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Abstract 

The present study focused on evaluation of anatomical properties like vascular 

bundle frequency and fiber morphology along with chemical composition of the 

bamboo culm was studied. The number of vascular bundle increases, depleted 

extractive content. It is found that larger size of the vascular bundle, the higher 

the extractive content in bamboo. Lignin content increases when the fiber 

diameter was smaller. From the results holocellulose contents and 

alphacellulose was shows positively correlate with the number of vascular 

bundle. It is observed that both anatomical and chemical properties vary from 

bottom to top portion. 

Key words: Anatomical properties, Vascular bundle,  Fiber morphology,Chemical 

compostion. 

INTRODUCTION 

Bamboo is one of the fastest growing plants on earth due to a unique rhizome dependent 

system. Culms can grow to 3-30 m long within 3-4 months (Liese and Weiner, 1996). Bamboo is 

an extremely diverse plant, which easily adapts to different climatic and soil conditions. Dwarf 

bamboo species grow to only a few centimetres (cm), while medium sized bamboo species may 

reach a few metres (m) and giant bamboo species grow to about 30 m, with a diameter of up to 

30 centimetres.  Bamboo stems are generally hard and vigorous, and the plant can survive and 

recover after severe calamities, catastrophes and damage (Lobovikov et al 2005). 

Bamboo is a fast growing species and a high yield renewable resource. Bamboo growth depends 

on species, but generally all bamboo mature quickly. Aminuddin and Latif (1991)stated that 

bamboo might have 40 to 50 stems in one clump, which adds 10 to 20 culms yearly. Bamboo can 

reach its maximum height in 4 to 6 months with a daily increment of 15 to 18 cm (5 to 7 inches). 

Wong (1995)stated that culms take 2 to 6 years to mature, which depends on the species. It is 

suggested that with a good management of the bamboo resource, the cutting cycle is normally 3 

years. According to Lee et al. (1994)bamboo matures in about 3 to 5 years, which means its 

growth is more rapid than any other plant on the planet. 

Bamboo is a natural composite material which grows abundantly in most of the tropical 

countries. It is considered as a composite material because it consists of cellulose fibers 
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imbedded in a lignin matrix. Cellulose fibers are aligned along the length of the bamboo 

providing maximum tensile flexural strength and rigidity in that direction (Lakkad et al., 

1981).Bamboo is used as structural material for scaffolding at construction sites in India, China 

and other countries as it is a tough, flexible, light weight and low cost material. It was found that 

energy required for producing steel is 50 times more than that required for bamboo to carry 

same force (Ghavami 2005). These percentages change from species to species and they directly 

influence the physical and mechanical properties of the bamboo, which in turns related to the 

fiber volumetric ratio. Bamboo culms are have properties such as high strength in the direction 

parallel to the fibers, which run longitudinally along the length of the culm, and low strength in a 

direction perpendicular to the fibers (Wakchaure et al., 2012). 

Bamboo is emerging as a major source of raw material for several processed products primarily 

due to its fast growth, wide spread occurrence and its multiple uses. However, study on 

cultivated bamboo stands has so far mostly confined to selected species in silviculture and 

fertilizers application to enhance growing (Azmyet al., 2007). Currently, bamboo is used for 

making traditional products such as handicraft, basketry, and high-value added products of 

panels, parquets, furniture and construction materials. Information generated on the anatomical 

and chemical properties of bamboo can be used to determine their possible proper utilization. A 

comprehensive knowledge of the chemical components  and anatomical properties in the 

bamboo species will facilitate the use of the materials in the industrial forestry sector and help 

to enhance their utilization in the chemical and construction industrial applications. The present 

study focused on evaluation of anatomical properties like vascular bundle frequency and fiber 

morphology along with chemical composition of the bamboo culm was studied.     

