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INFLUENCE OF PHOTOSELECTIVE NETTING ON GROWTH OF CHERRY LAUREL (Prunus 

laurocerasus L.) SAPLINGS 

Damir Drvodelić*, Marko Vuković**, Tomislav Jemrić** 

* Faculty of Forestry and Wood Technology, University of Zagreb, Zagreb, Croatia 

** Faculty of Agriculture, University of Zagreb, Zagreb, Croatia 

*ddrvodelic@inet.hr 

Abstract 

Cherry laurel (Prunus laurocerasus L.) is an ornamental shrub used mainly for hedges. It is 
tolerant to pruning and air pollution, making this species ideal for urban horticulture. Cherry 
laurel is propagated commercially by stem cuttings, which are rooted in the period from June 
to April. Nets have long been used in horticulture against hail, wind and excessive sunlight. 
Recently, a new technology of photoselective nets has appeared. They are not only used for 
plant protection, but also stimulate the desired physiological plant responses by spectral 
manipulation and improve light utilization by scattering. The main objective of this study was 
to investigate the possible effects of different colored photoselective nets on the vegetative 
characteristics of cherry laurel. The study was conducted in 2019 and 2020 in the nursery 
garden of the Faculty of Forestry and Wood Technology, Zagreb, Croatia. Rooted cherry laurel 
cuttings from a heated greenhouse were transplanted into outdoor beds on June 28, 2019, at 
10 x 20 cm spacing in rows. Three photoselective nets were used: a white, yellow, and red net 
(AGRITECH S. r. l., Eboli, Italy) and a standard green shade net as control. In each treatment, 
30 rooted cuttings ere transplanted, for a total of 120 cuttings. The following morphological 
variables of the saplings were measured: height, root collar diameter, root collar cross-
sectional area (TCSA), slenderness coefficient, number of first-stage branches in the lower 
third of the plant, total number of first-stage branches, total length of first-stage branches in 
the lower third of the plant, total length of all first-stage branches, and average length of first-
stage branches in the middle part of the plant. The measurement was performed on June 9, 
2021. Data were statistically analyzed using SAS Ver. 9.4 statistical software (SAS Institute, NC) 
using ANOVA and Tukey's HSD test (P ≤ 0.05). The results show that there are no statistically 
significant differences vegetative traits of cherry laurel saplings grown under different types 
of nets. Therefore, green shade netting can be used for cherry laurel saplings in nurseries. 
Further studies are needed to test this technology under other agroecological conditions. 
Yellow nets show promising effects on the growth potential of cherry laurel saplings as they 
induce more branching. 

Key words: Prunus laurocerasus L., quality, vegetative growth, light modification 

Introduction 

Laurel cherry (Prunus laurocerasus L.) is the bushy species most commonly used in horticulture 
for planting hedges. The Latin name of the genus Prunus was derived from the Greek word 
proumnon (plum tree) in 1737 by Carl Linnaeus, the father of taxonomy. It received the name 
laurocerasus because of the similarity of the leaf to laurel and the fruit to cherry (Bučar, 2018). 
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Because of its easy cultivation and decorative leaves, it is often used in horticulture. It is a fast-
growing, heliophiilic species that tolerates well shady locations, drought, pruning and air 
pollution, which makes this species ideal for urban horticulture. In Croatia, it is a very popular 
species in nurseries and garden centres for planting hedges for many years (and still today), 
as its price is low compared to the benefits it offers. Cherry laurel is propagated commercially 
by stem cuttings that are rooted between June and April. The use of plastic nets in the nursery 
production of many ornamental species is considered standard. Plastic nets consists of plastic 
threads (usually high-density polyethylene) that are woven or knitted to form a regular porous 
geometric structure through which fluids (gases and liquids) can pass (Castellano et al., 2008). 
In this way, the mesh provides physical protection of plants from environmental hazards such 
as excessive sunlight, hail, wind, frost, and/or flying pests (insects, birds, bats) (Shahak, 2014). 
Photoselective netting is an emerging technology by which the netting is used to modify the 
quality of the transmitted light, in addition to its basic protective (Basile et al., 2012). It was 
originally developed for ornamental species to create a "smart shade" that outperforms the 
traditionally used black netting (Oren-Shamir et al., 2001). Because the nets consist of holes 
in addition to translucent, photoselective plastic filaments, they create a mixture of natural, 
unmodified light passing through the holes and diffuse, spectrally modified light emitted by 
the photoselective filaments (Shahak, 2008). The relative amount of modified versus 
unmodified light, as well as the shading factor, is determined by the knit design/density and 
the chromatic and light-dispersive additives (Shahak, 2008). Many studies have reported that 
the application of photoselective netting can differentially affect the vegetative characteristics 
of ornamental (Oren-Shamir et al., 2001) and fruit species (Bastias, 2011; Basile et al., 2014; 
Aoun and Manja, 2020; Brar et al., 2020; Jemrić et al., 2021; Vuković et al., 2022). Therefore, 
the objective of this study was to test the ability of different photoselective nets to influence 
the vegetative characteristics of cherry laurel in a way that increases ornamental value and, 
consequently, the profitability of cultivation. 

Materials and methods 

The study was conducted in 2019 and 2020 in the nursery of the Faculty of Forestry and Wood 
Technology in Zagreb, Croatia. Rooted cherry laurel cuttings from a heated greenhouse were 
planted 10 x 20 cm apart in in outdoor beds on June 28, 2019. Three photoselective nets were 
used: a white, yellow, and red net (with a mesh size of 2.4 × 4.8 mm) and a standard green 
shade net (with a mesh size of 1.0 x 2.0 mm) as control. In each treatment, 30 rooted cuttings 
were transplanted, for a total of 120 cuttings.  

The following morphological variables of cherry laurel were measured: height (cm), root collar 
diameter (mm), root collar cross-sectional area (TCSA), slenderness coefficient, number of 
first-stage branches in the lower third of the plant, total number of first-stage branches, total 
length of first-stage branches in the lower third of the plant (cm), total length of all first-stage 
branches (cm) and average length of first-stage branches in the middle part of the plant (cm). 
The measurements were performed on June 9, 2021. Root collar diameter was determined by 
cross measurement using Prowin HMTY0006 digital scroll scale. 

Data were statistically analyzed with SAS Ver. 9.4 statistical software (SAS Institute, NC) using 
ANOVA and Tukey's HSD test (P ≤ 0.05). 
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Results and discussion 

Tables 1 and 2 show that the application of photoselective netting had no significant effect on 
the all studied vegetative characteristics of cherry laurel. However, despite high standard 
deviations that greatly affect their significance, certain trends are evident. Cherry laurel 
saplings grown under red net had the highest average plant height and total length of all first-
stage branches. Saplings grown under red and yellow nets had the highest average total length 
of first-stage branches in the lower third of the plant and the highest average length of first-
stage branches in the middle part of the plant. On the other hand, saplings grown under green 
net had the lowest average TCSA, total length of first-stage branches in the lower third of the 
plant and total length of all first-stage branches. Saplings grown under a yellow net had the 
lowest average plant height but the highest average root collar diameter and TCSA. According 
to the European Nurserystock Association standard, cherry laurel saplings must have a 
minimum container volume of 3 L, a minimum height above substrate of 40 cm, a branched 
shape, and at least three branches in the lower third. Only plants grown under the yellow net 
achieved the desired number of 3 or more branches, but the difference was not significant 
compared to other nets. 

These results obtained under the red net are probably due to the action of the shadow 
avoidance mechanism. The results of the shade avoidance mechanism include increased shoot 
growth and increased apical dominance (Smith and Whitelam, 1997), which was the case of 
cherry laurel saplings grown under red net. According to Casal (2012), shade avoidance 
responses are the changes in plant body form and function that occur in response to light 
signals provided by neighbouring vegetation and serve to reduce the degree of current or 
future shading. These signals include, but are not limited to, reductions in the ratio of red to 
far red perceived by phytochromes (Casal, 2012). The reduction of the ratio between red and 
far-red under the red net was found in other studies (Shahak et al., 2004a, 2004b; Basile et 
al., 2012). 

Conclusions 

Since no significant differences were found in this study, it can be concluded that green shade 
netting can still be used for cherry laurel saplings in nurseries. However, it should be noted 
that further studies are needed to test this technology under other agroecological conditions 
and over several years in order to draw a definitive conclusion. The yellow nets show a 
promising effect on the quality of cherry laurel saplings, as they promote branching. 

Table 1. Effect of photoselective nets on height, root collar diameter, root collar cross-
sectional area (TCSA), slenderness coefficient of cherry laurel 

Treatment Height (cm) Root collar 
diameter (mm) TCSA (mm2) Slenderness 

coefficient 
Green net 63.93 ± 26.04a 13.56 ± 3.68a 154.58 ± 78.33a 47.53 ± 14.34a 
White net 63.46 ± 22.31a 14.43 ± 5.33a 185.02 ± 149.5a 39.43 ± 10.16a 

Red net 68.89 ± 26.65a 13.78 ± 4.01a 161.23 ± 90.61a 45.14 ± 15.03a 
Yellow net 59.39 ± 24.7a 14.82 ± 5.15a 192.25 ± 136.79a 42.89 ± 7.82a 

1means followed by the same letter with the same year are not significant according to Tukey’s HSD test at P ≤ 
0.05 significance level 
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Table 2. Effect of photoselective nets on number of first-stage branches in the lower third of 
the plant (NFSB-LT), total number of first-stage branches (NFSB-T), total length of first-stage 
branches in the lower third of the plant (LFSB-LT), total length of all first-stage branches (LFSB-
T), and average length of first-stage branches in the middle part of the plant (ALFSB-MP) 

Treatmet  NFSB-LT NFSB-T LFSB-LT (cm) LFSB-T (cm) ALFSB-MP (cm) 
Green net 2.52 ± 1.90a 4.59 ± 3.02a 28,97 ± 29.74a 55.82 ± 47.50a 24.44 ± 24.74a 
White net 2.68 ± 2.18a 4.68 ± 4.19a 34.25 ± 37.64a 64.04 ± 80.89a 25.54 ± 22.89a 
Red net 2.71 ± 2.14a 4.93 ± 4.43a 35.61 ± 45.47a 71.68 ± 94.04a 27.22 ± 29.61a 
Yellow 
net 

3.07 ± 2.24a 4.82 ± 4.17a 35.50 ± 29.86a 67.27 ± 70.93a 27.68 ± 22.84a 
1means followed by the same letter with the same year are not significant according to Tukey’s HSD test at P  
≤0.05 significance level 
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ASSESSMENT OF IONS CONCENTRATION IN ALEPPO AND BLACK 
PINE FORESTS IN THE MEDITERRANEAN PART OF CROATIA 

Ivan Limić1, Tamara Jakovljević2, Goran Jelić1, Maja Veršić Bratinčević1, Darko Bakšić3, Lucija 
Lovreškov2, Lukrecija Butorac1* 

1Institute for Adriatic Crops and Karst Reclamation, Split, Croatia 
2Croatian Forest Research Institute, Jastrebarsko, Croatia 

3Faculty of Forestry and Wood Technology, University of Zagreb, Zagreb, Croatia 
*Lukrecija.Butorac@krs.hr 

Introduction 

Atmospheric deposition is a very important transport process for gases and particles from the 
atmosphere to terrestrial and aquatic surfaces. Involves dry deposition, the flux of gases and 
particles from the atmosphere that does not involve water as a deposition vehicle and wet 
deposition which is the flux of atmospheric substances dissolved in precipitation (rainfall, 
snow, clouds, or fog) [1]. Precipitation contains primary dissolved chemical compounds 
derived directly from air particles, mainly from marine spray and continental dust, such as 
chloride, sodium, potassium, magnesium, and calcium. Secondary chemical compounds 
derived from gaseous emissions and subsequent reactions in the atmosphere include ions 
such as sulphate, nitrate, and ammonium. Bulk-open field precipitation is defined as the total 
(wet and dry) deposition collected generally in field or a clear-cut forest. On the other hand, 
throughfall is defined as the precipitation dripping from the forest canopies or falling to the 
forest floor in between the trees [2]. When precipitation gets in a contact with plant surfaces, 
materials deposited on the surfaces wash out and change its chemical properties and chemical 
composition. Furthermore, extensive ion-exchange processes take place between rainwater 
and trees in the canopy [2]. In addition to these changes in chemical composition, there are 
also changes in the amount of water that reaches the soil due to interception by the canopy. 
The rainfall that reaches the soil is characterized by significant variability that depends on the 
species composition of the forest; the structure, levels, density, and shape of the canopy [2]. 
The main factors affecting precipitation quality are the atmosphere and precipitation 
interaction with canopy. The influence of different forest types and the chemical composition 
of precipitation has been investigated throughout Europe [3, 4]. However, the impact of 
Mediterranean forest ecosystems has been insufficiently investigated [1, 5, 6]. Therefore, this 
study aimed: i) to determine the ions concentration and processes accruing in pine forests in 
areas with varying degrees of atmospheric deposition and (ii) to compare the chemical aspects 
of precipitation between BOF and THR precipitation in Aleppo and black pine forests. 

Materials and Methods 

Two square experimental plots with an area of 0.25 ha were selected. The measurements 
were carried out in different pine forest ecosystems along the eastern Adriatic coast. The plot 
in Aleppo pine forest (AP), (43°33'44.8 "N, 16°29'45.3 "E, 220 m a.s.l.) is in the eu-
Mediterranean vegetation region, 6 km from town of Split. The plot in black pine forest (BP), 
(43°41'59'' N, 16°26'34'' E, 550 m a.s.l.) is in the sub-Mediterranean vegetation region, 24 km 
from town of Split. The selected plots were fully equipped for the measurement of 
atmospheric deposition. Sampling, measurements, and analyses on the plots were all carried 
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out according to the International Co-operative Programme on Assessment and Monitoring of 
Air Pollution Effects on Forests (ICP Forests) manual [7]. The study period was from January to 
December 2020. The bulk-open field (BOF) and throughfall (THR) samples were sampled bi-
weekly using continuously exposed, randomly placed collectors [7]. Electrical conductivity (EC) 
and pH were measured on the unfiltered water samples. The analyses of ion concentrations 
and alkalinity were performed on filtered samples (0.45 μm) [8]. Ion chromatography was 
used to determine the concentrations of anions and cations, i.e., Ca2+, K+, Na+, N-NH4+, Mg2+, 

Cl-, S-SO42-, N-NO3- [9, 10]. Statistical analyses were performed using Statsoft Statistica 14 
(Tibco Software Inc, Palo Alto, CA, USA, 2020). 

Results and Discussion  

The annual bulk open field precipitation (BOF) and throughfall (THR) were shown in Table 1. 
During the study period, precipitation volume in BOF and THR samples in black pine plot (BP) 
was higher than in Aleppo pine plot (AP).  

Table 1. The annual bulk open field precipitation (BOF), throughfall (THR) and interception 
values at the experimental plots during the study period, from January to December 2020. 

  Aleppo pine Black pine 

Bulk-open field (mm) 644 979 

Throughfall (mm) 406 797 

Interception (mm) 238 182 

 (%) 37 19 

 
Interception, understood as the part of precipitation retained by the canopy, is an important 
element of water balance in forest ecosystems. For AP forest the interception rate was 37% 
and for BP 19% (Table 1). Similar interception values were found on conifer plots in Italy, 
where values ranged from 23% to 24% [3], and 15% to 18% in Croatia [6]. The process of 
rainfall interception is usually dependent on precipitation amount, intensity, wind speed, 
meteorological conditions, tree species, canopy structure and the antecedent weather ect. [6, 
11]. Difference between precipitation in the BOF and THR samples in both forests indicated 
that the water interception by the canopies [1, 6]. Depends on interception capacity can 
explain different concentration of ions in forests. 
 
Table 2 Results of precipitation chemistry: pH, electrical conductivity (EC), alkalinity, and mean 
concentration of anions and cations for BOF and THR samples. 
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Mean yearly concentrations of the main chemical species were calculated the from BOF and 
THR samples at each forest (Table 2). The comparison of both concentrations in BOF and THR 
samples showed high enrichments in the THR samples that reflect both the wash-off of the 
dry deposited particles on tree canopies and the exchange with the needle’s surfaces 
(absorption and leaching) [3, 4]. The chemical composition of the precipitation was quite 
different at the two forest sites, with the widest range of variations in THR data. The ions 
concentration of BOF precipitation and THR in the AP forest were many times higher than the 
concentrations observed in the BP forest. Concentration of NO3

- in in THR samples in AP plot 
was eight times higher; Na+ five times higher; NH4+, Mg2+ and Cl- three time higher and of K+, 
Ca2+ and S-SO4

2- two time higher than in THR samples in BP plot. Considering the ion 
concentrations, the following series of anions and cations were obtained for THR: Ca2+ > N-
NO3- > Cl- > Na+ > K+ > S-SO42- > N-NH4+ > Mg2+ for AP forest and Ca2+ > Cl- > K+ > S-SO42- > N-
NO3

- > Na+ > N-NH4
+ > Mg2 for BP forest. The concentration of Ca2+ was very high in both plots 

for BOF and THR samples, higher than the concentration of any other ion. Calcium mainly can 
be attributed to terrestrial sources (dissolution of dolomites and limestone) the remote 
transport of soil dust from arid and semi-arid areas, and can be consequence of anthropogenic 
activities, such as quarries or cement factories [2, 12]. The concentrations of Na+, Cl- and 
Mg2+were higher in AP than in BP plot (Table 2). The AP plot is located approximately 3.5 km 
of the Adriatic coast, and BP forest is located approximately 24 km of the Adriatic Sea coast.  
That indicating that the contribution from marine aerosol in BP forests was limited.  The higher 
concentration of NH4+ in BOF than in THR samples can indicate possible retention by the tree 
canopy as previously determined by Jakovljević et al. 2019 [5]. Differences between values of 
NO3

- in BOF and THR (Table 2) can be explained by the fact that nitrogen compounds by dry 
deposition accumulated on tree canopies and washed out in subsequent rain events, like that 
observed in Lovreškov et al. 2021 [6]. In both plots, the mean pH values of BOF and THR 
samples were above 5.53, indicating that there were no acid rain events. The pH of BOF during 
the study period was 6.15 in the BP plot and 6.67 in the AP plot (Table 2). After passing the 
canopy, the pH of the THR sample in both forests were decreased.  Similar results were 
obtained by Vrbek 2005 [13] on experimental plots in Pinus nigra and Quercus ilex forests pH 
values of BOF samples were 6.39 and 6.90 and those of THR samples were 5.92 and 6.31. It is 
well known that coniferous stands contribute to the increased acidity of rainwater [12]. For 
both plots, it was found that the conductivity in THR samples was higher than in BOF samples 
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(Table 2). The conductivity of rain depends on the amount of ions and higher values were 
expected in THR samples. The concentration of ions collected in the forest (THR), in contrast 
to samples collected outside the forest (BOF), contains ions from dry deposition washed from 
the canopy, which may contribute to higher conductivity values [4]. Furthermore, due to the 
greater coverage of the canopy, higher dry ion amount was deposited. 
 
Conclusions 
The results showed that concentration of ions in THR samples was higher than in BOF samples 
in both forests, indicating possible wash-off from canopies. The highest ion concentrations for 
THR were in AP forest. However, THR of NH4+ was lower than BOF samples in both pine forests, 
indicating possible retention from the canopy. depending on the study site, different 
anthropogenic source such (agriculture, dissolution of limestone) and possible influence of 
marine aerosol from Adriatic Sea were identified as sources of anions and cations.  
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Introduction 

The Public institution Kamenjak (PI Kamenjak) is the holder of protected areas with very 
important natural and generally useful functions of the ecosystem. A high level of biodiversity, 
i.e. valuable floristic, geomorphological and favorable microclimatic characteristics makes 
these areas extremely attractive. Continuous environmental monitoring becomes an 
important part of maintaining the existing condition of such habitats. Monitoring of heavy 
metal concentrations is important given the increasing number of visitors and the large 
number of motor vehicles. The causes of heavy metal contamination of the soil can be 
manifold. According to the Regulation on Protection of Agricultural Land from Pollution (NN 
71/2019-1507) [1], pollutants in soil are primarily heavy metals (Cd, Cr, Cu, Hg, Ni, Pb, Zn, Mo, 
As, Co) and potentially toxic essential elements (Zn and Cu). Heavy metals are divided into 
non-essential toxic metals (e.g., Cd and Pb) and potentially toxic essential elements (e.g., Zn 
and Cu) [2]. Elevated concentrations of heavy metals in soil differ from each other and mainly 
depend on the amount and mode of transport as well as the source of pollution, and represent 
one of the most important problems of all environmental components [3]. Pollution of soil 
with heavy metals (directly or indirectly) over time can seriously disrupt the entire food chain 
and pose a potential threat to ecosystem [3]. Considering the extraordinary importance of the 
landscape as a protected area for the daily life of people, flora and fauna in Kamenjak, the aim 
of this study was to determine the presence of heavy metals and potentially toxic elements in 
the soil. 

Material and Methods 

The study was conducted on 242 soil samples collected on 5 locations (Franina, Toreta, Križ, 
Portić and Lokve) in protected area of Istria (Kamenjak) during the period from 2018 to 2021. 
Soil samples were collected monthly at 2 depths (0-5 cm, 5-10 cm). Soil samples were airdried, 
ground using a mortar and pestle, and passed through a mesh sieve (fractions < 2 mm)) [4]. 
Approximately 0.3 g of sub-samples was digested using a mixture of 30 % H2O2 (1 mL) and 65 
% HNO3 (5 mL) for plants and a mixture of 65 % HNO3 (3 mL) and 37 % HCl (9 mL) for soil in a 
closed high-pressure microwave system (Milestone Srl, Ethos One, Italy). Sub-samples were 
analyzed for Cd, Cu, Pb and Zn using flame atomic absorption spectroscopy (Perkin-Elmer, 
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Aanalyst 600, USA). Content of analyzed heavy metals was compared with maximum 
permitted concentrations [1]. 

Results and discussion  

Heavy metals have the ability to accumulate in the soil and remain in the environment over 
the long time, even if the source of the pollution is subsequently removed. This fact 
underscores the importance of their controlled release into the environment and thus into 
the soil [2]. Considering that soil pH at the studied sites was above 6.0, concentration of heavy 
metals in samples was compared to the maximum allowable for soils with pH above 6.0, 
according to the regulation [1] (Table 1). The average concentration determined did not reach 
the maximum permissible concentrations. In individual cases, high concentrations for Cu were 
detected. These individual samples had high concentrations and reached the maximum 
allowable in sampling site Toreta. Copper contamination can also occur during friction in the 
braking system, through the emission of exhaust gasses during combustion in the engine [5]. 

 
Table 1. Content of heavy metals (Cd, Cu, Pb, Zn) in soil samples on five locations and 
comparison with the maximum permitted concentrations, values in bold  
 

Element   *pH > 6 
Lokve Portić Križ Toreta Franina 

min mean max min mean max min mean max min mean max min mean max 

  mg kg-1 

Cd  2 0.1 0.4 1.9 0.1 0.4 1.9 0 0.2 0.6 0.1 0.2 1.2 0.1 0.2 1.2 

Cu 120 1 13 28 1 13 28 0 10 25 0 13 122 0 15 105 

Pb 150 1 22 61 1 22 61 2 17 29 2 16 69 2 18 43 

Zn 200 44 80 139 44 80 139 5 58 99 36 57 161 29 52 91 

* maximum permitted concentrations mg kg-1 at pH > 6 (NN 71/2019-1507) 

Nevertheless, cadmium can enter the environment through the braking systems and 
lubricants of cars [6]. This metal is considered one of the most harmful heavy metals to living 
organisms. The consequences of its uptake can cause changes in plant growth, photosynthesis 
rate, and nitrogen and phosphorus content in plants [7, 8, 9]. The increased level of zinc in soil 
is a result of the wear of car tires and galvanized metals [10]. In addition, lead contamination 
mostly originates from motor vehicles [10], which consequently can have a negative impact 
on plant development [8]. Therefore, continuous monitoring is needed. 

Conclusions 

It has been shown that the soil in certain places of protected area Kamenjak has elevated 
concentrations of heavy metals. Since heavy metals tend to remain in the environment for a 
long time and have negative effects on the entire ecosystem, their control and limiting their 
input into the soil is extremely important. Monitoring of the status of the environment is an 
indispensable part of the sustainable management of natural resources, conservation and 
further use of this protected area. Istria is a well-known tourist destination and increasing 
number of tourists with the uncontrolled traffic of motor vehicles, certainly makes their 
contribution in rising content of heavy metals in soil. Therefore, long term monitoring of heavy 
metals in soil will contribute to a better understanding of cause-effect relationships in 
ecosystem functioning.  
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Introduction 

Honey is a very complex product composed of major compounds including monosaccharides 
glucose and fructose and many minor components that contribute their characteristic 
properties (1). Nectar honey or blossom honey is produced by honeybees from the nectar of 
plants, while honeydew honey comes mainly from the secretions of living parts of plants or 
excretions of plant sucking insects (Hemiptera) on the living part of plants (1; 2). Honeydew 
honey is highly valued by consumers (3). Physical properties and chemical composition of 
honey is influenced by plants from which the honeybees collect nectar. Physical, chemical, 
nutritional and bioactive properties of honey also differ based on the type of flora, climatic 
conditions and geographical region (4). When placed on the market as honey or used in any 
product intended for consumption, honey must meet certain compositional criteria (5). 
Croatia has favorable climate conditions and the variety of vegetation for the production of 
different honey types (6). Therefore, during this study, different types of honey produced in 
Croatia, such as honeydew and nectar honey including floral, chestnut, meadow, and also 
specific types of honey like amorphous, mandarin, willow, wild cherry, forest, linden, and sage 
were analysed for water content, acidity, electrical conductivity, hydroxymethylfurfural 
(HMF), reducing sugars, and sucrose content. 

