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Abstract. The current study analyses the possible application of corn starch- and glycerol-based coatings on 
wood surfaces to assess their impact, both positive and negative, and the necessity to modify them to improve 
strength and moisture-related properties. It was determined that glycerol content up to 100 wt.% in corn starch 
coatings results in reduced tensile strength from 2.7 MPa to 1.2 MPa and modulus of elasticity from 28 MPa 
to 6.3 MPa, while elongation at break remains unchanged up to 75 wt.% glycerol. In addition, it is shown that 
the highest content of glycerol increased moisture content by a maximum of 266% in coatings compositions, 
while the carried study revealed the systematic impact of glycerol’s tendency to form water-soluble coatings on 
water absorption values, which have been reduced to 60% when water solubility increased to 47%. The results 
from mechanical and moisture-related properties allowed us to conclude that biologically derived coatings are 
necessary for possible wood surface treatment modified with hydrophobicity-inducing oils.
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1.	Introduction

Recently, the use of biopolymer materials has rapidly 
expanded due to the growing need for environmentally 
friendly, renewable solutions. One of the main areas of re-
search is the development of biologically-derived biopoly-
mer coatings that can act as a protective barrier and regu-
late moisture release in various composite systems. Such 
coatings are widely used in food packaging technologies 
to reduce water vapour diffusion and extend product shelf 
life (Avramescu et al., 2020).

Lignocellulosic materials, including wood and wood 
wool, are characterised by pronounced hygroscopic 
properties. Their porous structure and high concentra-
tion of hydroxyl groups allow them to easily absorb and 
release moisture from the environment. This phenom-
enon can significantly affect the stability of composites, 
especially when wood filler is incorporated into mois-
ture-sensitive polymer matrices. The literature indicates 
that cellulose substrates themselves have limited bar-
rier properties to water vapour; therefore, their surface 
modification with biopolymer layers is recognised as an 
effective method for increasing moisture resistance (Ro-
zas et al., 2025).

Starch occupies a central position among the most 
studied biopolymers used for film and coating applica-
tions. Starch, a natural polysaccharide, is a widely available 
agricultural raw material and is characterised by its bio-
degradability, low cost, and excellent film-forming prop-
erties (Gonçalves et  al., 2024). Due to these properties, 
starch-based coatings are considered a promising alter-
native to synthetic packaging materials (Leiva et al., 2022). 
The structure of starch consists of two main macromol-
ecules: amylose and amylopectin. The ratio of these com-
ponents determines the material’s physical and mechanical 
properties, including the gelatinisation temperature, film 
strength, and water-absorption capacity (Azeem, 2025). 
Despite its many advantages, the widespread use of natu-
ral starch is limited by its pronounced hydrophilicity. Films 
made from raw starch have relatively high vapour perme-
ability and limited mechanical stability at high humidity 
(Oyekunle et al., 2024). Therefore, a large part of modern 
research is devoted to modifying the starch structure by 
introducing various additives or by developing composite 
systems. Such modifications not only improve the me-
chanical properties and increase the material’s stability, 
but also significantly reduce the diffusion of water vapour 
through the film (Mojo-Quisani et al., 2024).
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Plasticisers are among the most popular components 
of starch-based coatings. Their role is to weaken the in-
termolecular interactions between polymer chains, which 
gives the material the necessary flexibility. Glycerol is 
recognised as one of the most common plasticisers for 
starch-based films and coatings (Shah et al., 2023). Stud-
ies show that the use of glycerol allows the formation of a 
homogeneous, elastic and less brittle layer (Eddin & Taher-
gorabi, 2019). 

The ability of starch coatings to regulate moisture re-
lease is supported by extensive experimental data. For ex-
ample, studies on stone fruits (plums) showed that using 
a starch film reduced weight loss by almost half compared 
with untreated samples (Basiak et al., 2022). This indicates 
that starch-based coatings can effectively stabilise the 
moisture balance of materials. Similar results were ob-
tained with starch formulations for egg processing: these 
coatings significantly reduced moisture loss and extended 
the product’s shelf life (Eddin & Tahergorabi, 2019).

The effectiveness of starch films can be further opti-
mised by combining them with other biopolymers. For ex-
ample, starch/wheat gluten composites have been shown 
to improve mechanical properties and reduce moisture 
loss in coated products (Leiva et  al., 2022). In addition, 
starch/chitosan complexes have been shown not only to 
improve the material’s barrier properties but also to inhibit 
microbial growth (Oyekunle et al., 2024). This combination 
allows for the integration of the advantages of various bi-
opolymers to create a more stable structure.

