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ABSTRACT 

 

The purpose of this research was to improve the appearance of pretreated gmelina wood 

(Gmelina arborea) by coloring with a natural dye. The dyes used in this research were obtained 

from sappan (Caesalpinia sappan) and tegeran (Cudrania javanensis) wood waste with a size of 

20-40 mesh. The anatomical characteristic that determined the permeability of the gmelina wood 

was investigated referring to International Anatomist Wood Association (IAWA), while the 

characteristic of the dye was analyzed using X-ray diffraction (XRD). The wood was colored by 

immersing in dye mixture (ratio dye and water of 1:5 wt/wt) at room temperature during 72 h. 

The results showed that the lumen diameter of vessel, fiber, and pit of gmelina observed were 

159 µm, 23 µm, and 6 µm, respectively. The XRD analysis showed that the structure of sappan 

was more amorphous than tegeran, which led to penetrate deeper into the wood. The pretreated 

wood provided more dyes penetration compared to the untreated wood due to the removal 

extractives from the wood. The pretreatment on gmelina wood would facilitate the natural dye to 

be impregnated into the wood cell resulting in more attractive color of the wood. 

 

KEYWORDS: Anatomical characteristic, coloring, Gmelina arborea, sappan, tegeran.  

 

INTRODUCTION 

 

Utilization of fast growing species from community forests has became one of alternative 

solution to minimize the impact of the imbalance between the demand and the supply of raw 
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materials. One of fast growing species that used in this research was gmelina wood (Gmelina 

arborea). However, the wood provides low quality due to low in density and low in natural 

durability (Shmulsky and Jones 2011). Moreover, it provides a white, which was considered to 

be unattractive. Those drawbacks that discussed above caused limitation in utilization. For 

instance, it could be used for handicraft purposes. However, for handicraft purposes, the wood 

should provide an aesthetic appearance which is indicated by the attractive color, fiber direction, 

and image or pattern. Unfortunately, these criteria could not provide by the wood from 

community forest. The easier effort to improve the appearance of the wood is modify the color 

by application of dye. 

Natural dyes have been widely used by Indonesian people since ancient times because they 

are non-toxic, renewable, easily degraded and environmentally friendly (Yernisa et al. 2013). 

Natural dyes are generally obtained from extracts of various parts of plants such as roots, wood, 

leaves, seeds or flowers (Kwartiningsih et al. 2009). Natural dyes have been widely used for 

coloring batik such as kesumba rivet (Pujilestari 2014), turmeric (Wijana et al. 2016), sappan 

(Pujilestari 2017), indigofera (Ariyanti and Asbur 2017), tegeran wood (Atika and Salma 2017), 

and tea plants (Alamsyah 2018). Avocado peel has been studied for its coloring properties as a 

textile dye (Kusumawati 2018). Extractive substances consisting of flavonoids, saponins, tannins 

and anthocyanins are a class of wood dyes. Flavonoids cause red, yellow, brown or blue wood, 

while tannins give a yellow color (Rosyida and Zulfiya 2013). Natural dyes have also begun to be 

developed as wood dyes with the aim of increasing the artistic value of woods with pale colors 

such as sengon wood, jabon wood and albasia wood. Previous studies mixed areca nut, betel leaf 

and gambier seeds for coloring Albasia wood (Bogoriani 2010), jabon wood was stained using 

tannin bark extract (Muflihati et al. 2014), kesumba rivet seeds were used as a dye on sengon 

wood (Putri et al. 2016). 

Several factors influence the effectiveness of wood coloring, including type of dye, type of 

wood, thickness of wood, and the properties of the wood especially the anatomical structure 

such as the size and frequency of cells. In wood, the dye could be deposited in cavities or 

micropores in the wood cells and are thought to be able to make hydrogen bond with hydroxyl 

groups in the chemical components of wood cell walls (Sunarto 2008). Welly et al. (2016) 

reported that natural dyes have the disadvantage that not all dyes can color the wood fibers 

directly. In general, natural dyes that are adhesive require auxiliary substances, both acidic, 

alkaline, and salt to color the wood fiber. 

