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Abstract
The subject of this paper is improvement in the growth and yield of three different types of 
legumes and rape in drought conditions by coating seeds with hydrolysed collagen from 
tanning waste. In addition, the impact of various additives in the seed shell on the growth 
of the plant was investigated. The encapsulation process of seeds was conducted on a disc 
granulator. A centrally placed seed was first coated with a layer of fungicides. The next layer 
was collagen hydrolysate, collagen hydrolysate with latex or a solution of yellow dextrin and 
polyvinyl alcohol. The outer layer was a mineral additive e.g. dolomite or kaolin. After the 
end of the encapsulation process on the disk granulator, all of the seeds tested were sown 
into soils. Seeds without coating were also sown as control seeds. Seedlings were maintained 
for 29 days with cultivation without irrigation. The length of the seedlings was analysed 
for all of the seeds sown. Higher seedling growth values were obtained for seeds coated 
with collagen hydrolysate in comparison with control seeds (without coating). The use of 
collagen hydrolysate gave slightly better results than in the case of a solution of dextrin 
with polyvinyl alcohol. 
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	 Introduction

The foremost grain legume species con-
tributors to human nutrition are the soy-
bean (although the species is often clas-
sified for statistical purposes as an oil 
crop), common bean, chickpea, bean and 
pea [1-3]. Among crop plants, legumes 
have great potential as a protein produc-
tion platform because of their naturally 
high protein content, nutritional value, 
independence of N-nutrition, pollen 
containment, availability of processing 
technology, storage stability, etc. [4]. In 
addition, proteins from legume seeds 
have been widely studied as regards their 
functional and bioactive properties, im-
portant for novel food development and 
for human health [5-8]. Oilseed rape has 
become one of the most important oil 
crops within the last decades. The main 
reason behind this trend is its multifunc-
tional usage [9]. Unfortunately, crop 
losses due to drought and soil salinity are 
becoming increasingly severe and com-
monplace. Drought, one of the environ-
mental stresses, is the most significant 
factor restricting plant growth and crop 
productivity in the majority of agricultur-
al fields in the world [10]. Water scarcity, 
declining quality of water for irrigation, 
and soil salinity are problems which are 
becoming more and more acute [11, 12]. 

The coating technique can be used to 
cover the seeds of agricultural products 
with the objective of achieving the ad-
herence of macro and micronutrients, 
inoculants (bacteria) and fungicides to 
their surface or modifying their format 
and size with inert material [13-16]. 

Seed coating is a mechanism involving 
the application of necessary materials in 
such a way that they affect the seed or 
soil at the seed–soil interface. Coating 
can protect the seed from many kinds 
of diseases and pests [17]. Seed-coating 
agents are widespread and used in crop 
protection [18, 19]. In the previous pa-
per, we found that it is possible to form 
a collagen-based seed coating using 
a disk granulator. Preliminary studies 
also confirmed that the addition of col-
lagen hydrolysates during the process of 
pea encapsulation improves the growth 
of seedlings [20, 21]. A collagen-based 
product used to coat the surface was first 
produced and used in the EU and Russia. 
Importantly, processing collagen-based 
materials into valuable materials for ag-
riculture will help solve the problem of 
solid waste generated by the leather in-
dustry. The fibre and textile industry is 
a diverse sector that covers the entire 
production chain of transforming natural 
and chemical fibres into end-use products 
[22]. Tannery waste with the addition of 
relevant mineral substances may then be 
used for the production of leathery mate-
rials, composition leather, and composite 
materials based on fragmented collagen 
fibres [23-26].

The subject of this paper is improvement 
in the growth and yield of three different 
types of legumes (peas, soybean, broad 
bean) and rape in drought conditions by 
coating seeds with hydrolysed collagen 
from tanning waste. In addition, the im-
pact of various additives in the seed shell 
on the growth of the plant was investi-
gated.
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	 Materials and methods
The research was conducted with three 
legumes cultivars (peas, soybean and 
broad bean) and rape grown in laboratory 
conditions at the Łukasiewicz Research 
Network – Institute of Leather Industry. 
These grains were purchased from Plant 
Breeding Strzelce Sp. z o.o. (Poland) 
and Plant Breeding Smolice Sp. z o.o. 
(Poland) IHAR Group. The germination 
capacity of the seeds of pea, soybean, 
broad bean and rape was 97%, 83%, 98% 
and 93%, respectively. Seedlings were 
maintained for 29 days with cultivation 
without irrigation. 