Modern research in biopolymer coatings also includes 
the development of starch-based composites incorporat-
ing various bioactive components. For example, composite 
films containing onion peel powder have demonstrated 
improved mechanical properties and antibacterial activity 
(Torche et al., 2025). These results confirm that the proper-
ties of biopolymer layers can be effectively controlled by 
varying their composition and the types of additives used. 
In addition to polysaccharide systems, other biopolymers, 
such as proteins or commercial bioplastics, are also dis-
cussed in the literature. Protein-based packaging materi-
als have good mechanical properties, but their moisture 
resistance often remains limited (Shah et al., 2023). 

Although the literature does not indicate any water-
resistant starch-based coatings, other improved functional 
properties of wood substrates have been reported. For in-
stance, Tretsiakova-McNally et al. (2021) demonstrated the 
successful development of environmentally benign starch-
based formulations, with and without inorganic salts, for 
passive fire protection of wood substrates. The results 
showed that it is possible to achieve a notable delay in 
ignition and a reduction in heat release parameters com-
pared to the untreated wood surface. In addition, Jiang 
et al. (2019) showed that starch can be used as an effective 
adhesive for wood-to-wood surface adhesion. However, 
the authors chose to modify starch with isocyanates, which 
are known as carcinogens. Further investigations by Chan 
et al. (2024) of starch-based coatings concluded that some 

essential oils, such as lemongrass, can positively influence 
the strength characteristics of the resulting coatings. Au-
thors showed that even 0.2 wt.% lemongrass essential oil 
increased the strength by almost 55% while moisture-re-
lated properties deteriorated. In conclusion, starch-based 
coatings are a promising class of biopolymer materials 
that can effectively alter the properties of wood-based 
materials due to their excellent formability and biodegra-
dability, but their hydrophilic nature needs further modi-
fication. Therefore, a protective coating based on starch 
and glycerol is chosen for testing to gain insight into its 
potential application as a coating material for wood-based 
aggregate modification, as the suggested approach has 
not been analysed in the literature.

2.	Materials and methods

For the synthesis of biologically-derived coatings, glycerol, 
corn starch, and potassium hydroxide were chosen. Corn 
starch (JSC Eurohorecana, Vilnius, Lithuania) was selected 
as the base raw material for the coatings. Glycerol and 
potassium hydroxide, supplied by JSC Lerochem, Klaipėda, 
Lithuania, were incorporated, respectively, to impart a 
plasticising effect and disrupt the hydrogen bonds that 
hold starch granules together.

The compositions used to prepare biologically-derived 
coatings are presented in Table  1, and the preparation 
scheme is shown in Figure 1.

The required amount of 20  °C water was measured 
and mixed with a selected amount of corn starch following 
the addition of potassium hydroxide. The prepared premix 
was then heated to (80±5) °C and stirred at 800 rpm us-
ing a magnetic stirrer for 10 minutes. In order to prevent 
phase separation, the coating premix is cooled down to 
(60±5) °C to incorporate the required amount of plasticiz-
er. After that, the prepared mixture is mixed for 5 minutes 
and poured into 90 mm diameter Petri dishes (35 g per 
dish). Hardening of the biologically-derived coatings was 
implemented in the air atmosphere at (23±5) °C tempera-
ture and (50±5)% relative air humidity for 7 days.

The prepared biologically-derived coatings were fur-
ther tested for thickness, tensile strength, and moisture-
related characteristics. The impact of glycerol content on 
the thickness of all coatings was measured using a digital 
caliper (CD-30PPX, Mitutoyo, Japan) with an accuracy of 
0.001  mm. Three specimens for each composition were 
tested.

Table 1. Compositions of biologically-derived coatings

Raw material Amount

Corn starch, g 4
Water, g 100
Potassium hydroxide, g 0.04
Glycerol, g 0; 1; 2; 3; 4
Glycerol, wt.% (based on corn starch) 0; 25; 50; 75; 100
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Tensile strength, modulus of elasticity and elongation 
at break were determined according to the requirements 
of ASTM D882-12 with universal testing machine Houns-
field H10KS (Hounsfield, Surrey, UK) with a maximum load-
ing force of 10  kN, a loading accuracy of ±0.5% and a 
loading speed accuracy of ±0.05%. Three specimens for 
each composition were tested.

The moisture content of the biologically-derived coat-
ings was calculated using the method outlined by Biratu 
et al. (2024). Coatings having an initial weight (W1) were 
dried at 105 °C in a ventilated oven until a constant weight 
(W2) was achieved, with weighing every 24 hours. Before 
the test, all coatings were conditioned at (23±5) °C tem-
perature and (50±5)% air humidity conditions for 24 hours. 
The moisture content (MC) was then calculated as % ac-
cording to Eq. (1).

