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Effect of Sweetgum (Liquidambar orientalis) Leaf Extract
on Technological Properties of Pine (Pinus brutia)

Hatice Ulusoy,>* Hiiseyin Peker,® and Sultan Seyma Yilmaz ?

The main objective of this research was to determine the retention
properties of extracts obtained from the leaves of Liquidambar orientalis
Mill., (belonging to the class of medicinal aromatic plants) to organic
(ecological) wood structures, thereby creating an ecological wood
preservative that could be preferred in a wide variety of applications. Wood
samples were taken from red pine trees in the Kéycegiz Agla region. Then,
1%, 3%, and 5% solutions of the extract were prepared. Vacuum method
was used as the impregnation method. After impregnation and
conditioning, the experimental and control samples were tested for
mechanical properties such as bending strength, modulus of elasticity,
compressive strength, and dynamic bending strength, while physical
properties such as air-dry and specific gravity tests were conducted. The
highest retention value was found at a 5% concentration (1.13%), the
highest air-dry specific gravity value at a 1% concentration (0.56 g/cm3),
and the highest air-dry specific gravity at a 1% concentration (0.53 g/cm3).
Among the mechanical properties, the highest bending strength value was
determined at a 5% concentration (1.13%), the highest modulus of
elasticity at 1% (9145 N/mm?), and the dynamic bending strength at a 3%
concentration (0.27 kgm/cm?).
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INTRODUCTION

Wood, one of the primary building materials in traditional architecture, stands out
as an option for sustainable architecture in the face of global environmental challenges.
Wood has renewable resources, high carbon storage capacity, low embodied energy, is
non-polluting, recyclable, and poses no threat to human or environmental health (Perker
and Oztiirk 2024). Despite its superior properties, wood is known to deteriorate due to
various factors. Extending its lifespan is possible through impregnation, a common
preventative protection practice. This is important as a means to ensuring resource
efficiency and sustainability.

Biomaterials derived from renewable resources play a critical role in improving
human life by offering an environmentally friendly and sustainable solution for future
technologies (Ramage ef al. 2017). Traditionally used building materials, such as metals,
concrete, and plastics, create energy-intensive and non-recyclable waste, causing
environmental problems (Omer and Noguchi 2020). Over the last decade, the use of wood
in single- and multi-story structures has increased, spurring interest in bio-based products
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and providing a promising alternative for future technologies (Hepburn ef al. 2019; Amiri
et al. 2020).

Some materials used in the construction and furniture industries can contain
hazardous substances, such as asbestos, formaldehyde, and lead, which can harm human
health. Therefore, the demand for environmentally friendly, renewable, and green building
materials has increased, and the use of biomaterials has become critical to achieving
sustainable development goals (Toppinen et al. 2018; Wen et al. 2020). Extending the
service life of wood is important for environmental sustainability, considering the principle
of efficient resource use. However, simply extending the service life of wood is not
sufficient for environmentally friendly architecture. While the use of chemicals provides
wood with a long service life, research into the discovery of new environmentally friendly
alternatives to these substances is important for environmental sustainability (Teaca et al.
2019; Hilagii 2021).

Various experimental studies have described the impregnation of wood with natural
materials. Experimental research is being conducted on the impregnation effectiveness of
plant materials, such as tree bark and fruits, leaves of trees, and other plants, tannins, plant-
based oils, etc. It has been reported that the plant extracts adhered to the wood and would
act as a natural preservative (Baysal 2003; Ulusoy et al. 2020). Wood is a preferred
component in buildings due to its high physical and mechanical properties, ease of
processing, cost-effectiveness, and low thermal conductivity. However, wood materials
must be protected against biotic and abiotic damage. Furthermore, they are actively used
as impregnations for floor materials, especially in countries with a high termite risk (Kartal
and Imamura 2004).

The increasing prevalence of environmental pollution and diseases in recent years
demonstrates the importance of environmental and human health. People are increasingly
drawn to natural products. Therefore, products used in homes, such as furniture, the paper
industry, park/garden furniture, the wooden toy industry, and others, are of great
importance for a healthy life. Children grow up surrounded by toys from the first months
of their lives, and it has been reported that impregnation of wooden toys and the use of
herbal extracts creates a high level of hygiene (Kizilca 2025).

