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Abstract 
 
The goal of our research was to fulfil the potential of traditional, underutilized and less known plant species of the 
families Brassicaceae and Fabaceae, which grow in the experimental plots of the “Alexandru Ciubotaru” National 
Botanical Garden (Institute), Chisinau, Republic of Moldova. The seeds and biomass of these plant species have high 
potential for use as food, forage and raw material for circular economy, including bioenergy production. The 
determination of physical and mechanical properties of seeds and agricultural products is important in the design of 
harvesting, handling and processing equipment. Our research revealed that the characteristic dimensions of seeds of 
the studied Brassicaceae species varied in the following ranges ℓ: b: δ ≈ (1.98-12.60): (1.67-3.67): (1.63-2.05) mm; the 
angle of repose 𝛼𝛼𝛼𝛼=24.6°-30.6° and the flow angle on steel is 𝛼𝛼𝛼𝛼1=15.8°-31.7°, on wood 𝛼𝛼𝛼𝛼1=18.1°-37.3° and on 
enamelled surface 𝛼𝛼𝛼𝛼1=15.3°-30.5°; M1000 = 4.30-9.73 g and bulk seed density 88.3-766.9 kg/m3. The seeds 
characteristic of the studied Fabaceae species was ℓ: b: δ ≈ (1.53-8.00): (1.20-5.47): (1.47-5.01) mm; the angle of 
repose 𝛼𝛼𝛼𝛼=21.5°-33.0°, flow angle on steel is 𝛼𝛼𝛼𝛼1=14.3°-27.7°, on wood 𝛼𝛼𝛼𝛼1=14.7°-29.8° and on enamelled surface 
𝛼𝛼𝛼𝛼1=14.2°-27.3°; M1000 = 1.35-170.04 g and bulk seed density 370.8-830.0 kg/m3. The harvested green mass from 
studied Brassicaceae species is characterized by 16.1-23.5%CP, 63.2-69.9% DMD, RFV=117-162, 10.21-11.20 MJ/kg 
ME, 5.18-6.76 MJ/kg NEl and from Fabaceae species 14.2-23.4% CP, 58.4-69.5% DMD, RFV=91-168, 9.51-11.15 
MJ/kg ME, 5.53-7.17 MJ/kg NEl. The biochemical biomethane potential from vegetal substrates is 305-379 L/kg of 
organic matter. 
 
Key words: biomass quality, Brassicaceae species, Fabaceae species, methane potential, nutritive value, seed 
characteristic.  
 
INTRODUCTION 
 
World plant biodiversity, its conservation and 
prospects for practical use are becoming an 
increasingly pressing problem in the 21st 
century (ECPGR,2021). 
Current climate change can cause reduction in 
the abundance of food and fodder, crop 
productivity and quality indices. The increase 
of food and fodder production in the context of 
climate change and increasing prices for energy 
resources will be based on more rational use of 
traditional crops and identification of new 
species that will expand the range of crops. The 
diversification of crop production has to be 
achieved by mobilization, acclimatization and 

implementation of new and non-traditional 
plant species from local flora and other floristic 
regions. 
In the context of the acute shortage of protein 
in the food of humans and animals, it is 
necessary to expand the areas where protein 
crops are cultivated by mobilizing new species 
that would extend the assortment of both: crops 
for the production of food for humans and 
fodder necessary for the development of the 
animal husbandry sector and poultry farming, 
as well as raw material for various industries. 
The species of the family Fabaceae and 
Brassicaceae are of particular interest. 
The family Brassicaceae Burnett (syn. 
Cruciferae Juss.) includes 372 genera and 
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4.060 accepted species. Most of them are 
herbaceous annuals, biennials and perennials, 
warm season shrubs and trees; some are used as 
agricultural crops and ornamental plants. Most 
of the species occur in the temperate zone of 
the Northern Hemisphere (especially in the 
Mediterranean and Irano-Turanian region) and 
much less in the Southern Hemisphere. In the 
spontaneous flora of Bessarabia, the 
Brassicaceae family is currently represented by 
48 genera with 97 species. Many Brassicaceae 
species are known as important agricultural and 
horticultural crops, which provide edible roots, 
leaves, stems, buds, flowers and seeds, some 
species are used as human food in many 
different forms, while others are also used as 
fodder, energy and cover crops (Jabeen, 2020). 
The family Fabaceae Lindl. (syn. Leguminosae 
Juss.) is the third largest family among the 
angiosperms, consists of about 730 genera and 
about 20,000 species of trees, shrubs, vines, 
and herbs and is worldwide in distribution. In 
the spontaneous flora of the Bessarabia the 
family Fabaceae is represented by 146 species 
of 35 genera. The Fabaceae species are of great 
agro-ecologic importance due to their sym-
biotic relationship with nitrogen fixing bacteria, 
thus, they improve the physical properties of 
soil, form a large amount of organic raw 
material for circular economy and, besides, 
they are an important source of proteins, 
beneficial to human and animal nutrition. The 
benefits of leguminous forage plants within 
farming systems have long been recognized 
and include a higher production of meat, milk 
and wool by ruminants, improvement of soil 
fertility, root disease management in cropping 
systems, increasing biodiversity and risk 
management in diversified systems, particularly 
under the conditions of climate change. Many 
Fabaceae species have valuable medicinal 
properties and multi-purpose use in various 
industries; besides, they are excellent honey 
plants and cover crops (Stoddard, 2013; 
Stinner, 2015; Petcu et al., 2022). 
Underutilized and less known Fabaceae and 
Brassicaceae species constitute potential source 
of food, fodder and raw material for circular 
economy, including bioenergy production.  
The physical properties, such as length, width, 
thickness, bulk and true density, 1000 seed 
weight, surface area, and sphericity, are basic 

