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ABSTRACT 

 Considering the limitations of traditionally cultivated crops, it is necessary to introduce various new and non-traditional crops to 
be grown in low productive farms, to restore degraded and desertified community lands. They can eventually be used as green fodder, or as 
substrate for biomethane production. The species of the family Malvaceae: Malva meluca and Malva crispa grown in monoculture on 
experimental land in the National Botanical Garden (Institute) of Moldova served as subjects of the research, and the traditional crops – 

Medicago sativa and Onobrychis viciifolia were used as controls. The studied Malva species were characterised by high growth and 
development rates, they reached 1.9 - 2.5 m in height and the fresh mass productivity was 2.83 - 3.98 kg/m2 with moderate content of leaves 
(1st mowing). The fodder value of 100 kg of fresh mass of studied Malva species was 15-16 nutritive units and 159-162 MJ metabolizable 
energy, a nutritive unit contained 154-191 g digestible protein, but the controls – 156-164 digestible protein, respectively. Malva fodder is 
good source of calcium, magnesium, potassium, zinc and copper.  The production potential of biochemical methane from the studied Malva 
species can reach 236-237 l/kg organic matter.  
 
 Key words: agrobiological peculiarities, production potential of biochemical methane, fodder value, Malva crispa, Malva meluca   

 

Introduction 

Population growth and industrial 
development make it necessary to identify new 
sources to overcome some of the most pressing 
global issues: food and energy security. Considering 
the limitations of traditionally cultivated crops, it is 
necessary to mobilize and acclimatize various new 
and non-traditional species that can be grown in low 
productive farms and can be used to restore 
degraded and desertified community lands.  

The family Malvaceae Juss., according to 
The Plant List (2013), consists of 245 plant genera 
and at least 4 465 species, distributed almost all over 
the world and particularly abundant in tropics. The 
members of the family Malvaceae, in terms of habit, 
range from herbs, subshrubs, shrubs, trees and even 
woody climbers. Plants belonging to Malvaceae 
family are used as food to produce beverages, for 
fibre, for their ornamental value and also for their 
medicinal value. Besides, some of the economically 
important species have been introduced and 
cultivated in different parts of the Earth. 

The genus Malva contains 29 species. Since 
the beginning of the XX century, Malva species 
have been used as feed for animals. The first 
experiments to determine the nutritional value and 
digestibility of nutrients of Malva sp. were carried 
out on pigs and ruminants in Germany in 1936-1938, 
and good results were obtained (8,10). In the former 

USSR, the study of fibrous and fodder Malva plants 
was carried out in the 1930s. The most valuable 
species are Malva meluca Graebn. ex P.Medw., 
Malva crispa L., Malva pulchella Bernh., Malva 

verticillata L. – annual, monocarpic, herbaceous 
plants, native to East Asia. The stem is straight, with 
a height of 150-250 cm. The base is almost 
cylindrical, with a diameter of 8-30 mm. On the 
main stem, there are from 20 to 45 knots and from 5 
to 30 lateral shoots at the time of the first harvest. 
Malva sp. propagates exclusively by seed, and the 
seeds are characterized by low germination if not 
scarified and persist in the soil for a long time (5, 12, 
13, 14).  
        In the “N.N. Grishko” National Botanical 
Garden of the National Academy of Sciences of 
Ukraine, the biological basis for the introduction and 
cultivation of mallow was developed, besides, 
highly resistant cultivars based on these species and 
their hybrids (Malva meluca x Malva crispa, Malva 
pulchella x Malva crispa, Malva meluca x Malva 
pulchella) were created. These cultivars are 
characterized by high yield of green mass – from 40 
to 100 t/ha and seed yield from 1.23 to 2.13 t/ha, and 
valuable chemical composition of dry matter with 
12.1-25.6 % protein and 181.7-353.0 mg% Vitamin 
C(16,17). 

A study on Malva crispa stored as silage 
has also been undertaken in Belgium (3), and a study 
on the evolution of the chemical and morphological 
composition of Malva verticillata, its nutritional 
value – in France (2).      
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Malva crispa powder fat-soluble extract 
revealed inhibitory effects on the growth and 
proliferation of human hepatoma and gastric cancer 
cells (6). 

A fibre obtained from mallow stems is a 
jute substitute for making strings, twines. The 
mallow seeds contain up to 20 % semidrying oil, 
they are used as cattle feed and for making soap 
(13). 

