For Dimitra, 

the lowest value was measured during the second harvest, while for Olimpia, it was 

measured during the first harvest (Figure 1A). 
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Figure 1. Average press fibre yields of different alfalfa (A) and soy (B) varieties as a function of 

harvesting time (+SD). Different letters above the columns refer to significant differences (p ≤ 0.05). 

FW = Fresh weight. 

3.1.2. Soy 

From Figure 1B, we can see that for the soy harvests, fibre yields were higher for all 

varieties in the first harvest. During the first harvest, the highest value obtained is for the 

Advisor variety (298.66 g) and the lowest is for Pannonia kincse (266.66 g). In the second 

harvest, a similar trend was observed for each variety. No interaction was found between 

harvest and variety. Furthermore, there was no significant difference detected between 

treatments for either variety or harvest. 

3.1.3. Broccoli 

For broccoli, one harvest date and one variety—the Calebrese variety—was used. 

The amount of fibre harvested in the case of broccoli was 327.75 g, which is a higher yield 

of fibre compared to those we obtained from the other two plant species involved. 

3.2. Klason Lignin and Structural Carbohydrates as a Function of Harvest Time 

3.2.1. Alfalfa 

The average Klason lignin content and sugar components of different alfalfa varie-

ties are shown in Figure 2. There was an interaction between variety and harvest time, 

which together determined the quantity of the components under study in the case of 

lignin, xylan and arabinan. The Klason lignin content is shown in Figure 2A. The Klason 

lignin content was significantly higher in the first harvest of Plato (16.76 w/w%), and sig-

nificantly different in the third harvest of Dimitra, where the lowest value was measured 

(13.02 w/w%). In six cases (DAN1, DAN3, DIM 1, DIM2, PLA3 and OLI3), the Klason 

lignin contents had values between the two extremes, being proved statistically different 

from both. They indicate decreases in the order of the harvests, with the exception of 

Danubia. The statistical model produced 75% explanatory power (Eta2 = 0.746). 

The glucan content is shown in Figure 2B. The interaction of the two variables did 

not affect the glucan content. Although significant differences were detected between 

harvests, there were no significant differences between varieties. For glucan, the lowest 

values were measured during the third harvest. The glucan content was 31.95 w/w% in 

the first harvest of Dimitra, 31.95 w/w% in the first harvest of Plato and 32.59 w/w% in the 

second harvest of Olimpia, which were the highest values and were significantly de-
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tectable. The third harvest of Olimpia was significantly different, with the lowest value 

(27.60 w/w%). We can see the content of xylan in Figure 2C. The statistical model pro-

duced 81% explanatory power (Eta2 = 0.81). In the case of xylan, the first harvest was the 

best, with the exception of the Dimitra variety, where the highest value was measured in 

the second harvest. In the first harvest of Olimpia (OLI1) and Plato (PLA1), significantly 

higher values of 15.34 w/w% and 14.33 w/w% were measured compared to the rest of the 

cases, respectively. Figure 2D shows the content of arabinan. For arabinan, the highest 

value (5.37 w/w%) was measured during the first harvest of Plato (PLA1), which was sta-

tistically verified and different from most of the figures displayed, with the exception of 

DAN1, OLI1 and OLI3. 

  

  

Figure 2. Average Klason lignin (A) contents and glucan (B), xylan (C) and arabinan (D) compo-

nents of different alfalfa varieties as a function of harvest time (+SD). Different letters above the 

columns refer to significant differences (p ≤ 0.05). 

