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ABSTRACT • Indonesia has abundant biodiversity and valuable timber species are used as essential raw mate-
rials in various industries. The objective of this study was to provide physical properties and dimensional stability 
information of three kinds of wood species that are categorized as fast-growing wood, namely Gmelina (Gmelina 
arborea Roxb.), Nyatoh (Palaquium spp.), and Waru (Hibiscus tiliaceus), which can support the appropriate and 
sustainable use of these woods. Gmelina exhibited the lowest tangential-to-radial shrinkage ratio (T/R) (1.01), 
indicating better dimensional stability compared to Nyatoh and Waru. Nyatoh exhibited intermediate physical 
properties with a T/R ratio of 1.83. Waru exhibited the lowest dimensional stability with a T/R ratio of 2.13. Over-
all, the results of this study highlight the differences in physical properties and dimensional stability among the 
three wood species under identical testing conditions and provide reference data to support material selection and 
further research on these commercially important tropical woods.

KEYWORDS: commercial wood; gmelina; nyatoh; waru; wood physical properties

SAŽETAK • Indonezija obiluje bioraznolikošću, a njezine vrijedne drvne vrste služe kao ključne sirovine u razli-
čitim industrijama. Cilj ovoga istraživanja bio je utvrditi fizička svojstva i dimenzijsku stabilnost triju brzorastućih 
vrsta drva: gmelina (Gmelina arborea Roxb.), nyatoha (Palaquium spp.) i warua (Hibiscus tiliaceus), kako bi se 
pridonijelo njihovoj pravilnoj i održivoj primjeni. Za drvo gmelina zabilježen je najmanji omjer tangentnoga i 
radijalnog utezanja (T/R), koji je iznosio 1,01, što upućuje na bolju dimenzijsku stabilnost u usporedbi s drvom 
nyatoha i warua. Drvo nyatoha pokazalo je prosječna fizička svojstva s T/R omjerom od 1,83. Najmanja dimenzij-
ska stabilnost izmjerena je za drvo warua, s T/R omjerom od 2,13. Zaključno, rezultati ovoga istraživanja istaknuli 
su razlike u fizičkim svojstvima i dimenzijskoj stabilnosti triju ispitivanih vrsta drva u jednakim uvjetima ispitiva-
nja te su dali referentne podatke kao podlogu za odabir materijala i daljnja istraživanja tih komercijalno važnih 
tropskih vrsta drva.

KLJUČNE RIJEČI: komercijalne vrste drva; gmelina; nyatoh; waru; fizička svojstva drva
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more, previous studies generally report physical and 
mechanical properties individually for a particular spe-
cies, with limited efforts to provide side-by-side com-
parisons under uniform sampling, preparation, and 
testing procedures. Such comparative analyses are im-
portant because differences in site conditions, sam-
pling methods, and testing procedures can significantly 
affect the measured physical properties, leading to un-
certainty when the data is used for material selection or 
industrial processing (Cai et al., 2019). Therefore, 
there is a clear research gap regarding the provision of 
comparative and standardized evaluations of the physi-
cal properties and dimensional stability of these three 
Indonesian wood species, which have high commercial 
value but have not been extensively studied.

This has led to the limited and less innovative uti-
lization of these woods, considering that recent inves-
tigations on wood modification have been of interest to 
many researchers worldwide (Zelinka et al., 2022). 
Physical properties, such as moisture content, density, 
and specific gravity, are important indicators for deter-
mining wood strength, durability, and suitability for 
specific uses (Shukla, 2025).  For instance, higher den-
sity is often associated with greater mechanical 
strength, while high moisture content reduces dimen-
sional stability and weakens bonding performance in 
wood processing. Dimensional stability, which is the 
ability of wood to maintain its shape and size in re-
sponse to changes in environmental humidity, is a crit-
ical factor for ensuring the longevity and quality of the 
final product (Sargent, 2022). Based on these consid-
erations, this study proposes the hypothesis that gmeli-
na, nyatoh, and waru exhibit significantly different 
physical properties and dimensional stability when 
evaluated under the same test conditions, and that these 
differences can be used to identify their suitability for 
specific industrial applications. Accordingly, the objec-
tive of this study is not only to report physical proper-
ties but also to provide a standardized comparative 
dataset and identify the relative performance of these 
three species as a scientific basis for material selection, 
value-added processing, and sustainable utilization.