In modern nomenclature databases (The 
Plant List, 2013) the names Malva crispa and Malva 

meluca are reduced to synonyms for the name Malva 

verticillata.   
Malva crispa and Malva meluca were 

introduced in Moldova from Ukraine in the 1960s 
(15).  

In recent years, special attention has been 
paid, globally and locally, to the use of renewable 
energy sources. For our region, the production and 
the use of biomass in the production of second-
generation fuels (biomethane, cellulosic ethanol) are 
a priority. The use of the biomass of some Malva 
species for energy purposes has been mentioned in 
studies carried out in the Czech Republic, Germania, 
Latvia and Ukraine (4,7,17).  

The objective of this research was to evaluate 
some biological peculiarities, the biochemical 
composition of new cultivars of Malva crispa and 

Malva meluca and the possibility to use their biomass as 
fodder for animals and as substrate for the production 
of biomethane in the Republic of Moldova. 

 
Materials and methods 

The cv. Rada of Malva crispa and cv. 
Kormela of Malva meluca, obtained by Prof. 
Rakhmetov D.B, head of the Department of New 
Crops, “N.N. Grishko” National Botanical Garden of 
the National Academy of Sciences of Ukraine, which 
were cultivated in the experimental plot of the 
“Alexandru Ciubotaru” National Botanical Garden 
(Institute) of Moldova  served as subjects of the 
research, and the traditional crops Medicago sativa 

and Onobrychis viciifolia were used as controls. 
The fresh mass of Malva crispa and Malva 

meluca, was mowed for the first time in late June, 
the controls Medicago sativa and Onobrychis 

viciifolia in the second year of growth – at the end of 
May. The dry matter or total solid (TS) content was 
detected by drying samples up to constant weight at 
105 °C; crude protein – by Kjeldahl method;  crude 
fat – by Soxhlet method; crude cellulose – by Van 
Soest method;  ash – in muffle furnace at 550 °C; 
nitrogen-free extract (NFE) was mathematically 
appreciated, as difference between organic matter 
values and analytically assessed organic compounds; 

organic dry matter, or volatile solids (VS), was 
calculated through differentiation, the crude ash 
being subtracted from dry matter. The macro and 
micro element content of biomass was determined 
using standardized methods. The biogas and 
biomethane, litre per kg of volatile solids (L/kg VS), 
were calculated using the gas forming potential of 
nutrients according to Baserga (1) and the digestible 
index of nutrients. 

Results and discussions 

We could mention that, under the climatic 
conditions of the Republic of Moldova, the mass 
emergence of the seedlings of Malva crispa and 

Malva meluca occurred in 7-9 days after sowing, the 
cotyledons appeared at the surface of the soil. During 
the first month after the emergence of seedlings, the 
root system developed more intensively. The daily 
growth of the main root during this period was from 
1.2 to 1.5 cm, the lateral roots appeared 6-7 days after 
emergence, when the length of the main root was 10-
15 cm. The root system of the studied mallows, the 
taproot, was strong, well developed, penetrating to a 
depth of up to 220 cm, developed 35-80 lateral roots of 
the first order, due to which the plants were resistant to 
flattening and unfavourable weather conditions (heavy 
rains, wind). They very effectively used the nutrients 
from the soil, especially below the arable layer. It has 
been established that in 8-10 days after the emergence 
of the shoots, the first real leaf formed on plants, in 2-3 
days, a new leaf developed, and on the 20th day, the 
formation of the stem began. Soon, the growth of the 
aboveground part of the plant slowed down, after it 
reached 20-35 cm in height, and branching began. On 
the main stalk, which was 200-270 cm high, there were 
from 20 to 45 nodes and from 5 to 30 lateral shoots of 
the first order. A more intensive growth of plants was 
observed starting with the budding stage; they grew by 
5-7 cm per day. The investigated mallows bloomed 65-
75 days after emergence, the flowers of these plants 
were small, numerous, located by 3-10 pieces in the 
axils of the leaves, forming whorls. The flowering 
lasted 12-25 days. The flowers in the lower whorls 
bloomed first. The maturation of seeds began 45-53 
days after the beginning of flowering in the lower tier, 
and in the upper tier 113-144 days after emergence. 
Fruit – capsule, consisting of 10-12 transversally 
wrinkled seeds. The ripe seeds were likely to fall off. 