3.2.2. Soy 

The average Klason lignin content and sugar components of different soy varieties 

are shown in Figure 3. There was an interaction between variety and harvesting time, 

which together determine the quantity of the components under study in the cases of 

glucan, xylan and arabinan. For Klason lignin (Figure 3A), there was no interaction be-

tween the independent variables. The varieties differ significantly, just as the harvests do. 
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A significantly higher Klason lignin content was measured for the Isidor variety, with 

12.87 w/w% at the first harvest and 13.39 w/w% at the second harvest. The later the har-

vest, the higher the lignin content which can be found in each variety. Figure 3B shows 

the glucan content. For glucan, the highest value and the lowest value were measured in 

the first harvest of Pannonia kincse (PK1) (37.42 w/w%) and in the first harvest of Bólyi 

(BOL1) (29.10 w/w%), respectively, and they were statistically different from the rest of 

the values. The statistical model produced medium explanatory power (Eta2 = 0.570). The 

xylan values are shown in Figure 3C. From the results, we can see that in the second 

harvest we measured a higher value for all varieties. During the first harvest, the highest 

value was observed for the Isidor variety (13.60 w/w%) and the lowest for the Bólyi 612 

variety (12.19 w/w%). In the second harvest, the Bólyi 612 variety provided the best figure 

(15.16 w/w%), while the worst one was given by Pannónia kincse (14.00 w/w%). Figure 3D 

shows the content of arabinan. Significantly higher values were measured in the second 

harvest of Isidor and Pannónia kincse. The lowest values were measured in the Advisor 

and Bólyi second harvests, with statistically significant differences to all the other figures 

measured, including all the figures measured in each first harvest. Our results show that 

Pannónia kincse and Isidor are outstanding. 

  

  

Figure 3. Average Klason lignin (A) content and glucan (B), xylan (C) and arabinan (D) compo-

nents of different soy varieties as a function of harvest time (+SD). Different letters above the col-

umns refer to significant differences (p ≤ 0.05). In Figure 3A, the capital letters (A,B) indicate varie-

ties; the normal letters (abc) indicate the harvest. 
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3.2.3. Broccoli 

The glucan content (25.97 w/w%) was less than those for the first two species. The 

xylan content was 11.77 w/w%, while the arabinan content was 7.2 w/w%. The value of 

10.19 w/w% of Klason lignin (Figure 4) was lower than that of alfalfa and soy, which is 

also due to the fact that, in the case of broccoli, it is the leaf and the petiole that can be a 

source of fibre, being left as byproducts after the utilisation of the inflorescence for food. 

 

Figure 4. Average Klason lignin content and sugar components of broccoli (+SD). 

3.3. Total Phenol Content (TPC), Total Flavonoid Content (TFC), Total Protein Content (TP) 

3.3.1. Total Phenol Content (TPC) and Total Flavonoid Content (TFC) 

In the case of alfalfa, the TPC and TFC were determined by the variety and the har-

vest time together, which is caused by the interaction, and an Eta2 of 0.8 or higher was 

found for each. For the TPC, we detected that the highest values for each variety were 

measured during the first harvest. The highest values were observed during the first 

harvest of Plato (57.61 μg GAE/g) and Olimpia (51.86 μg GAE/g). The third harvest of 

Dimitra (DIM3) produced the lowest value with 32.17 μg GAE/g, which was significantly 

different. For the TFC, the highest value (5.45 μg rutin eq/g) was observed in the third 

harvest of Olimpia, and the difference was statistically justified. The lowest value (2.75 

μg rutin eq/g) was observed in the first harvest of Dimitra. 

In the case of soy, the TPC and TFC were also jointly determined by the two inde-

pendent variables, so interactions were also observed. From the measurements, we found 

that the first harvest had a higher value, with the exception of the Advisor variety. The 

first harvest of Pannonia kincse was significantly different, where the highest value was 

51.78 μg GAE/g. The lowest value (33.68 μg GAE/g) was observed in the second harvest 

of Isidor. For the TFC, we measured higher values in the second harvests compared to the 

first harvests, with the exception of the Pannónia kincse (PK1) variety, which had the 

highest value (4.53 μg rutin eq/g) from the first harvest. The smallest value was in the 

first harvest of the Isidor variety, which was 2.69 μg rutin eq/g. 

For broccoli, the TPC was 33.70 μg GAE/g and the TFC was 2.80 μg rutin eq/g. The 

TPC and TFC values are shown in Table 1. 
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Table 1. Total phenol content (TPC), total flavonoid content (TFC) and total protein (TP) in pressed 

fibre from different plants and varieties. 