This research aimed to improve the appearance of pretreated gmelina wood by coloring with 

a natural dye. The information regarding the permeability of wood is also needed to analyze the 

ease of the wood to be colored. Therefore, the identification of the anatomical characteristics of 

wood would be very useful as a basis for selecting wood and dye as raw material for handicrafts 

in the coloring process.  
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MATERIAL AND METHODS 

 

Materials 

Gmelina wood (Gmelina arborea) was used in this research. Natural dyes were obtained 

from sappan (Caesalpinia sappan) and tegeran (Cudrania javanensis) wood. The air dried 

gmelina wood sample used were size of 2 x 2 x 2 cm for anatomical investigation and 2 x 5 x 20 

cm for coloring test, with five replication each. Furthermore, thin sectioning and maceration 

were performed on this sample to characterize the anatomical structure of gmelina wood. This 

characterization was based on IAWA (Wheeler 1989). 

 

Wood preparation 

The sample preparation using thin sectioning method was carried out by softening the wood 

sample by boiling until it was easily sliced. Then, the sample was soaked with a mixture of 

alcohol-glycerin successively with a ratio of 2:1, 1:1, and 1:2 each for a week. The sample was 

left in the last mixture until it became easy to slice. The axial and radial sections of the sample 

were sliced using a microtome with thickness of 18-20 µm. The thin section sample was washed 

in alcohol 30%, alcohol 10%, and distilled water for 2 min each. Next, the sample was colored 

using safranin for 24 h. After that, the sample was washed in distilled water until clean, and it 

washed again sequentially with 30%, 50%, 70% and 90% alcohol for 2 min. The last, the sample 

was arranged on a glass object and covered gently with a glass deck, glued with an adhesive on 

the glass object, and dried in an oven at 45°C. This thin section sample was used to observed and 

measured the diameter of the vessels, the number of vessels per mm square, the height and width 

of the rays, and the number of rays per mm square based on IAWA (Wheeler et al. 1989).  

The sample preparation using maceration was carried out based on Sarkhad et al. (2022) 

method. The wood sample was cut into match-size sticks. These sticks were put into a test tube 

containing 35% hydrogen peroxide solution and 60% glacial acetic acid with a ratio of 1:1 (v/v). 

Then, it heated in a water bath at 60
o
C for 2-3 hours. After that, it shaken until the fibers were 

separated. It was washed in distilled water until free from acid, then it colored with safranin. The 

colored fibers were left for 24 hours and then washed with graded alcohol (30%, 50%, 70%, 

90%) for 2 min each. The fibers were observed on a glass object using Zeiss binocular 

microscope. The images of fiber were captured and measured using a software ImageJ. The 

macerated samples were used to measure the dimension of pits and fibers. Fiber length 

measurements were carried out at 10x magnification, while fiber and lumen diameter 

measurements were carried out at 40x magnification. The number of fibers measured for each 

macerated sample was refers to IAWA (Wheeler et al. 1989).  

 

Dye preparation 

The sappan and tegeran wood sample was cut into match-size sticks. These sticks were 

grinded using hammer mill to produce smaller particle. Then, it was sieved using 20 and 40 mesh 

sieves. The wood particles that used in this research were those that pass 20 mesh and were 

netted in 40 mesh (wood particle size of 0.42 to 0.84 mm). The dye solutions of sappan and 

tegeran were obtained by dissolving the particles in distilled water with the ratio of the weight of 
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the particles and water of 1:5. The samples were analyzed using Shimadzu, XRD-7000 to 

investigate the percentage of crystalline and amorphous fraction of the wood. The conditions of 

the equipment used were transmission symmetry configuration, horizontal goniometer position, 

using CuK∝ radiation (λ=0.1541 nm) at 40 kV and 30 kV with a diffraction angle (2θ) 

measured between 10° to 40° at a speed of 2°/min.  

 

Coloring test 

Pre-treatment was given to the wood samples to remove the secondary chemical 

components from the wood, hence the coloring agents can penetrate easier into the wood. 