There are several differences between the 
studied mallow species. Malva meluca is 
characterised by higher growth rate, the stem is 
smooth, slightly curved at the nodes, strongly 
branched, the leaves are heart-shaped, dark green, on 
short petioles, larger, and the seeds are light brown, 
smaller. As for Malva crispa, the stem is slightly 
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pubescent with scattered hairs, irregularly rounded, 
slightly branched, the leaves are hollow, light green, 
5-lobed, wavy (curly) at the edges, serrate, on long 
petioles, the seeds are brownish, with blunt edges. 
The fresh mass yield at the first cut of Malva crispa 
reached 3.98 kg/ m2, but Malva meluca - 2.83 kg/ m2. 

The harvested fodder Malva meluca was poorer in 
leaves, but richer in dry matter. 

The content of dry matter is an important 
indicator in the evaluation of feed quality. Analyzing 
the results of the determination of the dry matter 
from the harvested fresh mass of the studied Malva 

species and its biochemical composition, we saw 
that it differed from Medicago sativa and 

Onobrychis viciifolia (tab.2). The harvested mass of 
the studied Malva species was characterized by low 
content of dry matter (186.0-200.8 g/kg). The 
protein content is the most important and 
quantitatively major component of all organisms 
and, as such, it is a prerequisite of all life; its content 
is one of the basic parameters that characterize 
quality of forage. The amount of protein in the 
harvested green mass of Malva species varied from 
156.7 to 191.1 g/kg, in comparison with 170.3-

174.4 g/kg in the traditional fodder crops. We can 
state that the dry matter of Malva crispa had high 
content of protein.  

Malva crispa and Malva meluca are 
characterized by lower fat level, optimal content of 
crude cellulose and high amount of minerals in 
comparison with the control crops. It was found that 
the fodder of Malva meluca contained a high amount 
of nitrogen free extract (40.66 %) as compared with 
Malva crispa, but about the same amount of 
minerals. Similar results were presented by other 
authors. In the conditions of the northern zone of 
Moldova, depending on the level and type of soil 
fertilization, the productivity of Malva crispa 
increased and the chemical composition of the 
fodder changed: 17.94-22.90 % protein, 2.43-3.48 % 
fats, 22.44-28.32 % nitrogen free extract and 9.23-
13.84 % ash (15). In Russia, it was found that the 
dry matter content of the green fodder of Malva 

meluca was 12.8-21.2 %, 16.8-26.8 % raw protein, 
2.3- 4.5 % raw fats, 21.1-26.7 % raw cellulose, 8.1-
16.9 % minerals, 31.7- 41.2 % nitrogen free extracts, 
26-68 mg/kg carotene and 297 mg/kg ascorbic acid 
(12,14).  

 
Table 1 - Biochemical composition, nutritive and energy value of the studied Malva species 

Indices 
Medicago 

sativa 
Malva 

crispa 

Malva 

meluca 

Onobrychis 

viciifolia 

 

Raw protein, % d.m.                       
Raw fats, % d.m.              
Raw cellulose, % d.m.    
Nitrogen free extract, % d.m. 
Minerals, % d.m.    
Nutritive units/ kg f.m.   
Metabolizable energy, MJ/kg 
f.m.   
Dry matter, g/kg f.m.   
Digestible protein, g/kg f.m.         
Digestible protein, g/ nut. unit 

17.03 
2.30 

33.31 
39.41 
8.01 
0.21 
2.28 

263.70 
34.50 

164.29 

19.11 
2.15 

32. 00 
34.74 
12.01 
0.15 
1.59 

186.00 
28.44 
191.00 

15.67 
2.07 

30.07 
40.66 
11.53 
0.16 
1.72 

200.80 
25.18 

154.20 

17.44 
3.39 

33.50 
39.43 
6.24 
0.23 
2.86 

274.00 
35.87 
156.00 

 
Table 2 - The content of Minerals in fodder of the studied Malva species (per kg dry matter) 

Amino acids 
Medicago 

 sativa 
Malva  

crispa 
Malva  

meluca 

Onobrychis 

viciifolia 

 

Calcium, g  
Phosphorus, g  
Magnesium, g  
Potassium, g  
Sodium, mg 
Iron, mg  
Manganese, mg  
Zinc, mg  
Copper, mg 
Strontium, mg 