Plant 

Species 

Variety and Harvest 

Time 

TPC 

(µg GAE/g) 

TFC 

(µg rutin eq/g) 

TP 

(mg/g) 

Alfalfa 

DAN 1 

DAN 2 

DAN 3 

44.34 ± 4.31b 

42.00 ± 0.79bc 

43.24 ± 1.16b 

3.19 ± 0.26bc 

3.77 ± 0.33bc 

4.21 ± 0.32b 

53.26 ± 5.04b 

57.10 ± 5.92b 

76.77 ± 0.45a 

 

DIM 1 

DIM 2 

DIM 3 

44.94 ± 1.99b 

37.08 ± 0.76bc 

32.17 ± 1.45c 

2.75 ± 0.01c 

3.82 ± 0.08bc 

3.67 ± 0.43bc 

36.55 ± 3.08c 

40.63 ± 2.48c 

76.26 ± 1.33a 

 

PLA 1 

PLA 2 

PLA 3 

57.61 ± 7.59a 

42.48 ± 0.83bc 

41.88 ± 5.46bc 

4.31 ± 0.72b 

3.69 ± 0.16bc 

3.66 ± 0.63bc 

65.69 ± 3.70b 

63.17 ± 2.83b 

63.11 ± 3.45b 

 

OLI 1 

OLI 2 

OLI 3 

51.86 ± 4.49a 

37.47 ± 1.67bc 

44.50 ± 3.49b 

4.23 ± 0.44b 

3.41 ± 0.22bc 

5.45 ± 0.52a 

58.37 ± 3.45b 

55.07 ± 2.52b 

77.06 ± 5.36a 

Soy 
ADV 1 

ADV 2 

35.92 ± 2.82bc 

47.39 ± 5.34ab 

2.97 ± 0.32b 

3.28 ± 0.28b 

45.35 ± 5.50a 

37.36 ± 1.22ab 

 
BOL 1 

BOL 2 

44.76 ± 3.43ab 

35.88 ± 1.80bc 

3.10 ± 0.41b 

3.13 ± 0.42b 

42.37 ± 1.35ab 

32.28 ± 1.85c 

 
ISI 1 

ISI 2 

39.43 ± 1.15bc 

33.68 ± 1.85c 

2.69 ± 0.24b 

2.84 ± 0.27b 

42.55 ± 1.73ab 

43.53 ± 4.69ab 

 
PK 1 

PK 2 

51.78 ± 1.74a 

42.94 ± 2.38b 

4.53 ± 0.60a 

3.45 ± 0.41ab 

34.97 ± 1.85c 

34.36 ± 1.66c 

Broccoli Calebrese 33.70 ± 2.20 2.80 ± 0.31 36.08 ± 2.70 

Results are expressed as gallic acid equivalents (μg GAE/g DW) (n = 3) +SD for TPC, and as rutin 

equivalents (μg rutin eq/g DW) (n = 3) +SD for TFC. For TP, results are expressed as mg/g DW (n = 

3) +SD. The bold part indicates the highest value; the italic part indicates the lowest value. Different 

letters in the columns refer to significant differences (p ≤ 0.05). 

3.3.2. Total Protein (TP) 

In alfalfa, the TP value was determined by the interaction between the variety and 

harvest time. In all cases, we observed that the TP value increased in each variety from 

the first harvest to the third harvest. The highest values were observed in the third har-

vest of Danubia (76.77 mg/g), Dimitra (76.26 mg/g) and Olimpia (77.06 mg/g). The lowest 

value was measured for the first harvest of Dimitra (36.65 mg/g). However, we also ob-

served that the Plato variety had high values in all three harvests and showed the least 

variation between the harvests. 

It is also true for soy that harvest time and variety together determine the value of 

the dependent variable (TP). The highest protein value was measured in the first harvest 

of Advisor (45.35 mg/g), where the difference was significant. The lowest value was ob-

served in the second harvest of Bólyi, where the value obtained was 32.28 mg/g. For 

broccoli, the protein content was 36.08 mg/g. The TP values are shown in Table 1. 