The pre-treatment was carried out by immersing the wood in distillate water at 70
o
C for 1 h. 

After that, the wood samples were drained and heated in an oven at 60
o
C until the moisture 

content was less than 16% (Ma’wa 2019). 

Wood coloring was carried out on samples of wood that had been given pre-treatment, as 

well as on samples of wood without pre-treatment (untreated wood) as a comparison. 

The untreated and pretreated wood samples were immersed in the dye solution at room 

temperature for 72 h. The next, the wood samples were drained for 72 hours, and then dried in an 

oven at 60
o
C until the moisture content was less than 16% (Ma’wa 2019). 

After the colored wood has been left at room temperature for a week, it was then cut 2 cm in 

width in longitudinal direction. The area of colored wood was observed and captured using 

a stereo microscope with a digital video microscope. The area and linear length of colored wood 

on the captured image of the wood was measured using a software ImageJ. The illustration of 

measurement was depicted in Fig. 1. The results of the depth calculation on the test samples are 

then averaged. The depth of the dye is calculated by following formula: 

 

                                                        (1) 

 

where: P refers to depth of dye penetration, a refers to the colored area in µm
2
, and A refers to 

the linear length of measured colored area in µm. 

 

 

 

 

 

 

 

 

 

Fig. 1: Illustration of colored gmelina wood sample (left) and measurement of the dye 

penetration (right). 
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RESULTS AND DISCUSSION 

 

Anatomical characteristics of gmelina 

The ease of gases and liquids movement within the wood is known as permeability 

properties. A wood with good permeability is indicated by high porosity due to the large pores 

(Plotze and Niemz 2011). It means that wood with large cell cavities and high cell frequency 

would produces good permeability. Damayanti et al. (2020) reported that there are variations in 

the permeability properties of wood, depending on the wood constituent components, the shape 

and content of the cell walls, facilitating the penetration of fluids through diffusion.  

As shown in Tab. 1, although gmelina provided a large vessel lumen, however it was short. 

Moreover, dimension of fiber, ray, and pit were found to be classified as small to medium. It was 

also found that the frequency of vessel and ray cell per mm were low. Therefore, it could be 

concluded that gmelina wood provided relatively medium-sized cells with low frequencies. It 

would affect the drying, preservation, pulping, and coloring process of the wood. It reported by 

Wardyani et al. (2017) that with large open vessels, it tends to be easier for dyes or preservatives 

to penetrate into the wood and drying process. 

 

Tab. 1: Anatomical characteristic of gmelina. 

Anatomical parameter Mean Value Classification* 

Vessel lumen diameter (µm) 159 Large 

Vessel per mm2 5 Few 

Vessel length (µm) 266 Short 

Fiber wall thickness (µm) 4 Thin to thick 

Fiber length (µm) 1019 Medium 

Fiber diameter (µm) 31 - 

Fiber lumen diameter (µm) 23 - 

Rays per mm 3 Wide 

Ray width (series) 4 Medium 

Ray width (µm) 132 - 

Ray height (µm) 556 - 

Pit diameter (µm) 6.3 Small 

Note: Classification according to IAWA (Wheeler et al. 1989). 

 

Characteristics of the dye 

The color produced by natural wood dyes is obtained from extractives stored in the wood 

cells. The extractives are not only stored in the cell lumen, however some of them can also be 

stored in the cell wall. Therefore, the structure of the cell wall will affect the amount of 

extractives that can be extracted from the wood. The results in Fig. 2 shows that sappan provided 

higher amorphous (84.79%) and lower crystalline (15.21%) fraction compared to the tegeran. 