The long-term use of chemical, synthetic, and VOC-based wood preservatives
(paints, varnishes, lacquers, and various cleaning and degreasing products) on wood
materials poses a serious threat to human and environmental health. Therefore, there is an
ongoing goal to produce natural wood preservatives from plant-based (medicinal
aromatics, efc.) and animal-based (seashells, mussel waste, lichens, algae, efc.) waste and
residues. This study aimed to determine the adhesion level and some technological
properties of wood preservatives by obtaining an extract from sweetgum tree leaves using
distilled water. The wood was impregnated with solutions obtained at various
concentrations (1, 3, 5%). The goal was to partially determine the scale of wood
preservative use as a natural and healthy material in all spaces where wood is used.

EXPERIMENTAL

Materials
Wood and plant

In this study, wood from the Turkish coniferous tree, the red pine (Pinus brutia
Ten.), was used. This species is widely used in the woodworking industry and native to
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Turkey. The impregnation extract used was from the leaves of the sweetgum (Liquidambar
orientalis Mill.). This is an endemic species found in the Kdycegiz region of Turkey that
is known to have antibacterial/antioxidant properties.

Sample preparation

The samples (12%) were air-dried, then placed in a drying oven for 24 h at a
temperature of 103+2 °C until completely dry, and subsequently impregnation treatments
were performed. The TS 2472 (1976) standard was used for determining specific gravity.
The TS 2477 (1976) standard was used for dynamic bending strength (shock), and the TS
2478 (1976) standard was used for determining modulus of elasticity in bending. Bending
strength, modulus of elasticity, and compressive strength tests were performed on wooden
specimens using a universal testing machine. Loading was done at a constant and
controlled rate on the surface. The loading rate was set so that fracture would occur within
1.5 £ 0.5 min from the start of the experiment.

Methods
Impregnation

Impregnation was performed using a 30-min vacuum and 30-min diffusion process
(Fig 1). Impregnation was carried out in a laboratory environment using the appropriate
conditions, in accordance with the ASTM D1413-76 (1976) standard. Accordingly,
completely dry test samples were impregnated in a natural preservative derived from plant
extracts for short, medium, and long periods. For each test, all test group samples, except
the control group samples, were individually impregnated with a solution prepared from
frankincense plant extract using a 30-min vacuum and 30-min diffusion process.
Afterwards, these samples were brought to air-dry moisture at 20 + 20 °C temperature and
65 + 3% relative humidity and then dried at 103 + 2 °C until they reached full dry weight.
After drying, they were cooled to room temperature (TS 2471 1976) and their wet weight,
air-dry weight, and full dry weight and dimensions were measured with 0.01 precision after
impregnation, except for the control group.

Fig. 1. Impregnation machine

Plant extract preparation

Liquidambar tree leaves (Mugla/Turkey) were collected in August (from 8 to 10
trees). All leaves were cleaned and dried in a shaded/airy environment in the laboratory for
6-7 days. After grinding into large pieces using a Willey mill, 10 grams of plant particles
were mixed in 10 mL of distilled water for 24 h using a magnetic shaker. The mixture was
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then filtered using ordinary filter paper, and solutions were prepared in specific volumes
(1, 3, and 5 grams respectively, at concentrations of 1%, 3%, and 5%) (Ceylan 2020).

Fig. 2. Plant extract preparation

Determination of retention (%) and Physical Properties
The amount of material remaining in impregnated wood samples compared to
completely dry wood (tkoao-% retention) was calculated using the Eq. 1 (Baysal 1994),

Retention (%) =Mees—TloeoXC 0

where Moes 1s the total dry weight of the test piece after impregnation (g), Moeo 1s the total
dry weight of the test piece before impregnation (g), and C is the concentration.