characteristic parameters for optimization and 
design of internal run roller plate seed metering 
structure. Information on physical properties 
can be valuable for plant breeders, engineers, 
scientists, and seed industries experts, machine 
designers, processing structures and controls; 
and to determining machine performance 
efficiency. Variation in seed properties caused 
by the genetic pattern, soils and environmental 
conditions, or handling may influence the 
processing, storage and utilization of seed. 
Physical, mechanical and chemical characte-
ristics of seed materials are important in 
designing the equipment for seeding, harvest, 
transport, storage, processing, cleaning, hulling 
and milling (Togo et al., 2018).  
The goal of our research was to evaluate some 
seed characteristics and green biomass quality 
of some Brassicaceae and Fabaceae species, as 
fodder for livestock, as well as substrate for the 
production of biomethane by anaerobic 
digestion. 

 
MATERIALS AND METHODS 

 
The Brassicaceae species: Crambe cordifolia, 
Isatis tinctoria, Raphanus sativus var. oleifera, 
Sinapsis alba and Fabaceae species: 
Astragalus galegiformis, Galega orientalis, 
Glycine max, Lablab purpureus, Lotus 
corniculatus, Medicago sativa, Onobrychis 
arenaria, Onobrychis viciaefolia, Pisum 
arvense, Vicia sativa, Vicia tenuifolia, Vigna 
radiate, Vigna unguiculata, which grow in the 
experimental plot of the National Botanical 
Garden (Institute) of Moldova, Chişinău, N 
46°58′25.7″ latitude and E 28°52′57.8″, served 
as subjects of research. 
Samples of seeds of the studied species were 
collected, the evaluation of the seed 
characteristics of each species were carried out 
based on the measurement of the following 
parameters: length, width, thickness, friability 
(angle of repose α, angle of friction α1), mass of 
1000 seeds, bulk seed density. The angle 𝛼𝛼𝛼𝛼 was 
determined by two methods: a) general, 
measuring the height h of the cone with a depth 
calliper and the diameter of the base D in two 
perpendicular planes with the metal ruler KLB 
300 x 19 x 0.5 mm; the angle 𝛼𝛼𝛼𝛼 was calculated 
according to the formula tg𝛼𝛼𝛼𝛼 = 2h/D; b) local, 
measuring the angle 𝛼𝛼𝛼𝛼 by applying the digital 
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inclinometer on the inclined surface of the 
cone. The flow angle 𝛼𝛼𝛼𝛼1 of the seeds was 
measured using a table with the upper surface 
rotating vertically. On this surface, it is 
possible to attach plates made of different 
materials. We used plates of steel 10, wood 
and enamelled steel. The angle 𝛼𝛼𝛼𝛼1 was 
measured using a digital inclinometer. The 
weight of 1000 seeds were determined by using 
an electronic balance with accuracy of 0.01 g. 
The measurement was replicated 5 times for 
1000 seeds selected at random. For bulk 
density measurement, an empty cylindrical 
container of 1000 ml volume was filled with 
the seeds, then weighing the content, the bulk 
weight was then recorded. This was done in 10 
replications.  
The dry matter content in harvested green mass 
was detected by drying samples up to constant 
weight at 105°C. For biochemical analysis, green 
mass samples were dried in a forced air oven at 
60°C, milled in a beater mill equipped with a 
sieve with diameter of openings of 1 mm, and 
some assessments of the main biochemical 
parameters: crude protein (CP), ash, acid 
detergent fibre (ADF), neutral detergent fibre 
(NDF) and acid detergent lignin (ADL), total 
soluble sugars (TSS) have been made by near 
infrared spectroscopy (NIRS) technique using 
the equipment PERTEN DA 7200. The 
concentration of hemicellulose (HC), cellulose 
(Cel), digestible dry matter (DDM), digestible 
energy (DE), metabolizable energy (ME), net 
energy for lactation (NEl) and relative feed 
value (RFV) were calculated according to 
standard procedures.  
The carbon content of the substrates was 
determined using an empirical equation 
according to Badger et al. (1979). The 
biochemical methane potential was calculated 
according to the equations of Dandikas et al.  
(2015).  
 