This is considered to affect the amount of extractives that can be extracted from the wood. The 

higher amorphous fraction causes the extractive to exit the cell wall more easily, which in turn 

will increase the amount of the dye in the solution. 
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Fig. 2: Crystallinity of sappan (right) and tegeran (left), under XRD analysis 

 

 

Coloring on gmelina wood 

The results of coloring test on gmelina (Fig. 3) shows that penetration of sappan into 

the gmelina was twice higher than the penetration of tegeran. This could be affected by 

the higher amorphous fraction of sappan than tegeran which led to produce a higher amount of 

the dye in the solution as discussed above. The higher amount of the dye in the solution is 

considered to cause the higher amount of dye penetrated into the wood. In addition, the Segal 

equation is used to determine the level of amorphousness and crystallinity of the material to make 

a determination (Nam et al. 2016). The dependence of Segal amorphous intensity on crystal size, 

cellulose polymorph, and the degree of polymorphic conversion led us to simulate the diffraction 

patterns of wood in order to more thoroughly evaluate the relationship between these factors.  

The result also shows that the penetration of both of sappan and tegeran into pretreated 

wood was higher than untreated wood. This phenomenon indicated that wood pre-treatment by 

immersion in high temperature would remove the wood extractive from the wood and replace 

them with the dyes. As reported by Muflihati et al. (2014) in previous research that difference in 

retention of the dyes in the wood is depend on the dimensions and arrangement of the wood cells. 

This finding also confirmed the study reported by Welly et al. (2016) that apart from the anatomy 

of the wood, the method of coloring also affects the absorption of materials that entering the 

wood. In addition, it was reported that permeability increased due to structural modification and 

chemical changes in cell wall components at temperatures above 75
o
C (Taghiyari and Malek 

2014). 

 
Fig. 3: Penetration depth of sappan and tegeran into pretreated and untreated gmelina wood. 
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Fig. 4 shows the appearance of the gmelina wood before and after coloring. As depicted in 

Fig. 4, uncolored gmelina wood was off-white to yellowish. Coloring with sappan generated 

reddish gmelina wood, whereas tegeran generated yellowish gmelina wood. The result of visual 

observation found that there was no notable difference in visual brightness between untreated 

and pretreated gmelina both in coloring with sappan and tegeran. It also seems that the color was 

not evenly distributed throughout both of treated and untreated wood surfaces. It might be 

caused by the wood extractives that were not removed evenly from around the wood surfaces, 

leading to difficult for the dyes to bond with the wood. 

                      
Fig. 4: The appearance of uncolored and colored gmelina wood using sappan and tegeran. 

Sample size of 20 cm in length, 5 cm in width, and 2 cm in thick. 

 

The anatomical structure of sappan dyed gmelina wood is shown in Fig. 5. The result shows 

that the lumen of vessels was filled with a clear deposit both on the dyed-untreated and 

-pretreated gmelina wood. On the other hand, the ray cell was observed to be fully dyed. 

This was confirmed by the appearance of elliptical spots on the tangential section and wide 

elliptical to rectangular spots on the radial section which indicated the coloring ray. Different 

from the rays, the vessels generated clear shine in the lumen both on the surface of radial, 

tangential, and axial sections. As a result, the dye was difficult to penetrate either by diffusion or 

through the pit channels into the vessel cell walls as well as shown in the Fig. 5 that the vessel cell 

walls and lumens seemed to be undyed. Almost the same phenomenon was reported by Roque et 

al. (2020) that impregnation on gmelina wood absorbs only a small amount of solution. 

However, it was more commonly found in untreated gmelina wood (Fig. 5 up) than in pretreated 

gmelina wood (Fig. 5 down). This phenomenon was also considered as one of the reasons for 

more dyes penetrating into the pretreated wood compared to untreated wood (Fig. 3). 

Sappan dyed-untreated wood  

Sappan dyed-pretreated wood  

Tegeran dyed-untreated wood 

Tegeran dyed-pretreated wood  

Undyed gmelina wood  
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Fig. 5: The appearance of the sappan dyed-untreated (up) and -pretreated (down) gmelina 

wood in axial (right), radial (middle), and tangential (left) sections. 