MATERIAL AND METHODS 

In the present investigation six culms of four (4) year old bamboos species namely 

ThyrsostachyssiamensisGamblewere collected from bamboo Arboratum of BIAF (Bharatiya Agro 

Industries Foundation), S. Lakkihalli near Tiptur taluk of Tumkur district, Karanataka. After 

felling, the bamboo culms unusable parts of the culm bottom (the crooked portion with very 

short internodes) and culm top (with very low diameter and thin wall) was removed.  

Determination of anatomical properties: Sample blocks for anatomical study were taken 

from internodal portions of the ThyrsostachyssiamensisGamble bamboo species. The anatomical 

studies on vascular bundles concentration, vessel diameter, fibre length, fiber width and lumen 

diameter were carried out using the technique used by Latif and Tamizi (1993) with some 

modification. 

Bamboo sample blocks were cut into square sections of size 10 mm × 10 mm × culms wall 

thickness and boiled in distilled water for four hours to soften the hard bamboo culm.  These 

were then sliced into 45 μm thick transverse sections by sledge microtome with a 15 degree 

knife angle. 

Slide preparation: Each section was stained with 4 drops of aqueous safranin-O for 4 minutes 

on the slide. They were washed with 50% ethanol then dehydrated through alcohol series of 70, 

80, 90 and 95%, and 3 changes of absolute ethanol for 1 minute, mounted with drop of 

Glycerine by cover slip. Observations for anatomical structure were made using light compound 

microscope, attached digital camera with image analysis software.   

Second method: In the present study we followed a new technique to study the anatomical 

characters like vascular bundle concentration by taking the live bamboo sample’s images using 

stereo zoom microscope attached with image analysis software. Bamboo sections of 

ThyrsostachyssiamensisGamble species were made a sharp cut with the help of a knife at cross 

section of the bamboo culm. The sharp cut bamboo sample was placed under the objective lens 

to view image on computer screen. Vascular bundle distribution was measured using the image 

analysis software system attached with the microscope. 

Determination of Fibre morphology: Fiber morphology studies like Fiber length, width and 

fiber lumen diameter were studied using bamboo maceration technique. 

Bamboo maceration: The bamboo splits of size 20mm x 10mm x thickness were cut tangential 

from each portion of bottom, middle and top into a match stick size with a sharp knife and 
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transferred into Jeffrey’s solution (50:50 mixture of 15% nitric acid and 10% chromic acid) to 

macerate the fibers. A period of 48 hours was allowed to soften the splints (Abd. Latif and 

MohdTamizi 1993; Razak et al., 2007).  At the end of the maceration period, the softened splints 

were carefully washed with distilled water. A drop of slurry solution was placed on glass slide 

and drops of safranin-O were introduced to contrast the fibre’s images.  

Observations:-Fifty (50) undamaged or unbroken fibers were measured for their length (l) 

widths (d) lumen diameter (l) using Olympus microscope equipped with image analysis 

software and the  images was measured at 4x magnification for (length), 10x magnification for 

(width)  and 40x magnification for (lumen diameter). 

Determination of chemical composition: The chemical compostion of bamboo samples were 

determined in accordance with the standards outlined in ASTM test methods as shown in Table 

1. Six culms were selected and divided into bottom, middle and top for chemical analysis study. 

Sample Preparation: Bamboo samples were chipped by drilling machine to convert into power 

form and dried in an oven at 50°C for three (3) days. The dried samples were ground into 

powder with Willey mill in order to pass BS 40-mesh (425 μm) sieve and retained on BS 60-

mesh (250 μm) sieve. The size of the sample was taken 2g during the analysis.  

Table.1 List of ASTM standards for chemical analysis of Bamboo 

Property Standard 

Alcohol-toluene solubility * ASTM D 1107-56 (Reapproved 1972) 

Hot-water solubility ASTM 1110-56 (Reapproved 1977) 

Lignin ASTM D 1106-56 (Reapproved 1977) 

Holocellulose ASTM D 1104-56 (Reapproved 1978) 

Alpha-cellulose ASTM D 1103-60 (Reapproved 1978) 

Ash Content ASTM D 1102-84 (Reapproved 1990) 

 

Each test was conducted using 3 replications. It was necessary to conduct additional 

experimentation when analyzing for alcohol-toluene extractive content and holocellulose 

content. The alcohol-toluene test is the starting material for many of the other experiments. 

