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Tamiang bamboo (Schizostachyum blumei) has slender physical characteristics, making 

it a suitable raw material for drinking straws. It must be dried before being used as a 

drinking straw. Until now, local industries have air-dried tamiang bamboo, which takes 

a long time to dry. In order to obtain a suitable drying process for tamiang bamboo, this 

study was carried out to compare the drying behaviour and quality of tamiang bamboo 

using air-drying (AD), oven-drying (OD), and hot-steam air-drying (HSD). A constant 

temperature of 60℃ was used for both OD and HSD. The sample length and diameter 

range were 220 mm and 10–20 mm, respectively. The parameters observed were drying 

rate, drying time, defects, shrinkage, and color change. The results showed that OD 

tamiang had the highest drying rate (-5.4 × 10-4 %/min), the shortest drying period (432 

minutes), the lowest wall thickness shrinkage (5.71%), and the highest number of straws 

with cross-section deformation (9 samples). AD tamiang had the lowest diameter 

shrinkage rate (1.33%), the most prominent color change (∆E value of 21.05), and the 

lowest number of straws with cross-section deformation (3 samples). However, more 

than 50% of the AD samples were attacked by powder beetles and mold. HSD tamiang 

had the darkest color after drying and showed approximately 4 samples with cross-section 

deformation. Drying methods significantly affected the drying rate, color changes, 

diameter shrinkage rate, and wall thickness shrinkage rate of tamiang straws. The 

findings recommend drying tamiang straws using artificial methods instead of air drying. 
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1. INTRODUCTION

Bamboo falls under the category of non-timber forest 

products and belongs to the Poaceae or Gramineae family [1]. 

It has rapid growth, good mechanical properties, is 

environmentally friendly, and easy to cultivate [2-4]. This 

material can be used for furniture, buildings, bridges, etc. [3]. 

Bamboo can also be utilized as a raw material for musical 

instruments or drinking straws, such as tamiang bamboo. 

Tamiang (Schizostachyum blumei) is a species from the 

Schizostachyum genus, which is distributed across various 

Asian countries, including Indonesia, Myanmar, China, and 

Thailand [5-7]. The ranges of its culm diameter and length are 

10–40 mm and 750–900 mm, respectively [8-11]. This slender 

physical structure makes tamiang bamboo a suitable raw 

material for a drinking straw. 

Before its use as a drinking straw, the tamiang culm needs 

to be dried. Fresh bamboo generally has a moisture content 

range of about 45%–90% [12]. Due to its high moisture 

content, combined with high starch and sugar content, bamboo 

is vulnerable to mold and fungal attacks [13]. Natural bamboo 

also generally has low resistance to insects [3, 4, 14]. It has 

been reported that tamiang bamboo has moderate natural 

resistance toward termites’ attack (Coptotermes curvignathus) 

[15]. 

Drying is an important stage required to reduce the moisture 

content of any biomaterial. This process helps improve the 

quality of bamboo [16]. Besides reducing the moisture 

content, drying can also prevent organism attacks and inhibit 

the growth of microorganisms, thus minimizing deterioration 

in the biomaterial [2, 16, 17]. 

Various methods can be used to dry bamboo, from 

traditional air-drying practice to advanced technology such as 

kiln drying or microwave drying [18]. Among all methods, air 

drying remains the simplest and most easily adopted by 

communities. It utilizes direct sunlight, which keeps 

operational costs relatively low [10]. Nevertheless, air drying 

of bamboo generally takes a long time (around 6–12 weeks) 

and often results in poor quality [19]. Based on the experience 

of a local small enterprise of bamboo-straw in Yogyakarta 

province, air-drying of tamiang bamboo can take up to a month 

to dry, depending on the weather [20]. 

Since air drying lacks control over drying conditions, 

excessive drying that leads to cracking may occur, as observed 

in 6-meter-long, 4-year-old moso bamboos (Phyllostachys 

edulis) [21]. Air drying is also usually carried out in an open 

field, which could invite unexpected fungal and insect 

colonization. Considering the weaknesses of air drying and the 
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intended use of tamiang bamboo as a drinking straw, which 

requires a good level of hygiene, alternative drying techniques 

need to be explored. 