1 2

1
100

W W
MC

W
−

= ⋅ .	 (1)

Water absorption was determined according to ISO 62, 
with some minor modifications. All coatings were dried in 
a ventilated oven at 70 °C for 24 hours and weighed (W0). 
The dried samples were then soaked in water at 25 °C for 
30 min., 60 min., 120 min., 240 min., and 1440 min. The 
samples were kept in the same water through the whole 
procedure. After the soaking procedure, the excess water 
was removed from the coatings’ surface and then weighed 
(W1). Further, the coatings were dried in a ventilated oven 
at 70 °C for 24 hours and weighed (W2). Water absorption 
(Wp) results, expressed as %, were calculated using Eq. (2).
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Water solubility (WS) was calculated according to Eq. (3).

0 2

0
100S

W W
W

W
−

= ⋅ .	 (3)

All graphs related to water absorption and water solu-
bility based on soaking time display grouped results for 
all compositions of biologically derived coatings. Higher 
upper and lower limits for the results’ scattering were pre-
sented to improve interpretation and avoid overlapping 
results. 

Experimental analysis was conducted using mathemati-
cal and statistical methods, during which dispersions were 
evaluated, and distribution functions and parameters were 
determined using Statistica (8.0). To determine the optimal 
relationship among X, Y, and Z, a non-linear correlation 
method was used. According to the obtained determina-
tion coefficient, it was possible to conclude a relationship 
between the three parameters.

3.	Results and discussion

3.1. Thickness of the biologically-derived 
coatings
Table 2 shows that biologically-derived coatings with in-
creasing glycerol content (0–100 wt.%) have thicknesses 
ranging from 0.47  mm to 1.04  mm. The values indicate 
that adding glycerol as a plasticizer increases the thickness 
of the final coatings. Interestingly, Lintang et  al. (2021) 
concluded that starch-based coatings decreased in thick-
ness when up to 1.75 wt.% glycerol was added, whereas 
further additions increased the coating thickness, as shown 
in Table 2.

Figure 1. Preparation scheme of biologically-derived coatings

Table 2. Thickness measurement results for biologically-derived coatings

Parameter
Glycerol amount, wt.%

0 25 50 75 100

Thickness, mm 0.47±0.08 0.82±0.13 0.86±0.10 0.97±0.15 1.04±0.13
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The increase in thickness observed is due to glycerol’s 
ability to penetrate the starch network. Figure 2 shows 
a schematic representation of the state and formation 
of coatings before (Figure 2a) and after (Figure 2b) the 
addition of glycerol.

Yang et al. (2024) and Teobaldi et al. (2025) reported 
that starch consists of long, tightly packed amylose and 
amylopectin chains. These chains bind through hydrogen 
bonding, forming thin, brittle coatings. However, the in-
corporation of the glycerol plasticizer allows it to wedge 
itself between the long, tightly packed starch chains due to 
its high polarity and three hydroxyl groups. This way, the 
resulting products are flexible and can be used as coating 
materials for various purposes.

3.2. Mechanical performance of the 
biologically-derived coatings
Generally, the tensile properties of prepared biologically-
derived coatings, such as tensile strength, modulus of elas-
ticity, and elongation at break, are the parameters meas-
ured to assess the coatings’ resistance to protecting the 
coated products or aggregates from mechanical damage 
(Lin & Chen, 2024). Therefore, the main tensile properties 
are presented in Table  3, while the graphs representing 
coatings’ behavior during tension are shown in Figure 3.

As mentioned before, the amylose and amylopectin 
molecules in starch form a dense network (Figure 2a), re-
sulting in brittle coatings. Therefore, Table 3 shows that 

the tensile properties of coatings without glycerol were 
not determined. However, the addition of glycerol from 25 
wt.% to 100 wt.% showed a significant effect, i.e., the ten-
sile strength reduced almost twice, the modulus of elas-
ticity – more than 4 times, and the elongation at break – 
more than 1.5 times. 

The reduction in the tensile strength and modulus of 
elasticity can be explained by the scientific justification in-
dicated in Esmaeili et  al. (2017) that glycerol molecules 
intervene between starch chains, thus replacing stronger 
starch-starch bonds with slightly weaker starch-glycerol 

Figure 2. Simplistic schematic representation of the formation of biologically-derived 
coatings: a) before; b) after the addition of glycerol

Table 3. Tensile parameters of the biologically-derived coatings

Parameter
Glycerol amount, wt.%

0 25 50 75 100

Tensile strength, MPa – 2.73±0.3 2.63±0.3 1.32±0.1 1.22±0.2
Modulus of elasticity, MPa – 28.2±2.4 27.2±2.2 8.50±1.1 6.34±0.92
Elongation at break, mm – 11.6±1.5 11.5±1.4 11.3±1.1 7.2±0.65

Figure 3. Tensile strength evolution for the biologically-
derived coatings

a)

b)
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bonds. Furthermore, it is worth noting that glycerol, as 
a plasticizer in coating compositions, increases the free 
volume between starch polymer chains, reducing internal 
friction and making it easier for chains to slide past each 
other even with little tensile force applied.