RESULTS AND DISCUSSIONS 
 
The size of the seeds is an important 
characteristic of a plant species.  The results of 
the evaluation of the physical characteristics of 
the seeds of the studied Brassicaceae and 
Fabaceae species species are shown in Table 1. 
The obtained results have demonstrated the 
following values of the characteristic 

dimensions (length - ℓ, width - b, thickness - δ) 
for the studied Brasicaceae species seeds           
ℓ: b: δ ≈ (1.98-12.60): (1.67-3.67): (1.63-2.05) 
mm, the highest values were recorded by the 
species Isatis tinctoria  and Crambe cordifolia. 
The dimensions of Fabaceae species seeds 
have the following values ℓ: b: δ ≈ (1.53-8.00): 
(1.20-5.47): (1.47-5.01). We noticed that the 
lowest seed sizes were of species Lotus 
corniculatus and Medicago sativa, but highest 
seeds dimensions of species Vigna unguiculata 
and Glycine max. 
The flow capacity (friability) of seed material, 
angle of repose 𝛼𝛼𝛼𝛼  and flow angle 𝛼𝛼𝛼𝛼1 is an 
important practice in the design of warehouses, 
transport and conditioning facilities (different 
types of transport means, elevators, cleaning 
and drying devices etc.) (Ene & Mocanu, 
2016).  
The obtained values of the angle of repose α 
and angle of friction α1 confirm the results of 
the dimensional and morphological analyses: 
the friability of Brassicaceae species seeds 
have the following values: angle of repose α = 
24.6°-30.6°  and angle of friction α1 = 15.8°-
31.7° - on steel, α1 = 18.1°-37.3° - on wood,  α1 
= 15.3°-30.5° - on enameled surface; Fabaceae 
species seeds - angle of repose α = 21.5°-33.0° 
and angle of friction α1 = 14.3°-27.7° - on steel, 
α1 = 14.7°-29.8° - on wood,  α1 = 14.2°-27.3° - 
on enameled surface.  
The enamelled and steel surfaces, seeds have a 
better flow capacity than on those made of 
wood. Our study shows that in the 
Brassicaceae family, the Crambe cordifolia 
have the highest friability, the next level of 
friability, a little lower, were found at 
Raphanus sativus var. oleifera and Sinapsis 
alba seeds. We would like to mention that in 
studied Fabaceae species the Vicia sativa, 
Vicia tenuifolia, Vigna radiate, Vigna 
unguiculata have the highest friability and 
lowest friability showed Galega orientalis, 
Medicago sativa, Onobrychis arenaria, 
Onobrychis viciaefolia. 
The weight of 1000 seeds (M1000) is an 
important physical indicator of quality when 
establishing the sowing norm, but the bulk seed 
density is of practical interest and are necessary 
for designing the storage spaces, the 
organization of the transport, the customization 
of the equipment and the appreciation of some 
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technological norms. The analysis of the mass 
parameters, weight of 1000 seeds and bulk seed 
density, of studied Brassicaceae and Fabaceae 
seeds (Table 2) demonstrates that their values 
correlate with the structure and geometric 
parameters. The values of the mass of 1000 
seeds depending plant species. Among the 
researched Brassicaceae species, higher mass 
seeds values are found at Raphanus sativus var. 

oleifera and from Fabaceae species - Pisum 
arvense, Glycine max, Vigna unguiculata.   The 
Astragalus galegiformis, Lablab purpureus, 
Medicago sativa, Vicia tenuifolia, Vigna 
unguiculata is distinguished by a seed bulk 
density that exceeds 800 kg/m3. Crambe 
cordifolia and Isatis tinctoria seed siliques, 
Onobrychis arenaria and Onobrychis viciifolia 
seed pods have lowest bulk density.   