Material and Methods  

Samples of different types of honey were obtained directly from beekeepers in Croatia, in 
glass containers and stored at room temperature during the analyses. The origin of the 
samples was specified by the beekeepers. Reagents used were of analytical grade and 
purchased from Sigma (St.Louis, MO, USA) and Merck (Darmstadt, Germany). In all samples, 
the physicochemical parameters were determined according to the national regulations and 
International Honey Commission (IHC)-proposed methods (5; 7). 

Results and discussion 

Different types of honey samples; honeydew honey samples, multifloral honey samples and 
unifloral honey samples including those of very specific types such as amorphous, mandarin, 
willow, wild cherry, linden and sage honey were analysed for physicochemical characteristics 
(water content, acidity, electrical conductivity, hydroxymethylfurfural (HMF) content, total 
reducing sugars and sucrose content) set by Croatian and international honey-profiling criteria 
(5; 7) (Tables 1-3). 
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Regarding the demands (5; 7), only 1 honey sample (chestnut honey) (Table 3) does not meet 
the prescribed criteria for water content. Since honey is a highly hygroscopic, one of the 
reasons for the increased water content can be insufficient maturity as well as improper 
storage conditions. The values of acidity, for all of the analysed samples lie within the limits 
set by criteria (5; 7) (Tables 1-3). This parameter can also serve as one of the potential 
indicators of honey adulteration. Honey adulterated with sugar syrup has very low acidity, 
while honey adulterated with invert sugar has significantly high acidity (8). Also, the acidity of 
honey varies depending on the type of honey. The concentration of the most abundant 
organic acid in honey, gluconic acid, and the concentration of citric acid can be used to 
distinguish honeydew and nectar honey (9; 10).   

Table 1.  Physicochemical parameters of honeydew honey samples 

Honey 

type 
w (water 

content) (%) 
acidity 

(meq/kg) 

electrical 
conductivity 

(mS/cm) 

w (HMF) 
(mg/kg) 

w (total 
reducing 

sugars) (%) 

w (sucrose)                          
(%) 

Honeydew 
honey  

(n=12) 

116.78 ± 1.34 

215.00-18.60 

37.97 

122.79 ± 
7.10 

212.11-39.19 

331.14 

10.89 ± 0.43 

20.28-1.46 

348.25 

16.54 ± 5.80 

20.00-22.66 

388.70 

164.85 ± 
4.23 

259.08-71.02 

36.52 

11.65 ± 1.22 

20.00-3.78 

373.90 

1Mean ± SD, 2Range, 3CV (%) 

As honeydew honey contains a higher content of mineral substances than other types of 
honey, its electrical conductivity is also higher, which is another way to distinguish honeydew 
from nectar honey, as well as the botanical origin of honey in general (1; 3). Demands due to 
electrical conductivity (5; 7) does not meet 4 samples of honeydew honey (Table 1), while 
increased electrical conductivity was obtained in 2 samples of meadow honey (Table 2), and 
in each of 1 sample of floral (Table 2), mandarin (Table 3), willow (Table 3), wild cherry (Table 
3) and sage honey (Table 3). 

Table 2.  Physicochemical parameters of multifloral honey samples 

Honey 

type 
w (water 

content) (%) 
acidity 

(meq/kg) 

electrical 
conductivity 

(mS/cm) 

w (HMF) 
(mg/kg) 

w (total 
reducing 

sugars) (%) 

w (sucrose)                          
(%) 

Forest  

honey 

(n=1) 

 

15.47 

 

 

20.38 

 

 

0.93 

 

8.83 55.11 2.01 

Floral  

honey 

(n = 7) 

116.81 ± 0.75 

215.84-17.72 

34.45 

128.37 ± 
5.40 

223.41-39.66 

319.05 

10.52 ± 0.21 

20.30-0.85 

340.75 

110.31 ± 
7.49 

22.30-20.93 

372.67 

165.95 ± 
5.17 

259.05-71.51 

37.84 

11.66 ± 1.13 

20.49-3.81 

368.26 
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Meadow 
honey  

(n = 5) 

116.88 ± 0.94 

215.47-18.00 

35.58 

128.49 ± 
8.27 

222.04-42.80 

329.01 

10.64 ± 0.38 

20.26-1.08 

360.47 

19.56 ± 
11.86 

20.00-29.95 

3124.00 

166.38 ± 
3.86 

261.57-70.60 

35.82 

11.90 ± 1.03 

20.33-2.93 

354.38 

1Mean ± SD, 2Range, 3CV (%) 

 

Table 3.  Physicochemical parameters of unifloral honey samples 

Honey 

type 
w (water 

content) (%) 
acidity 

(meq/kg) 

electrical 
conductivity 

(mS/cm) 

w (HMF) 
(mg/kg) 

w (total 
reducing 

sugars) (%) 

w (sucrose)                          
(%) 

Chestnut 
honey 

(n=5) 

117.97 ± 
1.53 

216.16-20.20 

38.52 

123.52 ± 
9.27 

213.93-35.59 

339.40 

11.27 ± 0.21 

20.92-1.43 

316.90 

13.49 ± 3.74 

20.00-7.87 

3106.99 

160.46 ± 
2.57 

257.03-64.25 

34.26 

11.48 ± 1.29 

20.49-3.70 

387.03 

Amorphous 
honey 

(n=1) 

 

16.32 20.12 0.23 12.29 71.35 0.65 

Mandarin 
honey 

(n=1) 

15.92 29.09 0.94 0.96 57.57 3.03 

Willow  

honey 

(n=1) 

15.40 21.80 1.30 0.96 56.49 1.71 

Wild cherry 
honey 

(n=1) 

17.40 31.90 1.00 3.07 64.25 2.69 

Linden  

honey 

(n=1) 

16.64 29.82 0.60 2.88 70.57 0.19 

Sage  

honey 

(n=1) 

17.48 32.29 0.94 2.30 70.57 0.69 

1Mean ± SD, 2Range, 3CV (%) 
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The HMF content is also one of the indicators of the quality of honey, and it is desirable that 
is present in very small amounts or completely absent. Increased HMF content is most often 
an indicator of improper or long storage, since the concentration of HMF in honey increases 
with the time and temperature of storage (11). Increased HMF content in honey can be the 
result of heating, and increased values can also be an indicator of adulteration (12). All of the 
obtained results of HMF content in different types of honey samples comply to the regulations 
(5; 7) (Tables 1-3). Total reducing sugars content can depend on geographical and botanical 
origin of honey, climate conditions, beekeeping practice and storage time, as well as being 
one of the indicators of honey adulteration (13). Honey-profiling criteria due to total reducing 
sugars content (5; 7) does not meet 2 chestnut honey samples (Table 3), and each of 1 sample 
of floral (Table 2), mandarin (Table 3), willow (Table 3), and forest honey (Table 2). In addition 
to the glucose/water ratio, the fructose/glucose ratio also has a significant influence on the 
honey crystallization process. If the value of fructose/glucose ratio is high and glucose/water 
ratio low, the crystallization process will be slower (14). Sucrose content can, as well as the 
total reducing sugars content, indicate direct or indirect adulteration of honey with the 
addition of different sugar syrups, although in most cases the carbohydrate profile of honey 
is optimized in such a way that id difficult differ it from the carbohydrate profile of 
unadulterated honey (15). Regarding the criteria of sucrose content (5; 7), all of the honey 
samples lie within the limits set by requirements (Tables 1-3).  

Comparing the results of physicochemical parameters for honeydew honey and nectar honey 
with emphasis on specific honey types such as forest, amorphous, mandarin, willow, wild 
cherry, linden and sage honey, it can be seen that analytical values for different types of honey 
are in accordance (Tables 1-3). Regarding the demands set by Croatian and international 
honey-profiling criteria (5; 7), it can be seen that the largest number of samples does not meet 
the requirements for the electrical conductivity and total reducing sugars content (Tables 1-
3). One of the possible reasons for the increased electrical conductivity of mandarin, willow, 
wild cherry and sage honey, very specific honey types, can be the increased mineral and acid 
content (16).   

Conclusions 

Results of quality parameters analyses of honeydew honey samples and nectar honey samples 
including floral, meadow, chestnut honey samples and also samples of specific honey types 
such as forest, amorphous, mandarin, willow, wild cherry, linden and sage honey, showed that 
all samples meet the prescribed Croatian and international honey-profiling criteria for acidity, 
HMF and sucrose content. One honey sample does not meet the criteria for water content. 
The largest number of samples does not meet the requirements for the electrical conductivity 
and total reducing sugars content indicating the need to study the regulatory criteria with 
regard to different specific types of honey which increasingly attract the attention of 
consumers and researchers, and the development of reliable analytical tools that would 
guarantee its authenticity.   
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Introduction 

Wine production, as one on the most important agricultural sectors, annually generates 
around 7 million tons of wine waste, which due to the environmental risk requires appropriate 
management [1]. In recent years, valorization of grape wine waste, opposed to disposal as 
traditionally employed solutions, has drown considerable interest. Namely, wine waste, and 
particularly grape wine pomace, represents very valuable by-product, due to the high 
concentrations of different bioactive compounds. Grape seed fraction of pomace is 
particularly valuable, not just as a source of polyphenolic compounds, but also grape seed oil 
(7-22%) [2,3]. This alternative oil is a rich source of essential unsaturated fatty acids (around 
90%), particularly linoleic acid, as well as other bioactive compounds with strong antioxidant 
activities: vitamin E active compounds (tocopherols and tocotrienols), phytosterols and 
polyphenolic compounds [2-5]. In order to promote sustainable production, and to reduce 
negative environmental factors, supercritical CO2 extraction (SC CO2) of oil from grape seed 
pomace can be employed. Opposed to conventional solvent extraction, SC CO2 involves green, 
low-cost, non-toxic and non-flammable CO2 as solvent/extraction fluid [6-8]. In addition, this 
technique provides higher extraction oil yields compared to conventional cold pressing. Also, 
other advantages include reduction of extraction process duration, as well as possibility to 
apply lower extraction temperatures in order to preserve thermosensitive compounds and 
obtain high quality oil [7,8]. However, since different parameters, such as temperature, 
pressure, flow rate, extraction time, sample size, etc., as well as equipment customization can 
affect the extraction, optimization is crucial in this process [6]. The aim of this research is to 
study the impact of SC CO2 extraction parameters (pressure, temperature and CO2 flow rate) 
on the oil extraction yield (%) and oil antioxidant capacity (ORAC) from Graševina grape wine 
pomace; and finally, to obtain optimal SC CO2 extraction conditions.  

Material and Methods 

Grape seed pomace preparation 

The study was conducted on the grape seed pomace from Graševina cultivar provided from 
Kutjevo d. d. (Kutjevo, Croatia), vintage 2021. Seeds were immediately manually separated 
from the rest of the pomace and dried (45 °C for 48 h). Dried pomace seeds were ground using 
electrical grinder. A portion of 100 g of ground grape seeds were sieved for 10 min using a 
vertical vibratory sieve shaker and series of seven sieved (2.25, 1.12, 0.67, 0.45, 0.369, 0.282, 
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and 0.18 mm) (Bühler Gmbh, Germany). The average particle diameter (dp) was calculated to 
be 0.5446 ± 0.0045 mm. 

Experimental design 

Box-Behnken design (BBD) comprising 17 experiments was used to evaluate the effect of three 
independent variables: pressure (X1) at 300, 400 and 500 bar, temperature (X2) at 35, 45 and 
55 °C and CO2 flow rate (X3) at 15, 30 and 45 g/min. The output variables determined were 
grape seed oil extraction yield (%) and antioxidant capacity (ORAC value).  

Supercritical CO2 extraction (SC CO2) 

SC CO2 extraction was conducted on laboratory scale equipment (Extratex, Neuves-Maisons, 
France). A portion of 50 g of ground grape seed pomace sample was extracted for 90 min at 
different operating conditions, as proposed above. Extracted oil was collected in glass vials 
and extraction yield (%) for all experiments was calculated according to the given eq 1: 

EY (%)
   

    
 × 100           (1) 

Oxygen Radical Absorbance Capacity (ORAC) assay 

Extraction of hydrophilic antioxidants was conducted according to the method proposed by 
Bail et al. [9] with small modifications. A portion of 1.5 g of grape seed oil was weighed to tube 
and dissolved in 2.5 mL n-hexane. For extraction, 2.5 mL methanol:water (80:20, v/v) was 
added and obtained mixture was first vortexed and then centrifugated (5 min at 5000 rpm). 
The procedure was carried out three time. Methanolic fractions were collected, washed three 
times using 2.5 mL n-hexane, concentrated until dryness and reconstituted in 1.5 mL of 
methanol. ORAC assay in obtained extracts was performed using the method of Shinagawa et 
al. [5]. The results were expressed as µM Trolox equivalent TE per 100 g of oil.  

Data analysis  

Statistical analysis of analytical data was carried out by Analysis of Variance (ANOVA) using 
Statistica v.14.0 software (Statsoft Inc.,Tulsa, OK, USA). Regression analysis was performed on 
experimental data and fitted to an empirical second order polynomial model as shown in eq 
2:  

Y = β + ∑ β X + ∑ β X + ∑ β X X         (2) 

where Y was the response variable, and β0, βi, βii, βij were regression coefficients for intercept, 
linear, quadratic, and interaction terms, respectively; and Xi and Xj were independent 
variables. Response surface methodology (RSM) was used to determine the optimal process 
conditions for three independent variables. 

Results and discussion  

In order to optimize the supercritical CO2 extraction processes of grape seed oil from 
Graševina pomace, BBD comprising 17 experiments (three independent variables varied at 
three levels) was performed. Multiple regression analysis was conducted on the experimental 
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data of dependent variables (extraction yield and ORAC value) and the coefficients of the 
model were evaluated for the significance. In addition, the values of these coefficients were 
used in final predictive equations (eq 3 and 4). Finally, response surface methodology plots 
were constructed (Figure 1) to describe relationship among independent and dependent 
variables, while optimization was carried out with the aim to obtain maximal extraction yield 
and the highest ORAC values of oils.  

Regression analysis indicated that both linear and quadratic term of SC CO2 pressure have 
highly significant effect (p < 0.01) on the oil extraction yield (%) from grape seed pomace. 
Hence, both terms/coefficients were bolded in the eq 3 below: 

YEY = -1.80469 + 0.03664X1 + 0,13122X2 - 0.01935X3 - 0.00015X1X2 + 0.00004X1X3  

+ 0.00086X2X3 - 0.00004X12 - 0.00119X22 - 0.00057X32  (3) 

These results were in accordance with earlier studies, also indicating pressure as the most 
significant process variable influencing the oil yield [6,8]. Namely, this process variable is 
crucial because it determines SC CO2 density, that is in direct positive correlation with its 
extracting power. Hence, an increase in pressure, makes the density of SC CO2 to increase, 
which enhances the solvent power and finally, extraction yield. However, an increase in 
extraction yield at constant temperature was limited to the range from 300 to 400 bar, while 
further increase in pressure up to 500 bar resulted in gradual decrease of yield (Fig. 1A). In 
addition, increase in CO2 flow rate resulted in the slight increase of yield, but only up to 30 
g/min, while the same trend was noticed for the temperature up to 40 °C (Fig. 1B). However, 
both parameters did not have the significant impact on the extraction yield. These results 
were comparable with those published by Jokić et al. [6].  

In addition, results of multiple regression analysis showed that the most important parameter 
influencing ORAC values was estimated to be quadratic term of CO2 flow rate (p < 0.001). In 
addition, ORAC values were also significantly affected by linear terms of temperature (p < 
0.05), as well as by the interaction among temperature and CO2 flow rate (p < 0.05). 
Coefficients with the significant effect on the ORAC values were bolded in the eq 4 below: 

YORAC = -58.24260 - 0.93545X1 + 28.20720X2 - 8.48622X3 - 0.00206X1X2 + 0.00197X1X3 

 - 0.25671X2X3 + 0.00148X12 - 0.23020X22 + 0.33357X32  (4) 

Response surface plots of ORAC values showed different trends then those earlier observed 
for extraction yield. Namely, the highest results under fixed temperature were obtained under 
highest flow rate and pressure (Fig. 1C). In addition, highest results under fixed pressure were 
obtained under highest flow rate and lowest temperature (Fig. 1D). Recent study of Dimić et 
al. [7] showed that increase in flow rate (under constant pressure of 350 bar and temperature 
of 60 °C) can significantly increase extraction yield.   
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Figure 1. Response surface plots of extraction yield for (A) pressure and CO2 flow rate and (B) 
temperature and CO2 flow rate; and plots of ORAC value for (C) pressure and CO2 flow rate 

and (D) temperature and CO2 flow rate 

Also, similar influence of CO2 flow was observed by other authors [7,8] concluding that this 
effect can be contributed to the external and internal mass transfer. In addition, effect of 
temperature is known to be dependent on crossover phenomena (lower and upper crossover 
points). Namely, an increase in temperature causes a decrease in CO2 solubility and hence 
lower yields, but at the same time solute solubility can still enhance due to the enhanced 
solute vapor pressure. At pressures between lower- and upper-point solubility decreases with 
temperature increase, but outside these points effects of vapor pressure are stronger than 
the density effect, causing solubility increase [10]. Nevertheless, differences obtained in 
trends among extraction yield and ORAC data can also be attributed to the thermal sensitivity 
of extracted hydrophilic compounds. More favorable effects at fixed pressure were noticed 
when CO2 flow rate of 45 g/min and 35°C were applied compared to CO2 flow rate of 15 g/min 
and 55°C. 

The final aim of RSM was optimization of SC CO2 extraction process of oil from grape pomace 
seeds. The optimal process conditions to achieve maximum oil yield and maximum ORAC value 
were pressure of 450 bar, temperature of 40°C and CO2 flow rate of 45 g/min. Predicted values 
amounted 7.82% and 415.24 µM TE/100 g oil for extraction yield and ORAC, respectively. 
Validity of the predicted optimal values for each dependent variable was experimentally 
confirmed (7.89% and 413.76 µM TE/100 g oil for extraction yield and ORAC, respectively). 
Obtained predicted and experimental data were not significantly different within the 95% 
confidence interval.  

Conclusions 
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Supercritical CO2 extraction was successfully applied as alternative green technology for oil 
extraction from Graševina grape seed pomace. The effects of pressure, temperature, and CO2 
flow rate on the extraction yield (%) and antioxidant capacity (ORAC value) were studied and 
optimized using RSM. Pressure and CO2 flow rate showed to be the most significant process 
variables affecting the extraction yield and antioxidant capacity, respectively. Process 
conditions including pressure at 450 bar, temperature at 40 °C and flow rate of 45 g/min 
proved to be optimal ones to achieve maximum yield and oil antioxidant capacity.  
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Introduction 

Most food packaging paper grades are subject to requirements for high mechanical strength and 
good barrier properties. Generally, the strength properties are controlled mainly by additives 
based on natural polymers, like starch and cellulose derivatives. However, the development of 
barrier properties is based primarily on the synthetic materials, obtained from finite resources 
and with negative impact on the recycling potential and biodegradability of used paper based 
packaging [1]. As consumer awareness of environmental protection increases, the demand for 
recyclable and biodegradable packaging materials obtained from renewable resources is 
increasingly evident and the concept of sustainability is a determining factor for the packaging 
market, the focus of research has been on identification of alternative solutions to synthetic 
polymers by using biopolymers [2]. Xylan hemicelluloses are class of polysaccharides after 
cellulose which have good natural barrier properties necessary for foods packaging papers and 
films. This has drawn considerable interest today for their utilization as potential biopolymers 
for food packaging papers or films for coating of food. Xylans are the main hemicelluloses in 
hardwood and they also predominate in annual plants and cereals making up to 30% of the cell 
wall material and one of the major constituents (25–35%) of lignocellulosic materials, depending 
on the source of biomass [3, 4]. Due to its high hydrophilic nature, xylan has often been modified 
with hydrophobic moieties,  especially when it is used for packaging and coating applications [5]. 
Alkyl ketene dimers (AKDs) are a family of organic compounds based on the 4-membered ring 
system of oxetan-2-one, which is also the central structural element 
of propiolactone and diketene. Attached to the oxetane ring of technically relevant alkyl ketene 
dimers there is a C12 – C16 alkyl group in the 3-position and a C13 – C17 alkylidene group in the  
4-position.  In the paper industry  is one traditional sizing agent which is less susceptible to 
hydrolysis and can offer hydrophobization of cellulose fibers efficiently with a small quantity in 
the water-based solution. In paper sizing, at least some of the AKD can react with the cellulose 
chains on paper to form covalent bonds.There has been recent interest in reacting AKD with 
different types of polysaccharides, e.g., microcrystalline cellulose, microfibrillated cellulose, 
cellulose nanofibers, bacterial cellulose, carboxymethyl cellulose, hydroxyethyl cellulose, starch 
, and cashew gum [6,7,8].                                                            

In view of the continuing interest in this field, new hydrophobically modified xylans may be of 
interest from packaging application  field point of view.The reaction of AKD with xylan, (where 
R’ and R” are C14H29) can occur at OH positions 2 and/or 3 of xylan, as can be observed in Figure 
1 [8]. 
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Figure 1. Reaction of AKD with xylan, where R’ and R” are C14H29 

In this paper are presented some investigations regarding the utilization of xylan biopolymer in 
native form and cross-linked with Alkyl ketene dimers (AKD) to improve the barrier and strength 
properties of paper. A biopolymer coating based on hardwood xylan hemicellulose with and 
without AKD was used for surface treatment of paper using rod Mayer laboratory coating 
system. The coated paper samples were conditioned at 23°C and 50% RH and analyzed regarding 
their functional packaging performances: water and oil barrier and mechanical strength 
properties. 

Materials  and Methods  

Base paper – of 50 g/m2 from unbleached cellulose pulp with the main physical-mechanical 
properties presented in the table 1. 

Table 1. The characteristics of base paper.  
 

 
 
 
 
 
 

Xylan 

hemicellulose - from beechwood, purchased from Carl Roth  Company, Germany, (powder light 
beige  to brown, molecular mass  of (132)N 

   and loss on drying ≤10,0 %) . 
Alkyl Ketene Dimer  (AKD)  - as commercial product AquapelTM 210D, purchased from Solenis, 
USA, (milky white liquid, odorless, total solids of 16,2 % and viscosity of 4 cPs/ t=25 0C). 
 

Surface treatments (coating) of paper 

The coatings with xylan hemicellulose and different amounts of AKD (0,2%, 0,5%, 1%, 1,5%) were 
applied in a single layer on each side of  paper surface using laboratory rod Meyer system bar (4-
5g/m2 both sides of paper). In this system the aqueous coating dispersion is  applied in front of 
the rod and by manual rotation of rod over paper substrate a well-defined amount of coating 
dispersion is applied. The thickness of the coating layer is controlled by the diameter of the wire 
[5]. The obtained samples were dried for 10 min. at room temperature and 10 min. in an oven 
at 60°C. After oven drying, the coated paper samples were hot pressed at 110-120°C, to 
complete the reaction of AKD with xylan hemicellulose. 

Properties Method Value 

Grammage, g/m2 SR EN ISO 536:2020 50,30 

Thickness, µm SR EN ISO 534:2012 71 

Density, g/cm3 SR EN ISO 534:2012 0,71 

Moisture content  , % SR EN ISO 287:2018 6,36 

Ash content ,% ISO 2144:2019 0,85 
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Testing methods for coated paper samples 

Water absorption capacity, g/m2, was determined as described in the standard method SR ISO 
535 : 2014 where a given amount of water was in contact with the paper for 60 seconds and 
weight differences were compared (Cobb60 index). 

Oil absorption capacity, g/m2, was determined as described in the T-441 om-98 standard where 
a given amount of rapeseed oil was in contact with the paper for 600 seconds and weight 
differences were compared (Unger-Cobb600 index). 

Water vapour transmission rate (WVTR), g/m2.day, was determined as described in the standard 
method ISO 2528 :2018 -Gravimetric (dish) method. Dishes containing a desiccant and closed by 
the paper samples to be tested were placed in a controlled atmosphere (230C and 50% RH) for 4 
days .These dishes were weighed at each 24 h and the WVTR were determined from the increase 
in mass when this increase has become proportional to the time interval. 

Static contact angle, 0 , was determined according to T-458 cm-04, measured by the static sessile 
drop method on OCA15EC instrument equipped with digital camera and  piloted by SCA20 
software for recording and processing results. Paper samples were fixed with clamps on the test 
table and then water drops were deposited on their surface with a micro syringe. The value of 
the contact angle was recorded after a water-substrate contact time of 5 seconds on samples.  

Dry and wet tensile index, kN.m/g, were  determined as described in the standard methods SR 
EN ISO 1924-2:2009  and ISO 3781:2011, measured as maximum tensile strength on width length 
which is supported by paper sample until breaking point and divided by  grammage of sample. 

Tearing index, mN.m2/g, was determined as described in the standard method SR EN ISO 
1974:2012, measured as tearing force that continues an initial cutting within one paper sample 
and divided by grammage of sample. 

Bursting strength index, kPa.m2/g, was determined as described in the standard method SR EN 
ISO 2758:2015, measured as the maximum hydrostatic pressure required to rupture the sample 
paper and divided by grammage of sample. 

