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ABSTRACT 

The aim was to investigate the effect of location and radial position of the sample of fast 
rowing teak wood at 12 years old on moisture content, specific gravity, and natural durability. A 
total of ten trees of fast-growing teak grown in Pemalang and Ngawi, Perhutani (Indonesian 
State Forest Company) were selected as samples of this research. Collecting samples were also 
reflecting radial positions in the wood, which are sapwood and heartwood.  Sample for green 
moisture content and specific gravity were measured based on British Standard no 373  (1957). 
Samples for determining of natural durability were conducted by graveyard test and against dry 
wood termites in accordance to Indonesian Standard SNI 01-7207-2006. The result showed that 
there is significant influence of growth location and radial position of the sample in the stem on 
green moisture content, specific gravity and natural durability against subterranean termites. 
Natural durability of this fast-growing teak wood is slightly lesser than that of mature one. 
Durability class of sample from Ngawi is slightly better than that of Pemalang. Durability class of 
the sample from Ngawi is between Class III and Class IV while sample from Pemalang is Class V. 
Natural durability class of the sample against drywood termites is in class II-III. 
 
Keywords: fast-growing teak wood, growth place, durability class, termite.   

 
 

Introduction 
 

Teak (Tectona grandis L. f.), which has been widely planted in Indonesia, is a 
luxury hardwood due to its workability, beautiful appearance, and high natural 
durability (Martawijaya et al. 2005). This outstanding quality for a broad range of its 
utilization from furniture, handcraft into heavy building structure materials, are resulted 
from a long rotation age of teak. However, because of intensive exploitation, there is a 
shortage of supply of mature teakwood. Perhutani, which is one of the greatest of 
Indonesian State Forest Companies produce teak with a total of 315 m3 during 2013-
2017 (Perhutani, 2018). Perhutani (2018) also reported that teak plantation is 
dominated by age class II (11-20 year) and III (21-30 years), which are 14,070.61 ha and 
16,968.70 ha respectively.  This information is still relatively low to meet the demand of 
national teak wood reaching 2 million m3/ year. 
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Fast-growing teak has been established to substitute the demand for high-quality 
teak. Perhutani, collaborate with Faculty of Forestry, Universitas Gadjah Mada promoted 
fast-growing teak since last 15 years ago. This program established fast-growing clones 
which are superior one called Jati Plus Perhutani (JPP). These superior clones have been 
selected for the wider plantations, which reached 197,717 ha in 2016. Based on the 
primary observation, this fast-growing teak at 12 years-old can reach diameter of  25 cm 
and height of 18 m or having mean annual increment of 13,8 m3/ha/year. Another 
observation in Forest Management Unit in Pemalang District showed that the volume of 
harvesting can reach 200 m3/ha. This growth performance is satisfying market demand 
of teakwood. However, wood properties of this fast-growing species have been 
questioned. The proportion of sapwood is seemed to be more dominant compared to the 
matured wood. This condition may correlated to physical properties and the natural 
durability, which may differ with the mature one.  The aim of this study was to 
investigate the effect of site/location and radial position of the sample of superior teak 
wood on moisture content, specific gravity, and natural durability of 12 years.  

 
Material and Method 

 
 A total of ten trees of fast-growing teak grown in Forest Management Unit of 
Pemalang and Ngawi, Perhutani (Indonesian State Forest Company) were selected as 
samples of this research. From each tree, a section log with length of two m was taken at 
130 cm above the forest floor. The logs were sawn into sample for moisture content, 
specific gravity, and durability. The detailed collecting sample can be seen in Figure 1. 
Collecting sample was also reflecting a radial position in the wood, which are sapwood 
and heartwood.  Sample for green moisture content and specific gravity were measured 
based on British Standard no 373  (1957). Samples for determining of natural durability 
were conducted by graveyard test and against dry wood termites in accordance with 
Indonesian Standard SNI 01-7207-2006. Graveyard test was conducted for 6 months 
(Fig. 2). The mass losses of the sample than classified based on Table 1-2. Analysis of 
variance was used to determine the effect of site/location and radial position. Tukey 
post-hoc test was used to determine the differences. 
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Figure1. Collecting the sample and preparation for durability test with grave yard test 
and against drywood termites. 