4. Discussion 

Circular farming is of high importance nowadays, the idea being to use all the 

products of production, with as little waste as possible or zero waste. A good way to 

achieve this is green biorefining, where green biomass is wet fractionated. 

Wet-fractionation methods result in fibre-rich fractions. Such fractions were evaluated in 

this study, including the comparison of three farm crops. Alfalfa and forage soy are 

well-known in green biorefinery technology as dedicated species, and broccoli was in-
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cluded because of the high amount of byproduct left after harvesting. The quality of the 

green fractionated fibre from the three crop species showed marked differences. 

For soybeans, as well as for alfalfa, in most cases there was an interaction between 

harvest time and variety, with the exception of fibre yield and Klason lignin content. No 

significant differences in fibre yields were observed. 

In the case of alfalfa, weather conditions have a significant influence on the nutri-

tional value [34]. The maturity of the species significantly affects the chemical composi-

tion of the cell wall, as lignin increases with aging, which increases the proportion of in-

digestible fibres [35]. Xu et al. [36] measured the lignocellulosic constituents, where Kla-

son lignin, glucan, xylan and arabinan were 15.2 w/w%, 30.2 w/w%, 9.7 w/w% and 3.8 

w/w%., respectively. Our results are in line with those of Xu et al. [36] and quite close to 

those of Duncan and Schilling [37] and MacLellan et al. [38], obtaining glucan ranging 

from 27.6 to 32.59 and an arabinan content from 2.74 to 5.37 w/w%. It should be noted that 

we measured a higher xylan content, ranging from 11.62 to 15.34 w/w%, depending on 

the varieties and harvest times. However, the Klason lignin content (13.02 to 16.76 w/w% ) 

we measured is lower compared to the range of 19.4–22.0 w/w% by Duncan and Schilling 

[37]. The development of values can be influenced by a number of factors such as varie-

ties, climatic conditions and other abiotic and biotic factors. The results show that the 

Plato variety stands out from the other varieties. According to Popovic et al. [39], the 

weather and the time of cutting affect the protein content in the leaf and stem and the fi-

bre content in the stem, but do not affect the fibre content in the leaf. No significant dif-

ference was observed for fibre yield. The amount of pressed fibre was about 25–30 per-

cent of the green biomass. This is a similar value to our previous studies [40]. The protein 

content ranged from 36.55 to 77.6 mg/g DW. It is worth mentioning that the protein con-

tent in the third harvests was the highest for all varieties, which could be due to the rainy 

autumn weather. The phenol content ranged from 32.17 to 57.61 μg GAE/g DW. For the 

phenol content, the highest values were recorded in the first harvests. 

In the case of soy, the plant parts applied to the investigation have an influence on 

the values of the parameters to be measured. Kovačić et al. [41] investigated lignocellu-

losic components in soy stems, where the glucan content was 34.09 w/w%, xylan was 11.4 

w/w%, arabinan was 1.0 w/w% and Klason lignin was 18 w/w%. Compared to our results 

regarding fibre, the glucan (29.10–37.42 w/w%) and xylan (12.19–15.16 w/w%) values are 

similar, but the value is higher for arabinan (3.73–5.14 w/w%) and lower for Klason lignin 

(11.14–13.39 w/w%) in all varieties. However, Rambo et al. [42] measured the parameters 

we measured in the soy husk. The amount of glucan was 35.05 w/w%, xylan was 9.85 

w/w% and arabinan was 4.64 w/w% in the dry matter. Based on this, we can conclude that 

similar values can be observed in soy husks and green biomass. It should be noted that 

Colletti et al. [43] measured a significantly lower Klason lignin content in soy hulls (1.64 

w/w%). The protein content was 32.28–45.35 mg/g DW and the phenol content was 33.68–

51.78 μg GAE/g DW. The Isidor variety was significantly different from the other varie-

ties. Higher values were measured in several cases. 