2 	 MATERIALS AND METHODS
2. 	MATERIJALI I METODE

2.1 	 Materials
2.1. 	Materijali

The materials used in this study were Gmelina 
(Gmelina arborea Roxb.), Nyatoh (Palaquium spp.), 
and Waru (Hibiscus tiliaceus). These woods were har-
vested from a community forest in Bogor, West Java. A 
total of three mature and healthy trees were sampled 
for each species (n=3 trees per species). Trees were se-
lected to represent similar age class (≈ 6 years), diam-

1 	 INTRODUCTION
1. 	UVOD

Indonesia is known as one of the countries with 
abundant forest resources, including a high diversity of 
economically valuable timber species (Djafar et al., 
2023). Wood is an essential raw material in various in-
dustries such as construction, furniture, and handicrafts 
(Barbu and Tudor, 2022). Among the different types of 
traded wood, gmelina wood (Gmelina arborea Roxb.), 
nyatoh wood (Palaquium spp.), and waru wood (Hibis-
cus tiliaceus) are three well-known and widely used 
species in the local timber industry (Basri et al., 2019; 
Yunianti, et al., 2019; Meiganati et al., 2023). These 
three types of wood are interesting for further study. In 
addition to being fast-growing and adaptable to tropi-
cal environments, especially in Southeast Asia, they 
are also widely available in local markets and are wide-
ly used in community-based industries such as furni-
ture, handicrafts, and light construction (Husna et al., 
2021; Phang et al., 2023; Kabir et al., 2025). Although 
their use has become widespread, these types of wood 
are still classified as lesser-known species in the global 
timber market. In practice, their use is based more on 
experience than on scientific foundations, particularly 
regarding their physical properties, especially in small 
and medium-scale timber industries. This situation cre-
ates a mismatch between material performance and 
end-use requirements, which has the potential to lead 
to inefficient processing, reduced product durability, 
and limited value-added utilization.

Gmelina is a fast-growing wood that is often cul-
tivated in agroforestry and community forests (Suri et 
al., 2021). It is widely used in the light furniture, parti-
cle boards, and handicraft industries (Setiadi, 2018; 
Vallesteros, 2020). Nyatoh, which belongs to several 
species in the Sapotaceae family, has a smooth texture 
and attractive color, making it widely used for con-
struction and interior materials (Muchtar et al., 2024; 
Putra et al., 2024). Waru, although classified as light-
weight wood, is frequently utilized for panels, packag-
ing boxes, lightweight construction, boats, and light-
weight structural components in coastal areas because 
of its ability to grow in coastal environments (Irwan 
and Aras, 2023).

Although physical property datasets exist for 
many tropical wood species, most studies have focused 
only on well-established commercial species, while 
comparative and standardized data for widely used 
community-level wood species, such as gmelina, nya-
toh, and waru, remain fragmented, inconsistent, or de-
rived from varying test conditions. This lack of compa-
rable data hinders direct evaluation of their relative 
performance and limits broader industry acceptance 
and global recognition of these wood species. Further-
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eter class (31-37 cm), and site conditions to reduce 
environmental variability. Logs were taken from the 
bottom section of the stem (0-2 m height) to ensure 
comparable wood maturity among trees.

2.2 	 Sample preparation
2.2. 	Priprema uzoraka

Test samples were prepared according to British 
Standard BS 373:1957. From each tree, boards were ob-
tained from the radial direction and carefully separated 
into sapwood and heartwood zones based on color and 
anatomical appearance. Samples were taken from mid-
dle radial position (between pith and bark) to minimize 
radial variability. Only clear wood specimens free from 
knots, checks, and reaction wood were selected.

Test samples measuring 2 cm × 2 cm × 2 cm 
were prepared to measure moisture content, density, 
and specific gravity. Meanwhile, test samples were 
made into 5 cm × 5 cm × 1 cm pieces to measure the 
dimensional stability. For each species, a total of 9 
specimens were tested for each property (3 trees × 3 
specimens per tree), and each measurement was con-
ducted in triplicate.

2.3 	 Physical properties test
2.3. 	Ispitivanje fizičkih svojstava

Moisture content, density, and specific gravity 
were evaluated according to BS-373:1957. The selec-
tion of BS 373:1957 was justified because this standard 
is still widely used in tropical wood research, enabling 
direct comparison with existing datasets and previous 
studies on Indonesian wood species. The initial volume 
and weight of the test sample were measured, then 
dried at 103 ± 2 °C using an oven (Memmert UN55, 
Germany) until the weight was constant, and finally, 
the volume and weight were measured. Moisture con-
tent, density, and specific gravity were calculated as 
follows (Nugroho et al., 2024; Savero et al., 2020):

MCg (%) =  · 100 (1)

MCad (%) =  · 100 (2)

D (g/cm3) = (3)

		
	 SG = 	 (4)

Where MCg is the green moisture content (%), Wg 
is green weight (g), Wod is oven dried weight (g), MCad 
is air-dried moisture content (%), Wad is air-dried 
weight (g), D is density (g/cm3), Vg is green volume 
(cm3), SG is specific gravity, and rwater is water density 
at 4 oC (g/cm3).