The bovine shavings used as raw mate-
rial showed the typical characteristics of 
semi-finished leather: moisture 51%, to-
tal ash 8.6%, total nitrogen 16.5%, chro-
mium oxide 4.4%, and pH of aqueous 
extract 4.2. Collagen hydrolysates were 
obtained for the tests in various process 
conditions (Figure 1). On the basis of the 
results obtained, one preparation was se-
lected that was characterised by the best 
properties in terms of its use in agricul-
ture. 

Characterisation of the collagen hydro-
lysates was performed by means of clas-
sical analyses, e.g. dry substance, total 
ash, total nitrogen, dermic substance, 
aminic nitrogen and pH. An HPLC 
(Prominence-i LC-2030C 3D, Shimadzu, 
Japan) with DAD detector (Diode Array 
Detector) was used for qualitative and 
quantitative determination of amino-ac-
ids. An AccQ·Tag amino acid column 

Nova-Pak C18, 4 μm (150 × 3.9 mm) 
and AccQ · Tag Reagent Kit from Waters 
were used. The column was thermostated 
at 37 °C, and 10 μl was the injection vol-
ume. The best gradient separation pro-
gramme was as follows: 0 min, A 100%, 
B 0%; 0.5 min, A 98%, B 2%; 15 min, 
A 93% B 7%; 19 min, A 70%, B 30%; 
32 min, A 67%, B 33%; 33 min, A 67%, 
B 33%; 34 min, A 0%, B 100%; 37 min, 
A 0%, B 100%; 38 min, A 100%, B 0%; 
64 min, A 100%, B 0% (A-prepared 
from Waters AccQ·Tag Eluent A, B-pre-
pared with 60% acetonitrile with water). 
The chromatography of the amino-acid 
composition was performed for the col-
lagen preparation and for encapsulated 
seeds, selected at random.

The encapsulation process took place 
at the laboratory of the Lodz University 
of Technology using a disk granulator 
[27-29] at optimum process conditions. 
Basic elements may be distinguished in 
the design of the granulator used for the 
granulation tests described: the granula-
tor disk, the electric motor with rotation-
al speed regulation and the granulated 
deposit moistening system. A binding 
liquid is fed directly onto the granulated 
material using spraying nozzles. A pre-
cise description of the process parame-
ters and the test station are provided in 
[30, 31]. The individual layers of the 
coating were formed in a specific order. 
A centrally placed seed was first coated 
with a layer of fungicides. The process 
of seed coating usually involves the use 
of adhesives to bind materials to the sur-
face of seeds. Such procedures are ade-

quate for about 90% of small seed spe-
cies [32]. Therefore, the next layer was 
collagen hydrolysate (clear, yellow liq-
uid, density 1.1125 g/ml, water content 
67.19%, pH 7.5) or a solution of yellow 
dextrin and polyvinyl alcohol. Dextrin 
was used as a classical encapsulation ref-
erence liquid [33]. The outer layer of the 
coating was a mineral additive fostering 
germination (dolomite and kaolin, size of 
grains < 250 µm). 

Dolomite flour (magnesium – calcium 
carbonate) and kaolin were chosen as 
typical fine grained materials [34-36]. 
What is more, encapsulation using latex 
(CAS: 25085-39-6) was attempted, as 
latex is considered a material improving 
the stability of a collagen preparation 
[37, 38]. The formulation was devel-
oped in collaboration with Pestila II sp. 
z o.o. S.k. After the end of the encapsu-
lation process in the disk granulator, all 
of the seeds tested were sown into soils 
(sowing in stable climatic conditions, 
without access to water). Seeds without 
coating were also sown as control seeds. 
The growth was observed for 29 days. 
The length of the seedlings was analysed 
for all of the seeds sown and compared in 
terms of the impact of having a coating 
and using additives in the coating on the 
plants’ growth. 

	 Results and discussion
Seeds are usually coated for ease of han-
dling, singulation, precise placement, 
and the incorporation of beneficial chem-
icals or microbials. Quality demands for 

Figure 1. Diagram of the production of the individual collagen preparations.
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seeds suitable for coating have improved 
knowledge of physiological seed quality. 
The incorporation of nutrients into seed 
coatings provides a unique opportunity 
to supply each seedling sown with an ac-
curately controlled quantity of nutrients 
that may be preferentially available to the 
species sown [39]. The solution proposed 
is to increase the yield of various legume 
species using by-products of the leather 
industry.