 

 

CONCLUSIONS 

 

It was concluded from this study that gmelina wood provides relatively medium-sized cells 

with low frequencies. Gmelina wood provides size of vessel lumen, fiber lumen, and pith 

diameter of 159, 23, and 6.3 µm, respectively. Meanwhile, the frequency of vessel and rays are 5 

and 3 per mm
2
, respectively. The crystallinity of sappan and tegeran wood will indirectly 

contribute the penetration ability of these dyes into the wood. The coloring test on gmelina wood 

shows that although the dye is difficult to penetrate into the gmelina wood through the vessels, it 

is able to penetrate well into the wood through the rays. Pretreated wood provides more dyes 

penetration compared to the untreated wood due to the removal of wood extractive by 

immersion at high temperature. The depth of penetration of sappan in gmelina wood is more than 

double that of tegeran penetration. Better penetration of sappan on gmelina wood would be 

promising to be developed as an attractive natural dye to improve the appearance of wood for 

aesthetic purposes. 

 

ACKNOWLEDGMENTS 

 

The authors would like to thank to Ministry of Education, Culture, Research, and 

Technology of Indonesia for financial support under grant 071/E5/PG.02.00/2022. 

 

 

 

 

 

 

 

P
en

et
ra

ti
o
n
 d

ir
ec

ti
o
n

 
P

en
et

ra
ti

o
n
 d

ir
ec

ti
o
n

 

Clear deposit 

Undyed cell wall 

Dyed ray 

Dyed ray 

Undyed vessel 

500 µm 500 µm 500 µm 

500 µm 500 µm 500 µm 



WOOD RESEARCH 

___________________________________________________________________________________________________ 

 

635 

 

REFERENCES 

 

1. ALAMSYAH, A. (2018): Kerajinan batik dan pewarnaan alami [Batik crafts and natural 

coloring]. In: Endogami Jurnal Ilmiah Kajian Antropologi 1(2), 136-148 pp.  

2. ARIYANTI, M. & ASBUR, Y. (2017): Tanaman tarum (Indigofera tinctoria linn) sebagai 

penghasil zat pewarna [Tarum plant (Indigofera tinctoria linn) as a dye producer]. In: Jurnal 

Hutan Pulau-pulau Kecil 2 (1), 109-122 pp.  

3. ATIKA, V. & SALMA, I.R. (2017): Kualitas pewarnaan ekstrak kayu tegeran (Cudrania 

javanensis) pada batik [Coloring quality of tegeran wood extract (Cudrania javanensis) on 

batik]. In: Dinamika Kerajinan dan Batik 34(1), 11-18 pp.  

4. BOGORIANI, N.W. (2010): Ekstraksi zat warna alami campuran biji pinang, daun sirih, 

gambir dan pengaruh penambahan KMnO4 terhadap pewarnaan kayu jenis albasia 

[Extraction of natural dyes from a mixture of areca nut, betel leaf, gambier and the effect of 

the addition of KMnO4 on the coloring of albasia wood]. In: Jurnal Kimia 4(2), 125–134 pp. 

5. DAMAYANTI, R., KRISDIANTO, ILLIC. J., PARI. G., VINDEN, P. & OZARSKA, B. 

(2020). Wood permeability assessment of young teak (Tectona grandis L.f). In: Wood 

Research Journal 11(2), 41-47 pp. 

6. HERYANTO, & TAHIR, D. (2021): The correlations between structural and optical 

properties of magnetite nanoparticles synthesised from natural iron sand. In: Ceram 47(12), 

16820-16827 pp. 

7. JANKOWSKA, A., BORUSZEWSKI, P., DROŻDŻEK, M., RĘBKOWSKI, B., 

KACZMARCZYK, A. & SKOWROŃSKA, A. (2018): The role of extractives and wood 

anatomy in the wettability and free surface energy of hardwoods. In: Bioresources 13(2), 

3082-3097 pp. 

8. KUSUMAWATI, A. 2018: Ekstraksi zat pewarna tekstil alami dari kulit buah alpukat 

(Parcea americana Mill) [Extraction of natural textile dyes from avocado skin (Parcea 

americana Mill)][thesis]. Universitas Muhammadiyah Surakarta. Surakarta. 1-12 pp. 