Artificial drying of tamiang bamboo in a dryer, i.e., an oven, 

offers a potential solution. Convective drying in an oven uses 

electrical energy, which is converted into heat energy through 

its heating elements. Therefore, oven drying usually runs 

faster than air drying [10, 22]. 

Another potential artificial drying method for tamiang is 

hot-steam air drying. This particular method uses hot steam as 

its heat source and has been successfully applied for drying 

dragon blood’s resin and silkworm’s cocoon [23, 24]. Hot 

steam has a long success history as a drying medium in super-

heated steam drying practice for food products [25, 26]. 

Using the hot-steam air drying process can potentially 

minimize the tendency of bamboo to get cracked/damaged due 

to excessive drying stress. Due to anisotropic shrinkage and 

special structural properties of bamboo, inappropriate drying 

methods may cause many defects such as cracking, charring, 

or cross-section deformation in bamboo [19]. The use of hot 

steam in super-heated steam drying has been reported to 

reduce the development of brown stain and drying stress in 

radiata pine [27]. 

Potential application of both oven- and hot-steam air drying 

for tamiang bamboo has not been studied yet. Therefore, this 

research was carried out to investigate and compare the drying 

behaviour and post-drying quality of tamiang bamboo from 

air, oven, and hot-steam air drying. The results obtained are 

useful as a basis for determining the most suitable drying 

method to obtain high-quality dry tamiang bamboo. 

 

 
2. MATERIALS AND METHODS 

 
2.1 Material and equipment 

 
The materials used were tamiang bamboo, plastic clips, 

90% alcohol, aluminum foil, and plastic tubes (10 ml) to store 

organisms, i.e., insects or fungi/mold, attacking bamboo 

during the drying process, in particular, air drying. The 

equipment method and tools used were laboratory oven 

(Heraeus), hot-steam air dryer (EB-2005D), table saw (Stanley 

SST 1801-B1), colourimeter (Konica Minolta CR-10+), 

digital caliper (Mitutoyo), ruler, analytical balance (Galaxy 

400), microscope 50-150X camera for microorganism 

analysis, fan, and writing tools. 

 
2.2 Sample preparation 

 
Approximately 60 fresh culms were obtained from a 10-

year-old tamiang bamboo plantation in Semin village, 

Wonosari subdistrict, Gunung Kidul district, Province of 

Yogyakarta. These bamboo culms had a diameter range of 10-

20 mm and a length range of 600-800 mm. Each fresh culm 

was cut using a table saw to a length of 220 mm in the middle 

of the culm. Each drying sample was sandwiched between 20 

mm-long samples, which were used for moisture content 

testing (Figure 1). To obtain the density value of tamiang 

straws, approximately 3 straws were randomly selected from 

each drying method. The density specimens were cut 

according to the cutting pattern shown in Figure 1. Using the 

method proposed by Nugroho et al. [28], the density range of 

tamiang straws used for this study was 0.38 ± 0.06 g⁄cm3. 

 
 

Figure 1. The cutting pattern of the tamiang sample: 220-

mm-long drying samples, 20-mm-long moisture content 

samples, and 50-mm-long density samples 

 

2.3 Initial moisture content determination 

 

The initial moisture content of drying samples during the 

drying process was determined according to the procedures 

below: 

(i) The initial weight of drying and moisture content (MC) 

samples was first determined using a balance.  

(ii) The MC samples were oven-dried at a temperature of 103 

± 2℃ for 24 hours, and reweighed after 24 hours. 