2.4 	 Dimensional stability measurement
2.4. 	Mjerenje dimenzijske stabilnosti

Dimensional stability was evaluated by measur-
ing the volume of the longitudinal, tangential, and ra-
dial sections of the wood sample after oven-drying at 
103 ± 2 °C until it reached a constant weight. Subse-
quently, the volume was measured again in a similar 
plane. Dimensions were measured before and after dry-
ing to determine the dimensional changes in each ana-
tomical direction. The dimensions of each specimen (in 
the longitudinal, tangential, and radial directions) were 
measured using a digital caliper with an accuracy of  
± 0.01 mm. The mass of the samples was measured us-
ing an analytical balance with a precision of ± 0.001 g. 
The ratio of tangential shrinkage to radial shrinkage 
(T/R ratio) was used as an indicator of the dimensional 
stability. The dimensional stability of wood can be indi-
cated by a T/R ratio close to one (Savero et al., 2020). 
All measurements were taken three times, and the aver-
age values were used for further analysis.

2.5 	 Statistical analysis
2.5. 	Statistička analiza

All data were analyzed using statistical methods 
to evaluate variability and differences among species. 
For each property, results are presented as  mean ± 
standard deviation (SD). Data normality was evaluated 
using the Shapiro–Wilk test, and homogeneity of vari-
ance was checked using Levene’s test. Differences 
among wood species were analyzed using  one-way 
analysis of variance (ANOVA) at a 95 % confidence 
level (α = 0.05). All statistical analyses were performed 
using statistical software.

3 	 RESULTS AND DISCUSSION
3. 	REZULTATI I RASPRAVA

3.1 	 Moisture content
3.1. 	Sadržaj vode

The green moisture contents of G. arborea, Pala-
qium spp., and H. tiliaceus were 176.41 ± 13.84 %, 
103.45 ± 0.84 %, and 82.49 ± 2.53 %, respectively 
(Figure 1). The ANOVA results indicate that wood spe-
cies have a highly significant effect on fresh moisture 
content (F = 131.14; p < 0.001). The mean values show 
that Gmelina has the highest fresh moisture content, 
followed by Nyatoh and Waru. This highly significant 
difference indicates that water-holding capacity in the 
fresh state is strongly influenced by the characteristics 
of the wood species. Green moisture content is a criti-
cal factor affecting the suitability and performance of 
wood during mechanical processing operations (Seta et 
al., 2023). This is because wood with a high level of 
green moisture content tends to be more prone to 
cracking, surface checking, and dimensional instability 
during cutting and drying, whereas lower levels may 



Nugrawan Kutana, Hadi Prayogo, Wahyudi, Putra Pangestu, Putri Hanifah, Wahyuningtyas: Physical Properties of Three Commercial ...

322    77 (3) 319-333 (2026)

reduce workability but improve drying efficiency (Me-
zui et al., 2022; Elustondo et al., 2022). The results of 
the green moisture content study on all types of wood 
are aligned with those reported by Shmulsky and Jones 
(2011), which range from 33 – 249 %. A green mois-
ture content value greater than 100 % indicates that 
wood contains a significant amount of water in living 
trees (Bergman, 2021). The difference in the moisture 
content of wood under green conditions is influenced 
by the trees age and growing location, and changes ac-
cording to the temperature and humidity of the sur-
rounding air (Bowyer et al., 2007; Uslinawaty et al., 
2024). For example, younger trees generally contain 
higher amounts of water due to the dominance of juve-
nile wood, while older trees tend to show lower values 
as mature wood develops (Alfikri et al., 2020). In this 
study, G. arborea showed the highest green moisture 
content, reflecting its fast-growing nature and higher 
proportion of juvenile tissues. Palaquium spp. exhib-
ited intermediate values, consistent with its denser 
structure and slower growth rate, whereas H. tiliaceus 
had the lowest green moisture content, making it rela-
tively more dimensionally stable compared to the other 
two species. These differences highlight the impor-
tance of considering both species characteristics and 
growth conditions when evaluating wood utilization.

The green moisture content of G. arborea wood 
was slightly higher than that reported by Yau et al. 
(2024), who reported that the green moisture content of 
G. arborea wood ranged from 121.6 – 171.82 %, which 
increased from the apical to the middle section of the 
wood and began to decrease at the base. This was 
caused by the presence of juvenile wood in the middle 
section of the wood, which formed a thinner cell wall 

with larger lumens and cavities that accommodate larg-
er amounts of moisture. Moya and Fo (2008) also stated 
that the lumen diameter and cell wall thickness of G. 
arborea wood were 12.25 – 35.53 µm and 2.37 – 6.01 
µm. Augustina et al. (2020a) found that the lumen di-
ameter and cell wall thickness of Palaqium spp. were 
25.01 µm and 3.61 µm. On the other hand, H. tiliaceus 
has a lumen diameter of 19.96 µm and cell wall thick-
ness of 4.09 µm, according to Andianto et al. (2024). 
This is in accordance with the assumption that wood 
with a smaller lumen diameter and thicker cell walls has 
a remarkable effect on the lower moisture content of 
wood (Klement et al., 2020). In terms of wood process-
ing, a higher moisture content can facilitate wood cut-
ting. However, it can also increase the susceptibility of 
the cutting tool to corrosion, thereby increasing mainte-
nance costs (Bendikiene and Keturakis 2017). A higher 
moisture content also accelerates wood decay by fungi 
and termites, leading to a loss of wood performance, 
especially in its mechanical properties (Marais et al., 
2020; Kherais, et al., 2024). In addition, this parameter 
also plays an important role in wood bonding with ad-
hesives, as a higher water quantity reduces the adhesion 
strength (Favis et al., 2024). As green wood dries, most 
of the water evaporates and the wood tends to reach 
equilibrium with the relative humidity of the surround-
ing air (Bergman 2021). Under these conditions, the air-
dried moisture content of wood can facilitate wood pro-
cessing by reducing the tendency for dimensional 
changes and the risk of wood defects (Coto 2005).