Based on Akachat et al. (2025), elongation at break and 
flexibility of glycerol-plasticized coatings increase with the 
addition of plasticizer up to 30 wt.%, whereas the current 
study indicates that elongation at break remains the same 
up to 75 wt.%. % glycerol (Table 3 and Figure 3 – blue, red 
and green lines). However, further incorporation of glycerol 
to 100 wt.% reduce the parameter by almost 38% compared 
to coatings with 25 wt.% glycerol (Figure 3 – pink line). Such 
a result indicates over-plasticization, leading to loss of cohe-
sion (Chen et al., 2024). This indicates that the glycerol con-
centration is too high, and the starch network loses structur-
al integrity due to insufficient starch-starch contact points.

3.3. Water resistance parameters of the 
biologically-derived coatings
Coatings made of hydrophilic proteins and polysaccha-
rides generally have low water resistance (Ahammed et al., 
2020); therefore, it is of great importance to analyze the 
impact of added glycerol on MC, water absorption and 
water solubility. Table 4 shows that the MC of all composi-
tions increases with increasing glycerol content.

It was previously determined by Basiak et  al. (2018) 
that the amount of plasticizer, in this case glycerol, led to a 
higher monolayer MC due to glycerol’s hygroscopicity, re-
sulting in a 266% higher MC for films with 100 wt.% glyc-
erol compared to the ones with no glycerol. Accordingly, 
the corresponding changes in water absorption and water 
solubility are also evident in Figure 4. Kibar and Us (2013) 
showed that plasticizers are generally more hygroscopic 
than starch. In fact, Muscat et al. (2012) revealed that the 
amount of water absorbed by starch films increases with 
increasing xylitol and glycerol content.

The results presented in Figures 4a and 4b are some-
what controversial because they show that glycerol re-
duces water absorption over time. Dispersion analysis 
(Figure  4  and Table  5) shows that both water absorp-
tion and water solubility depend primarily on the glyc-
erol content. The water absorption kinetics study (Fig-
ure  4a) shows that water absorption starts to increase 
from 30 min. to 60 min. After 30 min., the parameter of 
the biologically-derived coatings reaches ~91%, and after 
60 min., it increases to ~95%. In addition, it remains sta-
ble up to 120 min. However, from 120 min. to 1440 min, 
a decrease in water absorption to about 88% is observed. 
Figure 4b shows that water absorption depends on the 
glycerol content: coatings without glycerol reach ~130% 
water absorption, whereas coatings with 100 wt.% glyc-
erol reach ~60%.

Table 4. Water resistance parameters of the biologically-derived coatings

Parameter
Glycerol amount, wt.%

0 25 50 75 100

MC, % 11.4±0.25 12.5±0.13 23.9±0.36 33.9±0.28 41.8±0.42

Figure 4. Moisture-related properties of biologically-derived coatings: a) time impact on water 
absorption; b) glycerol content impact on water absorption; c) time impact on water solubility;  
d) glycerol content impact on water solubility

a) b)

c) d)



A. Levina et al. Biologically-derived corn starch and glycerol coatings for possible wood surface modification: analysis of strength and moisture-related...

6

Water solubility analysis (Figure 4c and Table 5) shows 
that water solubility decreases from ~28% to ~26% be-
tween 30 min. and 60 min. When the samples are kept in 
water for a longer period, i.e. from 60 min. to 1440 min., 
the solubility of the coatings increases. In this case, the 
water solubility values vary from ~26% to ~32%. It is also 
found that water solubility depends on the glycerol con-
tent; i.e., biologically-derived coatings with no glycerol 
reach ~4% water solubility, while those with 100 wt.% 
Glycerol has water solubility up to 47%. The results show 
that glycerol significantly affects the water absorption and 
water solubility of the biologically-derived coatings. 

However, if the results of water absorption and water 
solubility are analyzed systematically, it would be obvious 
that the reduction in water absorption with the addition 
of glycerol can be explained by the fact that part of the 
coatings dissolve in water (Figure 4c and Figure 4d), thus 
resulting in lower water absorption values (Figure 4a and 
Figure 4b). Therefore, it might be concluded that the ap-
parent reduction in water absorption for coatings with a 
higher content of glycerol is not a result of the improved 
water resistance, but rather a consequence of higher wa-
ter solubility. Even though it is uncommon and was not 
previously considered by other authors who studied such 
coatings, further studies on changes in pH and electrical 
conductivity of water during the solubility test might be 
beneficial for explaining the exact role of varying amounts 
of glycerol.