(iii) The moisture content of MC samples was calculated 

using Eq. (1), and the oven-dry weight (ODW) of drying 

samples was calculated using Eq. (2) [29]: 
 

𝑀𝐶𝑠 (%) =
𝑏−𝑐

𝑐
× 100  (1) 

 

𝑂𝐷𝑊 (𝑔) =
𝑎

1+𝑀𝐶%
  (2) 

 

where,  

MCs: moisture content of MC samples. 

a: initial weight of drying samples (220-mm long samples). 

b: initial weight of MC samples (20-mm long samples).  

c: weight of MC samples after 24-hour oven drying at 103 

± 2℃. 

 

2.4 Drying test 
 

Three methods, oven drying, hot-steam-air drying, and air 

drying, were used to dry tamiang straws (Table 1). Each drying 

method used approximately 20 drying samples. Both oven- 

and hot-steam-air drying were carried out at a constant 

temperature of 60℃. The temperature selection was based on 

the results of past drying studies for Gigantochloa apus Kurts 

[30]. The hot-steam-air drying process was performed using 

the EB-2005D equipment (Figure 2) [23]. Before the start of 

the hot-steam-air drying process, water was filled into the 

equipment tank up to the specified level. The equipment was 

then turned on, and the temperature was set to 60℃. The 

heating flame was ignited and subsequently extinguished once 

the target temperature was reached. 

The air-drying process was performed from December 2023 

to February 2024 at IPB University, Bogor Regency. The 

samples were dried under sunlight during the day (morning to 

afternoon) and subsequently stored indoors at night. In the 

event of rainfall, the samples were relocated to a sheltered area 

to ensure they remained unaffected by rain exposure. The 

samples were then returned to the same location for air drying 

after the rain finished. The average temperature during the 

experiment was 27.2℃, whilst the average humidity level was 

81% [31, 32]. All drying processes were stopped when the 

samples reached a moisture content of 8% or below. 
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Table 1. Specific experimental conditions for the three 

drying methods 

 

No. Method Temp. RH* 
Observation 

Period 

1. Oven drying 60℃ - Every 3 hours 

2. 
Hot steam air 

drying 
60℃ - Every 3 hours 

3. Air-drying 27.2℃ 81% Twice daily 
Remarks: *RH= relative humidity, setting was not available for oven- and 

hot-steam air dryer 

 

 
 

Figure 2. Hot-steam-air dryer (EB-2005D) used for the study 

 

2.5 Drying behaviour 

 

The drying samples were weighed regularly during the 

drying process. Sample reweighing was carried out every 3 

hours for oven drying and hot-air-steam drying, and twice 

daily for air drying. The moisture content of drying samples 

during the drying process was calculated using Eq. (3). 

 

𝑀𝐶𝑑 (%) =
𝑑−𝑂𝐷𝑊

𝑂𝐷𝑊
 × 100  (3) 

 

where, 

MCd: moisture content of drying samples at t-time  

d: weight of drying samples at t-time 

ODW: calculated oven dry weight of drying samples (from 

Eq. (2)) 

The drying rate of tamiang bamboo straws was determined 

according to the following method [33]. For each drying 

sample, the data on the reduction of moisture content from 

every sample were first transformed into logarithmic values 

(base 10). The transformed data from each sample was then 

plotted in Cartesian coordinates with time (X) as the 

independent variable and moisture content (Y) as the 

dependent variable. The linear regression equation was then 

extracted from each graph. The slope from each regression 

equation was further divided by the drying duration to obtain 

the drying rate for the corresponding sample, as in Eq. (4). This 

step was repeated for all samples. All obtained drying rate 

values were averaged. 

 

𝑑𝑟𝑦𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 (𝐷𝑅,
%

𝑚𝑖𝑛𝑠
) =

𝑏

𝑡
  (4) 

 

with 𝑏 is the slope of regression equation for each graph and t 

is drying time for corresponding sample. 