Table 1.  The results of the evaluation of the physical characteristics of the seeds of the studied species 

Species  
 
 

Dimensional parameters, 
mm 

Angle of repose α, 
 Methods 

Flow angle α1, 
Surfaces 

ℓ b δ general local average steel wood Enamel 
Brasicaceae 

Crambe 
cordifolia 

5.33 
±0.16 

4.47 
±0.28 

4.15 
±0.30 

25.1 
±0.3 

24.0 
±1.6 

24.6 15.8 
±0.2 

18.1 
±0.9 

15.3 
±0.6 

Isatis 
tinctoria 

12.60 
±0.70 

3.67 
±0.24 

1.63 
±0.19 

28.0 
± 1.1 

32.1 
± 1.5 

30.0 31.7 
± 0.4 

37.3 
± 0.9 

30.5 
± 0.4 

Raphanus sativus 
var. oleifera 

3.50 
±0.24 

2.43 
±0.21 

2.05 
± 0.04 

27.4 
±0.4 

28.9 
±1.6 

28.2 21.3 
±0.3 

26.0 
±0.8 

22.7 
±0.2 

Sinapsis alba 1.98 
±0.11 

1.67 
±0.03 

- 25.3 
±0.5 

29.3 
±1.3 

27.3 22.0 
±0.6 

27.4 
±1.5 

24.7 
±0.3 

Fabaceae 
Astragalus 
galegiformis 

3.73 
±0.07 

2.25 
±0.17 

1.69 
±0.13 

26.0 
±1.1 

26.9 
±1.3 

26.5 22.8 
±0.4 

26.3 
± 0.5 

- 

Galega 
orientalis 

3.56 
±0.4 

1.88 
±0.22 

1.44 
±0.07 

32.5 
±0.9 

33.4 
±0.8 

33.0 27.7 
±0.3 

29.8 
±0.8 

27.3 
±0.4 

Glycine 
max 

7.07 
±0.25 

5.4 0 
±0.27 

5.20 
±0.25 

27.0 
±0.6 

25.5 
±0.7 

26.2 15.2 
±1.1 

16. 
±0.9 

14.7 
±0.3 

Lablab 
purpureus 

6.50 
±0.40 

4.85 
±0.20 

4.67 
±0.27 

23.2 
±0.6 

27.3 
±1.0 

25.3 18.0 
±0.5 

18.0 
±0.7 

17.0 
±0.4 

Lotus 
corniculatus 

1.53 
±0.08 

1.34 
±0.11 

1.07 
±0.08 

24.9 
±0.7 

25.3 
±0.7 

25.1 19.0 
±0.6 

22.7 
±0.4 

23.0 
±0.6 

Medicago 
sativa 

2.17 
±0.10 

1.20 
±0.06 

1.07 
±0.06 

30.2 
±0.3 

31.5 
±0.4 

30.9 27.3 
±0.4 

33.6 
±0.9 

26.7 
±0.2 

Onobrychis 
arenaria 

5.62 
±0.3 

3.96 
±0.21 

2.33 
±0.15 

28.4 
±0.7 

31.8 
±1.3 

30.1 23.0 
±0.1 

29.0 
±0.7 

22.0 
±0.1 

Onobrychis 
viciaefolia 

6.07 
±0.07 

3.88 
±0.20 

2.75 
± 0.18 

28.4 
±0.7 

31.8 
±1.3 

30.1 23.0 
±0.1 

29.0 
±0.7 

22.0 
±0.1 

Pisum 
arvense 

5.80 
±0.20 

5.05 
±0.07 

5.01 
±0.03 

25.9 
±0.6 

26.9 
±0.4 

26.4 
 

20.5 
±1.5 

21.3 
±1.6 

19.0 
±1.1 

Vicia 
sativa 

4.65 
±0.33 

3.73 
±0.40 

_ 21.7 
± 0.3 

21.3 
±0.5 

21.5 14.5 
±0.3 

14.7 
±0.8 

14.5 
±0.3 

Vicia 
tenuifolia 

3.65 
±0.25 

3.16 
±0.04 

3.05 
± 0.05 

21.8 
±0.5 

23.5 
±1.2 

22.7 14.3 
±0.3 

15.7 
±0.5 

14.2 
±0.1 

Vigna 
radiata 

4.83 
±0.03 

4.28 
±0,06 

_ 23.2 
±0.7 

26.0 
±1.8 

24.6 15.6 
±0.3 

17.4 
±0.4 

16.0 
±0.1 

Vigna 