The air-dried moisture content of G. arborea, 
Palaqium spp., and H. tiliaceus was 16.34 ± 3.30 %, 
17.65 ± 0.76 %, and 12.18 ± 0.49 %, respectively (Fig-
ure 1). The type of wood also had a significant effect on 

Figure 1 The average moisture content in green and air-dried conditions
Slika 1. Prosječni sadržaj vode u sirovome i prosušenom drvu
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the dry air moisture content (F = 9.70; p = 0.013). The 
mean values indicate that Nyatoh and Gmelina have 
relatively higher equilibrium moisture contents than 
Waru. This suggests that the hygroscopic properties of 
wood vary among species. After reaching the air-dried 
moisture content, the wood no longer underwent sig-
nificant water absorption or release into the air. The air-
dried moisture content results for all types of wood 
were directly proportional to those reported by Rahma-
yanti et al. (2016), who stated that the moisture content 
in Indonesia’s climate ranges between 12 – 20 %. The 
results of this study showed that the air-dried moisture 
content of G. arborea, Palaquium spp., and H. tiliace-
us falls within the range comparable to most tropical 
wood species listed in Figure 2. For instance, the air-
dried moisture content of Jabon, Sengon, Mangium, 
Manii, and Terap are comparable to that observed in H. 
tiliaceus. Meanwhile, Kapok and Mindi exhibit values 
that are relatively comparable to G. arborea and 
Palaquium spp.

On the other hand, several tropical wood species 
from outside Indonesia, such as Amouk and Dabema 
from Cameroon, show much higher values than the av-
erage of tropical wood species in Indonesia. These dif-
ferences highlight that both species characteristics and 
growing conditions significantly influence the physical 
properties of wood, particularly air-dried moisture con-
tent. Air dried moisture content above 20 % is more 
susceptible to attacks by wood-destroying organisms, 
such as fungi (Simangunsong, 2016). This condition 

indicates that Indonesia tropical wood species tend to 
be more stable under air-dried conditions and fall with-
in a safe range for drying processes as well as indus-
trial applications.

The moisture content under air-dry conditions 
obtained in this study falls within the range commonly 
reported for tropical hardwoods. However, direct com-
parisons with previous studies should be interpreted 
with caution because moisture content is strongly in-
fluenced by environmental conditions, sample condi-
tioning protocols, and the location where the trees 
grew. Some previous reports on Gmelina, Nyatoh, and 
Waru were conducted under different climatic condi-
tions or equilibrium moisture contents, which may ex-
plain the variations between studies (Marini et al., 
2021; You et al., 2021). This study reduces such vari-
ability by conditioning all samples under identical 
laboratory conditions, thereby producing a more relia-
ble set of comparative data among the three species.

3.2 	 Density
3.2. 	Gustoća drva

Wood density is the ratio of wood mass to vol-
ume under the same conditions (Wulandari et al., 
2024). The density values of G. arborea, Palaqium 
spp., and H. tiliaceus wood are 0.9 ± 0.04 g/cm3, 0.76 
± 0.02 g/cm3, and 0.67 ± 0.03 g/cm3, respectively (Fig-
ure 3). The ANOVA results showed a significant differ-
ence in density among the wood species (F = 11.26; p 
= 0.009). Gmelina had the highest density, followed by 
Nyatoh and Waru. These differences confirm that spe-

Figure 2 Comparison of air-dried moisture content in tropical wood species from Indonesia and other countries (Hadi et al., 
2022; Komariah et al., 2015; Herawati et al., 2021; Nawawi et al., 2023; Kana et al., 2024)
Slika 2. Usporedba sadržaja vode u prosušenom drvu tropskih vrsta iz Indonezije i drugih zemalja (Hadi et al., 2022.; 
Komariah et al., 2015.; Herawati et al., 2021.; Nawawi et al., 2023.; Kana et al., 2024.)
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cies variation has a strong influence on the physical 
structure of wood. The results of this study are much 
larger than those of previous studies (Iwuoha et al., 
2021; Arifudin and Wahyudi, 2020; Reyes et al., 1992), 
which reported G. arborea densities of 0.69, 0.55, and 
0.57 g/cm3. These results are known to be higher com-
pared to short and long rotation teak wood (0.66 and 
0.47 g/cm3, respectively), as the most well-known 
commercial wood in Indonesia (Rizanti et al., 2018). 
In addition to wood type, wood density is influenced by 
its location on the tree, growing conditions, and tree 
age (Miranda et al., 2011; Savero et al., 2020; Wu-
landari and Amin, 2023). Furthermore, wood density is 
also an important parameter in determining wood qual-
ity (Li et al., 2024). Deepa and Shukla (2024) found a 
strong correlation between wood density and chemical 
extractives with wood durability and mechanical prop-
erties, especially wood hardness (Damayanti et al., 
2020). Thus, the relatively high density indicates po-
tential mechanical strength, although mechanical test-
ing was not conducted in this study (Cabral et al., 
2022), and therefore structural suitability should be 
interpreted with caution.