2.6 Post drying qualities 

 

2.6.1 Dimension shrinkage 

The diameter and thickness of drying samples were 

measured before and after drying (Figure 3). Each sample was 

measured for both diameter and thickness using a digital 

caliper. Thickness measurements were taken on four sides, 

while diameter measurements were taken on two sides. A 

sketch illustrating the dimensional measurements was shown 

in Figure 3. The determination of dimensional and thickness 

shrinkage was based on Eq. (5), as follows [18]: 
 

𝑆𝑑,𝑡(%) =  
𝑎1 (𝑚𝑚)−𝑎2(𝑚𝑚)

𝑎1 (𝑚𝑚)
× 100  (5) 

 

where, 

Sd,t: diameter shrinkage (Sd) or thickness shrinkage (St) 

a1: diameter/thickness before drying 

a2: diameter/thickness after drying 

 

 
 

Figure 3. Measurement of the diameter and thickness of 

tamiang straws 

 

2.6.2 Color change 

Color testing was conducted to assess the changes in color 

and brightness of tamiang bamboo. Color difference before 

and after drying was observed. All samples were initially 

marked at 3 points (Figure 4). A colorimeter was used to 

obtain the L, a, and b values for each point in the sample. Eq. 

(6) was used to obtain the sample's color values before and 

after drying. Each sample’s colour change was then calculated 

based on Eq. (7) [34]: 
 

𝐸 = √L2 + a2 + b2 (6) 

 

∆𝐸∗ = √ΔL2 + Δa2 + Δb2 (7) 

 

where, 

E = Initial color or post-drying color 

L = Brightness of the color 

a = Color between green and red 

b = Color between blue and yellow 

ΔL* = Difference in L* value initial and after treatment 

Δa* = Difference in a* value initial and after treatment 

Δb* = Difference in b* value initial and after treatment 

ΔE* = Color change after treatment 
 

 
 

Figure 4. Test point for color change in the sample 
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2.6.3 Drying defects 

The drying defects observed were cross-section/diameter 

deformation and the presence of attack by lignocellulosic-

destroying organisms, in particular, for the air-drying method. 

Diameter or cross-section deformation was evaluated for all 

drying samples. The sample’s diameter from each end was 

measured in two directions (D1-D2), before (A) and after 

drying (A1), as illustrated in Figure 5. A digital caliper was 

used for this purpose. The diameter differences before and 

after drying were calculated based on Eq. (8) for each 

measurement direction. Negative values indicate diameter 

widening in one measurement direction. If the measurement in 

one direction has shown an increase in diameter, then the 

diameter from the 2nd measurement direction usually decreases 

(indicated by positive values).  

 

Diameter/cross-section deformation (mm) = 𝐴 − 𝐴1 (8) 

 

 
 

Figure 5. (a) Initial diameter and (b) after drying 

 

The presence of the organisms’ attack was observed mainly 

for air-drying samples. Observations were carried out twice 

daily from the initial point of the drying process. Samples of 

destroying organisms encountered during the air-drying 

process were collected and stored in plastic tubes containing 

70% alcohol. The destroying organisms were identified using 

a microscope camera with 50x magnification. 

 

2.7 Data collection and analysis 

 

Data on drying rate, color changes, and shrinkage were 

tabulated using Microsoft Excel 2013 software. Data were 

averaged, and their standard deviations were determined. The 

effects of various drying methods on drying rate, diameter 

shrinkage, thickness shrinkage, and color change were 

analysed using one-way ANOVA with IBM SPSS 27.0 

software at a 95% confidence level. Data on drying defects 

was presented in the form of a table and image, and analyzed 

descriptively. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Drying behaviour 

 

Oven drying provided the fastest drying rate (-5.4 × 10-4 ± -

5.4 × 10-3 %/mins) and the shortest drying duration (432 mins) 

of tamiang straws. On the other hand, air-dried tamiang had 

the slowest drying rate -1.9 × 10-7 ± -3.7 × 10-6 %/mins (Table 

2). According to a past study, a higher drying temperature 

leads to faster drying rates [18]. Drying duration is influenced 

by the drying rate; the faster the drying rate, the shorter the 

drying duration. Statistical analysis confirms that the drying 

method significantly influences the drying rate at a 5% 

significance level (Table 3). 