unguiculata 

8.00 
±0.25 

5.47 
±0.27 

4.23 
±0.03 

24.9 
±0.8 

28.3 
±1.3 

26.6 18.0 
±0.9 

18.3 
±1.2 

18.3 
±0.3 

The results obtained in this work are included 
in the results of other researches. Prina (2009) 
remarked that Crambe cordifolia fruit diameter 
was 4.0-6.5 mm. Spataro & Negri (2008) 
mentioned that Isatis tinctoria siliques length 
were 9.5-14.3 mm and siliques wing 2.5-3.7 

mm. Bojñnanský & Fargašová (2007),  
reported that seeds dimensions  of Astragalus 
galegiformis  was 3.7-3.9 mm length and   2.5-
2.7 mm width. The authors Kibar & Öztürk 
(2008) and Chhabra & Kaur (2017) present the 
following dimensional parameters soybean 
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hybrids and cultivars ℓ: b: δ ≈ (6.1-8.19): (4.5-
7.12): (4.4-6.23) mm. Ene & Mocanu (2016) 
and Togo et al. (2018) reported that alfalfa 
seeds dimensions are given ℓ: b: δ ≈ (2.00-
2.80): (1.00-1.70): (0.50-1.35) mm. Kilonzi et 
al. (2017) remarked that Lablab purpureus 
seeds is characterized by  ℓ: b: δ ≈ (9.7-10.7): 
(6.80-7.40): (5.20-5.60) mm.    
 

Table 2. The mass parameters of the studied 
Brassicaceae and Fabaceae seeds 

Species  
 

Bulk seed 
density, 
kg/m3 

Weight of 
1000 seeds 

M1000, g 
Brasicaceae 

Crambe  
cordifolia 

273.75±0.73 4.30±0.12 

Isatis 
tinctoria  

88.3±0.13 5.40±0.19 

Raphanus sativus  
var. oleifera 

738.02±1.33 9.73±0.33 

Sinapsis  
alba 

766.93±1.99 4.82±0.13 

Fabaceae 
Astragalus 
galegiformis 

802.92±3.13 10.11±0.38 

Galega  
orientalis 

784.23±3.77 6.27±0.05 

Glycine 
max 

719.29±2.44 147.2±0.44 

Lablab  
purpureus 

817.32±4.03 74.53±1.23 

Lotus    
corniculatus 

795.08±0.99 1.35±0.05 

Medicago  
sativa 

818.7±2.59 1.78 ±0.03 

Onobrychis 
arenaria 

370.8±2.76 14.63 ±0.12 

Onobrychis  
viciaefolia 

392.16±3.13 17.45±0.28 

Pisum  
arvense 

713.92±5.28 170.04±1.78 

Vicia  
sativa 

778.09±3.09 59.25±0.59 

Vicia  
tenuifolia 

824.7±2.04 21.14±0.35 

Vigna 
radiata           

790.06±3.26 59.00±0.35 

Vigna   
unguiculata 

830.00±2.76 124.07±1.85 

 
Ene & Mocanu (2016) found that seeds 
dimensions of studied Lotus corniculatus crops 
was ℓ: b: δ ≈ (1.10-1.80): (0.80-1.60): (0.70-
1.40) mm and Onobrychis viciaefolia seeds was  
ℓ: b: δ ≈ (5.00-8.20): (3.00-7.50): (2.20-4.50) 
mm. Taser et al. (2005) reported that length of 
the common vetch seeds ranged from 4.27 to 