The density of G. arborea is relatively high com-
pared to most tropical woods found in Indonesia and 
other countries (Figure 4). This value is comparable to 
imported woods such as Bilinga (0.73 – 0.89 g/cm3) 
and Tali (0.8 – 1.05) from Brazil, indicating the poten-
tial of G. arborea as a wood with good structural qual-
ity. This is in line with several studies reporting that G. 
arborea can be used for furniture and construction 
(Iwuoha et al., 2021; Olaniran et al., 2024).

In Palaquium spp., the density value is in the 
moderate range, higher than most tropical woods found 
in Indonesia such as Jabon, Sengon, Mangium, Teak, 
Manii, Terap, Durian, Mindi, Rubber, Kapok, Cundle-
nut, and Samama, but still lower than G. arborea and 
hardwoods from Brazil such as Iroko, Bilinga, and 
Tali. Meanwhile, Pine is Indonesian tropical wood 
comparable to the density of Palaquium spp., as well 
as Dabema from Cameroon (Figure 4). This places 
Palaquium spp. as a wood with moderate to heavy den-
sity with quite a potential for light construction appli-
cations. This is in line with Arifudin and Wahyudi 
(2020), who reported that this wood can be used for 
light construction, furniture, and flooring. In addition, 
Meiganati (2023) added that Palaquium spp. can be 
used as raw material for pencil sticks and veneer.

Meanwhile, H. tiliaceus has the lowest density 
among the three species studied. This value is still 
higher than that of Jabon, Sengon, Manii, Terap, Duri-
an, Mindi, Rubber, Kapok, Cundelnut, and Samama, 
but lower than that of Pine from Indonesia as well as 
Bilinga and Tali from Brazil. However, its density is 
comparable to Teak from Indonesia, as well as several 
types of tropical wood from other countries such as 
Iroko, Amouk, and Dabema (Figure 4). Thus, H. tilia-
ceus has the potential to be used for non-structural or 
industrial purposes. This is in line with several studies 
indicating that H. tiliaceus is widely used for making 
bags, ropes, and woven products (Purnowidodo et al., 
2020; Wirawan et al., 2023). The density values ob-
tained are generally consistent with the wide range of 
densities reported for these species in the previous lit-

Figure 3 Density
Slika 3. Gustoća drva
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erature. However, previous studies have often shown 
wide variations due to differences in tree age, site qual-
ity, and sampling location within the trunk. In contrast, 
this study minimized these sources of variation through 
standardized sampling and testing procedures. This 
highlights the importance of standardized comparative 
measurements, as the density differences observed in 
this study are more likely to reflect the inherent charac-
teristics of the species rather than methodological dif-
ferences.

3.3 	 Specific gravity
3.3. 	Specifična gustoća drva

The specific gravities of three different commer-
cial wood species were successfully evaluated in this 
study. Shmulsky and Jones (2011) stated that the spe-
cific gravity of wood is the ratio of the oven-dried 
weight to the volume of wood under green conditions. 
The specific gravities of G. arborea, Palaqium spp., 
and H. tiliaceus wood are 0.33 ± 0.01, 0.37 ± 0.01, and 
0.39 ± 0.01, respectively (Figure 5). The type of wood 
has a highly significant effect on specific gravity (F = 
61.80; p < 0.001). Waru and Nyatoh exhibited higher 
specific gravity values than Gmelina. The very large 
F-value indicates that the variation among species is 
the dominant factor influencing wood specific gravity. 
At first glance, the density and specific gravity values 
appear inconsistent, particularly for G. arborea, which 

shows high density but relatively low specific gravity. 
This discrepancy is due to the different reference con-
ditions used in the calculations. In this study, density 
was calculated based on air-dry volume, while specific 
gravity was calculated using oven-dry mass divided by 
green volume, in accordance with BS 373:1957. As 
wood undergoes volumetric shrinkage during drying, 
the air-dry volume is smaller than the green volume, 
resulting in a higher density value compared to specific 
gravity. Therefore, these results are methodologically 
consistent and not contradictory.

Based on the specific gravity values obtained, all 
wood types were classified as having relatively low 
specific gravity values. According to the PKKI 1961 
classification, the three types of wood were included in 
strength class IV. Based on PKKI classification, the 
three species fall into strength class IV. This classifica-
tion suggests potential suitability for light and non-
structural applications, although mechanical testing is 
required for confirmation (Somadona et al., 2020). In-
terestingly, Yau et al. (2024) reported that the specific 
gravity of Gmelina arbore from Nigeria reached 0.51, 
which is higher than the value obtained in the present 
study. This discrepancy may be attributed to several 
factors, including differences in site conditions, growth 
rates, and age of the sampled trees, as well as variations 
in sample preparation and measurement methods 
(Listyanto et al., 2020).