In broccoli production, a large amount of green biomass is lost after harvesting. This 

is due to the fact that the above-ground part of the flower accounts for 20 to 30 percent of 

the total, and there are losses in its utilisation during harvesting, storage and processing. 

Consequently, the remaining part is the green biomass, which is valuable because it is 

extremely rich in nutrients such as vitamins, minerals and dietary fibre. It is therefore 

advisable to use green biomass wisely [44]. The pressed fibre and arabinan contents in 

the broccoli were higher than in the alfalfa and soy varieties included in this study. The 

lignin, glucan and xylan contents, however, were slightly lower in comparison with those 

in the alfalfa and soy. Berndtsson et al. [45] measured 1.6–1.8 w/w% Klason lignin in 

broccoli leaves, which is much lower in comparison to the value we measured (10.16 

w/w%). No previous studies measuring the phenolic content in pressed fibre resulting 

from wet fractionation were found, but Shiva and Jung-Ho [46] measured the phenolic 

content of whole leaves in 12 broccoli varieties. Their values differ from the values 
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measured in our pressed fibre. This may be due to a difference in the method, less phenol 

remaining in the pressed fibre after wet fractionation and lignocellulosic compounds 

binding to these compounds and being difficult to dissolve. The protein content we 

measured was 36.08 mg/g DW. 

5. Conclusions 

Today, there is a clear increase in population, which is why circular farming plays an 

important role. The aim is essentially to use all the biomass generated by agricultural 

production without loss. In the present study, the pressed fibre from fresh biomass 

produced in green biorefining was evaluated as a byproduct. The study of fibre is im-

portant because it can serve as a feedstock for many industries, not least the food indus-

try. Alfalfa and soybean species well-known in green biorefining were included in the 

study. Broccoli was also included in the study, as a significant amount of green biomass 

remains as a loss after flower harvesting, but it has value and is highly applicable in 

green biorefining. 

In the present study, pressed fibre and the pressed fibre’s Klason lignin, glucan, 

xylan and arabinan contents were determined. We also measured the total protein, total 

phenol and flavonoid content of the pressed fibre. For alfalfa and soybean, different va-

rieties and harvesting times were compared. For broccoli, one variety and harvest time 

was applied. 

In the case of alfalfa and soy, the investigated factors (variety and harvest time) do 

not affect pressed fibre yield. During the wet fractionation of the alfalfa varieties, an av-

erage 3–5% higher lignin content could be detected in the pressed fibre compared to soy 

and broccoli. In alfalfa, the lignin content decreases in parallel with the harvest time, 

while it increases in soybeans. In the case of alfalfa, the variable lignin content is due to 

the combined effect of the two factors (harvest time and variety). Because lignin is the 

least digestible dietary fibre for microbes in the human body of all the components 

studied, it is advisable to choose varieties with lower lignin content, as well as consider-

ing the harvest. 

The pressed fibres of the alfalfa varieties examined were 2–5% lower in glucan con-

tent compared to soy, while this value was 5–8% higher compared to broccoli. Of the 

three plants studied, broccoli had the lowest glucan content. 

There was no significant difference between the xylan content of the three model 

plants studied. Harvest time had the opposite effect on the xylan content. It decreased 

with alfalfa and rose with soy. In the case of both plants, the variable xylan content was 

due to the combined effect of the two factors (harvest time and variety). 

The content of press fibre arabinan was the highest for broccoli. This property makes 

it promising for use in functional foods, as arabinose inhibits the digestion of sucrose, 

even in small amounts, and therefore, its consumption may be beneficial for diabetic pa-

tients. 

The total phenol (TPC), total flavonoid (TFC) and the total protein (TP) content of 

the fibre were highest for alfalfa. 

Overall, our results may help with the selection of the right variety and harvesting 

time for further studies. Furthermore, they contribute to the knowledge that can be a ba-

sis for the incorporation of press fibre into the human diet through functional foods. 
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