Results and discussions 

 Water vapour permeability, liquids absorption and a contact angle higher than 900  are 
important properties required for packaging papers that came into contact, temporarily or 
permanently, with aqueous liquids and wet or oily foods. As it can be observed from results 
presented in Figures 2, 3, 4 and 5, the coated paper samples exhibit a reduction of the amount 
of absorbed water and oil in paper structure and also a reduction of the water vapours that pass 
through paper structure, comparing with the base paper. This can be explained as follow: even 
if the xylan is high hydrophilic it is able to fill and close the pores on paper surface; this indicates 
its good ability to form uniform films with a compact structure even at small weights of coatings. 
The CA value is an important indicator on understanding the mechanisms by which certain 
barrier are developed. More than that barrier properties improved as the amount of AKD  
increased which indicates  the effects of the reaction between xylan and AKD. 
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Figure 2.  The influence of AKD addition on water 
absorption capacity 

Figure 3. The influence of AKD addition on oil  

absorption capacity 

 
 

Figure 4. The influence of AKD addition on water 
vapours permeability 

Figure 5. The influence of AKD addition on  water 
contact angle 

 

Bursting strength, tensile strength and tearing resistance are the most important mechanical 
properties for packaging papers. The treatment with xylan and the increase in the addition of 
AKD contributed to a slight decreasing of dry tensile index due to the formation of a much more 
compact structure (Table 2).  
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Table 2. The mechanical strength properties of paper samples.   

 

The increasing of bursting, tearing  and wet tensile index  as the amount of AKD  increased is determined 
on the one hand by the increase of coated paper weight, and on the other hand by the effect of the 
reaction between xylan and AKD (Table 2). 

Conclusions 

The results indicated that the use of AKD in the coating formulation based on xylan 
hemicelluloses from hardwood improved the  barrier and  mechanical resistance of the coated 
papers.The improvement effect is significant for the vapor, water and oil vapor barrier properties 
and slightly increased for the mechanical properties .The values obtained for the contact angle 
also indicated a slight improvement directly proportional to the increase in the amount of added 
AKD but, even in these conditions, the value of the contact angle was less than 900, thus 
maintaining the hydrophilic character of the coated samples.Based on obtained results an 
optimum quantity of AKD for appropriate barrier performance is about 1.0%. In summary, the 
xylan/AKD-coated papers exhibited hydrophobicity, good barrier performance and improved 
strength properties, which would expand the applications of hemicelluloses biopolymers in the 
food packaging area. 
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Introduction 

Forest stands are living ecosystems with dynamic processes of regeneration and degradation. 
The tree’s life cycle starts with a seed that will grow, and it ends with cutting or death because 
some of the numerous reasons. Over time as forest stand develops, it is expected that some 
trees will die because of competition and lack of living space (Tikvić et al. 2011). Moreover, there 
are numerous reasons  for the tree dying  (e.g. insect attack, fungus attack, extremely droughts, 
windthrow, etc.). Almost 60% of Norway spruce (Picea abies (L.) Karst.) trees in Croatian forests 
have crown defoliation to some degree, indicating the severity of spruce tree health condition 
(Matić 2011). According to  Croatian legislation, it is necessary to mark for felling all damaged 
and dead trees and trees if their crown is defoliated more than 60% and if the crown top of 
coniferous trees is damaged (NN 71/2019). Although dead trees have high biological value 
because they provide wildlife habitat and have an important role in the geomorphological 
process and ecosystem health (Hodge and Peterken 1998). However, trees infested by bark 
beetle can cause infestation spots (Mezei et al. 2017) and the technical value of produced timber 
is significantly lower. For example, sawn timber produced from 3-year bark beetle-infested trees, 
compared with sawn timber produced from healthy trees, have significantly lower compression 
and tensile strength (Löwe et al. 2022). In addition to the lower technical value of produced logs, 
tree volume utilization is reduced, resulting in a higher harvesting residue share. According to 
the Zečić et al. (2009), harvesting of dead Silver fir (Abies alba Mill.) trees resulted in 10% less 
net volume compared to healthy trees and with a lower monetary value per m3 of 30–45%. On 
the other hand, increased harvesting residue share and increased share of roundwood of below 
standard technical properties can provide additional feedstock for energy wood chips 
production and bioenergy generation. The efficiency of energy production from woody biomass, 
among other things, depends on the raw material quality (e.g. wood chips quality) and the 
quality of the wood chips depends on moisture and ash content, particle size distribution, tree 
species, bulk density, amount of wood dust and fungal spores (Kofman 2006). 

The scope of this research was to determine and compare the physical and chemical parameters 
of Norway spruce wood chips, produced by chipping pulpwood harvested in salvage felling and 
pulpwood harvested in selective felling. 
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Materials and methods 

Laboratory analyses of selected physical and chemical parameters were done on solid biofuel in 
the form of wood chips. Wood chips were produced of two raw material types, from the area of 
the Forest Administration Delnice, Forest Office Prezid (φ 45°35’12’’ N and λ 14°33’2’’ E). The 
first 30 type was pulpwood produced from dead Norway spruce trees (DNS) from salvage felling 
(Fig. 1b), and the second material type was pulpwood produced from healthy Norway spruce 
trees (HNS) from selective felling (Fig. 1a). Wood raw material was chipped using stationary disc 
chipper type Bruks M 40 in August 2021. Samples for laboratory analyses were collected at the 
beginning, in the middle, and at the end of the chipping process of each raw material type. 
Sampling and sample preparation was conducted according to the HRN EN ISO 18135:2017 
standard. The six wood chips samples were collected, therefore each raw material type. 

  

Figure. 1 Norway spruce pulpwood harvested in: a) selective cutting b) salvage cutting 

The value of moisture content was determined according to the HRN EN ISO 18134-2:2017 
standard. After samples had dried, they were prepared for further analyses on the cutting mill, 
reducing the wood chips particle size below 0.5 mm according to the HRN EN ISO 14780:2017 
standard. Ash content was determined according to the HRN EN ISO 18122:2015 standard, 
carbon, hydrogen, and nitrogen content according to the HRN EN ISO 16948:2015 standard, 
sulphur content according to the HRN EN ISO 16994:2016 standard, and particle size distribution 
was determined according to the HRN EN ISO 17827-1:2016 standard. All laboratory analyses 
were conducted in the Forest Biomass Laboratory at the Faculty of Forestry and Wood 
Technology, University of Zagreb. Quality classes of investigated wood chips were determined 
according to the HRN EN ISO 17225-1:2021 standard. 

Statistical analyses were done using original data of all 18 repetitions (six samples × three 
repetitions). Statistical differences in moisture, ash, carbon, hydrogen and nitrogen content and 
particle size (finest, main, and coarse fraction) between wood chips produced from DNS trees 
and HNS trees were tested by t test. 
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Results and discussion 

The moisture content was 44.4±2.8% (M45–M50) for HNS trees, which is significantly higher 
(F=1.67, p=0.49) than the 27.3±3.6% (M25–M35) that was determined for DNS trees. The lower 
moisture content of wood chips of DNS trees is likely caused by the natural drying of standing 
trees due to the absence of a nutrient and water circulation and possibly by a more favourable 
natural drying facilitated by reduced bark cover of the harvested pulpwood. Determined results 
show similar differences between HNS trees and DNS trees as the study that reported 
significantly higher (approximately twice higher) wood chips moisture content when produced 
from live black spruce (Pinus maritima (Mill.)) trees than wood chips produced from dead black 
spruce trees (Barrette et al. 2015). 

The ash content of DNS trees was 0.44±0.1% (A0.5–A0.7) which is more favourable than the 
significantly higher (F=3.22, p=0.12) ash content of 0.75±0.27% (A0.7–A1.5) of HNS trees. Fig. 1 
shows raw material that had been chipped and then sampled. The lower and more favourable 
ash content of DNS is likely caused by the lower bark content of pulpwood of DNS (which is visible 
in Fig. 1b). Moreover, generally low ash content of both raw materials results from the material 
purity. Wood chips were produced of pulpwood, a raw material of significantly higher quality 
compared to harvesting residues with leaves and needles. Some studies show that bark, leaves 
and needles can have more than twice higher ash content than virgin wood (Tsuchiya et al. 2010, 
Wang and Dibdiakova 2014, Vusić et al. 2014, Vusić et al. 2018, Vusić et al. 2019). In addition, 
the raw material was not contaminated by dirt (e.g. soil) during transportation and stocking, 
which also had a positive effect on low ash content. 

According to the particle size distribution, both raw materials were classified as the F02 quality 
class considering the share of the fines fraction, which is the most favourable class. Considering 
the results of previous studies, the increase in the fines fraction is expected when wood chips 
are produced from whole trees and tops (Asikainen and Pulkkinen 1998, Nati et al. 2010, Spinelli 
et al. 2011, Spinelli et al. 2011, Picchio et al. 2012). According to the main fraction, one of the 
HNS wood chips samples was classified as the P45S quality class, and the rest of the samples 
(five) were classified as the P45 quality class. The main reason that five samples were classified 
as the P45 quality class was the length of the longest particle in each sample. The longest particle 
was 421 mm in length. Statistical differences in particle size distribution were not determinate 
in fines fraction (F=1.45, p=0.82), main fraction (F=2.02, p=0.66), coarse fraction (F=3.16, p=0.48) 
nor on the median value of the size distribution (F=7.00, p=0.25). No statistical difference in 
particle size distribution between wood chips produced from dead and sound black spruce was 
found in one previous study (Barrette et al. 2015) and similar particle size distribution was found 
between wood chips produced from steam wood and pulp wood (Vusić et al. 2014). The 
uniformity of DNS and HNS wood chips is shown in Fig. 2. 
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Figure 2. Particle size distribution of DNS and HNS wood chips 

 

 

Table 1. Chemical properties of testing wood chips (significant different is bolded) 
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C 50,78 50,54 1,79 16 0,0916 9 9 0,38 0,13 8,98 0,0055 

H 5,26 5,63 -2,31 16 0,0348 9 9 0,14 0,46 11,47 0,0024 

N 0,14 0,09 2,73 16 0,0148 9 9 0,05 0,02 4,25 0,0563 

S 0,005 0,000          

 

The determined contents of chemical elements were in the range that is expected according to 
the HRN EN ISO 172251:2021 standard. The average share of carbon content was 50.54±0.13 % 
for DNS wood chips and 50.78±0.38 % for HNS wood chips, and there was no statistically 
significant difference (Table 1) between the two wood chips types. In a recent similar study of 
carbon content in live and dead Norway spruce branches (Bardule et al. 2021) absence of 
statistically significant difference was also reported. A statistically significant difference (Table 1) 
in hydrogen and nitrogen content between HNS and DNS trees was determined. The latter can 
be explained by the lower bark content of DNS trees, as according to the HRN EN ISO 
172251:2021 standard, nitrogen content in the virgin bark material is five times higher than in 
the virgin wood. The sulphur content was extremely low, and it was under the calibration range 
of our CHNS analyser and therefore not statistically tested. 

Conclusion 

Properties determining the quality of produced solid biofuels depend on the quality of input raw 
material. Not many features can be manipulated during production processes to increase the 
quality of raw material and consequently, the quality of produced biofuels. The quality and 
quantity of sawn wood produced from dead wood during necessary salvage felling is lower than 
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sawn wood produced in selective felling. However, dead trees, compared with healthy trees still 
represent relatively good raw material for solid biofuel production. Moreover, according to the 
fuel properties in this study (moisture and ash content) wood chips produced from dead trees 
have better quality than wood chips produced from healthy trees. 

In addition, to determining wood chips quality, this research has had the aim to explore 
differences in the chemical composition of dead and healthy trees. Results show a very small 
difference in carbon content between DNS and HNS trees indicating the necessity of more 
detailed research that will include more parameters. As the carbon content is expressed as the 
mass percentage of dry biomass, in order to interpret carbon storage correctly, it is necessary to 
include the information on wood density and degree of wood decay.  
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Abstract 

The purpose of this paper is to experimentally study the thermal resistance values (R-values or 
RSI values) of building insulation materials made mainly from natural fibers. Natural fibrous 
materials or renewable resources and their reinforcement composites are currently being used 
in building and construction as a potential solution to significantly reduce thermal load and 
energy consumption. The RSI value is used in describing the thermal efficiency of insulating 
material and in an analysis of heat transfer through the structural components of a building (such 
as walls, roofs, and windows) under steady-state conditions. In this study, the thermal resistance 
values of several samples made from raw coconut fiber, rice straw/energy reed fiber, and 
coconut wood are calculated from the thermal conductivity which was measured at room 
temperature (20 °C) using the mean of heat flow apparatus. The lowest RSI value was recorded 
from the phenol-formaldehyde polymeric composites reinforced by coir fiber and rice straw fiber 
(0.11 to 0.19 m2·K·W-1) due to the relatively thinness of the tested samples (8 and 12 mm). 
However, these samples can be used as an additional layer in the multi-layered wall structures 
because of their low thermal conductivity value. The highest RSI value was reported on the raw 
coconut fiber specimen (0.95 m2·K·W-1) at 50 mm of thickness, which was similar to organic 
insulation material such as polyurethane foam at 25.4 mm (0.97 m2·K·W-1). Besides, the RSI 
value per mm was also scored to highlight a strong dependence of thermal resistant 
performance on the thickness of the sample. Another investigation will examine the relationship 
between RSI value and operating temperature to observe the influence of ambient temperature 
on the heat resistance of building insulation materials. Practical data showed the decreased 
linear proportion between the thermal resistance values and specific mean temperatures 
increase from 0 to 40 °C. It is apparent that simultaneously increasing the interior and exterior 
temperature of a building reduced the thermal resistance of its insulation materials. Based on 
the experimental study, once the thermal conductivity coefficient of each sample was 
determined, the calculated R-value is a valuable parameter to evaluate the thermal resistant 
effectiveness of a multi-layered installation, which allows us to investigate the effect of 
additional layers from different insulating materials used in building envelopes. 

Keywords: building insulation materials, mean temperature, natural fiber, polymeric composite, 
thermal conductivity, thermal resistance value 

Introduction 
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In the context of development in green technology and sustainable development, enhancing the 
energy efficiency in buildings and constructions, as well as reducing the global gas emissions and 
the dependence on traditional resources, natural fiber or plant-based fiber materials are used 
as the possible solution to meet these requirements. The outstanding advantages of natural 
resources are renewable, lightweight, environmentally friendly, and biodegradability. In 
addition, natural fiber-reinforced polymeric composites have shown better mechanical 
capabilities, physical properties, and thermal performance, therefore, they can be used as a 
potential replacement for synthetic fiber-fabricated composites. 

Common natural fibers used as reinforcement in building insulating materials were found such 
as flax, hemp, coconut husk, rice straw, bagasse, bamboo. They are generally comprised of 
5–20% lignin, 30–80% cellulose, 5–40% hemicellulose [1]. Coir, rice straw, and reed fiber are 
plant-based resources that are the raw materials used to manufacture thermal insulating 
materials due to the low density of their fibers, high strength, and high heat retardant because 
of the low thermal conductivity as shown in table 1 [2-13]. 

Table 1. Chemical compositions and mechanical, thermal properties of coir, rice straw, and 
energy reed fiber 

Components/ 
Properties Unit 

Fiber 
Coconut Rice straw Reed 

Cellulose % 36–43 35.6 50.3 
Hemicellulose % 20 20.5 21.7 

Lignin % 41–45 16.8 15 
Density kg.m-3 70–120 50 490 

Tensile strength MPa 105–175 69.72 70–140 
Young’s modulus GPa 4–6 2.427 37 
Moisture content % 13.68 12.1 - 

Thermal conductivity W·m-1·K-1 0.04–0.05 0.048–0.061 0.055–0.09 

Most earlier experiments were conducted to investigate the thermal conductivity values (λ-
values) of some potential insulation materials made from fibers, and their thermal resistance 
values (R-values or RSI values) was determined through the thickness of the samples. Thermal 
conductivity of wood waste ranged from 0.048 to 0.055 W·m-1·K-1 which was close to those of 
organic insulation materials such as jute (0.038–0.055 W·m-1·K-1) or bagasse (0.046–0.055 W·m-

1·K-1), and the highest RSI value at a mean temperature of 30 °C was 1.13 m2·K·W-1 showing that 
these materials can be used as good insulating materials [14]. The equivalent thermal resistance 
values and thermal conductivity of cardboard panels were also investigated [15]. The results 
showed that the cardboard-based materials can be an attractive replacement to commonly used 
thermal insulating materials due to the lowest λ-value (0.0495 W·m-1·K-1) and highest RSI value 
(0.687 m2·K·W-1) at a mean temperature of 20 °C. Another study on binderless coconut husk and 
bagasse insulation boards reported the thermal conductivity values ranging from 0.046 to 0.068 
W·m-1·K-1, then the highest calculated RSI value was 0.54 m2·K·W-1 [2]. Therefore, these natural 
fiber-based boards can be considered as a good thermal insulation material.  

The most effective approach to evaluate the heat resistance of an insulating material and the 
heat loss of a structure is through its thermal resistance value. The higher the R-values the better 
ability of insulation materials is to resist heat flow. According to the previous studies, the thermal 
resistance values of natural fiber-based materials were determined from the thermal 
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conductivity values at room temperature (from 20 to 25 °C), the data was reported from 0.5 
m2·K·W-1 to higher than 1 m2·K·W-1. Insulation materials with R-value lower than 0.5 m2·K·W-1 

can be used as an additional layer for multi-layered installation, whereas materials with R-value 
from 1 to 2 m2·K·W-1 can be used for a wall structure of a building.  

This paper investigates the thermal resistance values of samples made from natural fibrous 
materials at various thicknesses. The thermal conductivity test was conducted at room 
temperature (20 °C) and the mean temperature-dependent RSI value was experimented with in 
the range of 0–40 °C. Another investigation is the relationship between the RSI value and the 
mean temperatures to study how the interior and exterior temperature influence in the thermal 
resistance of a building. 

Materials and Methods 

The raw fiber materials used in this research are coir, rice straw, and energy reed fibers currently 
available in many tropical countries. Figure 1 shows the samples were manufactured in previous 
studies, namely coir fibers reinforced phenol formaldehyde polymeric composites (CFPF) [16], 
coconut fiber-based samples (CFBS) [17], rice straw and reed fibers reinforced phenol 
formaldehyde  biocomposites (REPF) [18], and cross laminated timber made with coconut wood 
specimens (CLTC) [19]. 

 

Figure 1. Tested samples: (a) REPF; (b) CFPF; (c) CFBS; (d) CLTC 

The thermal conductivity value (λ-value) was determined in accordance with the standard test 
method for steady-stated heat transfer by means of heat flow meter apparatus (according to 
standards: EN 12667 [20], and ISO 8301 [21]). The thermal resistance value (noted as R), 
calculated from the formula, 




d
R  (1) 

which d is the thickness of sample (mm). 

For temperature dependence, the thermal resistance values were determined through the 
coefficient of thermal conductivities which were measured at five specific mean temperatures 
incremented by 10 °C from 0 to 40 °C, specifically shown in table 2. 

Table 2. Temperature variation between cold and hot sides 

Mean temperature (°C) 0 10 20 30 40 
Cold plate (°C) ̶ 5 5 15 25 35 
Hot plate (°C) 5 15 25 35 45 
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Temperature difference (°C) 10 °C 

Results and Discussion 

Thermal resistance values (RSI value) of samples tested at a mean temperature of 20 °C are 
shown in table 3. Coir fibers reinforced phenol formaldehyde polymeric composites (CFPF) 
showed the lowest thermal resistance values, but the thermal conductivity (λ-value) of these 
samples is a good value because of the low λ-value of raw coir fiber and the resin is often 
insulated. Nevertheless, these samples can be used as an additional layer in multi-layered 
assemblies. For examples, if it insulated with 80 mm thick foil-faced polyisocyanurate (with 
thermal conductivity of 0.022 W·m-1·K-1 and calculated R-value of 3.64 m2·K·W-1), it would have 
a total R-value for the insulated wall of 3.82 m2·K·W-1. Therefore, it would improve the thermal 
resistance by more than 21 times and can be used for insulating ceiling or roof. The highest 
thermal resistance value was the coconut fiber-based samples (CFBS) at 50 mm thickness which 
was similar to the value of polyurethane closed-cell spray foam or polyurethane board (0.97 to 
1.2 m2·K·W-1 [22]). The value of cross laminated timber made with coconut wood specimens 
(CLTC) at 60 mm thickness showed a same value as compressed straw board (0.35 m2·K·W-1 [22]).  

Table 3. Thermal resistance values and RSI values per mm at room temperature 

Samples Thickness 
(mm) 

Thermal 
conductivity 
(W·m-1·K-1) 

Thermal 
resistance 
(m2·K·W-1) 

RSI per mm 
(m2·K·W-1·mm-1) 

CFPF 8 0.0624 0.1282 0.0160 
CFPF 8 0.062 0.1290 0.0161 
CFPF 8 0.0615 0.1301 0.0163 
CFPF 8 0.0462 0.1732 0.0216 
REPF 12 0.061 0.1967 0.0164 
REPF 12 0.1038 0.1156 0.0096 
REPF 12 0.1045 0.1148 0.0096 
REPF 12 0.1048 0.1145 0.0095 
CFBS 30 0.0405 0.7407 0.0247 
CFBS 40 0.049 0.8163 0.0204 
CFBS 50 0.0545 0.9174 0.0183 
CLTC 60 0.1644 0.3650 0.0061 
CLTC 60 0.1928 0.3112 0.0052 
CLTC 60 0.2195 0.2733 0.0046 
CLTC 60 0.2468 0.2431 0.0041 

Figure 2 presents the minimum and maximum thermal resistance values at various specific 
thicknesses and compared to other values of some traditional insulation materials [15].  
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Figure 2. The thermal resistance values at specific thicknesses, compared to other insulation 

materials (PIR, EPS, and MW) 

The influence of mean temperature in thermal resistance values of CFBM and CLCT is shown in 
figure 3. The RSI values increase with an increase in thickness but decrease with decreased mean 
temperature. 

  
(a) (b) 

Figure 3. The thermal resistance values in accordance with the increased mean temperatures: 
(a) coir fiber-based samples; (b) cross-laminated timber coconut wood 

It is essential to examine the heat resistance of any insulation materials due to their crucial role 
in determining the thermal performance of building envelopes. Undoubtedly, the thermal 
resistance value is the main key to evaluating the efficiency of insulation material to resist heat 
flow. It is calculated from the thickness divided by the thermal conductivity of the insulation. 
Because the λ-value is affected strongly by mean temperature, and relative humidity [23], then 
so does the RSI value. According to the experimental data, the dependence of thermal resistance 
values on mean temperature was presented as a linear decrease with a high R-squared value 
(table 4). Due to the fact that the molecule transfer will be faster with increasing the operating 
temperatures, resulting in an increase in heat flux across the thickness of insulation materials, 
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and therefore, decreasing the RSI value. The linear relationship can be explained by the sole heat 
conduction mechanism in the steady-state of the experiment. 

Table 4. Relationship between thermal resistance values and mean temperatures 

Samples 
Thermal resistance (m2·K·W-1) 
Temperature (°C) R-T relationship R2 

0 10 20 30 40 
CF30 0.7796 0.7481 0.7407 0.7229 0.6579 -0.0027×T+0.7836 0.89 
CF40 0.9281 0.8785 0.8163 0.8122 0.7421 -0.0044×T+0.9231 0.96 
CF50 1.0142 0.9671 0.9174 0.8591 0.7813 -0.0057×T+1.0226 0.99 
CLT60 0.3859 0.3839 0.3650 0.3517 0.3272 -0.0015×T+0.3926 0.94 
CLT60 0.3176 0.3146 0.3112 0.3041 0.2897 -0.0007×T+0.3207 0.89 
CLT60 0.2801 0.2808 0.2733 0.2683 0.2592 -0.0005×T+0.2832 0.92 
CLT60 0.2504 0.2495 0.2431 0.2385 0.2308 -0.0005×T+0.2525 0.92 

Conclusions 

This paper investigated the thermal resistance values of samples made from natural fiber 
materials. The main goal of the experiments was to determine thermal resistance values in 
different thicknesses at room temperature and the dependence of the R-value on operating 
temperatures. According to the thermal conductivity results, most of these samples are potential 
thermal insulation materials used in building envelopes. Only cross-laminated timber made with 
coconut wood was not suitable. The calculated R-values of CFPF and REPF showed that they can 
be used in the multi-layered installation. The thickness factor made a significant difference in 
the thermal resistance values. The research has also shown that the thermal resistance values 
decreased with increased mean temperature and their relationship is presented as s possible 
linear correlation. 

These findings contribute in several ways to our understanding of thermal resistance values of 
natural fiber-based insulation materials and provide a further investigation on multi-layered 
insulation materials. As expected, natural fiber has shown a potential resource used as raw 
materials in reinforcement polymeric composites and has been valued as an essential 
replacement for traditional insulation materials in the future. 
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Introduction 

The growing awareness of environmental protection and the global lack of raw materials explain 
the increased interest of the industry in the reuse and recycling of waste materials for the 
production of new products with more added value. In addition, strict legislative guidelines have 
forced the industry to find ways to reuse residues that were previously mostly discarded on 
landfills or used solely for energetic purposes [1,2]. One of the industries that is considered the 
biggest consumer of natural resources (wood and water) and energy (electricity and fossil fuels) 
is the paper industry. Wood and furniture industries also generate large amounts of waste 
materials, most of which can be used by the principles of the circular economy. Willing to get 
closer insights in the possibility of using the waste paper and industrially under-utilized wood 
species for bio composite materials, in this paper an attempt was made to produce and partially 
characterize the cellulose-based bio composite material from chemically altered black alder 
(Alnus glutinosa (L.) Gaertn.) wood combined with nano sized fillers produced from waste Kraft 
paper. Additionally, industrial produced Avicel® cellulose and waste filter paper were also used 
for bio composite preparation.  