Figure 4 Comparison of density in tropical wood species from Indonesia and other countries (Hadi et al., 2022; Rizanti et al., 
2018; Komariah et al., 2015; Herawati et al., 2021; Nawawi et al., 2023; Azis et al., 2020; Augustina et al., 2023; Myondo et 
al., 2017; Kana et al., 2024)
Slika 4. Usporedba gustoće tropskih vrsta drva iz Indonezije i drugih zemalja (Hadi et al., 2022.; Rizanti et al., 2018.; 
Komariah et al., 2015.; Herawati et al., 2021.; Nawawi et al., 2023.; Azis et al., 2020.; Augustina et al., 2023.; Myondo et al., 
2017.; Kana et al., 2024.)
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The results of this study are not linear with the 
wood density obtained in this study, which differs from 
the results of Damayanti et al. (2020), who stated that 
there was a positive correlation between density, specific 
gravity, and wood hardness. However, the relationship 
between density and specific gravity cannot be directly 
explained by anatomical characteristics in this study, be-
cause microscopic measurements were not performed 
(Borrega et al., 2015). Unfortunately, this parameter was 

not tested in the present study. Several previous studies 
by Moya and Fo (2008), Augustina et al. (2020a), and 
Andianto et al. (2024) mentioned that the cell wall thick-
nesses of G. arborea, Palaqium spp., and H. tiliaceus 
woods are 2.37 – 6.01, 3.61, and 4.09 µm, respectively. 
Agustina et al. (2020) stated that variations in specific 
gravity values in several wood species are correlated 
with their microscopic structure and cell wall composi-
tion. In addition to influencing the mechanical character-

Figure 6 Comparison of specific gravity in tropical wood species from Indonesia and other countries (Herawati et al., 2021; 
Hariz et al., 2023; Augustina et al., 2020b; Azis et al., 2020; Savero et al., 2020; Rahman et al., 2020; Meghwal et al., 2020; 
Pati et al., 2025; Berrocal et al., 2018; Sseremba et al., 2020; Nascimento et al., 2023)
Slika 6. Usporedba specifične gustoće tropskih vrsta drva iz Indonezije i drugih zemalja (Herawati et al., 2021.; Hariz et al., 
2023.; Augustina et al., 2020b; Azis et al., 2020.; Savero et al., 2020.; Rahman et al., 2020.; Meghwal et al., 2020.; Pati et 
al., 2025.; Berrocal et al., 2018.; Sseremba et al., 2020.; Nascimento et al., 2023.)

Figure 5 Specific gravity
Slika 5. Specifična gustoća drva
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istics and utilization of wood, specific gravity is also 
closely related to its biological resistance and interaction 
with wood-degrading organisms (Kutana et al., 2025). 
Thus, understanding the specific gravity of wood can 
provide an important basis for determining the applica-
tion and utilization of each type of wood.

When compared to the data in Figure 6, the three 
types of wood tested show a relatively lower specific 
gravity than other tropical woods found in Indonesia, 
such as Durian, Mindi, Rubber, Mangium, Puspa, and 
Teak, which are in the moderate category (strength 
class III). However, their values are still comparable to 
Terap, Sepetir, and Candlenut. This condition indicates 
that the wood species studied have light characteristics 
with low specific gravity, making them more suitable 
for use in products with low structural loads (Yau et al., 
2025). As stated by Herawati et al. (2021), wood spe-
cies with a low strength class (IV) are suitable for light 
construction. However, when compared to species from 
abroad, it can be seen that the specific gravity value of 
Inga-white found in Brazil is much higher, namely 0.56, 
thus falling into the category of wood with better 
strength (Nascimento et al., 2023). On the other hand, 
Kelampayan, Pi-Nari Maram, Pepolo, and Teak wood 
found in several other countries also have a higher spe-
cific gravity range than species tested in this study. 
These differences further emphasize the influence of 
species and growing environment on the variation in the 
physical properties of wood (Nagar et al., 2021). The 
specific gravity values reported in previous studies vary 
widely across regions and experimental conditions. 
This variability makes it difficult for practitioners to 
rely on values cited in literature when making industrial 
decisions. The results of this study present a controlled 

comparison under identical testing conditions, which 
strengthens the reliability of cross-species comparisons 
and provides a more practical reference for wood pro-
cessing and product design. However, direct compari-
sons with previous studies should be interpreted with 
caution, as differences in tree age, site conditions, sam-
pling methods, moisture conditions, and testing proce-
dures between studies may affect the reported values. 
Therefore, the comparisons presented in this study are 
intended for general reference only, while the interpre-
tation of comparative performance remains limited.