Air-dry specific gravity test samples were allowed to reach dimensional
equilibrium at a temperature of 20 = 2 °C and 65 + 5% relative humidity until no change
in weight or size was observed. Samples dried under these conditions were weighed using
an analytical balance with £0.01 g accuracy, and their dimensions were measured using a
caliper with £0.01 mm accuracy to determine their volumes, after which calculations were
performed. Samples with completely dry specific gravity were placed in an oven, and the
temperature was gradually increased to 103 + 2 °C. They were kept at this temperature
until no change in mass was observed, ensuring complete drying. After drying, the samples
were removed from the oven, cooled, weighed (Mo) using an analytical balance with +£0.01
g accuracy, and their dimensions were measured using a digital caliper with £0.01 mm
accuracy to determine their volumes, after which the completely dry specific gravity value
was calculated (TS 2471, TS 2472).

Data analysis

The SPSS statistical program (a product long distributed by SPSS Inc., which was
acquired by IBM in 2009, version 26, Chicago, IL, USA) was used to analyze the data. The
effects of wood type and the percentage change in plant extract concentration were
analyzed to create homogeneity groups and apply simple analysis of variance. Analyses
were performed at a significance level of 0.05.
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RESULTS AND DISCUSSION

Solution Properties
The concentration properties (1%, 3%, and 5% solution) of the sweetgum plant
used in the impregnation process are shown in Table 1.

Table 1. Solution Properties (%)

Solvent | Temperature pH Density (g/mL)
Plant Extract . . - - -
Material (°C) BI Al Bl Al
Sweetgum plant 1% 4.6 4.6 0.875 0.875
Sweetgum plant 3% Water 22 4.7 4.7 0.877 0.877
Sweetgum plant 5% 4.8 4.8 0.878 | 0.878

Bi: Before impregnation Al: After impregnation

When the solution properties were examined, no significant changes were observed
in the pH and density values before and after impregnation.

Retention Value
The Retention values are shown in Table 2.

Table 2. Retention Values

Sweetgum Plant Vacuum Diffusion Retention
Wood Extract Time Time (%) HG
(%) (min) (min)
Red 1% 30 30 0,49 A
Pinus 3% 30 30 0,31 B
5% 30 30 1,13 C

HG: Homogeneity groups

The highest retention was found for the 5% extract with 30 min of vacuum and 30
min of diffusion (1.13%), whereas the lowest was found for the 3% extract with 30 min of
vacuum and 30 min of diffusion (0.31%). The Duncan test analysis showed that the three
experimental conditions gave statistically different results.

Studies using asphodel and tea plant extracts showed high retention values in wood
(beech, Oriental beech) (Ulusoy ef al. 2020b). Similarly, a study using materials consisting
of pomegranate and walnut peels and quince leaves showed that these substances have a
positive effect on the retention value of wood (black poplar) (Var and Ozkan 2018).

Alkan (2025) impregnated mahogany and larch woods with mussel shell solution
and the highest retention in mahogany wood was determined as 10.9% at 6% concentration
and 24 h of immersion time. The highest retention in larch wood was determined as 12.6%
at 6% concentration and 24 h of immersion time. Bozkurt (2025) impregnated Scots pine
and chestnut wood with moss + boric acid and determined the highest retention in Scots
pine wood in the 24-h period (17.4%), and the highest retention in chestnut wood in the
24-h application (10.3%). Atilgan et al. (2013) reported that the retention percentage in
various wood types impregnated with tea plant extract was highest in beech wood (6.75%)
and lowest in iroko wood (1.58%); the highest total retention value was in beech wood
(100.6 kg/m?) and the lowest in iroko (31.3 kg/m?).
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Determination of Physical Properties (Air/Full Dry Density)

density values are shown in Table 3 and the related graph in Fig. 3.

Table 3. Air/Full Dry Density (g/cm?)