Material and Methods 

Polymer matrix 

As the starting raw material for polymer matrix synthesis black alder (Alnus glutinosa (L.) 
Gaertn.) wood was used, sampling of which was performed in accordance with TAPPI T 257cm-
12 [3] standard in mid-April and June 2019, on a location in the Continental Croatian region. 
After sampling, the wood material was left to naturally dry to a water content below 15%, and 
then milled and sieved over a 1 mm sieve. After milling, the obtained wood meal was extracted 
in accordance with TAPPI T 204 cm-97 [4] standard, using a mixture of toluene and ethanol (2:1 
v/v %). Afterwards, the extracted wood meal was treated with a mixture of nitric acid and 
ethanol (1:4 v/v %) to produce Kürschner-Hoffer’s cellulose that was used to prepare the 
polymer matrix i.e. cellulose acetate (CA). Cellulose (20 g) acetylation was done using a mixture 
of acetic acid (100 mL), toluene (200 mL), perchloric acid (1 mL) and acetic anhydride (200 mL) 
as explained in our previous paper [5], with CA precipitation using 200 mL of cold deionized 
water. The obtained CA was filtered over coarse filter paper and rinsed two times each with 200 
mL of ethanol and 200 mL of deionized water and dried in a laboratory drying oven at 40 °C for 
48 h. The degree of substitution (DS) and acetyl contents of the obtained CA were 1.80 and 
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32.61%, as determined in accordance with the ASTM D817-96 [6] standard. The same principle 
of cellulose acetylation was used to prepare CA from commercial microcrystalline cellulose 
(Avicel®, PH-101). The determined DS of such CA was 2.00 with 34.97% acetyl content. 

Nano sized fillers 

Nano sized fillers were prepared from multiple times recycled Kraft paper and laboratory filter 
paper (Munktell; black ribbon). Prior to nanocellulose preparation, the colorimetric values (CIE 
L*a*b* system) of starting materials were measured by spectrophotometer X-Rite SpectroEye 
under illuminant D50 and 2° standard observer. In addition, thickness and ash content were 
analyzed in accordance with the ISO 534:2005 and ISO 2144:2019 standards [7,8]. All results are 
summarized in Table 1. 

 Table 1. Properties of raw materials used for preparation of nano sized fillers 

Papers 
Colorimetric values Thickness 

(mm) 

Ash 920  

(%) L* a* b* 

Filter 97.52 ± 0.13 -0.25 ± 0.04 2.17 ± 0.09 0.195 ± 0.004 0.456 ± 0.027 

Kraft 72.89 ± 0.52 2.54 ± 0.23 8.81 ± 0.48 1.916 ± 0.014 14.672 ± 0.051 

Note: value L* describes the lightness; values a* and b* describe the chromatic coordinates on the green-red 
and blue-yellow axis  

To prepare the nano sized fillers from recycled Kraft paper, it was mechanically defibrated and 
then bleached using the acidified solution of sodium chlorite (Wise’s chlorination) during a 
course of 6 hours at 70 °C.  As stated, the process resulted in only minor purification of the Kraft 
paper, therefore additional bleaching using sodium hypochlorite (6%) was done. Laboratory filter 
paper was used after defibration, but without any pretreatments. Nano sized fillers were 
obtained by treatment of fibers with 64 % (w/v) sulfuric acid at 45 °C. Multiple attempts have 
been made to obtain the nanocellulose from Kraft paper fibers, but none of them have been 
successful even at various temperatures, times and sulfuric acid strengths. Therefore, only 
nanocellulose obtained from filter paper that was treated for 90 minutes was used in the further 
experimental part. After acid hydrolysis, the nanocellulose was centrifuged and washed for 
several times prior to dialysis against slow running tap water for 14 days. After dialysis, the 
nanocellulose was sonicated for 10 minutes at 60% output power.  

Bionanocomposites preparation 

The composite materials were produced by the solvent cast method, using the dimethyl 
formamide (DMSO) as a solvent for CA. Prior to casting, the water in which the nanoparticles 
were prepared was exchanged with DMSO by means of rotary evaporation. To prepare the 
composites mixture, the CA (6% by mass) was dissolved in DMSO containing nanoparticles (3% 
by mass) and such a mixture (32 mL) was poured into glass Petri dishes with a diameter of 130 
mm. To accelerate the solvent evaporation, the Petri dishes were put on a heated platform (60 
°C) over a leveled bed of silica, until the formation of a gel. Afterwards, the contents in the Petri 
dishes were dried in a vacuum oven at 40 °C and reduced pressure overnight.  

Bionanocomposites characterization 



45 
 

The transfer from cellulose to CA was confirmed by means of Fourier transform infrared (FT-IR) 
spectroscopy that was performed using a Shimadzu FTIR 8400-S spectrometer by the KBr pellet 
method, in the range of 4000-400 cm-1, with a resolution of 4 cm-1. 

UV-VIS spectroscopy was performed to determine the percentage transmittance (%T) of the neat 
CA films. Thin strips were cut using a surgical blade, mounted on the film holder and their %T 
was determined according to ASTM D 1003-07 standard [9], on a Shimadzu UV mini 1240 
spectrophotometer. 

The thermal properties of the neat CA films and bio composites were determined by differential 
scanning calorimetry (DSC), which was carried out on a Perkin Elmer DSC 6000 by heating and 
cooling the samples (~5 mg) from 30 °C to 320 °C, using a scanning rate of 20 °C/min, under a 
nitrogen flow of 20 mL/min. The value of 58.8 J/g [10] as the heat of fusion of a perfect crystal 
of CA was used to determine the degree of crystallinity. 

Results and discussion 

FT-IR analysis 

As it can be seen from the Figure 1, the acetylation process clearly resulted in a synthesis of CA. 
From the FT-IR analysis, it is also evident that the acetylation process was carried out correctly 
and without residual acetic acid in the acetate after washing and drying. The above is proven by 
the absence of peaks of weak intensity in the range of wave number between 1840-1760 cm-1. 
The presence of peaks in the latter mentioned area would indicate the deficiency of the acetate 
washing process, since this area is the vibration of acetic acid molecules.  

 

 
Figure 1. FT-IR spectra of cellulose and CA from black alder 

In Figure 1, the characteristic acetate peaks are clearly visible. The basic acetate peak is the one 
formed at 1757 cm-1 (peak no. 1) and is associated with the vibrations of the C=O bonds of the 
carbonyl groups of the acetate. The peak formed at 1374 cm-1 (peak no. 3) is associated with the 
formation of C-H bonds in methyl groups, and those at 1237 cm-1 and 1052 cm-1 (peaks no. 4 and 
no. 5) indicate vibrations of C-O bonds in the residual acetyl groups of acetate. The presence and 
very high intensity of the mentioned peaks is an inevitable confirmation of the transition of 
cellulose to CA. However, a noticeable increase in the intensity of the peak at 902 cm-1 (peak no. 
6), associated with glycosidic bonds, indicates the degradation of the cellulose macromolecule 
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by the acetylation process. The peak at 1645 cm-1 (peak no. 2) is related to vibrations of O-H 
bonds from water absorbed in CA, which was additionally confirmed by thermogravimetric 
determination of water content. The water content in CA prepared from Avicel® cellulose was 
8.18%, while it was significantly higher in the CA from black alder wood (12.32%). 

UV-VIS spectroscopy  
As can be seen in Figure 2, the transparency of neat CA film produced from Avicel® cellulose is 
far greater. The transparency of the matrices was determined at a wavelength of 550 nm and 
was 91.2% in the case of the matrix from Avicel® cellulose, and 50.1% for the matrix from black 
alder acetate. Such a large difference is an additional indication of the difference in the purity of 
the two celluloses used, where the inevitable presence of hemicelluloses in the pulp prepared 
from black alder caused a decrease in the %T value. Additionally, the drop in the transmittance 
value (%T) is undoubtedly related to the presence of water in cellulose acetate, which was also 
confirmed by the FT-IR analysis (Figure 1; peak no. 2), and which also caused a slightly lower 
value of DS in the case of black alder.  
 

    
 
Figure 2. UV-VIS spectra of neat CA matrices prepared from Avicel® cellulose (left) and cellulose 

from black alder (right) 

DSC analysis 
Results of DSC analysis are summarized in Table 2.  

Table 2. Summary results of DSC analysis of bionanocomposites made from Avicel® and black 
alder cellulose-based CA 

Composition 
Tg 

(°C) 
Tm 

(°C) 
Tc 

(°C) 
ΔHm 
 (J/g) 

ΔHc 
 (J/g) 

Χc 
(%) 

Avicel® 
neat CA matrix 176.70 310.16 265.45 27.3880 16.3348 13.01 

CA + nano cellulose 176.15 309.01 255.11 29.2553 14.1543 25.94 

neat CA matrix 156.60 306.19 249.96 16.8905 12.6861 7.22 
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black 
alder 

CA + nano cellulose 162.99 306.02 249.47 26.7964 10.5570 27.90 

From the DSC data, a fairly large difference in the values of the glass transition temperature (Tg) 
between the two examined bionanocomposites can be observed. This difference can be related 
to potential differences in the degree of polymerization of the synthesized CA and with the 
differences in their molecular weight. However, this is also due to the presence of water in CA, 
which acts as a plasticizer, shifting the Tg to lower values, which is more pronounced in the case 
of CA from black alder, considering the measured water content was higher than in CA from 
Avicel® cellulose. As for the values of the melting temperatures (Tm), they depend primarily on 
the addition and the shape of the filler particles, and therefore these results suggest a high 
homogeneity in terms of the used nano cellulose filler size. Significant differences in the value of 
the degree of crystallinity (Χc) can be explained through changes in the Gibbs energy. Namely, 
the marked increase in these values in the case of both matrices is a direct consequence of the 
addition of fillers that act as surface nucleation reagents [11], while the initial difference in the 
degree of crystallinity of the two pure matrices can be described through the difference in the 
water content, i.e. the purity of the cellulose used for acetylation. Observed difference that nano 
sized fillers had on bionanocomposites Tc values can be described with the higher tendency that 
black alder originating nano filler has on the nucleation process [12]. These results also indicate 
the significant difference between the two prepared nano fillers in terms of their purity. 

 

Conclusions 

Based on the conducted tests and obtained results, the following conclusions can be drawn: 

 water present in the CA structure directly affects all tested properties of the 
bionanocomposites, 

 the presence of hemicelluloses in the CA structure additionally affects the reduction of the 
transparency of the sample (decrease in the %T value), 

 differences in the values of thermal properties between the tested matrices/composites are 
the result of the individual composition of the tested material and differences in molecular 
weight, water content of CA and the filler particle size and homogeneity. 
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Introduction 

Lignin is the main polyphenolic compound in wood, whose contents, as dependent of the wood 
species varies between 20-40 % [1-3], and is linked to cellulose fibers to form a solid extracellular 
structure. Various methods have been developed in the industry to quantify the amounts of 
lignin in wood, as this is very important data, especially for cellulose and paper industries. Some 
of those methods were used in this paper, to determine the lignin contents in abonos (bog oak 
wood) and oak (Quercus robur L.). Lignin contents are commonly determined as Klason lignin in 
a method based on acid hydrolysis and the dissolution of wood carbohydrates. Using this method 
both acid soluble and acid insoluble lignin contents can be determined [3]. The acetyl bromide 
(AcBr) method, due to its simplicity is also one of the common methods for lignin determination. 
This method is based on the formation of acetyl derivatives in unsubstituted OH groups and 
bromide substitution of α-carbon OH groups to achieve complete solubilization of lignin under 
acidic conditions [4]. These two methods, although common, have one specific drawback in 
terms of further analysis of obtained product, and that is the fact that in both of these methods 
the lignin is either completely dissolved or its structure is extremely changed by chemicals used 
for its isolation. Therefore, if one wishes to analyze the obtained lignin in detail, milder isolation 
conditions must be used, like the ones for Brauns lignin determination in which the lignin is 
dissolved using the solvents (water) that do not react with it but remove only a small part of the 
total lignin [5]. In order to determine the lignin contents, and to analyze the final products, in 
this paper all three methods were used and the final products were analyzed by means of UV/Vis 
and FT-IR spectroscopy.  

Material and methods 

Abonos (14C age (BP) 1530±50 years) and oak (Quercus robur L.) were used as starting materials 
for lignin isolation and analysis. Prior to analysis wood was milled on a Retsch SM 300 mill 
equipped with a rectangular sieve with 10 mm wide openings. Afterwards, in order to obtain 
finer particles secondary milling was performed on a Retsch ZM 200 mill equipped with a sieve 
with 1 mm wide openings. Two step milling was done in order not to heat the wood samples too 
much, as extensive exposure to heat generated during milling can interfere on the native lignin 
determination. Afterwards, obtained wood meal was sieved in order to remove the coarser 
particles, as only those passing through 0.5 mm sieve was used in further experiment. Wood 
meal sieving was performed on a vibratory sieve shaker CISA RP.08. Thus obtained wood meal 
was used without any additional pre-treatment. Water contents of milled abonos and oak were 
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determined gravimetrically (drying at 103±2 °C to constant mass; using Memmert UF 110 plus 
drying oven).  

 

 

Wood meal extraction 

The previously milled and sieved sample was extracted using a Soxhlet apparatus to remove 
extractives, to avoid the formation of condensation products and to prepare the samples for 
further analysis. The extractions were performed in accordance with TAPPI T204 cm-97 standard. 
Samples determined for Klason lignin determination and the acetyl bromide method were 
subsequently extracted with ethanol, chloroform and acetone during a course of 8 hours, to 
remove specific part of the extractives. Samples used for Brauns lignin isolation were extracted 
for 48 hours with water and 8 hours with diethyl ether. 

Determination of Klason lignin 

Klason lignin determination was performed in accordance with slightly modified TAPPI T222 om-
11 (acid insoluble part) and TAPPI UM250 (acid soluble part) standards. Briefly, for acid insoluble 
part, 10-100 mg of extracted wood in 30 mL glass scintillation vial was treated for 120 minutes 
at room temperature with 1.5 mL of 72 % sulfuric acid. After the specified time had elapsed, the 
contents were quantitatively transferred to a 100 mL serum bottle, and scintillation vials were 
washed with with exactly 56 mL of deionized water that was also transferred to serum bottles. 
The serum bottles were then closed and the sample was autoclaved for 90 minutes at 121 °C. 
Autoclaved samples were then filtered using a Gooch ceramic crucible equipped with glass fiber 
filter paper. The part remaining on the filter paper is considered to be the lignin insoluble in 
acids, and the remaining filtrate was used for the determination of acid soluble part of Klason 
lignin. Filter papers with samples were additionally ignited (at 525 °C for 4 hours) to correct the 
Klason lignin contents for ash as stated in TAPPI T211 om-02 standard. The participation of the 
soluble part was determined by recording the filtrate on a Perkin Elmer Lambda XLS+ UV/Vis 
spectrometer at 205 nm. The filtrate and blank were diluted 20 times with deionized water. 

Determination of lignin by acetyl bromide (AcBr) method 

For determination of lignin by acetyl bromide method 100 mg of absolutely dry pre-extracted 
sample in a 30 mL glass scintillation vial was treated with 5 mL of 25% acetyl bromide in acetic 
acid and heated for 30 minutes at 70 °C. After the specified reaction time, the contents of the 
vials were quantitatively transferred to a volumetric flask and mixed with 10 mL of sodium 
hydroxide (2 mol/L) and 1 mL of hydroxylamine (7.5 mol/L) with flasks toped to the marking with 
acetic acid. Thus prepared solutions ware recorded on a Perkin Elmer Lambda XLS+ UV / Vis 
spectrometer at 280 nm. 

Determination of native i.e. Brauns lignin  

After extraction, the abonos and oak wood samples were air-dried and separately weighed into 
two 500 mL flat bottomed laboratory glass flasks equipped with stoppers, and to each flask 200 
mL of ethanol was added. Samples in flasks were left for 48 hours with occasional stirring. After 
the specified time, the contents of the flasks were decanted into a dry and clean bottle, in such 
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a way that only the liquid phase was decanted and the solid part of the sample remained in the 
flask. After decantation into the flask, ethanol was again added in a volume of 100 mL and left 
for 48 hours. The 100 mL ethanol addition procedure was repeated for 30 days, until the lignin 
was extracted in ethanol. The filtrates collected in the bottles were then evaporated using a 
rotary evaporator (IKA RV 8), and an orange precipitate in the flask was prepared as a final 
product. The precipitate was further dried in a laboratory drying oven at 30 °C until constant 
weight was achieved, with dried precipitate being considered as native or Brauns lignin. Dried 
precipitate was then used to prepare spectrophotometric solutions, by dissolving the precipitate 
in ethanol until a satisfactory spectral shape was obtained. The solution was recorded on a Perkin 
Elmer Lambda XLS+ UV/Vis spectrometer at 280 nm and the lignin concentration was calculated 
from the obtained data. Also, the obtained precipitate was used to prepare potassium bromide 
pastille for FT-IR spectrophotometric analysis.  

FT-IR analysis 

The Fourier transform infrared spectroscopic (FT-IR) analysis of Brauns lignin was performed on 
Shimadzu FTIR 8400S spectrophotometer, by KBr method, in a spectral range from 400 to 4000 
cm-1, with a resolution of 4 cm-1. Post processing of obtained data was performed using the 
IRsolution ver. 1.3 software.  

Results and discussion 

The results of lignin contents determination using various methods are shown in Table 1. If 
quantities of Klason and AcBr lignin are observed, clear difference is noticeable between two 
examined samples, with abonos having higher percentages of both cases. However, these 
percentages are comparable with the literature stated results obtained for various oak types 
[1,2,6]. As for the Brauns lignin, the contents are exactly the same in both samples, indicating 
two possible conclusions. More precisely, the one that despite abonos being subjected to action 
of water and pressure for few hundred years, Brauns lignin remained intact, and the one that 
imply that the method used for determination of such lignin is somewhat sensible to contents 
of other chemical substances extracted using ethanol.  

Table 1. Results of lignin contents determination using various methods of isolation 

Sample 
Moisture content  

(%) 

Klason lignin  
(%) AcBr lignin  

(%) 
Brauns lignin  

(%) 
AISL ASL 

Oak  2.26 22.31 3.76 18.63 1.13 
Abonos 3.39 24.4 4.38 20.55 1.13 

FT-IR analysis 

As it can be seen on Figure 1, FT-IR spectra of abonos and oak are quite similar. However, there 
are few differences, indicating the structural changes between examined samples. The 
characteristic bands and their assignations are given in Table 2.  
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Figure 1. FT-IR spectra of abonos and oak 

The results of FT-IR analysis clearly show that in most of the observed bands, intensity increases 
in case of abonos, and that only minor peak shifts were recorded, indicating the slight change of 
the molecular bond in Brauns lignin constituents. However, if area under the 1506 cm-1 band is 
observed, clear difference in lignin contents are noticeable. The area under the specified band 
for oak is 4.321 and the one for abonos is 16.498, indicating that the lignin content in abonos is 
much higher, thus confirming the results of Klason and AcBr lignin determinations (Table 1). Such 
conclusion can be made as linear relationship is found to exist between the area of the band and 
lignin content [7]. Obtained results, also show that the method (UV/Vis analysis) used for Brauns 
lignin determination is somewhat sensitive to the purity of obtained extracts. This is due to the 
fact that by using the ethanol not only lignin was dissolved but also small quantities of water-
soluble extractives, that have influenced the results of UV/Vis analysis in such way that in both 
cases the Brauns lignin content is the same 1.13 % (Table 1).   

Table 2. Summary of IR bands observed in Brauns lignin isolated from abonos and oak 

No. 

Oak Abonos 

Assignment Band 
position 

(cm-1) 
Intensity 

Band 
position  

(cm-1) 
Intensity 

1 3340 0.216 3350 0.392 O-H stretch (hydrogen bonded) 
2 2937 0.015 2937 0.059 C-H stretching 
3 2904 0.044 2902 0.223 C-H stretching 
4 1737 0.398 1734 0.153 C=O stretch (unconjugated) 
5 1629 0.036 1629 0.109 aromatic skeletal vibration 
6 1506 0.199 1506 0.723 aromatic skeletal vibration 
7 1462 0.187 1462 0.706 C-H deformation (methyl and methylene) 
8 1425 0.172 1425 0.533 C-H in plane deformation with aromatic ring stretching 
9 1375 0.122 1371 0.323 C-O of syringyl ring 

10 1330 0.128 1332 0.427 C-O of syringyl ring 
11 1248 0.100 1234 0.405 C-O of guaiacyl ring 
12 1161 0.236 1163 0.815 guaiacyl C-H and syringyl C-H 
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13 1045 0.458 1037 0.367 C-O of primary alcohol 
14 896 0.099 896 0.412 C-H out-of-plane 

 

Conclusion 

Based on the obtained results, the following conclusions can be made: 

 contents of Klason and AcBr lignin of abonos are visibly higher compared to oak,  

 native i.e. Brauns lignin contents in both species have the same values. The reason for 
this may be the sensitivity of the used UV-Vis analysis-based method for such lignin 
determination, interference of ethanol extracted extractives present in lignin sample 
and, and the fact that the lignin in abonos clearly remained intact despite years of 
standing in water, 

 FT-IR analysis clearly showed that there are some structural changes between the two 
observed samples, and confirmed the results of Klason and AcBr lignin determinations in 
terms of their quantities, with abonos having more lignin still present in its structure.  
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Introduction 

Today an important task is to utilize the raw materials provided by nature from a sustainable 
source and in a sustainable way, fitting into the process of the circular economy. It is necessary 
to develop and produce products whose raw materials come from renewable sources and can 
be recycled at the end of their life cycle, (even through organic recovery). Cellulose and its 
products fulfil these requirements. Cellulose is the most abundant natural polymer that occurs 
in a number of annually renewable sources. The largest user of pulp is the paper industry where 
the fibers recoverable from used paper can be recycled up to 3 to 6 times, depending on their 
origin and quality (Adu et al., 2018; Dexter et al., 2019) and the paper product can be produced 
again. When the quality of the fibers no longer appropriate for recycling, then paper products 
can be utilized by composting. 

Paper made from recycled secondary fibers has weaker properties due to fiber fibrillation and 
reduced fiber interactions (Scott and Abubakr, 1994). This can also be observed in the strength 
properties of the paper. In order to eliminate these effects, various strength enhancing 
additives can be added to the fiber. These additives, which are also used for primary fibers, are 
usually water soluble polymers and in most cases are synthetic based, (such as polyvinyl 
alcohol), (Vishtal and Retulainen, 2014) except for natural-based cationic starch and 
carboxymethylcellulose (Hamzeh et al., 2013; Rasa and Resalati, 2014). Examples of the use of 
other natural-based materials have been reported in the literature, such as chitosan (Ashori et 
al., 2006), agar (Vishtal and Retulainen, 2014), carrageenan (Liu et al., 2017) or hemicelluloses 
(Deutschle et al., 2014; Köhnke et al., 2011; Silva et al., 2011). After cellulose, hemicellulose is 
the second most abundant naturally occurring polysaccharide, which can be extracted from 
various plants. Numerous studies report on how hemicelluloses affect the improvement of 
mechanical properties of paper (Köhnke et al., 2011; Köhnke et al., 2008; Köhnke and 
Gatenholm, 2007; Silva et al., 2011). Köhnke et al. (2008) observed that the amount of xylan 
bound on the surface of cellulose fibers increases over time and then shows stagnation. Köhnke 
et al. (2011) also found that   amount of xylan absorbed which is time dependent has an effect 
on the tensile index, which first shows an increase and then reached a maximum value. In our 
previous research (Halász et al., 2020), sheets made from primary fiber modified with Plantago 
psyllium seed husk flour, had a significant improvement its mechanical properties. 
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The great advantage of using hemicelluloses is that they show extremely good compatibility 
with cellulose and improve the strength characteristics of the sheets formed from the fibers, 
however, their application is not widespread. The main reason is the cost of extracting and 
purifying hemicelluloses from the plant (Köhnke et al., 2008). The Plantago psyllium seed husk 
also contains large amounts of water-swellable and water-soluble film-forming 
hemicelluloses, such as heteropolysaccharides like arabinoxylan, which is the most abundant in 
the husk (Qaisrani et al., 2016; Yu et al., 2017). In the present research, we investigated whether 
unground seed husk (Plantago psyllium) added directly to the fiber can improve the mechanical 
properties of the sheet made of secondary fibers and how it can affect its permeability 
properties. Since the degree of swelling and solubility of hemicellulose may vary over time, the 
effect on the properties was investigated at different adsorption times. 

Materials and methods  

During the research, the secondary fiber was provided by the edge of the paper towel from 
manufacturing waste. The Plantago psyllium seed husk used to modify the fibers came from 
Bioorganic Kft. (99% pure). 