Both the lignin and holocellulose content test are performed with extractive-free bamboo that is 

derived from the alcohol-toluene extractive test. Additionally, holocellulose is a necessary 

preparatory stage in order to determine the alpha-cellulose content. 

RESULTS 

Anatomical Properties: The anatomical structure of bamboo culm exhibits numerous vascular 

bundles embedded in the parenchymatous ground tissue. The anatomical features like vascular 

bundle distribution, vessel diameter and fiber morphological characteristics results are 

studied.The frequency of vascular bundles as estimated from number of bundles/mm2 in the 

culm wall at different height levels of the species is given in Table 2. 

 

 

Fig.1T.S of Thyrsostachyssiamensis  culm-Vascular bundle (Type IV). 
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The transverse section of culm internode exhibit Type IV vascular bundle, which consists of 

three parts; the central vascular strand with small sclerenchyma sheaths and two isolated fibre 

strands located at the phloem and protoxylem side (Fig.1). 

Table.2. Anatomical properties of Thyrsostachyssiamensis 

Anatomical 

structures 

/Bamboo 

species 

Thyrsostachyssiamensis 

Vascular 

bundle 

Frequency 

(no/mm2) 

Vessel 

diameter 

(μm) 

Fiber 

length 

(mm ) 

Fiber 

width 

(mm) 

Fiber 

lumen 

diameter 

(µm) 

Bottom 28.00 45.19 2.5 15.4 5.41 

Middle 32.00 51.00 2.1 16.4 5.30 

Top 36.00 55.12 1.8 12.6 5.12 

Mean 32.00 50.44 2.13 14.80 5.27 

 

The highest vascular bundle frequency distribution is found 36bundle per mm2 at top portion 

and 28 bundle per mm2 at bottom portion with an average of 32 bundle per mm2 throughout the 

culm. The highest vessel diameter is observed that 55.12 µm at top portion and lowest vessel 

diameter of 45.19µm at bottom portion with an average vessel diameter of 50.43µm (Fig .2). 

Form the above results it is found that both vascular bundle frequency and vessel diameter is 

increased from bottom to top portion of the bamboo culm. The highest fibre length 2.5mm is 

observed at bottom portion and lowest 1.8 mm fiber length at top portion with an average fiber 

length of 2.13mm respectively. Similarly the fiber width and lumen diameter ranges between 

16.4-12.6 µm with an average of 14.8 µm and fiber lumen diameter between 5.41 µm-5.12 µm 

from bottom to top with an average lumen diameter of 5.27 µm respectively. From the present 

investigations fiber characteristics results are exhibit different values from bottom to top 

portion of the bamboo culm.AbdLatif and Tamizi (1993) have found that the concentration of 

vascular bundles varies with height levels of the culms and species. The highest mean 

concentration of vascular bundles at top height level and the lowest in the midheight level of the 

culm. which is confirmed in this study. 

 

 

Fig.2.Anatomical properties of Thyrsostachyssiamensis. 

Chemical compostion: - The main chemical composition of bamboo culm is cellulose, 

hemicelluloses and lignin which amounts to 90-98% of total mass of the culm. The remaining 2-

10% is minor amount of waxes, tannins, gum and some inorganic substances called as 

extractives. The chemical composition of three bamboo species results is presented Table 3.  