16.94 
4.42 
2.71 

15.38 
349.50 
250.83 
50.90 
22.37 
7.00 

49.77 

22.70 
6.88 
3.85 

32.00 
640.8 
144.2 
56.60 
73.42 
7.74 

46.99 

31.80 
4.88 
4.70 

25.50 
146.40 
213.60 
77.26 
57.47 
6.78 

65.96 

11.20 
7.53 
3.28 

15.17 
366.20 
343.20 
91.55 
26.15 
6.75 

34.53 
 



16 
 

The forage contains minerals in variable 
quantities, regarding the type of the elements and the 
proportion between them and other chemical  

 
compounds. Minerals are essential components of all 
tissues and organs that maintain a constant osmotic 
pressure, participate in the regulation of the acid-
base balance, activate a number of enzymes, 
moderate neuromuscular activities and prevent the 
emergence and the development of diseases in 
animals. The presence of minerals in animal feed is 
indispensable for their growth and health (9). 

The content of mineral elements in Malva 
fodder is variable, depending on species (tab.2). The 
content of calcium and potassium in Malva samples 
was very high (22.70-31.80 g/kg and 25.50-
32.00 g/kg, respectively). Calcium was the most 
abundant element in Malva meluca, but potassium in 

Malva crispa. Magnesium is an essential element, 
and the effects of its deficiency in plants, animals, 
and humans are known with typical symptoms. 
There is recent evidence suggesting that magnesium 
may play a major role in coordination with 
metabolism control and growth in animal cells. The 
species Malva meluca and Malva crispa are 
characterised by higher content of magnesium in 
comparison with controls. Malva crispa biomass has 
high content of phosphorus in comparison with 
Medicago sativa, but low – in comparison with 
Onobrychis viciifolia. 

The role of sodium is still not clearly 
understood in plant physiology, but there is some 
evidence suggesting that Na might be a beneficial 
micronutrient. Sodium is the chief cation of blood 
plasma and other extracellular fluids of the body; it 
plays an important role in the transmission of nerve 
impulses and in the absorption of sugars and amino 
acids from the digestive tract. The content of sodium 
in Malva crispa was very high (640.8 mg/kg), but 
reduced in Malva meluca biomass (146.40 mg/kg). 

Iron is an essential component of catalase, 
peroxidase and cytochrome oxidase; it plays 
important roles in oxidative stress. This mineral is 
also required for the production of red blood cells. In 
the course of our research, we found that iron 
concentration in the examined Malva sample was 
144.2-213.60 mg/kg, lower in comparison with 
traditional fodder crops. The suggested Fe 
requirement for animals ranges between 30 and 
100 mg/kg and the maximum tolerable level for 
cattle is 1000 mg/kg (11). 

Manganese is an important element from 
the point of view of biochemical activity, since it 
associates with an antioxidant enzyme superoxide 
dismutase (Mn-SOD). Malva biomass accumulated 

the highest amount of manganese (56.60-77.26 
mg/kg) in comparison with Medicago sativa, but lower 
– in comparison with Onobrychis viciifolia. 

Zinc is a trace element that is a central 
component of metalloenzymes, lactate 
dehydrogenase, carboxypeptidase and DNA and 
RNA polymerases. The range of zinc in the 
examined Malva plants was found to be 57.47-
73.42 mg/kg, very high level in comparison with the 
traditional fodder crops. The maximum tolerable 
zinc amount was as 500 mg/kg for cattle, or about 10 
times the NRC requirement (11). 

Copper plays a very important role in the 
biochemistry of all living organisms and affects the 
activity of enzymes as a cofactor or as a fundamental 
structure of many metalloenzymes as superoxide 
dismutase, ceruloplasmin, lysyl oxidase, cytochrome 
oxidase and tyrosinase. Therefore copper is essential 
for cellular respiration, free radical defense, function 
of neurotransmitters and tissue biosynthesis. The 
copper content varied between 6.78 and 7.74 mg/g. 
Malva meluca has about the same copper 
concentration as traditional fodder crops. The 
maximum tolerable level for copper is 40 mg/kg, or 
about four times the NRC requirement (11).  

Strontium is a microelement accompanying 
calcium in geochemical and biogeochemical 
processes. It is an important element contributing to 
the formation of bone tissue. However, despite the 
weak toxicity of Sr compounds, the high content of 
this trace element in the environment is a risk factor 
of several pathologies, including chondro-
osteodystrophy, strontium rickets, and bone 
friability. Dwarfism and skeleton deformity are 
observed in animals and humans. In the present 
study, Malva meluca accumulated the highest 
amount of strontium (65.96 mg/kg), being in direct 
correlation with the high calcium content 
(32.00 g/kg). The Malva crispa species have about 
the same strontium content as Medicago sativa, but 
high – in comparison with Onobrychis viciifolia. 