3.4 	 Dimensional stability
3.4. 	Dimenzijska stabilnost drva

Changes in wood dimensions owing to increased 
moisture content are the primary factors affecting di-
mensional stability and wood quality, particularly in 
structural applications and material engineering. Wood 
exhibits anisotropic properties, meaning that shrinkage 
does not occur uniformly in all three directions of 
wood fiber orientation. Figure 7 shows the shrinkage 
values with significant variations in the longitudinal, 
radial, and tangential directions. The longitudinal 
shrinkage values ranged from 0.48 ± 0.02 % to 0.74 ± 
0.01 %, with H. tiliaceus having the lowest value and 
G. arborea having the highest. Radial and tangential 
shrinkage values are important indicators for determin-
ing the degree of anisotropy and dimensional deforma-
tion tendency of wood. G. arborea exhibited similar 
radial and tangential shrinkages of 4.95 ± 0.02 % and 
4.98 ± 0.03 %, respectively, indicating good wood 
shrinkage. According to Owoyemi et al. (2015), 
Gmelina shrinkage ranged from 8.65 % to 9.30 %, 
based on the position of the cut within the log. Addi-

Figure 7 Shrinkage
Slika 7. Utezanje drva
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tionally, Olaniran and Militz (2024) stated that Gmeli-
na subjected to thermal treatment exhibited a tangen-
tial-to-radial shrinkage ratio (T/R ratio) of 1.4 and 
experienced approximately 9.36 % shrinkage, indicat-
ing low volume changes in the wood. As shown in Fig-
ure 8, the T/R ratio of gmelina is 1.01 ± 0.02, indicat-
ing excellent dimensional stability. The T/R ratio is an 
important parameter for wood dimensional stability, 
suggesting that the best use of wood in terms of drying 
quality leads to dimensional stability (Christoforo et 
al., 2016; Seta et al., 2023).

Unlike nyatoh, although it has a lower longitudi-
nal shrinkage (0.61 ± 0.02 %), its tangential shrinkage 
is quite high (5.48 ± 0.01 %) and radial shrinkage (2.99 
± 0.01 %) (Figure 7). These values resulted in a T/R 
ratio of 1.83 ± 0.01, indicating a higher risk of defor-
mation compared to that of G. arborea (Figure 8). This 
ratio suggests that changes in moisture content can 
cause significant changes in shape, particularly in 
wood products, such as boards or veneers. H. tiliaceus 
had the lowest longitudinal shrinkage but produced the 
highest tangential shrinkage value of 7.45 ± 0.02 %, 
with a radial shrinkage of 3.49 ± 0.04 % (Figure 7). 
This results in a T/R ratio of 2.13 ± 0.06, which sig-
nificantly exceeds the ideal stability threshold and indi-
cates high potential for shape changes and cracking 
during drying (Figure 8).

The results indicate that gmelina is the most di-
mensionally stable wood among the wood samples, as 
evidenced by a T/R ratio close to 1 and a minimal dif-
ference between radial and tangential shrinkage. The 
results for Palaquium spp. showed moderate deforma-

tion tendencies, particularly with respect to cupping. In 
contrast, H. tiliaceus exhibited the lowest stability. 
Therefore, its use should be limited to non-structural 
applications or decorative products that do not require 
high dimensional stability. Variations in the shrinkage 
ratio between the tangential and radial directions sig-
nificantly influence the development of internal stress-
es during the wood drying process. This anisotropic 
behavior, particularly the T/R ratio, is a critical factor 
to consider in industrial applications, as it directly af-
fects the dimensional stability and potential deforma-
tion of wood products over time (Fu et al., 2016).

The results show that the three species of wood 
tested exhibit varying shrinkage behavior in all three 
directions, particularly radial and tangential. Compared 
to the data in Table 1 and Figure 9, the shrinkage value 
of G. arborea is within a range comparable to that of 
Indian Rosewood, an Indonesian tropical wood, which 
has a T/R ratio close to 1 (Liu et al., 2020). This indi-
cates fairly good dimensional stability. Meanwhile, 
Palaquium spp. and H. tiliaceus have shrinkage and 
T/R ratio values comparable to several Indonesian trop-
ical woods such as Candlenut and Ebony. In addition, 
the two woods studied also have T/R ratios comparable 
to several tropical woods from other countries, such as 
Hard Maple, Albarco, Catiyo, Cocobolo, Hura, Imbuia, 
and Macawood from the United States, as well as Ai-
lanthus from China. In fact, African Blackwood tropical 
wood from Tanzania has a T/R ratio that is very far from 
the indicator of wood dimensional stability.