 

 
Figure 2. The graveyard test and against subterranean termites. 
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Table 1.  Classification of wood durability class against subterranean termites in 
accordance to SNI 01-7207-2006 

Class Durability Mass Losses (%) 
I Very Durable < 3,52 
II Durable 3,52-7,50 
III Moderate 7,50-10,96 
IV Slightly durable 10,96-18,94 
V Not Durable 18,94-31,89 

 
Table 2. Classification of wood durability class against Drywood termites in accordance 
to SNI 01-7207-2006 

Class Durability Mass Losses (%) 
I Very Durable < 2 
II Durable 2-4,4 
III Moderate 4,4-8,2 
IV Slightly durable 8,2-28,1 
V Not Durable >28,1 

 

Results and Disussion 
 
Green Moisture Content and Specific gravity  

It is important to understand green moisture content and a specific gravity of the 
trees that used for investigating the natural durability. The green condition with high 
moisture content is subject to be attacked by organisms. The green moisture content of 
the sample from Pemalang is significantly higher (P <0.05) than that of Ngawi. The green 
moisture content of the sample from Pemalang is 85.36% for sapwood and 90.77% for 
heartwood. The green moisture content of the sample from Ngawi is 94.21% for 
sapwood and 100.44% for heartwood. This result may correlate with the average 
rainfall in the location. Average rainfall of Pemalang is 2834 mm / year while Ngawi is 
157 mm / year. A higher rainfall may contribute to growth condition lead to higher 
green moisture content of the trees from Pemalang. 

In terms of specific gravity, there is no significant influence (P <0.05) of the 
location. The specific gravity of the sample from Ngawi is in the range of 0.52-0.54 while 
sample from Pemalang is 0.54. Specific gravity is also not significantly influenced by 
radial position of the sample. This specific gravity is slightly higher than reported by 
Hidayati et al. (2015) that specific gravity of superior teak from forest Management Unit 
Randublatung which was  0.47. This results also slightly higher with specific gravity of 
superior teak from Central Java at 9-years old which was 0.51 (Basri & Wahyudi. 2012). 
Comparing to the mature teakwood, specific gravity from this fast-growing teak at 12 
years old is slightly lower. Martawijaya et. al. (2005) stated that specific gravity of teak 
wood is 0.67. There is tendency that specific gravity increase as an increased of the age. 
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Tabel 3. Green moisture content (%) and a specific gravity of sample from Ngawi and 
Pemalang ant sapwood and heartwood position.  

Location Radial Position Green Moisture 
Content (%) Specific Gravity 

Ngawi 
Sapwood 86.36 + 1,18 0,54 + 0,020 
Heartwood 90.77 + 4,01 0,52 + 0,010 

Pemalang 
Sapwood 94.21 + 2,15 0,54 + 0,015 
Heartwood 100.40 + 4,65 0,54 + 0,020 

 

Durability against subterranean termites 
After 6-month graveyard test, mass losses of the sample from Ngawi and 

Pemalang were significantly different. Mass losses sample from Pemalang was 23.89% 
which is higher than that of Ngawi, which was 11% (Fig. 3). This indicates that sample 
from Ngawi seemed to be more durable than that of Pemalang. This result is similar to 
the research of Nagaveni (2011) who found that the natural durability of wood is 
influenced by the location where plants grow. Termite attacks are higher in wood 
originating from places with higher rainfall than wood originating from areas with lower 
rainfall (Nagaveni 2011). Montero et al. (2015) also stated that rainfall and soil fertility 
affect the termite attack which was shown in his research that Costa Rican teak 
originating from land with low fertility conditions has a higher resistance value to 
termite attack than teak originating from land with high fertility and rainfall.  

In terms of position of the sample in the radial direction, mass losses of sapwood 
sample are higher significantly (P<0.05) than that of heartwood sample. Mass losses of 
heartwood sample is 24.49% while sample of sapwood is 10.40% Fig. 3. Visual 
observation can bee seen in Fig. 5. These results indicate that heartwood is more 
durable than sapwood. The radial part of the wood also affects the natural durability of 
the wood. According to Hillis (1987), heartwood is more durable because it has more 
extractive content than sapwood. The results are also consistent with the research of 
Franca et al. (2016) who observed that the heartwood of African Mahogany has a higher 
natural durability than the sapwood part against weathering fungus attacks. 
Lukmandaru and Takahashi (2008) investigated that there are radial variations in teak 
which indicate that the heartwood is more durable than sapwood because its extractive 
content is higher. Moya et al. (2014) added that the natural durability of heartwood from 
fast-growing plants can also be influenced by radial variations.  Moya and Berrocal 
(2010) in their study demonstrated that heartwood with a darker color has higher 
durability than sapwood which has lighter color. This is because the dark heartwood 
contains extractives such as tectoquinone, naphthaquinone and ethanol or water-soluble 
extractives. 
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Fig. 3. Mass Losses of the sample from Ngawi and Pemalang after the graveyard test. 

 

 

Fig 4.  Mass Losses of the sample at  different radial position in the stem during the grave yard 
test.  

 Mass losses of the sample after the graveyard test were matched with durability 
classification (Table 1)  in accordance to SNI 01-7207-2006. The results showed that 
durability class of sample from Ngawi is slightly better than that of Pemalang. Durability 
class of the sample from Ngawi is between Class III and Class IV while sample from 
Pemalang is Class V (Table 4).  This result is less durable than mature wood that 
reported by Martawijaya et al. (2005) which durability of teak is in Class II. 
 