Next, the water absorption and water solubility of the 
biologically-derived coatings are evaluated, taking into 
account the time in water and the glycerol content. Fig-
ures 5a and 5b show the dependence of water absorption 
on time and glycerol content.

The presented dependences can be described by the 
following equations:

2130.0428 0.00372 0.8911 0.002178p G GW t m m= − ⋅ − ⋅ + ⋅

	 (4)
with 2 0.944,    0.972 and  6.01%rR R S= = = ;

23.001791 0.003569 0.64884 0.00228S G GW t m m= + ⋅ + ⋅ − ⋅

 	 (5)
with 2 0.977,    0.989 and  2.39%rR R S= = = ,
where: Wp – water absorption by total immersion, %; WS – 
water solubility, %; t – time, s; mG – glycerol content, wt. %.

To evaluate all the results obtained from the study, 
Table 6 presents a summary and comparison with other 
authors’ work. As shown by other authors’ results, the nu-
merical values of each parameter can vary over broader 
ranges due to starch type, as different starches have vary-
ing amylose and amylopectin contents. For instance, rice 
starch from Aghazadeh et al. (2018) study had only 15% 
amylose, while other studied starches from 23% to 25%. 
Therefore, it is not a surprise that rice starch-based coat-
ings had lower mechanical performance.

Table 5. Statistical processing results of water absorption and water solubility of biologically-derived coatings

Fig. No. Samples R R2 R2 corrected Sr F p

Water absorption within time
4a 75* 0.104 0.0109 –0.0456 24.9 0.192 0.94

Water absorption based on glycerol content
4b 75* 0.971 0.943 0.939 6.31 287.4 0

Water solubility within time
4c 75* 0.138 0.0190 –0.0370 15.5 0.340 0.85

Water solubility based on glycerol content
4d 75* 0.981 0.963 0.960 3.07 449.5 0

Notes: * three specimens in each sample for each glycerol content.

Figure 5. Time in water and glycerol content impact on: a) water absorption; b) water solubility

a) b)
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The Wang et al. (2025) study showed even lower re-
sults, e.g., tensile strength, at higher thicknesses of rice 
starch-based coatings. Comparing the obtained mechani-
cal properties results with the ones from Aghazadeh et al. 
(2018) study, which analyses corn starch-based coatings, 
it can be clearly seen that it is possible to incorporate a 
higher amount, i.e. more than 25 wt.% glycerol, into the 
system and maintain almost unchanged tensile strength, 
modulus of elasticity and elongation at break results. Even 
though the author added only up to 1.8 wt.% glycerol, 
such a small amount must have resulted in brittle coatings, 
as shown by the current study, which found that glycerol 
contents near 0 wt.% result in brittle products.

Considering water absorption, rice starch coatings 
Wang et al. (2025) showed values almost twice those of the 
current study at the same glycerol content. The achieve-
ment can be explained by the fact that rice starch contains 
more branched amylopectin. It forms a more open, porous 
structure that more easily entraps water molecules. Phos-
phate groups in different starches also play a vast role in 
moisture-related properties, such as water solubility. For 
instance, corn starch analysed in the current study lacks 
ionising phosphate groups. Therefore, the molecules are 
more tightly packed, making it harder for water molecules 
to penetrate. However, potato and wheat starches ana-
lysed in the Basiak et al. (2018) and Fu et al. (2021) stud-
ies, respectively, contain phosphate groups that carry a 
negative electrical charge. Like-charges repel each other; 
therefore, the starch granules are pushed apart, allowing 
water molecules to wedge themselves into a granule more 
easily, thereby increasing solubility.

4.	Conclusions

The current study revealed that corn starch- and glycerol-
based biologically-derived coatings for possible wood sur-
face modification determine:

	■ lower tensile strength and modulus of elasticity due 
to glycerol’s ability to weaken starch-starch chains. 
Up to 75 wt.% glycerol does not impact the elonga-
tion at break value. However, higher glycerol content 

leads to overplasticization of the resulting biological-
ly-derived coatings.

	■ up to 266% higher moisture content in coatings. 
From 130% to 60% reduced water absorption and 
from 4% to 47% increased water solubility, which can 
be explained by the glycerol’s hygroscopic nature and 
tendency to dissolve in water rather than absorb it.

	■ further studies of biologically-derived coatings should 
include the monitoring of pH and electrical conductiv-
ity values of water solutions for a better understanding 
of the neutral-alkaline environment and ion mobility 
impact during different soaking in water intervals.

	■ dispersion analysis of the moisture-related results can 
be approximated by the regression equations, which 
can be further used to predict water absorption and 
water solubility changes at different test time inter-
vals and glycerol contents.