Sheet forming 

To prepare the cellulose sheets, a 0.5 wt% suspension of the secondary fiber was prepared in 
a disintegrator with tap water, followed by the addition of 5 wt% (on dry basis weight) of 
psyllium husk. After 10, 30, 60 and 120 minutes, we made handsheets from the fiber 
suspension. Sheet formation was performed on a Rapid-Köthen sheet former (Ernst Haage, D-
45476). The wet sheets were dried in a sheet dryer under vacuum at 90 ° C for 3 minutes. 
Control cellulose sheets were prepared in the same way without the addition of psyllium husk. 
The finished sheets were kept in a sealed bag at room temperature, protected from light, until 
the tests started. 

Conditioning 

Before the measurements, the sheets were conditioned according to MSZ EN 20187 at 23 °C and 
50% relative humidity. The tests were performed in the same environment. 

Thickness, grammage 

The thickness of the sheets was measured to an accuracy of 100 µm according to MSZ ISO 534 
with a digital micrometer (Lorentz & Wettre). The grammage was determined according to MSZ 
ISO 536. After weighing the mass (0.0001 g) on an analytical balance (Sartorius), the grammage 
was expressed in g/m2. The values which were given are the averages with the standard 
deviations. 

Examination of paper properties 

The bursting strength (kPa) was measured according to MSZ ISO 2758 using a bursting tester 
(Lorentz & Wettre), and then the bursting index (kPa · m2/g) was determined from the quotient 
of the bursting strength and the grammage. The tensile force and stretch at break of the 
specimens cut out of the sheets (15 x 100 mm) were tested according to the MSZ ISO 1924 
standard on an Instron 3345 tensile tester. The tensile index (Nm/g) was calculated from the 
quotient of the tensile force and the grammage. The tear resistance (mN) was measured 
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according to the MSZ ISO 1974 (using a Lorentz & Wettre Elmendorf instrument), and then the 
tear index (mN · m2/g) was calculated by dividing the tear resistance with the 
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grammage. The air permeability test was performed according to ISO 5636-5 using a Gurley 
densometer (Lorentz & Wettre). The values which given are averages, with standard deviations, 
according to standard measurements. 

Statistical calculation 

Analysis of variance (ANOVA) and Tukey's multiple range test were used to compare the 
differences between the mean values. Differences below the significance level of 0.05 were 
considered statistically significant. 

 

Results and discussion 

Physical appearance of sheets, thickness and grammage 

Figure 1 shows the control sheet and the sheets containing 5wt% Plantago psyllium seed husk, 
where we can observe parts of the shell homogeneously distributed in the fibers. After lighting 
the samples, a difference was seen as a function of the absorption time. After an absorption 
time of 10 minutes it can be observed the hemicellulose part, surrounding the fibrous shells, 
dried after swelling. These spots decrease more and more as a function of the adsorption time 
and then are barely detectable after absorption for 120 minutes. This is presumably due to the 
fact that as the time increased, the chains of hemicellulose expanded more and more and a 
continuous film matrix was formed between the fibers after drying. 

 

Figure 1: Control sheet and sheets containing 5 wt% seed husk (with adsorption times of 10, 
30, 60 and 120 min)
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The mean values and standard deviations of thickness and grammage are shown in Table 1. No 
significant differences were observed in the results of the thickness. After the adsorption time 
of 10 minutes, the average value of the grammage slightly increased, the difference didn't 
prove to be significant. With adsorption times of 30, 60 and 120 minutes, the difference is 
significant which is probably due to the retention effect of hemicellulose fiber from the kernel 
husk, which does not intensify further by increasing the adsorption time. 

Table 1: Thickness and grammage of control sheet and sheets containing seed husk as a 
function of adsorption time. 
 

  
Control 

Sheets containing seed husk (5wt%) 

10 min 30 min 60 min 120 min 

 

Thickness (µm) 164±5 a 168±6 a 171±4 a 170±4 a 166±5 a 

Grammage (g/m2) 65±2 a 68±3 a 72±1 b 73±1 b 72±1 b 

 
Values with different letters in the same columns indicate significant differences (p < 0.05). 
 
 
 

 
Figure 2. Variation in thickness and grammage as a function of absorption time. 

 

Mechanical properties and air permeabilty 

In general, the mechanical properties of sheets made from secondary fiber containing seed 
husk were improved compared to the control sheet (Table 2, Figure 3). The mechanical 
properties of the paper are determined by the strength and flexibility of the fibers and the 
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interactions between the fibers. These interactions are primarily hydrogen bonds and van der 
Waals bonds. When seed husk was added to the fiber, we can presumably talk about van der 
Waals interactions between arabinoxylan and cellulose, but hydrogen bonds can also form 
between the two polysaccharides (Paananen et al., 2004). The improvement in mechanical 
properties is due to the bonds formed between the hemicellulose and the cellulose fiber. This 
improvement showed a dependence on absorption time. Increasing the absorption time 
increased the rate of improvement of the properties. As the duration of treatment increased, 
the binding of arabinoxylan to cellulose fibers increased. 
 
 
Table 2. Mechanical properties of control sheet and sheets containing seed husk as a function 
of absorption time 
 

  
Control 

Sheets containing seed husk (5wt%) 

10 min 30 min 60 min 120 min 

Burst index 
(kPa·m2/g) 1.5±0.1 a 2.0±0.1 b 2.3±0.3 c 2.6±0.1 c 3.0±0.1 d 

Tensile index 
(Nm/g) 23.8±1.64 a 29.5±4.0 b 30.8±1.9 b 32.6±2.9 b 33.6±2.6 b 

 
Stretch at break (%) 

 
4.1±0.4 a 

 
5.0±0.4 a b 

 
5.4±0.3 b 

 
6.0±0.5 b c 

 
6.7±1.1 c 

Tear index 
(mN·m2/g) 15.5±1.5 a 17.6±0.9 b 18.7±0.6 b 19.5±0.4 b 19.7±0.6 b 

Air permeabilty 
(Gurley s) 2.4±0.3 a 5.4±0.6 b 7.1±0.3 c 7.7±0.3 d 7.9±0.1 d 

 
Values with different letters in the same columns indicate signifcant diference (p < 0.05). 

The presence of arabinoxylan improved the burst index to the greatest extent, where a 99% 
increase over the control sheet was observed at an absorption time of 120 minutes. The 
resistance of the sheets to bursting increased by 31% at 10 minutes, by 57% at 30 minutes, and 
by 74% at 60 minutes. The increase compared to the control sheet was found to be significant 
in all cases. There was no statistically significant difference between the bursting index of the 
30 and 60 minute adsorption sheets. There was a significant difference after an absorption time 
of 120 minutes. 

The highest value of tensile index was measured at the absorption time of 120 minutes, where 
the increase was 44%. Compared to the control sheet, the increases were 24, 19 and 42% with 
absorption time of 10, 30 and 60 minutes which was statistically significant. Although there is 
an increase in the tensile index with the absorption time, statistically evaluated, there is no 
significant difference between the values of the different times. 
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Figure 3. Change of mechanical properties as a function of absorption time 

Compared to the tear index of the control sheet,   the presence of 5wt% psyllium husk already 
caused an improvement. It increased the tear resistance by 13, 20, 25 and 27% for treatment 
times of 10, 30, 60 and 120 minutes. However, based on statistical analysis there is no 
significant difference between each treated sample sheets. 

 

Figure 4: Change in air permeability as a function of absorption time 
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An outstanding improvement of air permeability was observed due to the increase of the seed 
husk and the adsorption time (Table 2, Figure 4). The time required to penetrate 100 cm3 of air 
increased by 127% after 10 minutes of treatment, by 197% at 30 minutes, by 223% at 60 minutes 
and by 229% at 120 minutes compared to the sheet containing only secondary fibers. The 
improvement was significant except for the difference between the sheets with an adsorption 
time of 60 minutes and the sheets with an adsorption time of 120 minutes. The air permeability 
presumably reached its maximum at the absorption time of 60 minutes. The pore-filling effect 
of the seed husk, stops the increase of the air-barrier property. 

Conclusions 

According to the results of the research, the tensile, burst and tear index of the secondary fiber 
sheet used in the research can be increased by adding 5wt% of Plantago psyllium seed husk to 
a fiber suspension. With an absorption time of 10 minutes, the increase in values was 
significant, but increasing the absorption time further enhanced the rate of improvement. 
Comparing the sheets after 60 and 120 minutes of absorption, there was no further significant 
improvement except for the burst index. Based on this, it can be concluded that (with the 
parameters of the present research), the maximum improvement in mechanical properties and 
air permeability can be achieved with an absorption time of 60 minutes. Sheets made after 60 
minutes of absorption showed an increase in tensile index of 42%, bursting index of 74%, a tear 
index of 25% and an air tightness of 223% compared to the control sheet. Based on the results, 
the Plantago psyllium seed husk,, is a promising plant raw material for improving the 
mechanical properties of secondary fibers due to the arabinoxylan it contains, even if added 
directly to the suspension without a prior hemicellulose separation operation. 
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POTENTIAL OF WASTE TEA AS EFFECTIVE ALTERNATIVE ADSORBENT 
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Introduction  

In last decades, dyes have become common industrial environmental pollutants due to 
extensive application of the large-scale production in different industry area. Although 
legislation limits their discharge in to environmental, it still remains issues of treating dye 
wastewater in a more economical way. Adsorption is, form economical point of view, most 
effective separation technique as well as is in the simplicity of design, flexibility and ease of 
operation. In past decade numerous studies have been focusing on waste materials from 
agriculture and food industry as a low-cost adsorbent. In year 2020. annual tea consumption 
worldwide amounted to about 6.3 billion kilograms and approximately 78% belongs to 
consumption of black tea According to the Food and Agricultural Organization of the United 
Nation (FAO), the global production of black tea is expected to even rise at an annual increase 
rate of 2.2%. But this popular beverage also produces significant amount waste after brewing 
[1,2], so it is extremely importunacy to find a way to use this waste for useful purposes. On of 
the possibilities is to use waste tea as a low-cost eco-friendly adsorbent. (Debnath et al. 2021, 
Hussain et al. 2018). 

In this study, two series of waste black tea (WT) were explored as adsorbent: untreated 
waste tea (WT-U) samples and treated waste tea (WT-T), for removing methylene blue (MB) 
dye from wastewater. 

 
Material and Methods  

Adsorbate preparation 

Methylene blue (MB)(C16H18N3SCl 3H2O) was purchased from Merck and it was used without 
additional purification. All solution of methylene blue dye were prepared by dissolving the dye 
powder in distilled water (1000 mgL-1) as a stock solution. 
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Figure 1. Methylene blue structure 

 

Adsorbent Preparation 

In the first step black tea bag was prepared according to manufacturing instructions; 200 mL 
of boiled distilled water was poured over tea bag and allow the tea bag to brew for 2 minutes. 
Wasted tea bag then was thoroughly washed several times by hot distilled water (100°C) to 
remove colour and substances soluble in water. After washing the tea waste was dried was 
dried at 70°C for 24 h in ventilated air oven, cooled down to room temperature and crushed 
with agate. Samples were placed in glass jar and stored in exicator in the dark. 

Preparation of untreated waste tea 

Stored WT from first step preparation was milled and sifted through 60 mesh (0.25mm) and 
placed in glass jar and stored in exicator in the dark. 

Preparation of treated waste tea 

Stored WT from first step preparation was placed to muffle furnace in a ceramic crucible at 
600°C for 1 h in presence of nitrogen gas. After thermal treatment residual biochar was cooled 
completely at room temperature overnight. 50 g of activated carbon was treated with 10 M 
of nitric acid and refluxed at temperature 80oC for 4 hours. The mixer was filtered, washed 
with distilled water for few times and neutralized with 1.0 M of NaOH to reach neutral pH. 
The obtained activated carbon was dried into oven at 100oC for 24 h, cooled down, sifted 
through 60 mesh (0.25mm) and placed in glass jar and stored in exicator in the dark. 

Determination of point zero charge (pHPZC) 

The determination of pH point of zero charge (pHPZC) for an adsorbent was carried out by 
adding 0.1 g of AC to 50 mL solution of 0.1 M NaCl whose initial pH had been measured and 
adjusted with 0.01 M NaOH or 0.01 M HCl to vary between 2-12. The containers were sealed 
and placed on a thermostatic agitator for 24 hours after which the final pH was measured.  

Experimental protocol 



76 
 

In this study were performed the batch adsorption experiments in a Erlenmeyer flask, 250 ml. 
The solute (100ml dye) was mixed at magnetic stirrer at different speed until the equilibrium 
is reached. After filtration, the dye concentrations were measured at λ=665 nm using UV-
visible spectrophotometer (Shimadzu 2600). The pH of solution was adjusted using 0.01M HCl 
and 0.01 M NaOH solutions receptively. The percentage removal of methylene blue was 
calculated using Eqs. (1) and (2). 

 

𝑞 = (𝑐 −  𝑐 )        (1) 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =        (2) 

where: 

qe - amount of dye in mg per gram of adsorbent 

Ci and Ce - are respectively initial concentration and equilibrium time of MB (mg/l) 

V - volume of solution 

M - mass of adsorbent 

 

Adsorption isotherm study 

The adsorption study was preformed using two mathematical models: Langmuir and 
Freundlich. The Langmuir isotherm model describes the uniform adsorption of adsorbate onto 
adsorbents in single layer. In this model the linear plot of specific adsorption (ce/qe) against 
the equilibrium concentration (ce) is obtained and the constants qe and b are related to the 
energy of adsorption and maximum adsorption capacity. Langimur model implaies that the 
adsorption energy is constant. The isotherm can be described by Eq. (3) 

=  +     (3) 

 

Freundlich adsorption isotherm is obeyed by the adsorptions where the adsorbate forms a 
multimolecular layer on the surface of the adsorbent. This isotherm can be described by Eq. 
(4) 

 ln 𝑞 = 𝑙𝑛𝐾 − 𝑙𝑛𝑐   (4) 

where Kf and n are Freundlich constants, correspond to adsorption capacity and adsorption 
intensity. Amount adsorbed per amount of adsorbent can be is represented with the 
parameters, qmax (mg/g), while parameter ce represents the equilibrium concentration (mg/L) 
and Kf and n are parameters that depend on the adsorbate and adsorbent, respectively 
(Altıntig et al. 2017.). 
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Results and discussion 

Point zero charge (pHPZC) of adsorbents 

 

Figure 2. pH PZC untreated and treated WT 

 

 

The pHPZC values for treated and untreated WT adsorbents are given in Fig 2. pHPZC and it can 
be seeing the pHpzc of waste tea varies slightly depending on treatment. Untreated adsorbent 
has pHpzc at 5.5, and acid treated is showing slightly shift to acidity 4.8. Similar results were 
observed in work Doing Ling et al. 2020. Untreated adsorbent indicated an overall positive 
charge, while pHPZC of chemically treated adsorbent shows values that indicated the surface 
charge is more negatively charged compared with TW-T samples. The overall negative charge 
on bout adsorbents suggests a potential for adsorbing positively charged MB molecules. 

Effect of adsorbent dose  

The experiments were carried out to determine the optimal dose of both adsorbents under 
constant conditions of pH. The adsorbents doses varied from 0.1 to 1.5 g/100 ml. It was 
observed that the removal of methylene blue dye increased with an increase of both 
adsorbents’ concentration from 0.1g /100 mL to 1.5 g/100 ml. This is result of more adsorbent 
sites as well as availability of specific surfaces of the adsorbents. Although, no significant 
changes in dye removal efficiency were observed beyond 1.0 g/100 mL (92,3% WT-U and 96% 
WT-T) adsorbent dose, so 1.0 g/100 ml is considered the optimal dose for untreated and 
treated waste tea loading. 

Effect of initial dye concertation dose 

The effect of various initial dye concentration was investigated for the sorption of MB onto AC 
in the concentration range of 2.5–50 mg/L while keeping the contact time at 120 min at 30°C 
and agitated speed at 100 rpm (Fig. 3). pH was kept constant at 4 for the treated WT and at 5 
for the untreated WT. It was observed that removal percentage of MB decreased from aprox. 
95% to 59% as the initial concertation of MB increased, for bout AC. This observation can be 
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explained due to saturation of active sites of the WT which is resulted as a less adsorption 
efficiency. Similar report was presented in the work of Sikdar et al., 2020 and Lin et al, 2020. 

 

 

 

 

 

 

 

 

a)                                                                  b) 

Figure 3. Effect of dye concentration on MB removal for treated WT (a) and untreated WT 
(b) 

 

Effect of contact time  

The amount of MB adsorbed on AC increased for a short time and slowed gradually when 
equilibrium was approached. At beginning of the experiments, the active sites were 
completely free, so adsorbate was easilly could bind to adsorbates. As the contact time 
increased, owing to the large number of vacant sites on the adsorbent surface and the high 
solute concentration gradient at the beginning of the adsorption process, the adsorption rate 
of MB is rapid during the first 30 min and after that time no significant change is observed. 

 

Figure 4. Effect of contact time on MB adsorption onto AC (pH of 5, c(MB)=2,5 mg/L, 150 
ppm and temperature of 30◦C). 
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The pH of a dye solution is an important influencing factor for the adsorption of MB 
onto AC, so the effect for WT-T and WT-U was investigated for the range pH from 2 to 12. 
Results are shown that optimal pH was observed at pH 4 for WT-T with removal percentage 
95% and pH =5 for WT-U 91,2% respectively. It can be concluded that maximum percentage 
removal for bout adsorbents is at acidic state from pH (4–6). Higher removal efficiency at 
lower pH can be explained with the occurrence of protonation of the surface of adsorbent, 
resulting in neutralization of negative charges and thereby providing more active sites leading 
to more adsorption. With further increase of pH, deprotonation occurs and the adsorbent 
surface acquires more negative charged resulting in decreased removal efficiency. Similar 
results are present is study of Altıntig et al. 2017 and Khan et al in 2007. 

Adsorption isotherm study 

The adsorption study was conducted to determine the adsorption characteristic. 

Table 1. Results of Langimiur and Freudlich isotherm plots for the adsorption of MB onto 
treated and untreated WT adsorbent 

Treatment 
of WT 

Model Isotherm parametars 

Untreated 

Langmuir 
 

qm (mg /g) 
37.66 

KL (L/mg) 
0.038 

R2 
0.9977 

Freundlich 
 

n (mg/g) 
2.3 

(mg/g) 
4.39 

R2 
0.9523 

Treated 

Langmuir 
 

qm (mg /g) 
38.16 

KL (L/mg) 
0.047 

R2 
0.9989 

Freundlich 
 

n (mg/g) 
2.8 

(mg/g) 
5.12 

R2 
0.9621 

From Table 1 it can be seen comparison of Langmuir and Freundlich adsorption isotherm 
parameters for treated and untreated waste tea adsorbent. The R2 value of 0.9977 indicates 
application of Langmuir isotherm. This model assumes a monolayer coverage of dye on 
adsorbent surface. The calculate sorption capacity (qm) for untreated adsorbent was found to 
be 37.66 mg/g. The correlation coefficient value (R2=0.9523) is found to be lower than 
Langmuir values. Very similar data was observed using experimental data from experiment 
using treated waste tea adsorbent with slightly better correlation value of 0.9989. Adsorption 
kinetics studies indicated that the pseudo second order model yielded the best fit for the 
kinetic data. 

Conclusions  

The adsorption study showed that the maximum adsorption of methylene blue dye onto tea 
waste adsorbent was slightly improved compared with the untreated AC. For bout adsorbent 
it can be concluded that the best adsorption capacity can be obtained at pH in the rang from 
4 to 6, in time of 30 minutes and agitated speed of 150 rpm. Data has showed that untreated 
waste tea can remove form waste water 92 % dye and treated waste tea 96% respectively. 
But because it is a well-known fact that the mode of surface modification of adsorbent has 
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significant impacts on its final performance, this result represents only preliminary study 
which has indicates that bough adsorbents, treated and non-treated, can be successfully 
utilized as a low-cost eco-friendly method for dye pollution control. 
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Abstract 

Black locust (Robinia pseudoacacia L.) is a widespread hardwood tree originating from North 
America that can be found in all temperate regions. Its ability to grow in different soil types 
and develop a strong branched root system was the key to its naturalization in many European 
countries since it was brought to the continent in the 17th century. Alike all wood species, 
Black Locust has a hierarchically complex structure. Specific cells are used for mechanical 
strength (fibers) and for water transportation (vessels), combining micro and nano-sized 
elements. Anisotropy highly influences its properties. Microstructure and properties vary 
between three main wood sections: tangential, radial, and cross section. The aim of this article 
is to determine how the change of section affects abrasive wear resistance, and how the 
abrasive grain size affects abrasive volume loss. Samples from each section were exposed to 
abrasive wear on Taber abraser using different grain-sized paper. After examination, the mass 
loss was measured and recalculated into the volume loss to indicate differences between 
sections. The results showed that the orientation of the wood structure and the size of 
abrasive grains have a significant influence on the abrasion resistance. The highest abrasion 
resistance was observed in the cross section. The abrasion resistance of radial and tangential 
sections were similar and lower than abrasion resistance in cross section. On all tested 
samples, a phenomenon of critical abrasive grain size was observed. By increasing the size of 
the abrasive grains to a critical size, at the same time, the abrasive volume loss also increased. 
After the value of the critical size of the abrasive grain, the volume loss continues to increase, 
but at a lower rate. 

Keywords: black locust, abrasive grain size, abrasion resistance 

Introduction 

Black locust (Robinia pseudoacacia L.) is an angiosperm tree that originates from the eastern 
part of the United States and was the first American tree species to be introduced into Europe. 
Today, the species can be found in forty-two European countries and on every continent. 
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Despite its classification as an invasive species in some countries, the Black locust has 
successfully incorporated itself into the European ecosystem. It is neutralized in over 3 million 
ha worldwide and is the second most planted broadleaved tree species, after Eucalyptus spp 
[1]. 

The species is naturally durable and adaptable to different site conditions, dry climates, and 
nutrient-poor soils. It develops deep and branched root systems. While bearing prolonged 
droughts the extended root system can reach water in deeper soil layers [1]. The black locust 
is a fast-growing tree, especially at juvenile age. The height, volume, and diameter growth, 
peak before the age of 20. Despite its fast-growing, Black locust is a moderately heavy wood 
with substantial density [2]. For humans, the seeds, pods, leaves, and especially the bark are 
poisonous, while the flowers are edible. The poison derives from the robinin compound which 
causes blood erythrocytes to thicken [3]. 

Black locust wood in Europe is commonly used for biomass production, erosion prevention, 
general construction, flooring/parquet, furniture, pellets, and vineyard poles. As it is tolerant 
to air pollution and salinity it is a frequent tree in parks and gardens. It provides a habitat for 
countless birds, mammals, and fungi and has an important role in honey production. 
Nevertheless, little attention is directed to the potential enhancement of black locust wood 
applications. To fully understand the possibilities and properties of wood, a profound 
interpretation of the microstructure is needed [1]. 
Wood is a structurally anisotropic material made up of wood cells that are mostly oriented 
axially, and to a lesser extent radially. Evolutionarily, angiosperms evolved later than 
gymnosperms and developed specific cell types, vessels for transporting water, and fibers for 
providing mechanical strength. In comparison to softwood tracheids, angiosperm fibers have 
smaller lumens, and pits and their cell walls are thicker. Some angiosperm fibers form a 
gelatinous wall layer instead of a typical S3 layer. Perforation plates connect vessel elements 
and enable water flow between cells [4]. 
The mechanical properties of wood depend on the directionality of vessels and fibers at 
different scales. To gather the most information about the interrelationship between the 
systems in wood, three main wood sections are needed, the cross-section, radial, and 
tangential section.  
The abrasive wear resistance of a material is the ability to resist mechanical wear that abrasive 
grains cause by moving along the surface. It relates closely to other material properties, such 
as surface hardness and density. Usually, the higher the hardness of the material the amount 
of abrasion is smaller [5]. Samples from each section of the black locust tree were exposed to 
abrasive wear on Taber abraser using different grain-sized paper. 
This paper presents the results of abrasion wear resistance of black locust samples depending 
on its three main sections. 
The abrasive volume loss (mm3) or wear rate (mm3/mm2) is linearly correlated with abrasive 
grain size for smaller sizes of abrasive grains. It increases proportionally with the increase in 
abrasive grain size until the abrasive grain size reaches the critical grain size (CGS) [6]. 

 
After the critical abrasive grain size is reached, the abrasive volume loss may continue to 
increase at a lower rate, may remain constant, or may decrease (Figure 1) [6]. 
The phenomenon of critical abrasive grain size is a common occurrence in homogeneous 
metal materials [6,7], and can also be observed in wood [5]. 
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Figure 1. Schematic representation of the wear curves depending on the size of the abrasive 
grain [6] 

Materials and Methods 

The goal of the research is to analyse the possible correlation between wood cell orientation 
and abrasion wear resistance, and effect of abrasive grain size on abrasion wear resistance in 
cross, radial, and tangential direction. 

The Black locust dead wood used in this study was retrieved near the village Damijanići 
(45.0846, 13.5640) in the center of the Istrian peninsula in Croatia (Figure 2). The tree grew in 
typical conditions for this species, in a moist and moderate sunny environment on deep, fertile 
forest soil. It was surrounded by a healthy locust forest which contributed to its growth 
providing a better microclimate and protection. The trunk was found uprooted after a 
windstorm that occurred approximately six months prior. The trunk was visually examined 
and evaluated to be in optimal condition. No presence of fungi was observed. The dimensions 
of the trunk were 0.31 m in diameter and 17 m in height, these measurements, along with the 
thickness of the growth rings, confirm that the trunk grew in adequate conditions. The trunk 
was then sectioned far below the branches with a chainsaw to a 30 cm large piece and stored 
in dry and aerated conditions for the period of five months. 