The differences in shrinkage values and dimen-
sional stability between tropical wood from Indonesia 

Figure 8 T/R ratio
Slika 8. Omjer tangentnoga i radijalnog utezanja
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and species from other countries are not only influ-
enced by anatomical factors, cell wall proportions, and 
variations in chemical composition, but also by eco-
logical conditions and growing environments (Fejfer et 
al., 2020; Zhao and Yang, 2025). The humid climate 
with high rainfall and relatively constant temperatures 
in Indonesia causes tropical wood to grow faster, re-
sulting in low to medium specific gravity. However, 
this study shows that Indonesian tropical wood, par-

ticularly Gmelina and Indian Rosewood, actually ex-
hibits better dimensional stability than some species 
from other countries. This can be attributed to the rela-
tively homogeneous anatomical structure of the wood, 
balanced cell wall proportions, and more even pore 
distribution, which reduces the level of shrinkage ani-
sotropy (Fredriksson et al., 2023). On the other hand, 
wood from regions with long dry seasons, such as Af-
rica or Latin America, often grows more slowly and 

Table 1 Comparison of shrinkage in tropical wood species from Indonesia and other countries
Tablica 1. Usporedba utezanja tropskih vrsta drva iz Indonezije i drugih zemalja

Species / Vrsta Tangential
Tangentno utezanje

Radial
Radijalno utezanje

Country
Zemlja Reference / Referenca

Candlenut (Aleurites moluccanus (L.) 
Willd.) 2.37 1.32 Indonesia Azis et al. (2020)

Ebony (Diospyros crassiflora J. Kenig 
ex Retz.) 2.56 1.81 Indonesia Liu et al. (2020)

Indian rosewood (Dalbergia latifolia 
Roxb.) 1.97 1.88 Indonesia Liu et al. (2020)

African blackwood (Dalbergia 
melanoxylon Guill. & Perr.) 0.16 0.03 Tanzania Liu et al. (2020)

Hard maple (Acer saccharum) 2.74 1.74 United States Liu et al. (2020)
Albarco (Cariniana spp.) 5.4 2.8 United States Glass and Zelinka (2021)
Cativo (Prioria copaifera) 5.3 2.4 United States Glass and Zelinka (2021)
Cocobolo (Dalbergia retusa) 4.3 2.7 United States Glass and Zelinka (2021)
Hura (Hura crepitans) 4.5 2.7 United States Glass and Zelinka (2021)
Imbuia (Phoebe porosa) 6 2.7 United States Glass and Zelinka (2021)
Macawood (Platymiscium spp.) 3.5 2.7 United States Glass and Zelinka (2021)
Ailanthus (Ailanthus desf.) 3.08 1.78 China Liu et al. (2021)

Figure 9 Comparison of T/R ratio in tropical wood species from Indonesia and other countries (Azis et al., 2020; Liu et al., 
2020; Glass and Zelinka, 2021; Liu et al., 2021)
Slika 9. Usporedba T/R omjera tropskih vrsta drva iz Indonezije i drugih zemalja (Azis et al., 2020.; Liu et al., 2020.; Glass i 
Zelinka, 2021.; Liu et al., 2021.)
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has a high specific gravity. This growth does produce 
denser fibers, but it also increases the risk of differ-
ences in shrinkage between the radial and tangential 
directions, resulting in lower dimensional stability 
(Qian et al., 2022; Nascimento et al., 2023). Thus, un-
derstanding the shrinkage value and T/R ratio can be 
used as a basis for determining the suitability of wood 
applications, both for structural and non-structural 
needs, especially for products that require high dimen-
sional stability.

Overall, a comparison with previous studies indi-
cates that the variability reported in the literature is in-
fluenced not only by species characteristics but also by 
methodological differences across studies. Therefore, 
the main contribution of this study is not merely to 
generate additional data, but to provide a statistically 
supported and methodologically consistent compari-
son among three commercially important yet underrep-
resented tropical timber species. This standardized 
dataset helps bridge the gap between fragmented litera-
ture and practical industry needs.

4 	 CONCLUSIONS
4. 	ZAKLJUČAK

The green moisture content was highest in G. ar-
borea (176.41 %), followed by Palaquium spp. (103.45 
%) and H. tiliaceus (82.49 %). At the air-dried condi-
tion, the moisture content decreased to 16.34 %, 17.65 %, 
and 12.18 % for G. arborea, Palaquium spp., and H. 
tiliaceus, respectively. The density values were 0.90 g/
cm³ for G. arborea, 0.76 g/cm³ for Palaquium spp., 
and 0.67 g/cm³ for H. tiliaceus. In contrast, the specific 
gravity values were 0.33 for G. arborea, 0.37 for 
Palaquium spp., and 0.39 for H. tiliaceus. G. arborea 
showed the lowest T/R ratio (1.01), indicating better 
dimensional stability compared to Palaquium spp. 
(1.83) and H. tiliaceus (2.13). These results indicate 
differences in physical properties and dimensional sta-
bility among the three species under identical testing 
conditions. G. arborea demonstrated comparatively 
higher dimensional stability, while H. tiliaceus showed 
greater tangential shrinkage and higher T/R ratio. 
Palaquium spp. exhibited intermediate characteristics. 
The findings of this study are limited to physical prop-
erties and dimensional stability; therefore, further re-
search including mechanical and durability testing is 
necessary before determining suitability for specific 
structural or engineering applications.
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