 

 

 

 

0
10
20
30
40
50
60

Vascular 

bundle

Vessel 

diameter 

(μm)

Fiber 

length 

(mm )

Fiber 

width 

(µm)

Fiber 

lumen 

diameter 

(µm)

V
a

lu
e

s

Anatomical properties

Bottom

Middle

Top

Mean



Journal of Global Biosciences               Vol. 4(1), 2015 pp. 1313-1319 
ISSN 2320-1355  

http://mutagens.co.in                                                                                                                    1317 

Table.3 Chemical composition at different heights 

Bamboo portions Bottom Middle Top 

Alcohol- Toluene Solubility (%) 1.44 1.24 1.50 

Hot-Water Solubility (%) 12.00 10.15 9.66 

Lignin (%) 22.50 24.61 23.91 

α- Cellulose (%) 47.18 46.38 45.67 

Ash content (%) 1.55 1.57 1.66 

Holocelluose (%) 61.44 63.32 66.19 

 

Alcohol toluene and Hot water extractions:-The Alcohol–Toluene solubility of bamboo three 

bamboo species are consists of the soluble materials not generally considered part of the 

bamboo substance, which are primarily the waxes, fats resin and some gum along with some 

water soluble substances. The alcohol-toulene and hot water solubility was found 1.50% at top 

portionand 1.24% at middle portion of theculm. Similarly more hot water solubility at bottom 

portion whereas lowest 9.66% at top portion of the bamboo culm respectively. 

Holocellulose and Alpha-cellulose:-Holocellose includes α–cellulose and hemicelluloses. From 

the results the highest holocellose content 66.19% was observed at top portion whereas lowest 

holocellose content 61.44% at bottom portion of the culm. The highest alpha cellulose content 

was observed at bottom whereas lowest at top portion of the bamboo culm respectively. A 

similar pattern was obtained by Mahanim et al.(2008) reported that the α-cellulose contents in 

bamboo G.scortechiniiand G. lagulataconsists about 46.14-46.53% 

and 48.4-56.45% respectively. Other studies on the α-cellulose content of G. scortechiniiwere in 

the range of 63.30to 64.60% (NorulHisham et al., 2006). Ireana (2010) reported that the α-

cellulose content in bamboo (Bambusablumeana) consist of 58.72 %. Li et al. (2007) on their 

study on P. pubescensbamboo showed that the α- cellulosecontent was 41.71 to 49.02%. The α-

cellulose andholocellulose content at difference location internode in bamboo culm did not 

show much difference between internodes. 

Lignin content and Ash content:Lignin is polymer of phenylpropane units. Bamboo lignin is 

built up from three phenyl-propane units, p-coumaryl, coniferyl and sinapyl alcohols 

interconnected through biosynthetic pathways (Liese 1987). The lignin present in bamboos is 

unique. From the results the highest lignin content 24.61% is found in middle portion and 

lowest 22.50% is found at bottom portion of the culm.Lignin content in the four species of 

Gigantochloabamboo ranged between 24.84 to 32.65% was reported by RazakWahab,et al 

(2013).   

Ash is a term generally used to refer to inorganic substances such as silicates, sulfates, 

carbonates, or metal ions (Rydholm 1965). The highest Ash content 1.66% is observed at top 

portion whereas lowest 1.55% ash content at bottom portion of the culm.From the present 

studies it is found that the chemical composition of the bamboo species showing not much 

significant distribution throughout the culm at different location, because of full maturation of 

the culm and chemical composition tend to remain constant. The amount of water soluble 

material is influenced by season which is higher in the dry season and lower in rainy season.  
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Fig .3.Chemical composition at different heights 

CONCLUSION 

The results showed that the extractive content has a clear relationship with the number of 

vascular bundle. The number of vascular bundle increases, depleted extractive content. It is 

found that larger size of the vascular bundle, the higher the extractive content in bamboo. Lignin 

content had a significant correlation with the number of vascular bundle. This indicates more 

distribution of the vascular budle. The correlation between fiber morphology shows no 

relationship exist between lignin content and the fiber length, but there was a clear correlation 

on the lignin content and fiber diameter. Lignin content increases when the fiberdiameter was 

smaller shows the holocellulose contents and alphacellulose was positively correlate with the 

number of vascular bundle. Instead, it has a negative relationship with the vascular bundle size 

(length and width). Holocellulose and alphacellulose content was not showing a clear 

relationship with the fiber morphology properties. Similarly, ash content of the relationship, it 

was also not clear. 
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