The parameters of collagen hydrolysates 
obtained from tanning waste are listed in 
Table 1. A CHR1AEC collagen prepara-
tion was used for coating, since it has op-
timum parameters in terms of the proper-
ties of the binding liquid in encapsulation 
processes. 

Table 2 contains chromatography results 
of the amino-acid composition of the 
collagen preparation. By comparing the 
retention times of chromatography peaks 
of the sample tested with those of ami-
no-acids present in the standard, 7 ami-
no-acids were identified, i.e. glutamic 
acid, arginine with NH3, alanine, proline, 
leucine, lysine and hydroxyproline. 

Thus, the presence of small, free ami-
no-acids in the collagen hydrolysate was 
confirmed. This is beneficial as coating 
containing collagen will constitute a val-
uable source of nutrients necessary for 
plant growth. Significantly, the specific 
amino-acids of collagen, such as proline 
and hydroxyproline, act mainly as a hy-
dric balance of the plant, strengthening 
the cellular walls in such a way that they 
increase resistance to unfavourable cli-
matic conditions [40]. Collagen hydro-
lysates with an average molecular weight 
below 13000 Dalton, with large polydis-
persity, contain peptides, olygopeptides 
and a mixture of free amino-acids (glu-
tamic acid, arginine, alanine, proline, 
leucine, lysine and hydroxyproline). Free 
amino-acids, organic nitrogen and film 
forming properties will protect and nur-
ture the seeds in the long term.

After the end of the encapsulation pro-
cess, we obtained a full, closed coating. 
Granules were of a homogeneous spher-
ical shape and did not form agglomer-
ates. The coatings were characterised 
by high durability. Stabilisation of an 
average mass of 1 coated seed was ob-
served after 3 days from the coating pro-
cess (saturation with moisture from the 
environment). As a result of the sprout 
growth, the shell naturally cracks in the 

ground (in the case of peas and broad 
beans) or above the ground (in the case 
of soybeans). It was also observed that 
the coating does not dissolve in contact 
with wet soil. Despite cracking, the col-
lagen coating continues to adhere to the 
seed for a long time, which is why the 
seed is kept protected and supplied with 
nutrients (Figure 2). 

In order to determine the impact of a col-
lagen preparation on plant growth, a com-
parative analysis of the average length of 
seedlings in relation to another reference 
binding liquid used in seed encapsulation 
processes was performed [33]. In this se-
ries of tests, seeds were coated only with 
a binding liquid, i.e. a collagen prepara-
tion, as well as yellow dextrin and polyvi-
nyl alcohol (without a mineral additive). 
The coated seeds were sown in stable cli-
matic conditions. After 7 days following 
sowing, the length of the seedlings was 
measured and compared in terms of the 
binding liquid applied. When analysing 
the average seedling length for collagen 
preparations, slightly longer seedlings (in 
the case of broad beans, peas and rape) 
or seedlings comparable (in the case of 

soybeans) with the control seeds were 
observed (Figure 3). Coating contain-
ing a collagen preparation thus provides 
a plant with favourable conditions at the 
early stage of sprout growth, which trans-
lates into an effective growth of the plant.

Legume breeding is difficult considering 
the scarce and complex nature of resist-
ance in legumes in general [41]. Their 
cultivation is strongly hampered in the 
Mediterranean and Middle East farming 
systems by the occurrence of broomrape, 
causing significant yield losses [42, 43]. 
Considering the above, the average seed-
ling length after 29 days following sow-
ing into the soil without access to water 
in socalled laboratory drought conditions 
was determined. Seedling length for 
seeds coated with a collagen preparation 
and addition of dolomite, as well as seeds 
without coating, i.e. control seeds were 
analysed (Figure 4). Higher seedling 
growth values were obtained for seeds 
coated with collagen hydrolysate in com-
parison with control seeds. That is why 
collagen coating rich in micronutrients 
necessary for seed growth improves the 
condition of plants in laboratory drought 

Table 1. Characteristics of collagen hydrolysates.

Parameter GBR CHRGB CHR1AF CHR1AE CHR1AEC CHR1AC CHR1ACE
Dry substance, % 8.46 10.85 8.46 9.22 28.43 28.22 35.35
Total ash, % 0.47 5.53 6.50 11.61 5.38 6.59 6.49
Total nitrogen, % 15.60 15.48 16.19 14.86 15.97 15.84 14.91
Dermic substance, % 87.67 87.00 91.02 83.51 89.75 89.01 83.79
Aminic nitrogen, % 0.02 2.10 1.35 3.12 0.88 0.99 1.77
pH 3.70 8.31 11.12 8.05 7.91 11.12 8.76

Table 2. Concentration of amino-acids in collagen hydrolysate.