9. KWARTININGSIH, E., SETYAWARDHANI, D.A., WIYATNO, A. & TRIYONO, A. 

(2009): Zat pewarna alami tekstil dari kulit buah manggis [Textile natural dyes from 

mangosteen rind]. In: Ekuilibrum 8(1), 41–47 pp.  

10. MA'WA, N. (2019). Retensi dan sebaran bahan pewarna pada lamina dan pengaruhnya 

terhadap keteguhan rekat kayu laminasi [Retention and distribution of dyes on lamina and 

their effect on the adhesive firmness of laminate wood] [thesis]. Makassar (ID): Universitas 

Hasanuddin. 1-20 pp. 

11. ROQUE, R.M., GAITÁN-ALVAREZ, J., BERROCAL, A. & ARAYA, F. (2020): Effect 

of CaCO3 on the wood properties of tropical hardwood species from fast-growth plantation 

in Costa Rica. In: Bioresources 15(3), 4802-4822 pp. 

12. MUFLIHATI, DEDED, S.N., ISTIE, S.R. & WASRIN, S. (2014): Perubahan warna kayu 

jabon terwarnai ekstrak kulit kayu samak (Syzygium inophyllum) [The discoloration of 

jabon wood is stained with tanned bark extract (Syzygium inophyllum)]. In: Jurnal Ilmu dan 

Teknologi Kayu Tropis 12(1), 11-12 pp. 



WOOD RESEARCH 

___________________________________________________________________________________________________ 

 

636 

 

13. NAM, S., FRENCH, A.D., CONDON, B.D. & CONCHA, M. (2016): Segal crystallinity 

index revisited by the simulation of X-ray diffraction patterns of cotton cellulose Iβ and 

cellulose II. In: Carbohydrate Polymers 135, 1-9 pp. 

14. PLOTZE, M. & NIEMZ P. (2011): Porosity and pore size distribution of different wood 

types as determined by mercury intrusion porosimetry. In: European Journal of Wood and 

Wood Products 69, 649-657 pp. 

15. PUJILESTARI, T. (2014): Pengaruh ekstraksi zat warna alam dan fiksasi terhadap 

ketahanan luntur warna pada kain batik katun [Effect of natural dye extraction and fixation 

on color fastness of cotton batik fabrics]. In: Dinamika Kerajinan dan Batik 31(1), 31-40 pp. 

16. PUJILESTARI, T. (2017): Optimasi Pencelupan Kain Batik Katun dengan Pewarna Alam 

Tingi (Ceriops tagal) dan Indigofera sp [Optimization of Dyeing Cotton Batik Fabrics with 

High Natural Dyes (Ceriops tagal) and Indigofera sp]. In: Dinamika Kerajinan dan Batik 

34(1), 53-62 pp. 

17. PUTRI, A.R., TAVITA, G.E. & MUFLIHATI. (2016): Ekstrak biji kesumba keling (Bixa 

orellana linn) sebagai pewarna alami kayu sengon (Paraserianthes falcataria Linn) 

[Kesumba rivet seed extract (Bixa orellana linn) as a natural dye for sengon wood 

(Paraserianthes falcataria Linn)]. In: Jurnal Hutan Lestari 4(3), 306-313 pp. 

18. ROFFAEL, E. (2016): Significance of wood extractives for wood bonding. In: Appl 

Microbiol Biotechnol 100, 1589–1596 pp. 

19. ROSYIDA, A. & ZULFIYA, A. (2013): Pewarnaan bahan tekstil dengan menggunakan 

ekstrak kayu nangka dan teknik pewarnaannya untuk mendapatkan hasil yang optimal 

[Dying of textile materials using jackfruit wood extract and coloring techniques to obtain 

optimal results]. In: Jurnal Rekayasa Proses 7(2), 52-58 pp. 

20. SARKHAD, M., ISHIGURI, F., NEZU, I., AISO, H., NGADIANTO, A., 

TUMENJARGAL, B., BAASAN, B., CHULTEM, G., OHSHIMA, J. & YOKOTA, S. 