The maximum tolerable strontium amount is 
2000 mg/kg(11). 
       The organic matter content, its biochemical 
composition and digestibility determine the forage and 
energy value of the studied Malvaceae species. 
According to the mentioned indices, the natural 
fodder of the studied Malvaceae species had lower 
forage value (0.15-0.16 nutritive units/kg and 1.59-
1.62 MJ/kg) in comparison with the control crops 
Medicago sativa and Onobrychis viciifolia, because 
of the low content of dry matter. Thus, if we 
compare the forage value, 100 kg of dry matter of 
Malva crispa contain 80 nutritive units, 857 MJ/kg 
metabolizable energy and 15.29 kg digestible 
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protein; Malva meluca – 81 nutritive units, 
855 MJ/kg metabolizable energy and 12.54 kg 
digestible protein; Medicago sativa contains 80 
nutritive units, 865 MJ/kg metabolizable energy and 
13.81 kg digestible protein, and Onobrychis viciifolia 

– 83 nutritive units, 1044 MJ/kg metabolizable 
energy and 13.09 kg digestible protein, respectively. 

Biogas is a product of anaerobic 
fermentation of organic products. Among the fuels 
from plant biomass, biogas has a great importance 
and can successfully replace fossil fuels for 
obtaining electric power and heat. The quantities of 
biogas and the methane content depend mainly on 
carbohydrates, fats and proteins, biodegradability and 
ratio of carbon and nitrogen (C/N)   from the substrate. 
Analyzing the results of the determination of the 
organic dry matter of the studied Malva species, its 
biochemical composition and digestibility, we see 
how it differs from Medicago sativa and Onobrychis 

viciifolia (Table 3). It has been found that the 
harvested green mass of the annual Malvaceae 
species is characterized by a low content of organic 
substances (879.9-884.7 g/kg d.m.). 

The gas forming potential of digestible 
organic dry matter from Malva substrate was 425 
l/kg. The calculated methane content in the biogas 
ranged from 55.3 to 55.8 %. Malva meluca and 
Malva crispa substrates had lower gas forming 
potential in comparison with Medicago sativa and 
Onobrychis viciifolia, being directly proportional 
with the amount of digestible organic dry matter.  

The average methane yield of malva and 
maize silage was 412· l/·kgVS and the average 
methane content was 56.13 %, but the average 
methane yield of malva and sunflower silage was 
389·l/·kgVS and the average methane content was 
58.18 % (4). 
 

                    

Table 3 - The gas forming potential of the digestible organic matter of the studied Malva species 
                         

Indices Medicago  

sativa 
Malva  

crispa 
Malva 

 meluca 

Onobrychis 

viciifolia 
 

Organic dry matter (ODM ), g/kg 
Digestible ODM, g/kg  
Digestible proteins, g/kg 
Digestible fats, g/kg 
Digestible carbohydrates, g/kg  
Biogas, l/kg ODM 
Biomethane, l/kg ODM 
Methane, % 

919.9 
584.7 
129.8 
10.6 

444.3 
454 
248 
54.6 

879.9 
548.8 
152.3 
14.0 
381.2 
425 
237 
55.8 

884.7 
552.4 
125.4 
13.5 

413.5 
425 
236 
55.3 

916.5 
598.9 
164.7 
27.2 
407.0 
471 
266 
56.4 

                  

Conclusions 

1. The studied Malva species and the traditional 
fodder crops Medicago sativa and Onobrychis 

viciifolia differ in the rates of growth and 
development, productivity and chemical 
composition of the harvested mass, this fact can help 
provide fresh and diversified fodder for livestock 
during a long period. 
2.  The optimal amount of protein and the high 
quantity of calcium, magnesium, potassium, zinc 
and copper in the dry matter of the studied Malva 

species indicate that these crops can establish 
reasonable nutrient levels for livestock feeds, 
replacing the chemicals commonly used on farms. 
3. The gas forming potential of digestible organic 
matter from Malva meluca and Malva crispa 
substrate reach 425 l/kg. The calculated methane 
content in the biogas ranged from 55.3 to 55.8 %. 
The best production potential of biochemical 
methane was achieved by Malva crispa. 
4. The species Malva meluca and Malva crispa may 
serve as feed for livestock, rich in protein and 

minerals, but also as feedstock for biogas production 
in Moldova.  
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