	■ 75 wt.% glycerol content in corn starch coatings 
showed promising results; however, further modifi-
cation of the coatings is necessary to consider their 
application for wood surface modification. 
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Table 6. Summary of the results of the current study and their comparison with other authors works

Starch 
type

Glycerol, 
%

Parameter
Ref.Thickness, 

mm
Tensile 

strength, MPa
Modulus of 

elasticity, MPa
Elongation at 

break, %
Water 

absorption, %
Water 

solubility, %

Rice 33 0.47 1.34 – 53.8 203 – Wang et al. 
(2025)

Wheat 33–50 0.064–0.081 3.29–2.10 – 15.2–18.1 – 30.2–34.8 Basiak et al. 
(2018)

Potato 10–40 – 17–2.0 – 16–4 – 19.3–27.4 Fu et al. (2021)
Corn 1.6–1.8 0.19–0.21 3.8–2.5 22–5 61–60 – – Aghazadeh 

et al. (2018)Wheat 1.6–1.8 0.19 5.0–1.9 10–7 40–39 – –
Rice 1.6–1.8 0.19 2.1–1.5 2.5–2.0 75–100 – –
Corn 25–100 0.82–1.04 2.73–1.22 28.2–6.34 60–3.0 109–60 4-47 Current study



A. Levina et al. Biologically-derived corn starch and glycerol coatings for possible wood surface modification: analysis of strength and moisture-related...

8

References

Aghazadeh, M., Karim, R., Rahman, R. A., Sultan, M. T., Johnson, S. K., 
& Paykary, M. (2018). Effect of glycerol on the physicochemical 
properties of cereal starch films. Czech Journal of Food Sci-
ences, 36(5), 403–409. https://doi.org/10.17221/41/2017-CJFS

Ahammed, S., Liu, F., Khin, M. N., Yokoyama, W. H., & Zhong, F. 
(2020). Improvement of the water resistance and ductility of 
gelatin film by zein. Food Hydrocolloids, 105, Article 105804. 
https://doi.org/10.1016/j.foodhyd.2020.105804

Akachat, B., Himed, L., Torche, A., Khelef, Y., Barkat, M., Salah, M., 
D’Elia, M., Rastrelli, L., & Terzioğlu, P. (2025). Evaluation of glyc-
erol concentration in the production of lemon oil incorporated 
pectin-based films using principal component analysis. Foods, 
14(9), Article 1576. https://doi.org/10.3390/foods14091576

Avramescu, S. M., Butean, C., Popa, C. V., Ortan, A., Moraru, I., & 
Temocico, G. (2020). Edible and functionalized films/coatings – 
performances and perspectives. Coatings, 10(7), Article  687. 
https://doi.org/10.3390/coatings10070687

Azeem,  B. (2025). Stimuli-responsive starch-based biopolymer 
coatings for smart and sustainable fertilizers. Gels, 11(9), Arti-
cle 681. https://doi.org/10.3390/gels11090681

Basiak, E., Lenart, A., & Debeaufort, F. (2018). How glycerol and 
water contents affect the structural and functional properties 
of starch-based edible films. Polymers, 10(4), Article 412. 
https://doi.org/10.3390/polym10040412

Basiak, E., Linke, M., Debeaufort, F., Lenart, A., & Geyer, M. (2022). 
Impact of biodegradable materials on the quality of plums. 
Coatings, 12(2), Article 226. 
https://doi.org/10.3390/coatings12020226

Biratu, G., Woldemariam, H. W., & Gonfa, G. (2024). Development 
of active edible films from coffee pulp pectin, propolis, and 
honey with improved mechanical, functional, antioxidant, and 
antimicrobial properties. Carbohydrate Polymer Technologies 
and Applications, 8, Article 100557. 
https://doi.org/10.1016/j.carpta.2024.100557

Chan,  M.  K., Wan,  C.  C., Tee,  Y.  S., Tan,  M.  H., Janasekaran,  S., 
Aziz,  I.  A., Musa,  S.  I., & Khir,  M.  R.  M. (2024). Starch/wood 
powder/glycerol/lemongrass essential oil composite as hydro-
degradable materials for 3D printing. Starch, 76(7–8), Arti-
cle 2300108. https://doi.org/10.1002/star.202300108

Chen, Y., Wang, J., Xu, L., Nie, Y., Ye, Y., Qian, J., Liu, F., & Zhang, L. 
(2024). Effects of different plasticizers on the structure, physi-
cal properties and film forming performance of curdlan edible 
films. Foods, 13(23), Article 3930. 
https://doi.org/10.3390/foods13233930