6.29 mm, the width ranged from 3.60 to 5.49 
mm, while the thickness ranged from 3.15 to 
4.63 mm. Davies (2011) reported that Vigna  
unguiculata seeds characteristic  were ℓ: b: δ ≈ 
(9.87-15.21): ( 7.00-10.88): (5.49-8.47), M1000 = 
253.80-671.4 g, α = 24.3-29.7°. N’Danikou et 
al. (2022) found that weight of 1000 seeds 
studied genotype of legumes crops was: 90-410 
g for Glycine max, 21-75 g for Vigna radiate 
and 83-150 g for Vigna unguiculata. 
The biochemical composition, nutritive and 
energy value of the harvested green mass from 
the tested species are presented in Table 3. 
Analysing the results of the biochemical 
composition of green mass, we found that the 
dry matter of the studied species differs 
essentially in the concentration of nutrients and 
energy. The harvested green mass from studied 
Brassicaceae species is characterized by 16.1-
23.5% CP, 63.2-69.9% DMD, RFV = 117-162, 
10.21-11.20 MJ/kg ME, 5.18-6.76 MJ/kg NEl 
and from Fabaceae species 14.2-23.4% CP, 
58.4-69.5% DMD, RFV = 91-168, 9.51-11.15 
MJ/kg ME, 5.53-7.17 MJ/kg NEl. We found 
that Isatis tinctoria, Raphanus sativus var. 
oleifera, Sinapsis alba, Astragalus 
galegiformis, Galega orientalis, Vicia 
tenuifolia green mass was characterised by very 
high content of crude protein, optimal cell wall 
fractions (NDF, ADF, ADL, hemicellulose and 
cellulose), nutritional value and energy supply 
of the feed as compared with traditional fodder 
plants Lotus corniculatus, Medicago sativa, 
Onobrychis viciaefolia, Pisum arvense, Vicia 
sativa.  
The results of the estimation of fodder quality of 
green mass from studied Brassicaceae and 
Fabaceae species are given in the specialized 
literature. Thus, the Crambe cordifolia fodder has 
a content of 19.6% CP, 2.6% EE, 29.3% CF, 
36.4% NFE, 17.9% TSS, 10.5-12.1% ash, 75.0% 
DOM (Medvedev & Smetannikova, 1981; 
Vergun et al., 2018); Isatis tinctoria fodder 
20.2-24.9% CP, 3.0-4.5% EE, 12.5-32.4% CF, 
30.7-48.5% NFE, 10.8-12.5% ash (Kshnikatkina 
et al., 2005; Țîței, 2016); Raphanus sativus var. 
oleifera fodder 15.0-25.9% CP, 2.0-.5% EE, 
19.0-24.0% CF, 35.4-57.0% NFE, 14.7-23.6% 
ash (Medvedev & Smetannikova, 1981); the 
Sinapsis alba fodder contained 12.0-22.2% CP, 
1.6-3.3% EE, 19.5- 34.0% CF, 9.1-15.8% ash, 
36.4-43.3% NFE, 50.42% NDF, 43.84% ADF, 
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15.61% ADL, 6.58% HC, 28.23%Cel, 64.56% 
IVTD, RFV 101 (Medvedev & Smetannikova, 
1981; Kshnikatkina et al., 2005; Kiliç et al., 
2021);  Astragalus galegiformis fodder 17.2-
20.9% CP, 1.8-4.5% EE, 23.2-34.8 % CF, 45.6-
48.5% NFE, 4.6-8.8% ash, 11.9 MJ/kg ME 
(Kshnikatkina et al., 2005; Chibis et al., 2011;  
Teleuţă et al., 2015; Bondarchuk, 2019); 
Galega orientalis fodder 16.18-22.84% CP, 
2.95-3.90% EE, 24.58-36.85% CF, 47.50-
57.90% NDF, 28.90-43.90% ADF, 3.70-6.30% 
lignin, 10.2 % sugar, 7.51-12.48% ash, 64-82% 
DMD, RFV = 97-133, 10.2 MJ/kg ME 
(Medvedev & Smetannikova, 1981; 
Kshnikatkina et al., 2005; Teleuţă et al., 2015; 
Teleuţă & Ţîţei, 2016; Coşman et al., 2017;  
Meripõld et al., 2017;  Żarczyński et al., 2021); 
Glycine max fodder 15.3-30.1% CP, 1.1-4.4% 
EE, 31.2% CF, 45.3-66.3% NDF, 31.2-42.5% 
ADF, 5.8-8.1% lignin, 9.3% ash,  64.0-88.1% 
IVDMD, 17.5-18.1 MJ/kg GE, 11.6 MJ/kg DE 
and 9.2 MJ/kg ME (Heuzé et al., 2016b; Peiretti 
et al., 2018); Lablab purpureus fodder 18.4% 
CP, 2.6% EE, 28.2 % CF, 44.6% NDF, 32.0% 
ADF, 7.2% lignin, 8.9% sugar, 11.1% ash, 67% 
DOM, 18.2 MJ/kg GE, 11.7 MJ/kg DE and 9.2 
MJ/kg ME (Heuzé et al., 2016c); Lotus 
corniculatus 16.4-21.1% CP, 3.3-4.1% EE, 25.7-
35.7% CF, 48.3% NDF, 28.20% ADF, 9.9% 
lignin, 33.8% NFE, 4.0-6.2% sugar, 7.3-10.2% 
ash, 68.8% DOM,           9.8 MJ/kg ME 
(Medvedev & Smetannikova, 1981; 
Kshnikatkina et al., 2005; Heuzé et al., 2015; 
Teleuţă & Ţîţei, 2016; Coşman et al., 2020); 
Medicago sativa fodder 14.50-20.26% CP, 2.49-
2.90% EE, 26.70-33.31 % CF, 37.20-39.41% 
NFE, 39.90-65.50% NDF, 30.90-55.70% ADF, 
7.6% lignin, 7.02-11.50% ash, 68.50% % DOM, 
18.1 MJ/kg GE, 11.9 MJ/kg DE and 9.4 MJ/kg 
ME (Medvedev & Smetannikova, 1981; 
Gryazeva, 2005; Kshnikatkina et al., 2005; 
Stavarache et al., 2015; Heuzé et al., 2016a; 
Teleuţă & Ţîţei, 2016); natural sand sainfoin 
fodder 16.7-20.6% CP, 2.3-4.2% EE, 21.5-30.2% 
CF, 46.70% NDF, 31.7% ADF, 4.8% lignin, 
35.6-46.0% NFE, 10.0% sugar, 26.9% Cel, 
15.0% HC, 6.0-8.8% ash, 67.7% DMD,  12.5 
MJ/kg DE, 10.28 MJ/kg ME, 6.56 MJ/kg NEl, 
RFV= 127 (Gryazeva, 2005; Dronova et al., 
2016; Teleuţă& Ţîţei, 2016; Demydas et al., 
2019; Heuzé et al., 2016; Ţîţei, 2021); 
Onobrychis viciifolia contained 15.3-20.8% 