Table 2. Drying rate and duration for each method 

 

Drying Method Drying Rate (%/mins) 

Drying 

Duration 

(mins) 

Oven drying -5.4 × 10-4 ± -5.4 × 10-3 432 ± 257 

Hot-steam air 

drying 
-2.6 × 10-4 ± -3.4 × 10-3 729 ± 487 

Air drying -1.9 × 10-7 ± -3.7 × 10-6 22872 ± 11897 
Note: The sign (-) indicates the declining trend of the moisture content value 

 

Table 3. The effect of drying methods on the drying rate 

 
 Sum of Squares df Mean Square F Sig. 

Between groups .000 2 .000 50.240 .000 

Within groups .000 57 .000   

Total .000 59    

 

 
(a) 

 
(b) 

 

Figure 6. Moisture content changes of tamiang bamboo from 

(a) oven drying and hot-steam air drying, and (b) air drying 

 

Figure 6 depicts that both oven and hot-steam-air-dried 

samples dried faster than air-dried ones. At the same 

temperature (60℃), oven-dried tamiang also had a faster 

drying rate than the hot-steam air-dried ones (Figure 6(a)). 

This could happen since oven drying utilizes direct heat 

generated by electricity. On the other way around, the hot-

steam air drying in this study uses heat from steam, which 

results from the water boiling process. It also did not involve 

pressure, as in superheated steam drying [35]. Therefore, it is 

possible that the hot-steam air drying process in this study has 

less heat transfer capacity than the hot-air drying in the oven. 

In comparison to hot-steamed air, hot air could maintain a 

lower relative humidity at the same drying temperature, which 

encourages evaporation and heat transfer to the surface of the 
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object being dried [36, 37]. As a result, the application of hot 

air for the drying process may result in a more successful 

moisture removal process from the object than the use of hot-

steamed air [37]. A previous study using Pinus radiata wood 

as the study’s object informed that the whole stack of pine 

boards dried faster when being subjected to hot-air at 90℃ 

than when it was exposed to superheated steam under vacuum 

conditions and the same temperature [35]. They further 

explained that hot air possesses higher air density and heat 

capacity than superheated steam, resulting in more effective 

heat transfer [35]. While hot air may dry goods faster, hot-air 

steam can be useful in certain situations, such as when delicate 

materials require gentle drying to prevent damage, i.e., silk 

worm cocoons or dragon’s blood resin [23, 24]. The decision 

between the use of hot-air and hot-steam air drying eventually 

depends on the precise drying requirements and material 

qualities. 
 

3.2 Post-drying qualities 
 

3.2.1 Dimension shrinkage 

Table 4 shows that the highest thickness shrinkage occurred 

for air-dried samples (15.81 ± 5.28%). The largest diameter 

shrinkage is observed for the hot-steam air dried samples (3.68 

± 0.84%). The drying methods significantly affect the 

shrinkage of bamboo diameter and thickness at a 5% 

significance level (Tables 5 and 6). 
 

Table 4. Dimensional shrinkage and number of diameter-

deformed tamiang samples from all drying methods 
 

No. Method 

Dimensional 

Shrinkage (%) 

Number of 

Samples with 

Deformed 

Diameter 
Diameter Thickness 

1. 
Oven 

drying 

3.50 ± 

0.93 

5.71 ± 

2.69 
9 

2. 
Hot steam 

air drying 

3.68 ± 

0.84 

7.16 ± 

5.20 
4 

3. Air drying 
1.33 ± 

0.58 

15.81 ± 

5.28 
3 

 

Table 5. The effect of drying methods on bamboo diameter 

shrinkage 
 

 Sum of Squares df Mean Square F Sig. 

Between groups 68.274 2 34.137 53.599 .000 

Within groups 36.303 57 .637   

Total 104.577 59    

 

Table 6. The effect of drying methods on bamboo thickness 

shrinkage 
 

 Sum of Squares df Mean Square F Sig. 