No. Amino-acid Abbreviation Concentration,
mg/l

Concentration,
pmol/ul

1 Glutamic acid GLU 82.02 557.44
2 NH3/Arginine NH3/ARG 22.29 116.59
3 Alanine ALA 41.13 461.69
4 Proline PRO 39.15 340.03
5 Leucine LEU 45.94 350.27
6 Lysine LYS 48.42 324.53
7 Hydroxyproline HYP 57.60 439.27

Figure 2. Disintegration of coatings with collagen hydrolysate.
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conditions as well. These conclusions 
were confirmed with an organoleptic in-
spection of the plants’ condition.

After 29 days following sowing, all of the 
legume species tested originating from 
coated seeds were characterised by great-
er flexibility and elasticity than those 
originating from noncoated seeds. There-
fore it may be concluded that the use of 
collagen hydrolysate for seed coating im-
proves the growth and condition of leg-
umes in difficult cultivation conditions 
(drought conditions). This coincides with 
the results provided by Gaidau et al., who 
confirmed that the use of collagen hydro-
lysate for coating wheat seeds has a sig-
nificant impact on the density and growth 
of a plant’s biomass at extreme soil pH 
conditions [40].

Type I collagen is an important biopol-
ymer and has been widely used in bio-
materials due to its excellent biocompat-
ibility and biodegradable properties [44]. 

Inherent chemical or physical differences 
in the properties of collagen vary depend-
ing on the species of collagen. In order to 
enhance the durability of collagen-based 
biomaterials, a cross-linking procedure 
becomes necessary to improve their bio-
logical stability [45]. In order to provide 
proper durability and stability of a col-
lagen preparation made from tanning 
waste, an optimum composition of a seed 
coating formulation was determined that 
contained latex (20%) and collagen hy-
drolysate (80%). Seeds coated with col-
lagen hydrolysate and dolomite, as well 
as coated using the latex and dolomite 
formulation tested were sown into the 
ground in laboratory drought conditions. 
The seedling length was measured at 
regular intervals and compared in terms 
of the coating additives applied. Having 
analysed the average seedling length for 
seeds coated with a collagen preparation 
and the formulation developed, it was 
found that the addition of latex to the col-
lagen preparation improves the growth 

of plants in the days following sowing 
in the case of all of the types of seeds 
tested, i.e. for peas, broad beans and 
soybeans (Figure 5). What is more, the 
average length of seedlings originating 
from non-coated seeds was marked on 
diagrams on the 29th day. In this way it 
was confirmed yet again that the addition 
of coating containing a collagen prepara-
tion significantly improves plant growth, 
which coincides with observations found 
in references [20, 21, 40]. 

	 Conclusions
Collagen hydrolysate contains specific 
amino-acids, such as proline, hydroxy-
proline and glutamic acid, which are 
nutrients and irrigation agents for plants. 
Therefore, increased resistance to unfa-
vourable climatic conditions will be pro-
vided. Also, the compatibility of protein 
hydrolysate with many other chemical 
materials (dolomite, kaolin, latex) used in 
seed and plant treatment due to the high 

Figure 3. Average seedling length for seeds coated with a different 
binding liquid (collagen hydrolysate, yellow dextrin, and polyvinyl 
alcohol).

Figure 4. Average seedling length after 29 days following sowing, 
without access to water, for seeds with and without coating.

Figure 5. Average length of peas, broad beans and soybean seedlings in the days following sowing (without access to water) for seeds 
coated with collagen hydrolysate and the latex formulation and for seeds without coating.
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miscibility in different solvents, adhe-
sivity increased absorption at leaf level, 
and biodegradability opens the way for 
toxicity reduction and plant health stim-
ulation. The higher and better-defined 
quality standards in the seed and coat-
ing industry, combined with additional 
quality demands for enhanced seeds, will 
continue to improve stand establishment 
potential for growers. Due to interdisci-
plinary approaches through research and 
technological innovations in bioscienc-
es, biotechnology and engineering, it is 
possible to design eco-friendly specialty 
chemicals from nature’s abundant renew-
able resources. With increasing public 
awareness of the potential environmental 
and health hazards of both agrochemicals 
and fertilisers, as well as advances in bi-
otechnology to improve the performance 
of agricultural products, the application 
of collagen to seeds is likely to increase 
in the future.
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