The simple variance analysis and Duncan’s test results for air-dry and fully dry

Vacuum | Diffusion Air Dry Full Dry
- . . - 3
Sweetgum Plant T|r_ne Tlrpe DenS|§y Density (g/cm?)
Wood Extract (min) (min) (g/em’)
(%) Mean. | HG Mean HG
Control 054 | B | 053 C
Red 1% 30 30 0.56 A 053 C
Pine 3% 30 30 0.52 D |049 E
5% 30 30 0.53 C 1052 D

M Air Dry Density  ® Full Dry Density

0.58
T 056
)
2 054
2 052
]
& 05
[a]
> 048
2 0.46
=
L'; 0.44
< Control sweetgum sweetgum sweetgum
plant 1% plant 3% plant 5%

Fig. 3. Change of density (air/full dry )

The results (Fig 3, Table 3) were found to be of low significance when an error
level of 0.05 was taken into account. Air-dry specific gravity was highest in 1% extract
(0.56 g/cm?®) at 30 min of vacuum and 30 min of diffusion, lowest in 3% extract (0.52
g/cm?) at 30 min of vacuum and 30 min of diffusion; full dry specific gravity was highest
in 1% extract (0.53 g/cm?) and lowest in 3% extract (0.49 g/cm?) at 30 min of vacuum and
30 min of diffusion.

Esen (2009) investigated the full-dry and air-dry density values of beech, pine, and
sapele woods treated with different impregnation agents (boric acid, borax, tanalith-E, and
imersol aqua); the air-dry density of beech wood was measured as 0.72 g/cm?, while the
full-dry density was measured as 0.66 g/cm? at the highest level. Var and Kaplan (2019)
reported in their study that the average density value for all three wells in red pine wood
treated with geothermal waters ranged between 0.619 and 0.628 g/cm? in the treatment with
normal room temperature, while it ranged between 0.62 and 0.64 g/cm? in the treatment at
the well outlet temperature, and the density value of the control samples was obtained as
0.55 g/em?®. Olmez (2020) reported in his study that tree species and impregnation materials
used showed different effects in terms of air-dry density values, and that in applications
with plant extracts, the air-dry density of chestnut wood generally varied between 0.49 to
0.51 g/cm?, while these values varied between 0.42 to 0.48 g/cm? in Scots pine wood. Yasar
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et al. (2017) compared the effectiveness of plant-derived impregnation materials, such as
acorn tannin and pine tannin, with chemical impregnation materials. It was determined that
the air-dry density and fully dry density values of the wood material (cedar) after
impregnation with plant-derived impregnation materials were very close to the values
given by commonly used impregnation materials.

Mechanical Tests
Duncan test results regarding bending strength values are given in Table 4.

Table 4. Bending Strength Values (N/mm?)

Sweetgum Plant Vacuum Diffusion Bending
Wood Extract Time Time Strength HG
(%) (min) (min)
Control - - 90.40 C
Red 1% 30 30 103.28 B
Pine 3% 30 30 100.49 A
5% 30 30 83.42 D

HG: Homogeneity groups

The highest bending strength was determined for the 1% extract at 30 min of
vacuum and 30 min of diffusion (103.28 N/mm?), while the lowest was determined for the
5% extract at 30 min of vacuum and 30 min of diffusion (83.42 N/mm?). As the solution
concentration was increased, the flexural strength increased, but it decreases for the 5%
plant extract. This was observed positively when compared with the control samples.

Yasar et al. (2017) determined that the bending strength and modulus of elasticity
values of cedar wood test samples impregnated with natural impregnation materials were
lower than the chemically impregnated wood samples, and that the highest bending
strength was 88.71 N/mm? in the control sample, 80.61 N/mm? in pine tannin, one of the
natural impregnation materials, and 94.7 N/mm? in imersol aqua, one of the chemical
impregnation materials. A study by Efe and Cagatay (2011) on the determination of the
bending strength of solid wood materials found that the highest bending strength of Scots
pine wood was 104 N/mm? and the lowest was 75 N/mm? When the bending strength
values of wood materials were examined by Ulusoy et al. (2020a), they determined that
larex wood impregnated with 1% stone water solution gave the highest bending strength
value (135.39 N/mm?).

The modulus of elasticity values and their related Duncan test results are shown in
Table 5.

Table 5. Modulus of Elasticity Values (N/mm?)