Table 4. Durability class superior teak wood against subterranean termites. 

Location Radial position Durability Class Ketahanan 
Ngawi Heartwood IV Slightly durable 
 Sapwood III Moderate 
Pemalang Heartwood V Not Durable 
 Sapwood V Not Durable 
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Fig 5.  Condition of the sample from Ngawi (above) and Pemalang (bellow) after the 

grave yard test. 

Natural durability against dry wood termites 
Natural durability against dry wood termite is slightly better than that of against 

subterranean termites. Mortality of the drywood termites reached 94-99 % after 28 
days test. Mass losses is also quite less, which were 0.99-1.43 after 3 months (Table 5). 
According to analisis of variance, there is no significant influence of growth location and 
position of the sample in radial direction. Based on SNI 01-7207-2006, durability class of 
the sample against drywood termites is in class II-III (Table 6). This durability class is 
better than the result of graveyard test.  Sulastiningsih et al. (2000) in the research using 
rubberwood and durian, stated that the subterranean termites attacks is more severe 
than from the dry wood termites. In general, natural durability of this fast-growing teak 
wood, which is also superior one in growth,  is slightly lower than the mature one. It is 
important consider preservation to improve  durability.  
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Table 5. Green moisture content (%) and a specific gravity of sample from Ngawi and 
Pemalang ant sapwood and heartwood position.  

Location Radial Position Mortality (%) Mass Losses (%) 

Ngawi 
Sapwood 90 1.15 
Heartwood 94 0.99 

Pemalang 
Sapwood 96 1.43 
Heartwood 99 1.34 

 

Table 6. Durability class superior teak wood against subterranean termites. 
Location Radial position Durability Class Category 
Ngawi Heartwood III Moderate 
 Sapwood II Durable 
Pemalang Heartwood III Moderate 
 Sapwood III Moderate 

 
Conclusion 

It can be concluded that there is significant influence of growth location and 
radial position of the sample in the stem on green moisture content, specific gravity and 
natural durability against subterranean termites. Natural durability of this fast-growing 
teak wood is slightly lesser than that of mature one. Durability class of sample from 
Ngawi is slightly better than that of Pemalang. Durability class of the sample from Ngawi 
is between Class III and Class IV while sample from Pemalang is Class V. Natural 
durability class of the sample against drywood termites is in class II-III. 
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ABSTRACT 
 

Essential oil of cardamom seed can be used as drugs, antibacterials, anti-inflammatories, 
antioxidants, spices, food flavorings, and perfumes. In addition, the rhizomes and the leaves of 
cardamom also contain essential oils. The aims of this study were to elucidate the yield, chemical 
composition, physico-chemical properties, and antioxidant activities of Amomum cardamomum 
Willd oils from seeds and leaves which were obtained by water distillation and water-steam 
distillation methods. The results showed that A. cardamomum oils had wet-yield of 0.99 to 
4.52% and dry-yield of 4.50 to 5.30%. The highest yield on cardamom seed oil was obtained by 
water distillation. The main compound contained in these A. cardamomum oils was 1,8-cineole 
(36.42 to 92.10%), whereas the highest content of 1,8-cineole, optimum physico-chemical 
values, and antioxidant levels were obtained from cardamom seed oil. A. cardamomum oil in this 
study possessed mild antioxidant with IC50 values of 2.22 to 4.92 mg/ml and IC90 of 17.05 to 
30.25 mg/ml. 
Keywords: Amomum cardamomum, distillation, chemical composition, physico-chemical, 
antioxidant.  

 
Introduction 

 
Cardamom is one of the essential oil-producing plants of the Zingibereceae family. 

In Indonesia, there are two types of cardamom that are known by the community, 
namely local cardamom/ buhunjawa (Amomum cardamomum Willd or Amomum 
compactum ex Soland Maton) and sabrang cardamom (Elettaria cardamomum (L) 
Maton) (Anonymous 2011). Local cardamom (A. cardamomum Willd) is a native 
Indonesian plant and endemic plant in the hilly area of West Java. This plant is now 
commercially cultivated as intercropping plantations in a community forest or 
developed on plantations and yards. 

In the international market, sabrang cardamom is known as true cardamom while 
local cardamom is called false cardamom (Majo-Indo 1989). Cardamom as an export 
commodity is traded in the form of dried beans and essential oils. Dried cardamom is 
mostly exported to Singapore, Hong Kong, Japan, Middle East, and the United States. 
Cardamom production ranks third with a production amount of 72,760,295 kg or about 
12.22% of the total production of national biopharmaceutical plants. The largest 
cardamom production center is Java Island with total production of 69,991,678 kg or 
about 96.19% of total national cardamom production (Anonymous 2014). 

The cardamom essential oil is generally obtained from the seed portion by 
extracting by hydrodistilation. Several studies from seeds indicate the extraction of 