  

 
Figure 2. View of the origin location of Black Locust samples [8] 
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The exact position of specimen cutting is shown on the cross section, on Figure 3. The area 
was chosen from the trunk while cracks were avoided. The growth rings were parallel, and 
their width was as similar as possible. The tree was more than 35 years old (based on wood 
rings count) when it was taken down. 

The specimens for determining abrasion wear resistance were cut with dimensions 5 mm × 5 
mm × 30 mm (Figure 4). Their main distinction is with regards to the orientation of square 
sections (5 mm × 5 mm) that were exposed to abrasive wear. Five wood specimens were 
examined for each section – cross, radial, and tangential. The mass of each specimen was 
measured. 

Microstructure analysis and abrasion wear resistance testing were performed on all 
specimens. The microstructure was analysed with computerised tomography (CT). The CT scan 
was performed on ZEISS METROTOM 6 scout with a 360° rotation of subjects. The radiation 
source generates X-rays that irradiate the scanning object and end up on the radiation 
detector. X-rays, depending on the density of the material and the thickness of the scanned 
object, are more or less attenuated, and the detector creates an image of shades of grey based 
on them. 

 

 
 
Figure 3. Cross section of the Black Locust trunk with the exact location of cutting specimens 

marked 
 
 

 
 
Figure 4. Black locust specimens for abrasion testing (C – cross section, R – radial section, T – 

tangential section) 
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Abrasive wear resistance was tested on a Taber abraser with a 125 mm rotating disk (Figure 
5). The rotational speed of the disk was 1 rev/s, and the applied load was 4.91 N. The 
sandpaper used and mean diameters of abrasive particles were P80 (201 µm), P120 (125 µm), 
P220 (68 µm), and P800 (21.8 µm). Specimens from each section were tested on a separate 
sandpaper. During the process, a vacuum cleaner was used to remove sawdust particles. After 
60 grinding cycles the mass loss was measured (∆m). 
The density and the moisture content of samples were calculated, and the mass loss was 
converted into volume loss for moisture content of 12 %. 

 

 
 

Figure 5. Taber abraser 
 
Results and discussion  
 
As the black locust is a ring-porous wood, vessel elements have a large diameter and appear 
as holes, or pores in the cross section. Very large-diameter vessels are tracheas and formed 
early in a growing season, and smaller ones are formed later in the year. These conducting 
vessels can be seen both in radial and tangential sections. Due to these differences, the 
mechanical properties of early and late wood differ [9]. Square sections of specimens from 
each section that were exposed to abrasive wear are shown in Figure 6. Darker regions in the 
image indicate a less dense material, while lighter regions indicate greater material density. 

 

 

Figure 6. CT scan of black locust microstructure (C – cross section, R – radial section, T – 
tangential section) 

C R T 
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Table 1. Results of measurement of density and moisture content. 

Mean moisture content when tested 8.396 % 

Density at 8.396 % moisture content 0.789 g/cm3 

Density at 12 % moisture content 0.799 g/cm3 

 

Table 2 shows the results of mass loss measurements after 60 grinding cycles of specimens 
from each section, tested on each sandpaper, at 12 % moisture content.  

Table 2. Mass loss after 60 griding cycles of specimens (C – cross section, R – radial section, T 
– tangential section, Xp – mean value, SD – standard deviation, min – minimum value, max – 
maximum value). 

 

Δm800, g Δm220, g  
 

Xp SD min max Xp SD min max  

C 0.00250 0.00065 0.00192 0.00352 0.02233 0.00211 0.02010 0.02613  

R 0.00474 0.00072 0.00351 0.00559 0.03851 0.00527 0.03178 0.04766  

T 0.00450 0.00016 0.00428 0.00472 0.04010 0.00418 0.03530 0.04567  
 

Δm120, g Δm80, g  
 

Xp SD min max Xp SD min max  

C 0.03164 0.00137 0.02949 0.03311 0.03930 0.00115 0.03779 0.04123  

R 0.05982 0.00371 0.05397 0.06497 0.08439 0.01303 0.05962 0.09575  

T 0.06262 0.00595 0.05295 0.07119 0.08538 0.00378 0.07826 0.08922  

Figure 7 merges all given results for better interpretation and understanding of the 
correlations between abrasive volume loss and mean diameters of abrasive particles for 
tested wood sections. 
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Figure 7. Correlations between abrasion volume loss and mean diameters of abrasive 
particles for all three characteristic section of black locust specimens (C – cross section, R – 

radial section, T – tangential section) 
 
The lower abrasion volume loss is noticed in directions perpendicular to wood fibers for all 
sizes of abrasive grains, which means that cross section has the biggest abrasion resistance. 
The tangential (T) and radial (R) sections wear similarly, and more intensively than the cross 
section (C). 
On all tested samples, a phenomenon of critical abrasive grain size was observed. By 
increasing the size of the abrasive grains to a critical size, at the same time, the abrasive 
volume loss also increased. After that, volume loss grows with smaller intensity, especially on 
the cross section. The critical abrasive grain size is difficult to determine precisely, and it is in 
the range of 125 to 201 μm for all three sections. The critical grain size value for the cross 
section is lower than the other two sections. 
Table 3 shows the ratios of mean abrasive volume loss values of three characteristic sections 
(C, R, T) for all used sandpaper granulations. It is evident that the coefficients of 
proportionality are very similar for each granulation of sandpaper.  
 
Table 3. Volume loss ratio values of three characteristic sections (C, R, T) for all used 
sandpapers. 

  Average abrasive grain size [µm] 

  21.8 68 125 201 

C/R 0.53 0.58 0.53 0.47 

C/T 0.56 0.56 0.51 0.46 

R/T 1.05 0.96 0.96 0.99 
 

Conclusions 
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1. The orientation of the wood section and the size of abrasive grains have a significant 
influence on wood abrasion wear resistance.  

2. The cross-section exhibited the highest abrasion resistance. The radial and tangential 
sections behaved similarly and had significantly lower abrasion resistance than the cross-
section. 

3. The critical abrasive grain size was observed on all tested section. It is difficult to determine 
precisely. For all tested sections, the critical size of the abrasive grain ranges from 125 to 
201 µm. For a more precise determination of the critical abrasive grain size, it is necessary 
to carry out tests with many more abrasive grain sizes in the specified interval. 

4. The volume loss ratio values of three characteristic sections (C, R, T) are similar for all used 
abrasive grain sizes. 
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Introduction 

Polyphenols are a group of secondary metabolites that plants synthesize as a defense 
mechanism against environmental and physiological stress [1]. Due to their biological activity, 
these phytochemicals are proven to be an important factor in human nutrition. In terms of 
sustainable production, raw agro-industrial waste products are being exploited as rich sources 
of polyphenols since such compounds can be found in both edible and nonedible plant parts. 
The wine industry generates large quantities of waste by-products, grape pomace being the 
most significant. Grape pomace presents a mixture of seeds, skins, and stems that remain 
after the winemaking process [2]. Extraction of polyphenols from waste plan materials can 
serve as a recovery process that returns valuable biological compounds to the food chain. A 
diet that includes polyphenol-rich foods stimulates colonic fermentation, regulates insulin 
response to blood glucose levels, prevents obesity and cardiovascular diseases, and is 
generally beneficial for human gastrointestinal health [3]. However, when digested, 
polyphenols possess low bioaccessibility due to their rapid metabolism preventing their 
biological properties to be fully exploited [4]. By mimicking physiological conditions of the 
digestion process in small and large intestines, the decomposition and stability of polyphenols 
can easily be tracked. In this work, we used natural deep eutectic solvents (NADES) for the 
extraction of grape pomace’s polyphenols. Since, NADES are a mixture of naturally occurring 
primary metabolites, such as sugars, amino acids, or polyols, their consumption is considered 
safe for human nutrition [5]. Returning valuable phytochemicals from industry by-products 
back to the food chain raises the economical as well as the ecological footprint of the 
production process. Plant extraction of valuable bioactives, using NADES as an extraction 
media, has possibilities for creating ready-to-use extracts as food supplements or 
nutraceuticals. 

Therefore, the main objective of this study was to examine the biological activity and 
availability of polyphenols in NADES through the stimulation of gastrointestinal digestion. 

Materials and methods 

General 

Grape pomace (GP) was obtained from the Croatian native grape cultivar Kutjevo d.d., Vitis 
vinifera cv. Graševina. All chemicals for NADES synthesis (betaine, glucose, sucrose) were 
purchased from Sigma–Aldrich (purity of ≥99%) and used without further purification. Organic 
solvents used were of analytical grade and supplied from Merck, Germany. Folin-Ciocalteu 
reagent, α-amylase from Aspergillus oryzae, and pancreatin from porcine pancreas, as well as 
bile salts were obtained from Sigma–Aldrich Chemie (Steinheim, Germany). Inorganic salts 
were obtained from Kemika d.d. (Zagreb, Croatia). 

NADES preparation 
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NADES were prepared by mixing a betaine with sucrose and glucose in a certain molar ratio 
with 30 and 50 % (v/v) of water in a 50 mL reagent bottle. The mixture was then stirred and 
heated on 50 °C for 2 h until a homogeneous transparent colorless liquid was formed. NADES 
abbreviations and corresponding mole ratios are given in Table 1. 

Table 4. NADES used in this research.  
 

Deep eutectic solvents Molar ratio Water content [%] Abbreviation 

Betaine:Glucose 1:1 30 BGlc30 
Betaine:Glucose 1:1 50 BGlc50 
Betaine:Sucrose 4:1 30 BScu30 
Betaine:Sucrose 4:1 50 BScu50 

Solid-Liquid Extractions 

For the extraction of polyphenols, a solid-liquid ratio of 1 g of freeze-dried, milled grape 
pomace was used per 10 mL of prepared NADES or per aqueous ethanol solution (70 % of 
ethanol). Extraction was carried in a glass bottle at a constant temperature of 60 °C and stirred 
in Shaker–Incubator ES-20/60 (Biosan, Riga, Latvia) for 1 hour. Extracts were then vacuum 
filtrated, supernatants were decanted, adjusted to a final volume of 10 mL, and stored at +4 
°C until further analyses were performed. All extractions were carried out in duplicate and the 
average values were reported. 

Determination of Total Phenolic Content  

Total phenolic content (TPC) was determined by the modified Folin-Ciocalteu method, as 
described in Singleton et al. [6]. The absorbance was measured at 760 nm and results were 
expressed as mg of gallic acid equivalent per g of grape pomace (mg GAE g−1). 
Spectrophotometric analyses were conducted in triplicate. 

In-vitro digestion of polyphenolic NADES extracts 

Simulation of the gastrointestinal digestion upon GP extracts in NADES was made according 
to the method described by Corrêa et al. [7]. To mimic mouth digestion, 2 g of GP extract was 
mixed with 1.4 mL of artificial saliva solution (0.24 g Na2HPO4, 19 mg KH2PO4, 0.8 g NaCl in 100 
mL of distilled water). Enzyme α-amylase (200 U mL-1) was added to the mixture and stirred 
at 150 rpm for 10 minutes at pH of 6.75 and 37 °C. The gastric digestion started with the 
addition of 3 mL of artificial gastric fluid (44.51 mg of pepsin in 100 mL of 0.03 M NaCl, pH 
1.2). After 120 minutes of agitation on a shaker at 37 °C, 1 mL of 120 mM NaCl, 1 mL of 5 mM 
KCl, and 3 mL of artificial intestinal fluid (0.143 g of pancreatin and 0.857 g of bile extract in 
100 mL of 0.1 M NaHCO3) were added. pH was adjusted to 7, and the mixture was incubated 
at 37 °C for 60 minutes at 150 rpm. After each digestion phase, samples were taken for TPC 
analysis. 

Results and discussion 

DES selection for optimal extraction of polyphenols from grape pomace 
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In our previous research, we used COSMOtherm software for the selection of optimal NADES 
compounds that would assure the highest polyphenol content when performing extraction 
[8]. COSMOtherm gives information about the molecular polarity of certain polyphenols while 
comparing it with desired NADES system. According to COSMOtherm analysis, the best NADES 
for polyphenols grape extractions is betaine with ethylene glycol (BEG), glucose (BGlc), or 
sucrose (BScu) in molar ratio 1:1 and the addition of 30 % to 50 % of water. In this research, 
we used BGlc and BScu NADES to test the stability of polyphenols throughout the digestive 
system. Ethylene glycol is not used in food products because of its toxicity, and therefore we 
used only NADES which components are safe for human consumption. Both NADES were 
prepared with 30 and 50 % of water. Water decreases the viscosity and density of NADES 
which eases the isolation and purification of the final product [9]. Extraction in BGlc resulted 
in the highest yield of polyphenolic compounds (31.86 mg g dw −1 of GP) as shown in Table 2. 
Results also indicated that higher water content in NADES increases extraction efficiency since 
reduced viscosity facilitates solubilization of desired molecules [10]. The hydroalcoholic 
solution, in this case, 70 % of ethanol, was used for the comparison of NADES capability, 
proving once again that NADES could replace conventional solvents for the extraction of 
phytochemicals. 

 
Table 5. Polyphenolic content (mgGAE gdw

−1) of grape pomace in prepared extract expressed as 
the means (n = 3) ± S.D. 
 

Extracts Water content [%] Total polyphenols [mg GAE g −1] 

GPBGlc 
30 28.90 ± 5.23 
50 31.86 ± 1.68 

GPBScu 
30 15.29 ± 3.14 
50 22.28 ± 1.48 

GPEtOH 70 17.89 ± 0.40 

 
Stability and bioaccessibility of phenolic compounds 

The presence of the phenolic compounds gives antioxidant properties to wine and grape 
byproducts. The biological activity of polyphenols depends greatly on their stability during gut 
digestion and overall bioavailability. The absorption efficiency is different among phenolic 
compounds due to some of them being poorly absorbed or rapidly eliminated [11]. Extraction 
of polyphenols in NADES preserves stability of polyphenols overtime due to  strong molecular 
interaction and hydrogen bonds formation between NADES components and polyphenols 
[12]. Therefore, extracts in NADES have the potential to be used as food supplements enriched 
with bioactive molecules if NADES can help maintain the stability of polyphenols through the 
intestines. After mouth digestion concentration of TPC in BGlc NADES was reduced up to 56 
%, while BScu NADES showed higher stability, preserving 60 to 70 % of initial polyphenol 
concentration as shown in Figure 1. Stomach digestion additionally decreased polyphenol 
content with BScu NADES still preserving around 10 % more polyphenols than BGlc NADES. 
Finally, after duodenal digestion, the biggest percentage of initial TPC was measured in 
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BScu30, showing 37 % of polyphenols being further available for absorption. According to the 
literature, 90 % of polyphenols are digested before reaching the intestines due to acidity and 
digestion enzymes in the gastric system [13, 14]. Based on  our results, it seems like 
polyphenols are more stable in NADES, with around 70 % of TCP being available for further 
metabolization. For comparison, polyphenols from grape pomace extracted in ethanol 
showed similar properties regarding the stability of polyphenols. 

 
Figure 8. Polyphenolic content (mgGAE gdw-1) of grape pomace extracted in 70 % ethanol 
solution and different NADES then submitted to in vitro digestion by mimicking 
gastrointestinal conditions. Results are presented as the means (n = 3) ± S.D. 

Conclusions 

The stability of polyphenols from grape pomace in NADES was investigated during a simple 
simulation of the digestion process. Results indicate that NADES help in maintaining the higher 
stability of polyphenols through the physiological conditions of digestion in small and large 
intestines. The possibility of NADES extract from industry by-products being applied in the 
food industry has to be further investigated in a study that compares initial from the 
maintained polyphenolic profile as well as overall bioavailability since that is crucial for 
polyphenols to show the full potential of their activity and health benefits. 
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Introduction 

Aluminium as a packaging material offers high resistance to corrosion and provides optimal 
protective properties as an impermeable barrier to light, fats, oxygen, water vapour and 
microorganisms. Most food products are considered mildly corrosive, but some ingredients, 
whether natural or added during the manufacturing process, may be more or less corrosive. 
Corrosion can be caused by food components such as various organic acids (acetic, lactic, 
citric, tartaric, ascorbic, etc.) and applied additives to preserve or improve the organoleptic 
properties of food (sodium chloride, nitrates, nitrites, phosphates, etc.). On the other hand, 
the addition of different spices and extracts of different plants to the corrosive environment 
can reduce the corrosion rate and such components can be considered corrosion inhibitors 
[1]. Metal packaging materials are subject to changes caused by the action of packaged foods 
or complex systems, so it is necessary to know their behaviour in different saline and acidic 
solutions, taking into account the influence of other parameters that accelerate metal 
corrosion (temperature, mechanical stress, atmosphere) [2]. Although aluminium has good 
corrosion resistance to a number of aggressive environments and many food products, 
corrosion of aluminium can occur in the food industry, which in this case has an impact on the 
final product. To stabilize the metal surface and prevent contamination of food with 
aluminium ions, the most commonly used method in the food industry is the use of coatings 
or additives in the food product that can act as corrosion inhibitors. Instead of organic 
coatings, there is great interest in the use of various plant polysaccharides, i.e. biopolymers 
such as pectin, carrageenan, etc. as well as their use in the production of corrosion inhibitors 
[3]. Carob seed flour is a natural herbal thickener which can be used as gelling agent, emulsifier 
and stabilizer. In this paper, the influence of organic acids often used in the food industry (3% 
lactic, acetic and citric acid) on the corrosion of aluminium without and with the addition of 
different concentrations of carob powder was investigated. Aluminium corrosion rates were 
determined by gravimetric method at 25°C after 30 days of exposure of aluminium samples in 
the tested solutions, while the surfaces of aluminium samples were recorded with an optical 
metallographic microscope.  

Material and Methods 

For all gravimetric measurements, square-shaped aluminium samples (99.85% Al) with 
average dimensions of 2.5 cm x 2.5 cm were used. Surface treatment of the samples and 
gravimetric measurements procedure are described previously [1]. Commercially available 
carob powder, Komiža carob (Bio & Bio), was used in the experimental work. The following 
organic acid solutions were used in all measurements: 3% lactic acid solution, 3% acetic acid 
solution and 3% citric acid solution. Carob powder was added to all these organic acid 
solutions to prepare carob solutions in concentrations of: 5 g/L, 10 g/L, 15 g/L, 20 g/L and 25 
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g/L. Solutions for gravimetric tests were prepared by extracting the active ingredients from 
carob powder by heating the acid solutions with a certain amount of carob powder at 60°C. 
The pH of the solutions was determined at room temperature. The measurement was 
performed on a pH meter Metler Toledo (Seven Compact S220). Surfaces of aluminium 
samples were recorded with a metallographic optical microscope Olympus Tokyo, Epityp II, 
Type MO21 at 250 X magnification.  

Results and discussion 

Aluminium is widely used in the food industry primarily due to its good mechanical properties, 
non-toxicity, and mostly due to its relatively good corrosion resistance. Nevertheless, surface 
corrosion and damage to packaging and items that come into contact with low pH foods are 
very common. Since the aim of this study was to examine the corrosion behaviour of 
aluminium in 3% solutions of lactic, acetic and citric acid without and with the addition of 
different concentrations of carob powder, pH values were measured in all prepared solutions 
immediately after preparation of solutions and extraction of active ingredients from carob 
powder. Figure 1. shows the measured pH values in the prepared acid solutions without and 
with the addition of carob powder.  

 

Figure 1. Measured pH values in solutions of organic acids without and with the addition of 
different concentrations of carob powder at 25°C 

It can be seen from the figure that the pH values of pure 3% acids range from 1.7 to 2.3. In 3% 
lactic acid solution, the addition of carob powder lowers the pH of the solution by about 0.5 
pH units. On the other hand, in solutions of 3% acetic acid there is a significant increase in pH 
value with the addition of carob powder from 1.7 to 2.8 with the addition of 25 g/L carob. 
Since it is known that the corrosion of aluminium is expressed in acidic solutions, especially in 
those whose pH is below 4, it was to be expected that aluminium corrosion will occur in these 
solutions [3]. 

Figure 2. shows the corrosion rates of aluminium (μg/cm2 day) in organic acid solutions 
without and with the addition of different concentrations of carob powder determined by the 
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gravimetric method at 25°C. The highest values of corrosion rates of aluminium were obtained 
in acetic acid solution (10.1 μg/cm2 day) and citric acid solution (12.5 μg/cm2 day). Corrosion 
rates are reduced with the addition of carob powder up to 15 g/L in lactic and citric acid 
solutions, while a further addition of carob powder leads to a significant increase in the 
corrosion rate of aluminium in these solutions (23.3 and 15.0 μg/cm2 day). Only in 3% acetic 
acid solution carob powder has inhibitory effect on aluminium surface in concentration up to 
20 g/L.  

 

Figure 2. Corrosion rates of aluminium (μg/cm2 day) in solutions of organic acids without and 
with the addition of different concentrations of carob powder determined by gravimetric 

method at 25°C 

 

Figure 3. Calculated values of the degree of protection (z%) of carob powder on the 
aluminium surface in solutions of organic acids at 25 ° C 

Since the addition of carob powder in certain concentrations in acidic solutions led to a 
reduction in the aluminium corrosion rate, Figure 3. shows the calculated values of the degree 
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of protection (z%) of aluminium surface in the tested solutions of organic acids [1]. The degree 
of protection (z%) is one of the indicators of the inhibitory effect of a substance on metal 
corrosion, and this parameter can determine whether the tested carob powder has and in 
what concentrations has an inhibitory effect on aluminium corrosion. Figure 3. clearly shows 
the inhibitory effect of carob powder in practically all organic acid solutions up to a 
concentration of 15 g/L, except for acetic acid, which protects aluminium from the aggressive 
action of acetic acid in 20 g/L carob powder addition. The highest degree of protection was 
achieved in a 3% acetic acid solution with the addition of 20 g/L carob at 25°C (67.6%). In the 
lactic acid solution, a maximum protection about 40% is achieved, while in citric acid solution 
addition of 15 g/L carob powder caused an increase in the value of the degree of protection 
by up to 58.4%. 

Using optical techniques such as optical microscopy, scanning electron microscopy (SEM), 
transmission electron microscopy (TEM) and other optical methods, it is possible to obtain 
data on the shape, size and density of damage and their distribution on the metal surface. For 
this reason, the surfaces of the aluminium samples were recorded with an optical 
metallographic microscope at a magnification of 250X after exposure to pure solutions of 
organic acids and with the addition of 15 g/L and 25 g/L carob.  

 

Figure 4. Aluminium surfaces recorded by optical metallographic microscope (250X) after 30 
days of exposure in pure 3% citric acid solution (a), with the addition of 15 g/L carob powder 

(b) and 25 g/L carob powder at 25°C 
 

The effect of citric acid on aluminium corrosion is shown in Figure 4. It can be seen that in 3% 
citric acid solution without added carob powder (Figure 4a) occurs visible damage on the 
aluminium surface, indicating that citric acid solution can cause the so-called localized pitting 
corrosion. Corrosion of aluminium in acid solutions is caused by the presence of H+ ions leading 
to intense dissolution of aluminium, while present citrate ions have a strong tendency to 
adsorb to the hydrated surface of aluminium forming surface complexes [4]. If we compare 
the surfaces of aluminium that was exposed to citric acid with the addition of 15 g/L carob 
with those that were in pure citric acid, then there is a clear improvement in the morphology 
of the aluminium surface, which indicates the protective effect of carob. Moreover, it can be 
assumed that in this solution adsorption of molecules extracted from carob powder on the 
surface of aluminum occurs, ie that there was a decrease in the corrosion rate of aluminium. 
Further examination of the surface of aluminium exposed to 3% citric acid solution with the 
addition of 25 g/L carob powder shows that this concentration of carob leads to the greatest 
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destruction of the aluminium surface, even greater than that caused by pure citric acid, which 
again confirms previous gravimetric results that carob powder in certain concentrations 
promotes the corrosion process of aluminium not only in citric acid solution but also in lactic 
acid and acetic acid solution. The least surface damage was observed on aluminum that was 
exposed to lactic acid solution.  

Carob is a plant known for its high content of dietary fibres, especially soluble fibres such as 
pectin. In addition to pectin, carob is also rich in polysaccharides and polyphenols. All of these 
components have a potential inhibitory effect on the corrosion of aluminium in organic acid 
solutions, but their mechanism of inhibition needs to be investigated. Some mixtures of plant 
polysaccharides can form passivation layers on the metal, which prevent the passage of 
corrosive ions and molecules across the metal/solution interlayer [3]. Moreover, for pectin 
has been proven to possess excellent corrosion inhibitory properties on tin corrosion in acetic 
acid solutions [5]. 