Vacuum

Diffusion

Wood Sweetgum Plant Time Time Modu!u§ of HG
Extract : . Elasticity
(min) (min)
Control - - 7375 D
Red 1% 30 30 9145 A
Pine 3% 30 30 9096 B
5% 30 30 7849 C
HG: Homogeneity groups
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As shown in the Table 5, the highest elastic modulus was determined in 1%
sweetgum plant extract (9145 N/mm?) and the lowest value was determined in 5% extract
(7849 N/mm?). As the solution concentration increased, the elastic modulus increased, but
it decreased in the case of the 5% plant extract. The highest elastic modulus value was
determined in the impregnated groups compared to the control sample. It can be stated that
this situation may be due to the anatomical structure of the wood, the impregnation method
and the solution concentration.

Dynamic Bending Strength
Duncan test results regarding dynamic bending strength values are given in Table

6.

Table 6. Dynamic Bending Strength Values (Kgm/cm?)

Sweetgum Plant Vacuum Diffusion Dynamic
J Time Time Bending
Wood Extract b ! HG
(%) (min) (min) Strength
- (kgm/cm?)
Control - - 0.18 D
Red 1% 30 30 0.22 B
Pine 3% 30 30 0.27 A
5% 30 30 0.20 C

HG: Homogeneity groups

As shown in Table 6, the highest dynamic bending strength was determined in the
3% sweetgum plant extract (0.27 kgm/cm?), while the lowest dynamic bending strength
(shock) was determined in the 5% extract (0.20 kgm/cm?). This may be due to wood
anatomy, wood type, and impregnation method.

Bektas et al. (2008) reported that the dynamic bending strength of eucalyptus (E.
grandis) wood was 0.544 kgm/cm?, its full dry density value was 0.482 gr/cm?, and that it
was in the “good quality” class wood group in terms of dynamic quality value. Yildirim
(2020) reported that the change in dynamic bending strength was positive compared to the
control sample. The highest shock resistance was observed in spruce wood (0.63 N/mm?),
and the lowest in 1% spruce + borax (0.24 N/mm?). Aydin (2015) investigated the changes
in some physical-mechanical properties of wenge (Millettia laurentii) wood after
impregnation with three different solution concentrations (1%, 3%, 5%) prepared from
barite and boron compounds. According to the findings obtained from the experiment, the
highest dynamic bending strength was determined as 5% Bx (1.26 kpm/cm?).

CONCLUSIONS

1. No change was detected in solution properties, pH, and density. In terms of retention,
the highest retention (1.13%) was found for the 5% extract in 30 min of vacuum and
30 min of diffusion, and the lowest (0.31%) was found for the 3% extract in 30 min
of vacuum and 30 min of diffusion. The Duncan test analysis found a high level of
significance. Impregnation was performed, and its usability in wood was determined.
The results were found to be of low-significance, considering the 0.05 error level.
Air-dry specific gravity was determined to be the highest in 1% extract (0.56 g/cm?)
at 30 min of vacuum and 30 min of diffusion, the lowest in 3% extract (0.52 g/cm?)
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at 30 min of vacuum and 30 min of diffusion, and fully dry specific gravity was
determined to be the highest in 1% extract (0.53 g/cm?), and the lowest in 3% extract
(0.49 g/cm?) at 30 min of vacuum and 30 min of diffusion. When compared with the
control samples, the average values for both air and fully dry specific gravity changes
were slightly lower.

2. The highest bending strength was determined for the 3% extract at 30 min of vacuum
and 30 min of diffusion (103.28 N/mm?), while the lowest was determined for the
5% extract at 30 min of vacuum and 30 min of diffusion (83.42 N/mm?). As the
solution concentration increased, flexural strength increased, but decreased for the
5% plant extract. This was observed positively when compared with the control
samples. It can be said that wood type, anatomical structure, impregnation material,
and impregnation type all have an impact on flexural strength.

3. In the future, plant extracts can be tested using methods other than immersion, such as
brushing, roller application, pressure application, vacuum application, and both
vacuum and pressure applications. This may result in variations in the amount of
substance retained.
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