Between groups 1192.303 2 596.152 3.840 .027 

Within groups 8849.291 57 155.251   

Total 10041.594 59    
 

The results obtained contradict previous findings on the 

thickness shrinkage of oven-dried mayan (Gigantochloa 

robusta Kurz.), ater (Gigantochloa atter (Hassk) Kurz. ex. 

Munro), ampel kuning (Bambusa vulgaris var striata), and 

wulung bamboo (Gigantochloa atroviolacea Widjaja), which 

was greater than that of the air-dried samples due to a higher 

drying temperature in the oven [38]. In general, oven drying 

reduces moisture content faster, which could lead to a higher 

shrinkage rate than air drying [39, 40]. The results of this study 

show that the shrinkage diameter in air drying is lower than 

that of oven drying and hot steam air drying. However, drying 

at high temperature could also reduce the equilibrium moisture 

content of the dried object and improve its dimensional 

stability, which further contributes to less shrinkage compared 

to air drying [41, 42]. A study's results showed that the highest 

thickness shrinkage of air drying can also be caused by gradual 

moisture removal, which may result in higher shrinkage rates 

[21].  

In addition to the above discussion, a factor that might 

contribute to the thickness shrinkage of bamboo during the 

drying process is differences in the physical properties of the 

basal, tip, and middle parts of bamboo as observed in sero 

bamboo (Schizostachyum brachycladum) [43]. Bamboo 

shrinkage is also influenced by the composition of 

parenchyma and vascular bundles [29]. Bamboo with less 

parenchyma tends to have smaller shrinkage than those with 

more. Parenchyma undergoes deformation with increasing 

moisture content and weight loss, leading to defects or damage 

in bamboo [21]. 
 

3.2.2 Color change 

Oven-dried samples had color change (∆𝐸) of 12.49 ± 4.57 

and brightness of 17.98 ± 3.72, hot-steam-air-dried samples 

had color change of 10.80±4.19 and brightness of 16.03 ± 3.11, 

and air-dried samples had color change of 21.05 ± 7.33 and 

brightness of 35.58 ± 5.22 (Table 7). Drying method 

significantly affects the color change and brightness of 

tamiang straws at a 5% significance level (Tables 8 and 9). 

According to a previous study [34], bamboo exposed to higher 

temperatures undergoes more pronounced color changes. 
 

Table 7. Color change and brightness of tamiang straws from 

various drying methods 
 

Method 
Color Change 

(∆E) 
Brightness (L) 

Oven drying 12.49 ± 4.57 17.98 ± 3.72 

Hot-steam air drying 10.80 ± 4.19 16.03 ± 3.11 

Air drying 21.05 ± 7.33 35.58 ± 5.22 

 

Air-dried tamiang samples possessed the largest color 

change and brightness among others. According to a previous 

study on the drying process of birch wood [44], the air-dried 

birch wood had enhanced brightness and color changes more 

than the steam-dried samples. Daytime heat provides UV 

radiation, resulting in brighter colors of birch wood compared 

to winter and spring seasons. Oxygen content also affects the 

color changes of birch wood, hong bamboo, and shiitake 

mushrooms during the drying process [2, 45, 46]. 

 

Table 8. The effect of drying methods on bamboo color 

changes 
 

 Sum of Squares df Mean Square F Sig. 

Between groups 1208.383 2 604.191 19.650 .000 

Within groups 1752.581 57 30.747   

Total 2960.963 59    

 

Table 9. The effect of drying methods on bamboo brightness 

changes 
 

 Sum of Squares df Mean Square F Sig. 

Between groups 4640.051 2 2320.007 137.195 .000 

Within groups 963.886 57 16.910   

Total 5603.901 59    
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Figure 7. Tamiang color (a) before drying and after (b) oven 

drying, (c) hot-steam air drying, and (d) air drying 

 

Hot-steam-air-dried samples had the smallest color changes 

among other samples. Figure 7 shows that hot-steam air-dried 

samples exhibit a darker color than oven- and air-dried 

samples. According to a previous study [46], the steam process 

utilizes saturated steam, which induces dark color changes in 

samples. Another study [2] has also noted that hot-steam air-

dried hong bamboo (Phyllostachys iridencens) had a darker 

color than the microwave–vacuum-dried ones. This limitation 

could potentially restrict the use of the hot-steam-air drying 

method due to the market preference for bright bamboo color. 