 

 

Conclusions 

The most aggressive effect on aluminium was shown by 3% citric acid solutions, ie the 
corrosion rates of aluminium in the tested organic acids range from citric acid> acetic acid> 
lactic acid. The inhibitory effect of carob powder has been proven in all organic acid solutions 
up to a concentration of 15 g/L, while the addition of higher concentrations in lactic and citric 
acid solutions accelerates the corrosion process of aluminium. Aluminium surfaces recorded 
with an optical metallographic microscope after 30 days of exposure to 3% solutions of organic 
acids without and with the addition of carob powder confirmed the results of gravimetric 
determinations of the corrosion rate of aluminium. Further research must be aimed at finding 
the components present in carob that are responsible for corrosion inhibition of aluminium in 
the tested acid solutions. 
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Introduction 

Purple non-sulfur bacteria are the most diverse group of phototrophic purple 
bacteria1,2. They can grow with a light source and CO2 as the sole carbon source, but most 
species from this group prefer photoheterotrophic growth in light and addition of some 
carbon source such as fatty acids, organic acids, alcohols, carbohydrates or aromatic 
compounds3,4. Purple non-sulfur bacteria, isolated from various habitats, are interesting from 
an ecological and economical point of view because they can be used in sustainable hydrogen 
production processes, for the synthesis of biochemicals such as aminolevulinic acid, for 
biopolymers production, for the synthesis of specific compounds such as carotenoids and 
photosynthetic pigments, for biomass production, and bioremediation5,6,7,8. Using purple non-
sulfur bacteria in bioremediation can significantly reduce the organic load, decrease the 
concentration of sulfuric compounds, lower the concentration of chlorides and bicarbonates 
while keeping the pH value of surrounding media neutral, and also reduce the biological 
oxygen demand. As a result of bioremediation process, sufficient amounts of microbial 
biomass can be produced that contain various biochemicals such as fatty acids and 
carotenoids1,3,5. 

Fatty acids are carboxylic acids with different length of aliphatic chain, which can be 
saturated or unsaturated. Most fatty acids in nature have an unbranched chain with an even 
number of carbon atoms. Fatty acids are the main constituent of lipids (up to 70% w / w) in 
some microorganisms and exist as three main types of esters: triglycerides, phospholipids, and 
cholesterol esters. Fatty acids are also converted to their methyl esters, into fatty alcohols and 
fatty amines, which are precursors of surfactants, detergents, and lubricants. In addition, fatty 
acids are used as emulsifiers, texturizing agents, wetting agents, anti-foaming agents or 
emulsion stabilizing agents9. Carotenoids are a group of natural pigments that include over 
750 chemical compounds synthesized by plants, algae, and photosynthetic bacteria. This 
group of compounds can be divided into xanthophylls (which contain oxygen) and carotenes 
(which are exclusively hydrocarbons and do not contain oxygen). All these compounds are 
derivatives of tetraterpene. Carotenoids generally absorb wavelengths of 400 to 550 nm 
(purple to green light) making them yellow, orange, or red1,3,5. Many studies have been 
conducted to examine the antioxidant, anticancer, and antimicrobial potential of carotenoids. 
In the future, they could serve as an alternative to synthetically derived substances used in 
food and pharmaceutical industry, and for the development of new drugs for various 
pathological conditions10. 

Materials and methods 
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Purple non-sulfur bacteria Rhodobacter capsulatus JCM 21090T, Rhodovulum 
adriaticum DSM 2781 and Rhodobacter azotoformans JCM 9340 (from the culture collection 
of the Laboratory of Biochemical Engineering, Industrial Microbiology, Malting and Brewing 
Technology) were cultivated on wastewater obtained from biotechnological production of 
enzymes by mold Botryosphaeria dothidea JCM 2738 from research conducted by Marđetko 
et al. (2021)11. After completion of the fungal growth, 2 L of clear medium was separated by 
centrifugation which was then sterilized in an autoclave at 121 °C for 20 min. To 200 mL of 
chilled medium in an Erlenmeyer flask, 1 mL of vitamin solution and 1 mL of trace element 
solution (composition of prepared solutions is described in Novak et al., 2020; Novak et al., 
2017)1,5 were added to Erlenmeyer flasks and inoculated with 20 mL of bacterial biomass. The 
cultivation was carried out at a temperature of 28 ° C, in microaerophilic and constant light 
conditions (2000 Lux) without mixing. Samples were taken daily in aseptic conditions to 
monitor the growth of bacterial biomass by turbidimetry. At the end of cultivation (7 days), 
the concentration of total pigments and fatty acids was determined. The composition and 
concentration of fatty acids in the biomass of purple non-sulfur bacteria were determined by 
gas chromatography with flame ionization detection (GC-FID). Prior to analysis of samples by 
GC-FID method, transesterification of fatty acids into methyl esters was performed, followed 
by extraction into an appropriate solvent (hexane) according to the described in Grubišić et 
al., (2022)9. The mass concentration of total pigment content was determined and calculated 
according to Matoković (2020)3 and Novak et al., (2020)1. 

Results and discussion 

Growth of purple non-sulfur bacteria in wastewater medium obtained from 
Botryosphaeria dothidea JCM 2738 cultivations was investigated. The aim was to prevent the 
discarding of the potentially useful substrate for photosynthetic cultivations and, adhering to 
the biorefinery principle, to obtain bacterial biomass rich in proteins, photosynthetic 
pigments, and fatty acids as an additional biotechnological product12. The waste medium did 
not contain any sugars, merely produced proteins. The intensity of the color of the substrate 
is an indicator of purple non-sulfur bacteria growth1,3. The ability of these bacteria to grow on 
the waste medium was also confirmed by the decrease in the medium absorbance after 
centrifugation. At the end of all cultivations the bacterium Rhodobacter capsulatus JCM 
21090T achieved the highest dry biomass concentration of 3.75 g L-1. Biomass concentration 
for Rhodovulum adriaticum DSM 2781 was 1.96 g L-1, while for Rhodobacter azotoformans 
JCM 9340 it was 1.39 g L-1. Despite the smallest increase in biomass, Rhodobacter 
azotoformans JCM 9340 removed most of the substrate components, which was apparent 
from the decrease in absorbance. The value of the absorbance of the initial medium was 1.96, 
while the absorbance of the supernatant of this bacterial culture after 7 days of cultivation 
was 0.6361, which is a reduction of the initial value of one third. The absorbance of the 
supernatant for Rhodobacter capsulatus JCM 21090T was 0.7493 (38% of baseline) after 7 
days and 0.9170 (47% of baseline) for Rhodovulum adriaticum DSM 2781. 
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Figure 1. Biomass concentration as OD660 (10-1 diluted samples) during the cultivation of purple 
non-sulfur bacteria on the supernatant of the medium remaining after the cultivation of 

mold Botryosphaeria dothidea JCM 2738 (  Rhodobacter capsulatus JCM 21090T,   
Rhodobacter azotoformans JCM 9340  Rhodovulum adriaticum DSM 2781) 

The obtained biomass contains pigments and lipids as commercially interesting products. The 
biomass of purple non-sulfur bacteria itself can also be considered a valuable product given 
that it is rich in protein and can be used as a food source1,5,12. Results show that Rhodobacter 
azotoformans JCM 9340 contains the highest concentration of photosynthetic pigments (1.16 
mg L-1). It is followed by Rhodovulum adriaticum DSM 2781 (0.93 mg L-1 photosynthetic 
pigments), while Rhodobacter capsulatus JCM 21090T has the lowest concentration of 
photosynthetic pigments (0.90 mg L-1), which is approximately a quarter lower than in the 
most successful of these three bacteria. Purple non-sulfur bacteria after cultivation carried 
out on the supernatant of Botryosphaeria dothidea JCM 2738 contain between 1.8 % 
(Rhodobacter capsulatus JCM 21090T) and 3.4 % (Rhodovulum adriaticum DSM 2781) of total 
fatty acids in dry matter. Of the ten or so fatty acids detected (Table 1), the highest fraction of 
total fatty acids were recorded for cis-10-heptadecanoic acid (14 – 21 %) and cis-10-
pentadecanoic acid (10 – 13 %). A high content of trans-9-octadecanoic acid was detected in 
Rhodovulum adriaticum DSM 2781 and Rhodobacter azotoformans JCM 9340 (13 – 15 %). 
Interestingly, C:20 fatty acids were found only in Rhodovulum adriaticum DSM 2781. Other 
fatty acids are present in a smaller percentage (Table 1). 
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Table 1. Composition and content of fatty acids in the dry matter of purple non-sulfur bacteria 
biomass Rhodobacter capsulatus JCM 21090T, Rhodobacter azotoformans JCM 9340 and 
Rhodovulum adriaticum DSM 2781. 

 

Composition and content of fatty acids 

Rhodobacter  

capsulatus 

 JCM 21090T 

Rhodobacter 
azotoformans 

 JCM 9340 

Rhodovulum  

adriaticum  

DSM 2781 

γ 
[mg L-1] 

w 
[%] 

γ 
[mg L-1] 

w 
[%] 

γ 
[mg L-1] 

w 
[%] 

C11:0 undecanoic acid 3,662 2,87 3,854 2,43 0 0 

C12:0 lauric acid 4,248 3,34 3,952 2,49 0 0 

C14:0 myristic acid 5,53 4,34 5,382 3,40 0 0 

C14:1 cis 9 cis-9-tetradecanoic acid 3,686 2,89 2,994 1,89 2,906 2,17 

C15:0 pentadecanoic acid 5,806 4,56 6,56 4,14 4,876 3,63 

C15:1 cis 10 
cis-10-pentadecanoic 

acid 
16,644 13,07 15,27 9,64 13,616 10,15 

C16:0 palmitic acid 11,938 9,37 9,894 6,24 8,654 6,45 

C16:1 cis 9 cis-9-hexadecanoic acid 9,704 7,62 9,246 5,84 6,784 5,06 

C17:0 heptadecanoic acid 11,368 8,92 11,806 7,45 0 0 

C17:1 cis 10 
cis-10-heptadecanoic 

acid 
27,884 21,89 22,364 14,11 17,76 13,24 

C18:0 oleic acid 0 0 10,548 6,66 0 0 

C18:1 cis 9 cis-9-octadecanoic acid 9,978 7,83 10,138 6,40 10,62 7,92 

C18:2 trans 9,12 
trans-9-octadecanoic 

acid 
0 0 20,592 13,00 10,352 7,72 

C18:2 cis 9,12 linoleic acid 11,014 8,65 11,006 6,95 10,112 7,54 

C20:0 
eicosanoic 

(arachidonic) acid 
0,00 0,00 0,00 0,00 12,054 8,99 

C20:2 cis 11 cis-11-eicosanoic acid 0,00 0,00 0,00 0,00 11,95 8,91 

C22:6 cis 
4,7,10,13,16,19 

cis-4, cis-7, cis-10, cis-
13, cis-16, cis-19-

docosahexaenoic acid 
5,912 4,64 14,85 9,37 3,904 2,91 

w (FAME) in biomass 
[%] 

 
1,775 2,826 3,381 
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Conclusions 

Residual wastewater obtained after the cultivation of Botryosphaeria dothidea JCM 
2738 for enzyme production, was used as a growing medium for the cultivation of three 
species of purple non-sulphur bacteria (Rhodobacter capsulatus JCM 21090T, Rhodobacter 
azotoformans JCM 9340 and Rhodovulum adriaticum DSM 2781) whose biomass contains 
commercially valuable products such as pigments and fatty acids. Purple non-sulphur bacteria 
are versatile microorganisms that can be used for various biotechnological processes. As they 
are very adaptive, they can grow on carbon and nitrogen sources that are present in discarded 
media from other cultivations, without any addition of extra nutrients. Only a light source is 
needed. This makes them very useful for zero-waste biorefinery principle of production, 
where there is a tendency to utmost utilize available raw materials and substrates, having in 
mind economic and ecological sustainability. Based on the results of this research, it is evident 
that the further development of these processes can increase the yield and efficiency of the 
biochemicals production. 
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Introduction 

Today, with the focus on a healthy diet and healthy lifestyle, people turn to different products 
that have health benefits. One of those products is water kefir drink for which it was shown 
to have probiotic, anti-inflammatory, antioxidant and antibacterial effects (1). Since water 
kefir grains, which are added at the beginning of fermentation, consist of different microbial 
species, lactic acid bacteria and different types of yeasts whose interactions are complex (2), 
it was shown that such beverage usually contains some bioactive components such as 
polysaccharides and peptides (1) which are the direct products of their metabolism. Since the 
exact origin of water kefir grains is not known, there are several theories of how they came 
into use. There are also different names for water kefir grains in different cultures. Some of 
the synonyms are "African bees", "Japanese beer seeds" or "sugar kefir grains" (3). Water kefir 
grains are made from polysaccharide polymer (kefiran) which harbors different types of 
bacteria and yeasts as aforementioned (4). Some of the main products that can be found in 
kefir drink are ethanol, lactic acid, glycerol, acetic acid and mannitol and many compounds 
that give it specific flavor. The most abundant microorganisms present in water kefir are 
bacteria from the genera Lactobacillus, Lactococcus, Leuconostoc and Acetobacter (5). The 
most common yeasts on the other hand are primarily from the genera Saccharomyces, 
Hanseniaspora / Kloecker, Zygotorulaspora, and Candida (4). Bacteria that are present in 
water kefir grains are in the range of 106–108 CFU g-1, while yeasts are present in the amount 
of 106–107 CFU g-1 (6). Water kefir grains usually have pale white color and elastic structure 
with the diameter of grains between 0,5-2 cm. So far the industrial production of water kefir 
has not been developed due to the fact that many parameters need to be optimized and 
because water kefir grain composition is sometimes unpredictable affecting the final product 
composition. The aim of our investigation was to test the possibility of usage of sugar from 
sugar cane in comparison to white domestic sugar which is mostly used in the households for 
water kefir production. Also, in the second part of our research, the influence of the addition 
of artificial sweeteners to the cultivation media on the fermentation process was investigated 
respectively. 

Materials and methods 

Working microorganisms 

In all experiments water kefir grains were used, which consist of a combined culture of various 
microorganisms, most of which are lactic acid bacteria. The water kefir grains used during all 
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of our research were kept and propagated in the Laboratory for Biochemical Engineering, 
Industrial Microbiology and Malting and Brewing Technology  

Nutrient media 

The water kefir grains used in experiments were maintained in an aqueous solution of sucrose 
at a concentration of 80 g L-1 at a temperature of 25 ℃, in an Erlenmeyer flask with total 
volume of the medium 500 mL. For the experiments with sucrose obtained from sugar cane, 
the nutrient media was prepared by dissolving cane sugar with 98% dry matter, with the 
resulting two solutions containing 40 and 60 g of L-1 of sugar. Nutrient media that were used 
for examining the effect of sweeteners on sucrose metabolism (erythritol, xylitol and stevia) 
contained these compounds at a concentration of 20 g L-1, while the initial sucrose 
concentration in all samples was the same (20 g L-1). The volume of the medium in the jars 
was 150 mL, and the experiments were performed at a temperature of 25 ℃. 

Preparation of nutrient media 

For the preparation of sugar cane solutions, the calculated mass of pure sucrose multiplied by 
a coefficient of 1.02 (due to a water content of 2%) were taken, and solutions with sucrose 
concentrations of 40 and 60 g L-1 were prepared. For the experiments where sweeteners 
(xylitol, erythritol and stevia) were added, solutions were prepared in such a way that the 
sweetener concentrations were equal (20 g L-1) and all media contained the same initial 
concentration (20 g L -1) of white table sugar. After preparation, all solutions were sterilized in 
at 121 ℃ for 20 minutes and cooled to the temperature at which the fermentations were 
carried out. 

Propagation of water kefir grains 

Propagation was performed by using Erlenmeyer flasks with sugary liquid medium containing 
80 g L-1 of white table sugar with the total volume of 100 mL. The flasks prepared in such 
manner were then sterilized (121 ℃ / 20 min) and after cooling to room temperature non-
sterile dried figs were added into the flask. After the addition of water kefir grains the flask 
was sealed with the cotton plug. The flasks were then kept in a thermostat at a temperature 
of 25 ℃. 

Production of kefir drink on cane sugar 

The production of kefir drink on cane sugar was carried out in the media containing only 40 
and 60 g L-1 of sucrose from sugar cane respectively. All experiments were carried out at 25 ℃ 
in glass jars with a total volume of 250 ml. 150 ml of nutrient medium, previously sterilized 
and cooled to the temperature of cultivation, was inoculated with 10 ± 0.1664 g of kefir grains 
prior taken from propagation flask and washed with demineralized water. For each sugar 
concentration several jars were prepared so that the bioprocess could be monitored for longer 
period of time. The experiment lasted for 31 days and total of 16 jars were prepared. Samples 
for analysis were taken every 3-4 days. Liquid part of the samples were analyzed using UPLC.  

Determination of the influence of different sweeteners on sugar metabolism in water kefir 
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In this part of the research, the influence of sweeteners on the sugar metabolism of kefir drink 
was investigated. The sweeteners used in these experiments were erythritol, xylitol and stevia 
at concentration of 20 g L-1. Every jar containing 150 mL of sugary medium containing sucrose 
(20 g L-1 of sugarcane sugar) and aforementioned concentration of artificial sweetener, was 
inoculated with 10 g of kefir drink grains. The total duration of the bioprocess was 31 days and 
24 jars were monitored during that period (2 sets). The analysis of samples included 
monitoring the changes in product concentrations (ethanol, glycerol, acetic acid) as well as 
changes of substrate concentration.  

Preparation of samples for UPLC analysis 

The supernatant extracted under aseptic conditions from glass vessels was used to prepare 
samples for UPLC analysis. 750 µL of sample supernatant and 750 µL of zinc sulfate 
heptahydrate solution with a concentration of 100 g L-1 were added to the plastic cuvettes 
(Eppendorf). The resulting solution was homogenized for 20 seconds using a vortex and left at 
room temperature for 10 minutes followed by centrifugation for 10 minutes at 7000 rpm. 

After centrifugation was complete, 200 µL of supernatant was diluted by adding 800 µL of 
demineralized water. The samples thus prepared were filtered through a 0.20 μm pore size 
filter. Samples prepared in this manner were used for UPLC analysis. 

Biomass yield determination (YX) 

 Yx= X-X0  [g L- 1] eq. (1) 

X0 - initial biomass concentration [g L-1] 

X - final biomass concentration [g L-1] 

Product yield determination (YP) 

YP = P-P0  [g L- 1] eq. (2) 

P0 - initial product concentration [g L-1] 

P - final product concentration [g L-1] 

Substrate to biomass conversion factor (YX / S) 

YX
S
= (X-X0)

(S0-S)
= ∆X

∆S
= YX

∆S
  [g g-1]      eq. (3) 

S0, P0 – initial substrate/product concentration [g L-1], 

S, P - final substrate/product concentration [g L-1]. 

Substrate to product conversion coefficient (YP / S) 

YP
S
= (P-P0)

(S0-S)
= ∆P

∆S
= YP

∆S
     [g g-1]      eq. (4) 
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S0, P0 - initial substrate/product concentration [g L-1], 

S, P - final substrate/product concentration [g L-1]. 

Productivity (Pr) 

Pr = YXor YP

ttot
   [g L-1 h-1]      eq. (5) 

YX - biomass yield [g L-1] 

YP product yield [g L-1] 

ttot- total bioprocess time [h] 

 

Results and discussion 

In this paper we investigated the influence of different concentration of sugarcane sugar on 
the composition of water kefir drink. In the preliminary research optimal concentrations of 
white sugar used for water kefir drink production were determined. On the basis of these 
results concentration of sucrose form sugarcane were adjusted at the beginning of the 
fermentation. Two sets of experiments were conducted in glass jars containing two different 
sugar concentrations, 40 and 60 g L-1, respectively. The total of 16 flasks were cultivated during 
31 days at 25 °C. From the results given in the Table 1. it can be seen that in both cases almost 
all sugar was depleted and used by working microorganisms. It is important to mention that 
since kefir grains are made of different types of microorganisms which have different optimal 
parameters for their growth and product synthesis, it is possible that one experimental setup 
might benefit one type of bacteria or yeast present in kefir grains and therefore different 
experimental outcome is expected (7). Usually, in the production of water kefir dried fruit is 
added at the beginning of a bioprocess because it was shown that dried fruits like figs and 
grapes have positive effect on water kefir grains growth and product synthesis (8). From the 
scientific papers published so far, the best fruit for addition are dried figs where it has been 
shown that the omission of dried figs provided optimal fermentation conditions (9). In our 
research no fruits were added, and this probably influenced the composition of our water 
kefir. Namely, the most abundant products usually found in water kefir are, mannitol, ethanol, 
acetic acid and lactic acid. In our case poor water kefir composition was observed with only 
ethanol and acetic acid as most abundant products determined using UPLC analytics. Usually 
the synthesis of acetic acid occurs at the end of process and is a direct consequence of acetic 
acid bacteria ethanol oxidation (10). So the yield represented in the Table 1. was in some time 
even higher but due to the fact that some portion of it was oxidized to acetic acid, the final 
yield is lower. Overall, similar bioprocess efficiency parameters were obtained in all three 
experimental setups and all experiments developed normally.  
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Table 1. Bioprocess efficiency parameters obtained during water kefir production using 
sugarcane sugar at two different sugar concentrations. 

 

 

 

 

The second part of investigation included the determination of the effect of sweeteners 
addition in nutrient media for water kefir production. In each set of glass jars different 
sweetener (erythritol, xylitol or stevia) together with cane sugar was added. The 
concentration of added sweeteners and added sugar was 20 g L-1 and total of 24 jars were 
prepared. All jars were sterilized (121 ℃ / 20 min) and cooled to fermentation temperature 
and inoculated with 10 g of kefir grains. Fermentation was carried out for 31 days at a 
temperature of 25 ℃, and samples were taken every 2-3 days, to determine the 
concentrations of all present components in the samples using UPLC analytics. As it can be 
seen from Table 1. similar results were obtained in comparison to experiments conducted 
without the addition of sweeteners. Almost all sugar was used in 31 days and similar 
bioprocess efficiency parameters were obtained. The highest coefficient of conversion of 
sucrose to ethanol was achieved in the experiment with erythritol. Slightly higher 
concentrations of acetic acid were detected in the experiments with stevia and erythritol 
when compared to experiment with xylitol.  

Conclusion 

In this paper we tried to investigate the possibility of usage of sugarcane sugar for the 
production of water kefir drink. From the presented results it can be seen that this type of 

Condition 
(cSucrose/T) 

ΔS        
( g L ) 

YX 

(g L ) 
YX/S (𝑔 𝑔 ) 

YAcetOH 

(g L ) 
YEtOH    (g L ) YAcetOH/S(𝑔 𝑔 ) YEtOH/S  ( 𝑔 𝑔 ) 

PrAcetOH  
(g L-1 

day-1) 

PrEtOH       
  (g L-1 

day-1) 

40/25 oC 36,2 1,0327 0,0285 1,5 6 0.0414 0.1657 0,0484 0,1935 

60/25 oC 59,9 1,1413 0,0191 2 9,8 0.0334 0.1636 0,0645 0,3161 

20/25 oC/erythritol 16 N/A N/A 0,85 2,5 0,053 0,1562 0,0247 0,0806 

20/25 oC/xylitol 17 N/A N/A 0,6 2,5 0,035 0,1470 0,0193 0,0806 

20/25 oC/stevia 17 N/A N/A 1 1,8 0,058 0,1059 0,032 0,0580 
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sugar is suitable as carbon source and that the concentrations that can be used can go up to 
60 g L-1. Also, for better tasting of water kefir drink, there is possibility of addition of artificial 
sweeteners without any negative impact on the final drink composition. 

References  

1. K. M. Lynch, E. Zannini, S. Wilkinson, L. Daenen, E.K. Arendt. Physiology of Acetic Acid 
Bacteria and Their Role in Vinegar and Fermented Beverages. Compr. Rev. Food. Sci. Food. 
Saf. 18 (2019), 587.-625. 

2. J. Stadie, A. Gulitz, M.A. Ehrmann,R.F. Vogel, Metabolic activity and symbiotic interactions 
of lactic acid bacteria and yeasts isolated from water kefir. Food Microbiology, 35(2) . (2013)., 
92–98. 

3. J. Stadie (2013) Metabolic activity and symbiotic interaction of bacteria and yeasts in water 
kefir (doktorski rad) Technische Universität München, München. 

4. F. W Waldherr, V.M.Doll, D. Meißner, R.F. Vogel, Identification and characterization of a 
glucan-producing enzyme from Lactobacillus hilgardii TMW 1.828 involved in granule 
formation of water kefir, Food Microbiol. 27(5) (2010), 672-678. 

5. M. Pidoux, V.M:Marshall, P. Zanoni, B.Brooker,Lactobacilli isolated from sugary kefir grains 
capable of polysaccharide production and minicell formation, J. Appl. Bacteriol. 69(3) (1990), 
311-320. 

6. A. Gulitz, J. Stadie, M. Wenning,M.A. Ehrmann, R.F.Vogel, The microbial diversity of water 
kefir. Int. J. Food Microbiol. 151(3) (2011), 284-288. 

7. D. Laureys, M. Aerts, P.Van Damme, L. De Vuyst, Oxygen and diverse nutrients influence the 
water kefir fermentation process. Food Microbiol 73 (2018), 351-361.  

8. M. Verce, L. De Vuyst, S. Weckx, Shotgun metagenomics of a water kefir fermentation 
ecosystem reveals a novel Oenococcus species, Front. Microbiol., 10 (2019), 479. 

9. K.M. Lynch, S. Wilkinson, L. Daenen, E.K. Arendt, An update on water kefir: Microbiology, 
composition and production, Int. J. Food Microbiol., 345 (2021), 109128. 

10. A. Martínez-Torres, S. Gutiérrez-Ambrocio, P. Heredia-del-Orbe, L. Villa-Tanaca, C. 
Hernández-Rodríguez, Inferring the role of microorganisms in water kefir fermentations. Int. 
J. Food Sci, 52(2) (2016), 559–571.  