CP, 1.9-3.6%EE, 6.4-8.0 % ash, 21.2-
33.9%CF, 39.4-47.4% NFE, 30.78 % ADF, 
39.80 % NDF, 10.2 MJ/kg ME (Medvedev & 
Smetannikova, 1981; Kshnikatkina et al., 2005; 
Okcu & Şengül, 2014; Dronova et al., 2016; 
Teleuţă & Ţîţei, 2016; Demydas et al., 2019); 
Pisum arvense 10.2-16.9% CP, 38.1-44.1% 
NDF, 27.6-34.9% ADF, 9.1-11.6% ash, 61.7-
67.4% DMD, RFV=131-166 (Ates, 2012; Cacan 
et al., 2019); Vicia sativa forage contained 
21.5% CP, 31% NDF, 22% ADF, 60% 
IVDMD, but Vicia villosa ssp. dasycarpa 
16.5% CP, 40% NDF, 31% ADF, 46% 
IVDMD (Ates et al., 2013); Vicia tenuifolia 
harvested in small pod stage contained 20.97% 
CP, 1.48% EE, 31.19% CF, 39.50% NFE, 
6.86% ash and 51.83 mg/kg carotene (Maevsky 
et al., 2013).  
Biomass play an important role in terms of 
energy supply and positive environmental 
effects. The valorification of phytomass 
substrate through anaerobic digestion is carried 
out in biogas generators with a wide variety of 
microorganisms, resulting in methane gas as a 
fuel for the production of heat and electricity 
and carbon dioxide, and the digested residue is 
rich in macro- and micronutrient and it is 
widely used in production farms as a fertiliser 
in organic farming. Many microorganisms 
promote a number of chemical processes in 
converting the biomass to biogas. The quality 
of feedstock for biogas production depends on 
the nutrient composition and on how accessible 
it is to enzymes and microbes (Vintilă & Neo, 
2011; Dandikas et al., 2015). The carbon to 
nitrogen ratio constitutes a basic factor 
governing the correct course of methane 
fermentation. It is a commonly known fact that 
methanogenic bacteria need a suitable ratio of 
carbon to nitrogen for their metabolic processes, 
ratios higher than 30:1 were found to be 
unsuitable for optimal digestion, and ratios lower 
than 10:1 were found to be inhibitory, because of 
low pH, poor buffering capacity and high 
concentrations of ammonia in the substrate. 
The results regarding the biochemical 
biomethane production potential of investigated 
Brassicaceae and Fabaceae substrates are 
shown in Table 3. The carbon to nitrogen ratio 
falls within the established norms, ranged from 
13 to 22. Petcu et al. (2022) found that in 
winter peas herbage C/N=9.24-12.63. 
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Essential differences were observed between 
concentrations of hemicellulose and acid 
detergent lignin. The Raphanus                                            
sativus, Astragalus galegiformis, Galega                         
orientalis substrates had low concentration of 
acid detergent lignin. The biochemical methane 
potential of the tested Brassicaceae substrates 
ranges from 32 l/kg (Crambe                               
cordifolia) to 379 l/kg (Raphanus                                            
sativus) and in Fabaceae substrates ranges 
from 305 kg (Pisum arvense) to 377 l/kg 
(Astragalus galegiformis).   
Data on biomethane production potential are 
presented in other publications. The Isatis 
tinctoria substrate has a potential of 153- 245 
l/kg (Carchesio et al., 2014; Țîței, 2016), 
Raphanus       sativus substrate 297-474 l/kg 
(Molinuevo-Salces et al., 2013; Ahlberg& 
Nilsson, 2015), Sinapsis alba substrate - 251-
379 l/kg (Molinuevo-Salces et al., 2013), 
Medicago sativa substrat 120-270 l/kg (Wang 
& Schmidt, 2010; Teleuţă & Ţîţei, 2016; 
Hunady et al., 2021), Glycine max substrat - 
266 l/kg (Morozova et al., 2020), Onobrychis 
sp. substrates 140-277 l/kg (Teleuţă & Ţîţei, 
2016; Hunady et al., 2021). Pabón-Pereira et al 
(2020) reported that biochemical methane 
potential was 290 l/kg ODM in Vicia sativa 
substrates, 370 l/kg ODM in Pisum sativum 
substrates and 350 l/kg ODM in Vicia faba 
substrates 350 l/kg ODM. Wang& Schmidt 
(2010) reported that methane potential of vetch 
substrate achieved 320 L/kg VS.  
 