Eddin,  A.  S., & Tahergorabi,  R. (2019). Efficacy of sweet potato 
starch-based coating to improve quality and safety of hen 
eggs during storage. Coatings, 9(3), Article 205. 
https://doi.org/10.3390/coatings9030205

Esmaeili, M., Pircheraghi, G., & Bagheri, R. (2017). Optimizing the 
mechanical and physical properties of thermoplastic starch via 
tuning the molecular microstructure through co-plasticization 
by sorbitol and glycerol. Polymer International, 66(6), 809–819. 
https://doi.org/10.1002/pi.5319

Fu, Z.-Q., Guo, S.-X., Sun, Y., Wu, H.-J., Huang, Z.-G., & Wu, M. 
(2021). Effect of glycerol content on the properties of potato 
flour films. Starch, 73(5–6), Article 2000203. 
https://doi.org/10.1002/star.202000203

Gonçalves, E. M., Silva, M., Andrade, L., & Pinheiro, J. (2024). From 
fields to films: Exploring starch from agriculture raw materi-
als for biopolymers in sustainable food packaging. Agriculture, 
14(3), Article 453. 
https://doi.org/10.3390/agriculture14030453

Jiang, Y., Chen, Q., Tan, H., Gu, J., & Zhang, Y. (2019). A low-cost, 
formaldehyde-free, and high-performance starch-based wood 
adhesive. BioResources, 14(1), 1405–1418. 
https://doi.org/10.15376/biores.14.1.1405-1418

Kibar,  E.  A.  A., & Us,  F. (2013). Thermal, mechanical and water 
adsorption properties of corn starch–carboxymethylcellulose/
methylcellulose biodegradable films. Journal of Food Engineer-
ing, 114(1), 123–131. 
https://doi.org/10.1016/j.jfoodeng.2012.07.034

Leiva, A. F. R., Hernández-Fernández, J., & Toro, R. O. (2022). Active 
films based on starch and wheat gluten for shelf-life extension 
of carrots. Polymers, 14(23), Article 5077. 
https://doi.org/10.3390/polym14235077

Lin, P., & Chen, X. (2024). Experimental and modeling analysis of 
the tensile properties of heavy-duty coatings for steel struc-
tures. Coatings, 14(10), Article 1289. 
https://doi.org/10.3390/coatings14101289

Lintang, M., Tandi, O., Layuk, P., Karouw, S., & Dirpan, A. (2021). 
Characterization edible films of sago with glycerol as a plasti-
cizer. IOP Conference Series: Earth and Environmental Science, 
807, Article 022070. 
https://doi.org/10.1088/1755-1315/807/2/022070

Mojo-Quisani, A., Ccallo-Silva, D., Choque-Quispe, D., Calla-Flo-
rez, M., Ligarda-Samanez, C., Comettant-Rabanal, R., Mamani-
Condori, R., & Huamaní-Meléndez, V.  J. (2024). Development 
of edible films based on nostoc and modified native potato 
starch. Polymers, 16(17), Article 2396. 
https://doi.org/10.3390/polym16172396

Muscat, D., Adhikari, B., Adhikari, R., & Chaudhary, D. S. (2012). 
Comparative study of film forming behaviour of low and high 
amylose starches using glycerol and xylitol as plasticizers. Jour-
nal of Food Engineering, 109(2), 189–201. 
https://doi.org/10.1016/j.jfoodeng.2011.10.019

Oyekunle, D. T., Nia, M. H., & Wilson, L. D. (2024). Recent progress 
on the application of chitosan, starch and chitosan–starch 
composites for meat preservation – a mini review. Journal of 
Composite Science, 8(8), Article 302. 
https://doi.org/10.3390/jcs8080302

Rozas, B., Bruna, J. E., Guarda, A., Galotto, M. J., Reyes, C., Valen-
zuela, X., Rodríguez-Mercado, F., & Torres, A. (2025). Bio-based 
coatings on cellulosic materials resistant to humidity and fats. 
Polymers, 17(20), Article 2755. 
https://doi.org/10.3390/polym17202755

Shah,  Y.  A., Bhatia,  S., Al-Harrasi,  A., Afzaal,  M., Saeed,  F., An-
wer, M. K., Khan, M. R., Jawad, M., Akram, N., & Faisal, Z. (2023). 
Mechanical properties of protein-based food packaging mate-
rials. Polymers, 15(7), Article 1724. 
https://doi.org/10.3390/polym15071724

Teobaldi, A. G., Parra, E. J. C., Barrera, G. N., & Ribotta, P. D. (2025). 
The properties of damaged starch granules: The relationship 
between granule structure and water–starch polymer interac-
tions. Foods, 14(1), Article 21. 
https://doi.org/10.3390/foods14010021