 

 

 

 

 



111 
 

ΟΝ LIMINALITY: BETWEEN STABILITY AND FUNCTION 

Thanos Andreou 

VIO Chemicals AG 

* thanos.andreou@viochem.com 

Introduction 

Observing liminal states between solid and liquid, within the liminal spaces between 
macromolecules and the soup of numerous small compounds we call “their 
microenvironment”, can provide us with new ways to probe and sense complex biological 
systems. We may then respond by acknowledging the interdependences and become 
increasingly aware of the microenvironment context wherein interactions occur. 

 

Image: Dave Snowden’s Cynefin® framework as drawn by Danae West in Medium 

Once we sense possible directions and choose a desired one, we can then analyze context-
specific interactions and engineer energetically favorable pathways to eventually navigate the 
liminal phase between the unordered domains of homeostasis and the ordered ones of 
scalable practice. 
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Materials and Methods 

The Cynefin® Framework1 is a useful way to assess the context of where we are and how we 
can make sense of the systems we find ourselves in so that we can act within them. Perhaps 
the most crucial confusion elucidated by this framework is the distinction between complex 
and complicated systems. Being aware of the properties and interdependencies of each type 

of system can help us respond in 
meaningful ways. This response 
triggers deliberate movement 
within or across the domains and 
the liminal spaces between them 
and creates dynamics. 

Movement between the Cynefin® 
domains is mainly based on the 
progressing of knowledge and the 
changing nature of the constraints, 
from enabling to governing. Three 
essential dynamics have been 
captured and decribed according 
to their main decision points (α to 
δ), which may trigger domain 
transitions. While the Purple line, 
also called the grazing dynamic, is 
a cycle that constantly operates in 
innovation-driven endeavours, we 

will here focus on two case studies, one along the inflexions and decisions on the Blue line: 
Progressing to Stability and one along the ones of the Red line: Shallow dive into chaos 
(Image: Cynefin.io wiki – Cynefin Dynamics). 

The most intriguing factor when describing an ongoing thought or experimental process using 
the Cynefin® framework is the transition through the central domain of Confusion (C)/Aporia 
(A).  Interestingly, the metaphor of the triple point (solid, 
liquid, gas) is often used to describe a system which is able 
to move towards all four domains, regardless of where it 
came from. While ending up unknowing and “confused” in 
this domain is not advisable (and may result in catastrophic 
failure, from Clear to Chaotic), to enter into a deliberate 
state of uncertainty, often referred to as “aporetic”, can help 
break down an issue to its lowest level of coherence. We can 
thus attempt to acknowledge, not ignore, all the 
contradictions of the current state and consider all the 
possible ways forward. Through this Aporetic turn, we can 
then exit from the central domain with a new sense of 



113 
 

understanding of what the next domain entails and of the appropriate set of tools to employ 
(Image: Cynefin.io wiki – The Aporetic turn).  

Results and Discussion 

In the Blue line case study, established and rapidly accumulating knowledge on Deep Eutectic 
Systems has ensured repeatability (decision point α) and thus prompted them into the “sense-
analyse-respond” approach of the complicated domain. This is most often seen in application 
areas which involve current or hopeful commodity products and related processes2. 
Established practices in these areas have reached technology readiness levels that may soon 
encourage rigidification of processes and movement towards the clear domain (decision point 
δ). 

We here argue that the knowledge on Deep Eutectic Systems has now evolved to a point 
where possible variations and exceptions can destabilize what was previously established. 
While this destabilization is not catastrophic, as current practices still apply, this new 
knowledge merits a cycling back to the Complex domain through Aporia (points β, γ) in order 
to acknowledge new patterns, evolve along new constructors/enabling constraints, identify 
new potential exploits and evaluate their performance and scalability (new point α). 

In this case, the deliberate entry into Aporia is triggered by exaptation: What if composition 
and distribution patterns widely observed in natural systems were exploited in seemingly 
unrelated applications, such as radioactive waste treatment, rare earths and other valuable 
metals recylcing and smart materials for sensors and interfaces? What if natural distributions 
were used as an enabling constraint, an axis around which new, multicomponent eutectic 
mixtures can be envisaged and new affordances regarding their properties and functions can 
be considered and explored? 

Interestingly, this exaptation stems from a paradox, a common trigger to the Aporetic state 
and closer to the original use of the term Aporia, observed in the field of osmolytes: 

In order to understand the function of osmolytes3, people have been studying their interaction 
with macromolecules, mostly with proteins. In most cases, an aqueous solution of a single 
osmolyte is used and the osmolyte is currently categorized as kosmotropic (stabilizing 
proteins) and chaotropic (destabilizing proteins). Based on these observations, several 
osmolytes have been succefully employed to enhance the properties and functions of 
commercial products, for example in the cosmetics and the pharma/diagnostic sectors, 
indicating a movement towards the clear domain (point δ). 

So far, when two or more osmolytes were studied, the assessment of protein stabilization was 
only based on their cumulative stabilizing/destabilizing effects to describe the observed 
interactions. However, synergistic effects were also observed on top of cumulative ones. All 
current attempts to explain these synergistic effects have been studying osmolyte-osmolyte 
interactions in aqueous solutions, but none of them has been generally applicable so far, 
giving rise to the following paradox: 

In several cases, stabilizing “cosmotropes” seem to stabilize proteins better in the presence 
of a destabilizing “chaotrope” rather than when they act alone. 
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This prompted several researchers to say that a new model “beyond kosmotropes and 
chaotropes” is needed in order to understand the function of osmolytes in general4. In other 
words, there is a plausible need to move along the Red line towards an aporetic state (point 
γ), where we must acknowledge what we know (known knowns) and what we know we are 
missing (known unknowns), as well as consider what we do not yet know we are missing 
(unknown unknowns). 

In this case, exaptation can reveal a rare “unknown known” pattern: the synergistic effects of 
osmolyte combinations on proteins cannot be explained by the current way to look into them. 
But it may be possilbe to do so if we look into them as deep eutectic systems, which possess 
new, emergent and synergistic properties beyond the sum of their parts.  

This new hypothesis has lead us to choose the exit from Aporia to the liminal space between 
Chaotic and Complex, along the Red line: Shallow dive into Chaos dynamic. And in doing so, 
we are ready to assess the range of tools most suitable for such an endeavor. 

Conclusions and References 

In order to make sense and act within this liminal space between the chaotic and the complex 
domains, we need to acknowledge both known unknowns and unknown unknowns. For the 
first, Wardley mapping can be a useful tool, to assess what kind of knowledge and expertise 
would be most relevant and which current capacities are bordering the speculative area and 
require additional resources. 

 

Based on this information, we can then employ Entangled Trios to look for more plausible 
known unknowns, but also to incite additional unknown unknowns to emerge. Potential 
questions for these trios would be: Do single osmolytes always function as DES with additional 
components we do not know yet? Do other osmolyte roles exist on top of cosmo- and 
chaotropic? Are current synthetic DES simplified versions of more nuanced natural eutectic 
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systems? What is the role of water as a DES component and how does it regulate the 
interaction with biomolecules? 

For additional unknown unknowns, we must first act on an attribute we can affect and have 
the analytical tools to sense how the system responds to the perturbation, to become aware 
of the affordances, the possibilities for further action, provided within the area of each 
experiment.  Some of these actions could be, for example: 

1. to replicate more natural osmolyte cocktails and monitor their ability to form eutectic 
systems 

2. to impose specific eutectic microenvironments on known enzymes and monitor for 
potential dormancy/wake-up triggers 

3. to force cell protein production in specific eutectic microenvironments and monitor 
their effect on protein aggregation 

4. to induce cell proliferation in DES-induced “meta-stress” conditions and monitor 
fitness landscapes and gene evolution for protein engineering 

5. to subject different varieties of nucleic acid substrates to relevant DES and monitor 
their ability to interact and the topologies of their interaction  

6. to generate new computational tools based on relevant eutectic microenvironments 
and monitor their ability and functionality limits 

Questions and actions will continue to arise the more we question and act, and the more 
diverse minds question and act the more probable it is for these initial thoughts and 
experiments to become a path. We believe that the inherent beauty of this path is the 
potential to change the way we understand information flows in nature by introducing the 
following hypothesis: 

Through their constant interaction with biomacromolecules, deep eutectic 
microenvironments regulate a myriad of cellular properties, enable intra- and extracellular 
information flows and facilitate the “enactive” functions of the components of complex 
biological systems5. Could deep eutectic media be also used to enable information flows 
through engineered systems and allow for the emergence of new properties and affordances 
we can explore and exploit? 
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Introduction 

Land uses have a significant impact on the functions of a watershed (Zaimes et al., 2011). A 
small change/conversion in land-use can affect water and sediment transport capacity, as 
there is an explicit connection with the various hydrological processes (Zaimes and Schultz, 
2012). Land use change is a result, typically due to the growing population, the expansion of 
the agricultural sector and climate change (Getachew and Melesse, 2012). Greece, as a 
Mediterranean region, is one of the most vulnerable to the climatic crisis (MedECC, 2020). 
Land use change and climate change are the major factors that directly affect watershed 
hydrology and the identification of their effects is of great importance for land use planning 
and water resources management (Li et al., 2009; Zaimes, 2020). Agricultural land 
management practices (such as cultivation, irrigation systems, overgrazing) along with 
logging, road construction and urbanization increase the soil surface erosion rate and affect 
land use productivity and water and sediment supply to water bodies (Za and Schultz, 2012). 
This study investigated the diachronic changes of land uses in the Ochyro catchment in the 
Regional Unit of Drama in Greece while emphasizing on the effects on the torrent channel 
that passes through the city of Kato Nevrokopi through remote sensing applications. 

Methods and Material 

The study area is the Ochyro catchment that belongs to the Municipality of Kato Nevrokopi, 
in the Region of Eastern Macedonia and Thrace in Greece. The catchment, which has an area 
of approximately 476 Km2, is a plateau which is surrounded by many mountains such as 
Falakro, Menoikio, Vrontous and Orvilos. The Ochyro catchment is part of the Aggitis 
watershed which belongs to the transboundary Strymonas River Basin. There are three main 
watercourses in the catchment: a) the Kato Nevrokopi torrent b) the Vathitopos torrent and 
c) the Kato Vrontou torrent (Figure 1). The flows of the catchment accumulate in an area that 
has the lowest altitude at about 530m and is found southwest of the settlement of the Ochyro 
(Dimadi and Tsakiri-Strati, 2004). In this area, there are sinkholes which discharge the water 
through karst processes with an underground path that ends in the river cave named Maara 
Cave at an altitude of about 123m. This cave is the one of the water sources of the Aggitis 
River (Koutalakis, 2017). 
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Figure 1. The Ochyro catchment area with its main hydrographic network 
 

The catchment data were either digitally collected or digitized in ArcGIS 10.4 software from 
pre-existing maps. Spatial data layers such as soil, geological or road map were created. In 
addition, aerial photos from two distinct periods of the torrent were compared as it passes 
through the town of Kato Nevrokopi. A water index based on Sentinel-2 satellite imagery of 
March 19th, 2020 was also estimated. Specifically, the Normalized Difference Water Index 
(NDWI) was estimated to capture the flooded area for the date of the satellite image (Yang et 
al., 2017).  

The unmanned aerial vehicle (UAV) used in this study was the DJI Mavic 2 Pro, a powerful tool 
for photogrammetric analysis and to develop an orthomosaic (Koutalakis et al., 2021). An 
orthomosaic is a map (a geo-referenced image) created by editing hundreds of aerial 
photographs (Olson et al., 2019). Digital mapping captures the area of interest in two 
dimensions (vertically from above) and has a single scale, a feature no simple aerial 
photography has on its own (Woodget et al., 2018). The orthomosaic of this study was created 
using the photogrammetric software Pix4Dmapper. Specifically, 495 images were used on an 
AMD Ryzen 7 4800H computer, NVIDIA GeForce GTX 1660 Ti, RAM: 16GB and the time 
duration to create the orthomosaic was 64m and 55s. The orthomosaic covered an area of 
0.097km2 with an average ground sampling of 1.25cm in WGS 84/UTM zone 34N coordinates 
system. Finally, for the georeferencing and the correction of the orthomosaic, 23 ground 
points (photo references) were used, ensuring an accuracy of 11 cm. 

Results and Discussion 
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The changes based on the comparison of the aerial photographs from the Greek National Land 
Registry (National Cadastre) between the period 1945-1960 and 2015-2016 are shown in 
Figure 2. There are major differences in the alignment of the torrent channel in many locations 
and the overall reduction of the torrent’s width is very evident. The area was much wider, thus 
could accommodate larger stream flows while facing less flooding issues with the peak flows. 
The torrent width boundaries, as it passes through the town of Kato Nevrokopi, were reduced 
from 110m to just 35m. Overall, the main differences identified between the two periods are 
the: a) Straightening of the main torrent in large parts of it (leading to the torrent length 
reduction), b) Reduction of the natural tributaries within the agricultural areas (leading to the 
torrent length reduction), c) Reduction of the torrent channel width in several places. d) 
Construction of artificial dams, e) Reduction of active sinkholes and their water transport 
capacity due to debris filling, f) Increased in the amount of waste, mainly plastic packaging of 
pesticides, throughout the stream network and especially in the sinkholes. 

The reduction of the active sinkholes number and capacity to discharge water, the narrowing 
of the torrent channel width along with the straightening of the torrent as it passes through 
the town have created the problems encountered today in regard to the increased stream 
flow supply and high-water levels as well as the increased risk of flooding in the adjacent to 
the torrent houses. To further exacerbate this problem, the deposited material in the torrent 
channel is reducing its ability to accommodate high stream flows thus enhancing the flooding 
risk. 

 

Figure 2. The main channel of the torrent within the town of Kato Nevrokopi. The left image 
is for the period 2015-2016 and the right image is for the period 1945-1960 based on the 

National Cadastre of Greece 

The map of the water index (NDWI), is presented in Figure 3. The flooded area near the 
location of the sinkholes corresponded to an area of approximately 10 km2. Finally, according 
to the images captured by the use of the UAV, it was possible to create the orthomosaic of 
the torrent channel that passes through the town of Kato Nevrokopi (Figure 4). The 
topographic map captures with great accuracy the current state of the torrent. In addition, 
the same orthomosaic was captured during increased high stream flow but is not presented 
here as it just covers the entire torrent bed. 
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Figure 3. The map based on the Normalized Difference Water Index (NDWI) 

 

 

Figure 4. The orthomosaic that depicts a part of the Kato Nevrokopi torrent within the town 

Conclusion 

Floods are a natural phenomenon in the studied catchment especially in the lowlands (natural 
sinkholes that create also a seasonal wetland). However, the frequent flooding in the lowlands 
the last decade, is an exacerbation that has resulted from the oversaturation of the sinkholes 
with sediment, wood, stone along with other human origin materials such as plastic packaging 
(pesticides) which are usually dumped in the floodplain. All the above material are typically 
carried by torrential flows typically ending in the sinkholes. In the past, the active sinkholes 
were 18, but today only seven (7) are active. From the large amount of water that ends up in 
this area and is not absorbed by the sinkholes, a seasonal wetland is created on arable lands. 
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There have been many anthropogenic interventions that have taken place in the last 50 years 
of the catchment that have changed the land uses and the stream network. The future 
conditions are also considered worrisome and probably dangerous as climate change has 
resulted in more intense and long-lasting rainfall events. These new conditions indicate that 
the current torrent channel cannot hold the increased runoff volumes of the catchment. The 
flooded surface of the wetland around the sinkholes, now covers a larger area but also for a 
longer period of time. Best management practices utilizing nature-based solutions to mitigate 
flooding should be implemented based on the results of hydrologic models and remote 
sensing methods of this study. To further validate these results, a telemetric monitoring 
system was recently installed that measures several meteorological parameters as well as 
measuring the torrent water level that also has a warning function when the water reaches a 
certain level to inform the citizens of the town for a potential flooding event. 
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Introduction 

The European Circular Economy Strategy aims to transform the economy towards renewable 
resources and sustainable production line. One of the major sustainable resources are forests 
all over Europe. Europe’s forest-based sector contributes €139 billion (7.1%) to the gross value 
added in 2018 (Eurostat 2020). Because of the green and renewable features, and the versatile 
utilization availability the forest products came to the focus. The demand for wood seems to 
be highly increasing in the EU countries, which could be recognized easily in the recent years. 
This fact refers to the increasing importance of forest resource management, and the 
productivity of the forest areas will be investigated. The carbon-dioxide sequestration should 
be maximized, and the economic production of forest have to be optimized. The continuous 
forest cover concepts of sustainable and multifunctional forest management have been 
emphasized as a core forest policy program (Messier et al., 2019; Sotirov et al., 2014). While 
these practices needs to be integrated with timber production and cultural ecosystem services 
(Borrass et al. 2017). The complexity of management and operational decisions is increasing 
to balance between market demand and the ecological and social goals. Despite of the 
demand for resources is highly growing the forest areas should be managed as a sustainable 
way. The concept above needs a higher precision of forestry management, to reduce negative 
environmental impacts of forest operations and at the same time to increase resource 
efficiency and productivity by making use of information technology and state-of-the-art 
harvesting systems (Heinimann 2007, Pásztory et al. 2019). Up to date, necessary planning 
information are rarely available digitally and are often outdated and data processing 
techniques are insufficiently assessed. On the other side, the available technological tools 
developed to a huge extend in the last decades and information technology aspire to serve 
the technological demands the most effective way all over the industrial and agricultural 
sectors. Unfortunately, the forest information technologies are not in the front line of high 
tech informatics. That is why digital revolution is desired in the forest sector as early as 
possible. Beside the centralized forest data management systems the ground based 
measurement technology is the additional important element. However, there are 
considerable differences in the composition structures of European forest systems, the 
ground based measurements are not indispensable.  

This study introduces one of the integrated measurement methods with the technology; could 
be connected to centralized data processing and reporting systems. There are some strengths 
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of the system such as the data are arisen in digital form, no data loss can be occurred and the 
system incorporate the knowledge of more manual measurement tools.  

Material and Methods 

The most effective way to build an informatics system for a new area is the integration and 
adaptation of available technologies instead of developing new techniques. This is the reason 
the new equipment uses off shelf devices e.g. a mobile phone, however the main goal is not 
the calling and conversation. MobileForester is revolutionary new and intelligent measuring 
equipment developed by Forestry R&D Company. The MobileForester effectively helps 
foresters measure trees and forests, and also benefits log brokers. This is a multifunctional 
device for measuring tree height, tree diameter, log volume and other parameters of forest 
and forest products like forest inventory (Bitterlich relascope). This single piece of equipment 
replaces all existing instruments used to measure forests. A MobileForester forestry 
measuring device alone has a laser rangefinder, compass, altimeter, caliper and a Bitterlich-
relascope, and a goniometer. The new equipment provides a very user-friendly interface and 
creates the digital data during the measurement process. Every measured data is saved 
immediately, minimizing data loss potential. Metadata can be saved such as location, number 
or code of forest site and wood species, they can be defined by the user at the beginning of 
the measurement. Using MobileForester can make the work of foresters much easier and 
faster. There is no need for post-processing of paper-based data, as the measured values are 
immediately available in digital form. The measurements are recorded by digital techniques, 
which can be easily download and open in any database software e.g. MS Excel. The device 
also records the GPS coordinates and time stamp at the moment of survey. MobileForester 
offers some innovative solution to make the measurement more precise and effective. There 
is a built in laser distance sensor and the tilt measuring device beside the GPS and the 
accelerating meter. The distance measure sensor uses high-class laser for being able to get 
data from 50 meters and in the best light as far as 70-80 m. The zoom function brings close to 
your eyes the target and you can point it easily with the cross hair. This function is very useful 
taking consideration that the pointed trees can be farer than 40 meters. The other 
revolutionary innovative solution is the remote measurement method without touching the 
tree for measure the breast height diameter. You can save time by eliminating the walking to 
the trees and by so your work efficiency can be three to five time higher than that of the 
manual measurement by means of caliper. In the next chapters will be introduced the 
different functions and the measurement methods.  

Tree height 

The MobileForester determines the tree height, considering the slope of the ground. The 
measurement of tree height is possible on flat and slope area too. In flat area have to measure 
the distance of the trunk from the place of you than point the top of the tree. The system 
calculates the height automatically and after your acceptance store to the result to the file. 
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Figure 1. Measure and calculate tree height 

 

In slope area, have to point the bottom of the tree after distance measurement than point the 
top Figure 1. This three points measurement provides you a very accurate result in any field 
circumstances. Tested accuracy can be under 20 cm in case the top of the tree can be seen 
clearly. Well known forester practice to measure the tree height to the comparable distance 
the height of the tree. 

The rapidity and accuracy of the measurement is greatly aided by the zoom function showing 
the target enlarged on the display. Tree species can be chosen either at the beginning from 
the list but can be modified during the measuring process tree by tree. New tree species can 
be added even the measurement is running.  

Tree diameter 

Traditionally the tree diameter is measured by means of caliper, and for this have to go close 
to the tree what is very time consuming process especially in heavy terrain with bushes and 
creeper plants. By means of new photo optical system, this measurement can be performed 
from far without walking to the tree. The measurement can be executed even a distance of 
40-50 m, but of course visual contact is needed between the tree and the device. The zoom 
helps to find the target easily with the cross hair for determining the exact tree and taking the 
photo analysis. The device automatically determines the diameter as it is seen on the Figure 
2.  

 

Figure 2. Automatic diameter measurement 
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After automatic tree diameter measurement manual modification can be done if it is needed, 
for this can be used the two yellow pointer arrows on the two sides of the trunk. If it is not 
perfect, you can modify manually the pointer’s position by touching the pointer and move it 
to the correct place. This method makes the measurement work highly precise and very time 
consuming. The MobileForester can be fixed on a monopod Figure 3, which helps to hold the 
breast height, and help to find the far targets also. The built in leveling display is also useful to 
accurate measure. 

 

Figure 3. MobileForester with monopod 

 

Timber volume 

The valuable logs are measured one by one for having a reliable consignation of the traded 
logs, which can be the base for billing. First take a picture of the butt surface of the log, and 
the system recognizes the circumference of the log automatically Figure 4. If the intelligent 
algorithm could not find the perfect circle the user can modify it manually. The user can 
measure the circle diameter which can be drawn into the butt of the log, or a circle equivalent 
to the surface. MobileForester offers a circle which can be modified by manually, and after 
acceptance the data will be stored in file. Equivalent surface can be useful in case of oval or 
not circle shape logs. Using the butt area and the specified length, the application calculates 
the volume of the log depending on the tree species groups.  

 

Figure 4. Timber volume 
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Stack solid content 

Wood assortment with lower diameter and lower value is not measured one by one, but in a 
piled form called stack. This needs an integrated method which can determine the wood and 
air space ratio within the stack. MobileForester has an extra function to determine the solid 
content of the stacked wood. This high intelligent and complex method offers a very effective 
and precise solution for trader and seller of industrial wood like paper mills, board factories 
and foresters. 

Determining the stack volume is an important and time-consuming task. We can save time 
and money by using the MobileForester to measure the solid volume of the stack. Due to 
reducing the potential error, the device provides precise data, which are reliable, and 
objective for both of the company and the customer.  

During the measurement have to take a photo of the stack, which can be cut around with the 
help of the application Figure 5. In the resulting image, an intelligent algorithm automatically 
detects the butts edge. Circles can correct manually if necessary. From the resulting surface 
and the length given at the beginning of the measurement, the device calculates the total solid 
volume of the stack. Three result tables can be retrieved at the end of the process: summary 
information about the stack, classified data based on log diameter classes, and individual data 
of the logs. 

 

 

Figure 5. Stack volume 

Relascope 

Multiple measurement of tree diameter in a circle results the data of forest inventory. Of 
course this needs the wood species (form class of the tree). Using this function, you can 
estimate the wood volume on the forest site which has increasingly importance for 
determining the produced wood amount. The utilization of natural resources like wood 
requires conscious, sustainable activity of modern forestry and one of its keystones is precise 
and effective measurement. Using a relascope is the most complex task in the forest to 
determine the living stock of a forest site. This digital technology increases both accuracy and 
efficiency than that of the traditional methods. 



128 
 

Firstly have to determine the tree species in every circle/lap measurement, and you can 
determine the main stand and the secondary stand without limit of the number of species. 

The device displays the abbreviation of species as can be seen on Figure 6. On the top left 
corner can be seen the azimuth in the middle the ID of the circle measurement. In the top 
right can be seen the radar, which helps the user to navigate in the circle. 

 

 

Figure 6. Relascope function 

The zoom greatly contributes to the accuracy of the measurement, as it makes it easy to 
decide whether the tree fits the selected bandwidth. The MobileForester offers four 
bandwidths providing measurement accuracy in young or end-use forest sites.  

The average tree height and diameter for the circle/lap measurements can also be entered by 
measurement or estimation. Canopy coverage is given by estimation. The device shows the 
direction angle continuously so the area can be traversed according to a set plan. The 
application also allows you to view statistics per circle/lap measurement. 

With the MobileForester, you can perform measurement tasks, file inventory, and map 
management on a single device. Thus, the device is an active, versatile coworker of foresters. 

Consequences 

There are new technical solutions manifested in the market, can help the work of the forest 
managers. The new technology has the advantage of higher efficiency the higher accuracy and 
moreover the digital form of the data. All this provides reliable results data on the site right 
after the measurement. The further advantageous for the forest management the centralized 
data of forest operations and stand data right after the measurement, this can help the 
decision makers to find the optimal solutions for commanding the workers, transport and any 
other important decision have to make. Beside the forest management companies, the 
research organization can gain a profit of higher precision and the less labor work demand. 
MobileForester offers an innovative high tech performance for all needs the accurate data of 
the forest stand. 
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