(2022): Preliminary evaluation of anatomical characteristics of four common Mongolian 

softwoods. In: Forest Science and Technology 18(3), 87-97 pp. 

21. SHMULSKY, R. & JONES, P.D. 2011: Forest products and wood science an introduction. 

Sixth Edition. John Wiley & Sons Inc. West Sussex. 175-196 pp. 

22. SUNARTO. 2008: Teknik pencelupan dan pencapan [Dyeing and stamping techniques]. 

Departemen Pendidikan Nasional. Jakarta. 1-227 pp. 

23. TAGHIYARI, H.R. & MALEK, B.M. (2014): Effect of heat treatment on longitudinal gas 

and liquid permeability of circular and square-shaped native hardwood specimens. In: Heat 

Mass Transf 50(8), 1125-1136 pp. 

24. WARDYANI, Y., FARAH, D. & NURHAIDA. (2017): Pewarnaan kayu sengon 

(Paraserianthes falcataria linn) dari ekstrak limbah kulit kayu bakau (Rhizophora apiculata 

blume): uji ketahanan warna dan keawetan kayu [Coloring of sengon wood (Paraserianthes 

falcataria linn) from waste extract of mangrove bark (Rhizophora apiculata blume): test of 

color fastness and wood durability]. In: Jurnal Hutan Lestari 5(3), 618–628 pp.  

25. WELLY, R., EVY, W. & YENI, M. (2016): Kualitas pewarnaan kayu sengon 

(Paraserianthes falcataria (l). nielsen) dengan menggunakan ekstrak kulit buah manggis, 

kulit kayu akasia dan kulit kayu bakau [Coloring quality of sengon wood (Paraserianthes 



WOOD RESEARCH 

___________________________________________________________________________________________________ 

 

637 

 

falcataria (l). nielsen) using extracts from mangosteen peel, acacia bark and mangrove 

bark]. In: Jurnal Hutan Lestari 4(2), 135-142 pp. 

26. WIJANA, S., DEWI, I.A. & SETYOWATI, E.D.P. (2016): Aplikasi pewarna batik pada 

tenun dari serat daun nanas (kajian proporsi jenis benang dan jenis pewarna) [Application of 

batik dyes to weaving from pineapple leaf fiber (study of the proportions of yarn types and 

dye types)]. In: Jurnal Teknologi dan Manajemen Agroindustri 5(1), 30-38 pp. 

27. YERNISA, E., SA'ID & SYAMSU, K. (2013): Aplikasi pewarna bubuk alami dari ekstrak 

biji pinang (Areca catechu L.) pada pewarna sabun transparan [Application of natural 

powder dye from areca nut (Areca catechu L.) seed extract on transparent soap dye]. In: 

Jurnal Teknologi Industri Pertanian 23(3), 190-198 pp. 

28. WHEELER, E.A., BAAS, P. & GASSON, P.E. (1989): IAWA list of microcopie features 

for hardwood identification. Leiden: International Association of Wood Anatomists. In: 

IAWA Bulletin 10(3), 219–332 pp. 

 

 

ANDI DETTI YUNIANTI*, KIDUNG TIRTAYASA PUTRA PANGESTU, SUHASMAN S, 

SAHRIYANTI SAAD 

HASANUDDIN UNIVERSITY 

DEPARTMENT OF FORESTRY 

90245 MAKASSAR 

INDONESIA 

*Corresponding author: dettyyunianti@unhas.ac.id 

 

CITRA OKTAPIANI 

STANDARDIZATION OF ENVIRONMENTAL AND FORESTRY INSTRUMENTS AGENCY 

12190 BOGOR 

INDONESIA 

 

RATIH DAMAYANTI 

NATIONAL RESEARCH AND INNOVATION AGENCY 

16911 BOGOR 

INDONESIA 

 

HERIYANTO 

HASANUDDIN UNIVERSITY 

FACULTY OF MATHEMATICS AND NATURAL SCIENCES 

90245 MAKASSAR 

INDONESIA 

 