Torche, A., Chouana, T., Bensalem, S., Khaled, M., Rekbi, F. M. L., 
Kelai, E., Uzun, Ş. A., Sancaoğlu, F. T., D’Elia, M., & Rastrelli, L. 
(2025). Cassava starch–onion peel powder biocomposite films 
for biodegradable packaging. Polymers, 17(19), Article 2690. 
https://doi.org/10.3390/polym17192690

Tretsiakova-McNally,  S., Douarin,  A.  L., Joseph,  P., & Arun,  M. 
(2021). Passive fire protection of Taeda pine wood by using 
starch-based surface coatings. Polymers, 13(21), Article 3841. 
https://doi.org/10.3390/polym13213841

Wang, L., Kan, J., Tang, L., & Abidin, S. Z. (2025). The effects of glyc-
erol addition on the physicochemical, structural and mechani-

https://doi.org/10.17221/41/2017-CJFS
https://doi.org/10.1016/j.foodhyd.2020.105804
https://doi.org/10.3390/foods14091576
https://doi.org/10.3390/coatings10070687
https://doi.org/10.3390/gels11090681
https://doi.org/10.3390/polym10040412
https://doi.org/10.3390/coatings12020226
https://doi.org/10.1016/j.carpta.2024.100557
https://doi.org/10.1002/star.202300108
https://doi.org/10.3390/foods13233930
https://doi.org/10.3390/coatings9030205
https://doi.org/10.1002/pi.5319
https://doi.org/10.1002/star.202000203
https://doi.org/10.3390/agriculture14030453
https://doi.org/10.15376/biores.14.1.1405-1418
https://doi.org/10.1016/j.jfoodeng.2012.07.034
https://doi.org/10.3390/polym14235077
https://doi.org/10.3390/coatings14101289
https://doi.org/10.1088/1755-1315/807/2/022070
https://doi.org/10.3390/polym16172396
https://doi.org/10.1016/j.jfoodeng.2011.10.019
https://doi.org/10.3390/jcs8080302
https://doi.org/10.3390/polym17202755
https://doi.org/10.3390/polym15071724
https://doi.org/10.3390/foods14010021
https://doi.org/10.3390/polym17192690
https://doi.org/10.3390/polym1321384


Mokslas – Lietuvos ateitis / Science – Future of Lithuania, 2026, 18, Article ID: mla.2026.26430

9

cal properties of salt-gelatinized rice starch-based film. LWT, 
218, Article 117427. https://doi.org/10.1016/j.lwt.2025.117427

Yang, Y., Fu, J., Duan, Q., Xie, H., Dong, X., & Yu, L. (2024). Strat-
egies and methodologies for improving toughness of starch 
films. Foods, 13(24), Article 4036. 
https://doi.org/10.3390/foods13244036

BIOLOGINĖS KILMĖS KUKURŪZŲ KRAKMOLO IR
GLICERINO DANGOS GALIMAM MEDIENOS PAVIRŠIAUS
MODIFIKAVIMUI: STIPRUMINIŲ IR DRĖGMINIŲ SAVYBIŲ
ANALIZĖ

Santrauka. Šiame tyrime analizuojamas kukurūzų krakmolo ir gli-
cerino pagrindu pagamintų dangų galimas pritaikymas medienos
paviršiams, siekiant įvertinti teigiamą ar neigiamą tokių dangų
poveikį ir būtinybę jas modifikuoti, norint jas sustiprinti ir page-
rinti drėgmines savybes. Nustatyta, kad 100 % viršijantis glicerino
kiekis kukurūzų krakmolo dangose lemia nuo 2,7 MPa iki 1,2 MPa
sumažėjusį tempimo stiprį ir nuo 28 MPa iki 6,3 MPa – tamprumo
modulį, o dangų pailgėjimas prieš nutrūkstant išlieka nepakitęs,
kai glicerino kiekis yra iki 75 %. Be to, įrodyta, kad didžiausias
glicerino kiekis dangų kompozicijose padidina drėgmės kiekį
daugiausia 266 %, o atliktas tyrimas atskleidė sistemingo glicerino
polinkio sudaryti vandenyje tirpias dangas poveikį vandens suger-
ties vertėms, kurios sumažėjo iki 60 %, kai tirpumas vandenyje
padidėjo iki 47 %. Mechaninių ir drėgminių savybių rezultatai
leido padaryti išvadą, kad biologinės kilmės dangoms, skirtoms
medienos paviršiui modifikuoti, būtinas apdorojimas hidrofobines
savybes gerinančiais aliejais.

Reikšminiai žodžiai: biologinės kilmės dangos, kukurūzų krakmo-
las, glicerinas, medienos modifikavimas, biokompozitinės sistemos,
drėgminės savybės, tempimo savybės.
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