 

3.2.3 Drying defects 

Defects observed in tamiang bamboo from all drying 

methods were diameter/cross-section deformation of one or 

both bamboo straws’ ends and organism’s attack. Diameter/ 

cross-section deformation occurred in 9 samples from oven 

drying, 4 samples from hot-steam-air drying, and 3 samples 

from air drying (Table 4 and Figure 8). Table 10 shows details 

of diameter change values for both ends of oven-dried, hot-

steamed air-dried, and air-dried tamiang samples. As can be 

seen in Table 10, the diameter deformation generally occurs at 

one end of the tamiang sample, rarely at both ends. 

Bamboo cross-section deformation during drying is caused 

by the relationship between moisture content and drying 

shrinkage. The moisture movement in the radial direction of 

round bamboo during drying is an asymmetric one and is 

dominated by the outer surface migration under the moisture 

gradient [47]. As moisture evaporates, uneven shrinkage 

creates internal tensions, causing cracking and distortion of the 

bamboo structure [21]. Oven drying quickly reduces the 

moisture content of the sample, resulting in a large internal 

moisture gradient of the sample [20]. On the other hand, hot 

steam air drying can reduce the risk of drying defects due to 

slower moisture content decrease than oven drying [26]. 

Therefore, bamboo exposed to oven drying has a higher risk 

of deformation than that dried using hot steam air drying, even 

at the same temperature. 
 

 
 (a)                                  (b) 

 

Figure 8. (a) bamboo diameter before drying (round-shaped); 

(b) diameter deformation in tamiang bamboo samples from 

(1) oven drying, (2) hot-steam air drying, and (3) air drying 

 

Air-dried tamiang straws had poor quality due to traces of 

beetle infestation and fungal growth (Figure 9). 

Approximately 17 and 16 air-dried samples were affected by 

beetle infestation and fungal attack, respectively. It has been 

reported that bamboo is generally susceptible to mold and 

powder beetle attacks due to its high moisture content and 

nutrient-rich composition [48]. 

Air-dried tamiang straws started to be susceptible to the 

attack of powder post beetle (Dinoderus minutus) on the 2nd, 

3rd, and 4th days of observation. This beetle is a common insect 

that usually attacks many bamboo species during their drying 

process (Figure 10) [49-53]. Further data observation revealed 

that the moisture content of tamiang bamboo from day 2 to day 

4 ranged from approximately 45% to 25%. This aligns with a 

previous study informing beetles can survive in bamboo with 

a moisture content of 30% in adulthood, but larvae do not 

develop into pupae [51]. A past study reported that dry 

bamboo with a moisture content of 12% is not susceptible to 

beetle attacks [54].  

 

Table 10. Diameter change of each end of the tamiang straws 

from all drying methods 

 

Sample 
Observation 

Direction 

Air 

Drying 

Oven 

Drying 

Hot-

Steam Air 

1 

End 1 
D1 0.17 -0.34 0.40 

D2 0.05 0.51 0.41 

End 2 
D1 -0.40 0.05 -0.11 

D2 0.64 0.42 0.34 

2 

End 1 
D1 0.22 0.42 0.14 

D2 0.12 0.41 0.34 

End 2 
D1 0.19 0.32 -0.59 

D2 -0.31 -0.16 0.18 

3 

End 1 
D1 0.56 -0.06 0.60 

D2 -0.19 0.28 -0.23 

End 2 
D1 0.20 0.28 0.38 

D2 0.50 0.25 0.09 

4 

End 1 
D1  0.34 0.45 

D2  0.27 0.40 

End 2 
D1  1.43 -0.30 

D2  -1.29 0.41 

5 

End 1 
D1  -0.11  

D2  0.61  

End 2 
D1  0.34  

D2  0.39  

6 

End 1 
D1  0.56  

D2  -0.32  

End 2 
D1  0.40  

D2  0.57  

7 

End 1 
D1  0.39  

D2  -0.09  

End 2 
D1  0.46  

D2  0.34  

8 

End 1 
D1  0.42  

D2  0.44  

End 2 
D1  -0.06  

D2  0.40  

9 

End 1 
D1  -0.23  

D2  0.48  

End 2 
D1  0.43  

D2  0.33  
Remark: D1 = diameter 1 (mm) and D2 = diameter 2 (mm) from each end of 