CONCLUSIONS 

 
The seeds characteristic of the studied 
Brassicaceae species was: ℓ: b: δ ≈ (1.98-
12.60): (1.67-3.67): (1.63-2.05) mm, the angle 
of repose 𝛼𝛼𝛼𝛼=24.6°-30.6° and the flow angle on 
steel is 𝛼𝛼𝛼𝛼1=15.8°-31.7°, on wood 𝛼𝛼𝛼𝛼1=18.1°-
37.3° and on enamelled surface 𝛼𝛼𝛼𝛼1=15.3°-
30.5°; M1000 = 4.30-9.73 g and bulk seed 
density 88.3-766.9 kg/m3.  
The seeds characteristic of the studied 
Fabaceae species was ℓ: b: δ ≈ (1.53-8.00): 
(1.20-5.47): (1.47-5.01) mm; the angle of 
repose 𝛼𝛼𝛼𝛼=21.5°-33.0°, flow angle on steel is 
𝛼𝛼𝛼𝛼1=14.3°-27.7°, on wood 𝛼𝛼𝛼𝛼1=14.7°-29.8° and 
on enamelled surface 𝛼𝛼𝛼𝛼1=14.2°-27.3°; M1000 = 
1.35-170.04 g and bulk seed density 370.8-
830.0 kg/m3.  

The harvested green mass from studied 
Brassicaceae species is characterized by 16.1-
23.5%CP, 63.2-69.9% DMD, RFV=117-162, 
10.21-11.20 MJ/kg ME, 5.18 -6.76 MJ/kg NEl 
and from Fabaceae species 14.2-23.4%CP, 
58.4-69.5% DMD, RFV=91-168, 9.51-
11.15MJ/kg ME, 5.53-7.17 MJ/kg NEl.  
The biochemical biomethane potential from 
Brassicaceae species vegetal substrates varied 
from 349 to 379 L/kg of organic matter and 
from Fabaceae species from 305 to 377 L/kg 
of organic matter. 
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