the tamiang straw sample, as referred to Figure 2. The sign (-) indicates a 

diameter increase after drying. 

 

It is considered that beetle infestation also contributed to 

thickness shrinkage during air drying of tamiang straws. Air-

dried tamiang straws, which were attacked by the beetle, had 

greater weight loss (3.45 ± 3.45 grams) than the hot-steam air-

dried samples (3.4 ± 1.21 grams) and oven-dried samples (3.38 

1 2 3 
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± 1.34 grams). The powder post beetles can create boreholes 

up to 1.16 mm in diameter in bamboo [51]. This has the 

potential to affect the reduction of bamboo weight. 

 

       
(a)                                        (b) 

 

Figure 9. Damaged air-dried tamiang straws due to the 

attacks of: (a) powder beetles, (b) mold/fungus 

 

 
 

Figure 10. The powder beetle (Dinoderus minutus) was 

found during the air-drying of tamiang straw (microscope 

observation at 50 × magnification) 

 

The presence of mold at the ends of several air-dried 

tamiang straws was observed after the drying process finished 

(Figure 8(b)). However, this mold was easily removed by 

hand. This result is in line with previous research informing 

the easy removal of mold’s presence on moso bamboo after 

the drying process without leaving significant effects on the 

attacked surface [55]. 

Bamboo is more susceptible to mold than other materials, 

such as wood [13]. While the mold type found on air-dried 

tamiang straws is not confirmed yet, several previous studies 

have reported the general vulnerability of bamboo to different 

types of mold and other fungi attacks. Aspergillus niger, 

Trichoderma viride, Penicillum citrinum, and Botryodiplodia 

theobromae are types of molds often found in various bamboo 

products [56-58]. Other fungi include a white rot fungus, such 

as Lentinus edodes, which infects Phyllostachys edulis 

bamboo [59] and Aciculosporium take that infects shoot tissue 

of Phyllostachys bambusoides and Phyllostachys pubescens 

[60]. Both white and soft rot fungi have also been observed to 

colonize and degrade Gigantochloa scortechinii bamboo [61]. 

 

 

4. CONCLUSIONS 

 

The study compared the air-, oven-, and hot-steamed air-

drying processes of tamiang bamboo. Oven drying method 

resulted in the highest drying rate (-5.4 × 10-4 ± -5.4 × 10-

3 %/mins) and fastest drying time (432 mins). The smallest 

diameter shrinkage (1.33 ± 0.58) occurred in samples during 

air drying, while the smallest thickness shrinkage (5.71 ± 2.69) 

occurred for oven-dried samples. Air-dried samples had the 

greatest color ∆E (21.05 ± 7.33) and brightness changes (35.58 

± 5.22), but were vulnerable to powder beetle and fungal 

attacks. Several samples from all drying methods tended to 

show cross-section deformation. Statistical tests confirmed the 

significant effect of various drying methods on drying rates, 

drying times, diameter shrinkage, thickness shrinkage, color 

changes, and bamboo brightness at a 5% significance level. 

Based on the study results, although air drying is low-cost, the 

quality of tamiang bamboo could be reduced due to the powder 

beetle’s attack. Therefore, the use of artificial drying in an 

oven or hot-steam air dryer is recommended to obtain 

mold/fungi-free dry tamiang straws. Nevertheless, the use of 

hot-steam air drying should be carefully conducted as it might 

lead to the deepest bamboo color hue, which is less preferred 

by consumers. 
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