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ABSTRACT 


Previous researches have shown that the plants (woody and non-woody) are rich in fibres and 

therefore are suitable as raw materials for producing value-added products. The goals of this 

study were to determine the chemical compositions of napier grass and to determine the 

correlation between the chemical compositions with the properties of particleboards produced 

from napier grass. Napier grass (Pennisetum purpureum Schumach.) was collected from 

Kuching area. They were chopped, flaked, grounded and air dried to a moisture content of 10

13 %. The air dried grounded flakes were sieved between BS 40-60 mesh and used for 

chemical analysis. Particleboards (30 x 30 x 1) cm were fabricated with using sieved grass 

particle , 1 % hardener (NH4CI), 12 % resin to a targeted density of 800 kg/m3
. The chemical 

analysis indicated the napier grass contained 77.21 % of holocellulose, 54.78% of 

aiphacelluJose, 28.79% of lignin, and 3.16% of ash. Particleboard properties for napier grass 

showed an internal bond, 0.69 NI mm2
; bending strength (modulus of rupture), 24.25 NI mm 2; 

thickness swelling, 12.28 % and water absorption, 53.26 %. As a result of high percentages of 

holocellulose and lignin contained in napier grass, the bending strength and internal bond of 

particleboard produced met the lIS A 5908 classification for type 24-10 type (minimum 

2bending strength of24.0 NI mm 2 and minimum internal bond of 0.3 NI mm ) . Hot water and 

cold water bad positive correlation with internal bond and bending strength of particleboard 

due to the tannins and gum were able to protect the cellulose from fungus. Organic substances 

(waxes, resin, oils, and gum) of ethanol-acetone solubility were able to prevent the cellulose 

from fungus decay. Therefore, ethanol-acetone solubility was linearly correlated with internal 

bond and bending strength. The conclusion drawn from this study is the chemical 

com 'tions of napier grass has influence or relation on particleboard properties. 
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ABSTRAK 

Kajian-kajian lepas telah menunjukkan bahawa tumbuhan (berkayu dan tidak berkayu) yang 

kaya dengan fiber adalah sesuai sebagai bahan mentah untuk menghasilkan produk-produk 

yang bemilai. Maklamat-maklamat pembelajaran ini adalah untuk menentukan komposisi

komposisi kimia bagi rumput napier dan menentukan perhubungan an tara komposisi

komposisi kimia dengan ciri-ciri papan partikel yang dihasilkan. Rumput napier (Pennisetum 

purpureum Schumach.) yang dikumpulkan dari area kuching. Ia telah dipotong, dicebis, 

dikisar, dan udara keringkan untuk mendapat kandungan kelembapan di antara 10-13%. 

Cebisan-cebisan yang telah udara keringkan telah ditapiskan dengan jaring antara BS 40-60 

untuk kegunaan anal isis kimia. Papan partikel (30 x 30 xl) cm diperbuat dengan 

menggunakan partikel-partikel rumput yang telah ditapiskan, 1 % penguat (NH4CI), dan 12% 

resin kepada ketumpatan 800 kg/m3
. Analisis kimia telah menunjukkan rumput napier 

mengandungi 77.12% holoselulosa, 54.78% alfaselulosa, 28.79%, lignin, dan 3.16% 

bendasing. Ciri-ciri papan partikel seperti kekuatan kayu dalam, 0.69 N/mm2
; modulus 

kepecahan (MOR), 24.25 N/mm2
; pengbengkakkan, 12.28%; dan resapan air, 53 .26%. Oleh 

disebabkan peratusan holoselulosa dan lignin yang terkandung dalam rumput napier adalah 

tinggi maka modulus kepecahan dan kekuatan kayu dalam bagi papan partikel yang 

dihasilkan telah mencapai JIS A 5908 klasifikasi jenis 24-10 (modulus kepecahan minimum 

24.0 N/nun2 dan kekuatan kayu dalam minimum 0.3 N/mm2
). Keterlarutan dalam air panas 

and air ejuk adalah berkadar langsung dengan kekuatan kayu dalam dan modulus kepecahan 

bagi papan partikel kerana tannins dan gam berupaya melindungi selulosa daripada kulat. 

Ekstraktif organic (waxes, resin, minyak, dan gam) bagi keterlarutan dalam etanol-aseton 

adalah berupaya untuk memelihara selulosa daripada kulat. Oleh itu, keterlarutan etanol

aseton adalah berkadar langsung dengan kekuatan kayu dalam dan modulus kepecahan. 
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Secara kesimpuJan, komposisi-komposisi kimia bagi rumput napier mempunyai perhubungan 

dengan ciri-ciri papan partikel. 

Kata kunci: Pennisetum purpureum Schumach., rumput, komposisi-komposisi kimia, ciri-ciri 

papan partikel, dan perhubungan. 
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INTRODUCTION 

PenniselUm purpureum Schumach. is a non-woody material. It is commonly found in 

Malaysia and also some Asia countries like Hong Kong and China. It is grown on roadside, 

banks, and weedy ground. This species of grass is also knows as elephant grass from 

Gramineae family, Paniceae group (Griffiths, 1983). 

Ecology of napier grass in wann regions and open habitats because known as xerophytic 

plant. Its culms are straight and up to 3.0 m in high and are densely covered with soft hair 

below the inflorescence. This plant is high in fibre content at maturity although its is poor in 

seed production and susceptibility to frosts (Watson & Dallwitz, 1992). 

This grass is fast growing and excess 1500 mm per year in high rain area. Furthennore, it deep 

root system allow it to survive in dry an also with drought quite well when established at its 

habitats (Skerman & Riveros, 1989). High growing rate, fibre rich, and easies to obtain of 

napier grass are some of the advantages compare with other wood plant. Thus, having 

potential of becoming an alternative material. According to Dekker (1983) and Negi (1997), 

cellulosic (plant) fibres are overwhelmingly the substance from which paper and board is 

made due to their mechanical support to the plant. 

The chemical compositions of the napier grass, such as cellulose and lignin are complex 

polymers, which physically bind to the woody or non- woody structures. Cellulose is the most 

common component of wood and other parts of all plants. It fonned the skeleton of the cell 

wall. rthermore, lignin usually does not appear in free state, with the bulk of it being 

combined with other constituents of the plant, such as cellulose or hemicellulose (Negi, 1997). 



According to Sjostrom (1993), the polymeric properties are also extremely important when 

evaluating the solubility of lignin by-products for technical application. Besides, the solubility 

of the certain chemical compositions due to the hydrophobic or hydrophilic characteristic also 

affected the particleboard properties (Negi, 1997). 

Particleboards properties produced from napier grass and Acacia mangium were also 

influenced by type of resin used. Lim et al. (n.d) found that, urea formaldehyde resin was 

suitable to be used for making particleboard because the physical and mechanical properties 

of the experimental test boards from their research normally exceed the minimum requirement 

stipulated in lIS A 5908 1994. 

The objectives of this study were to determine the chemical compositions of napier grass and 

to determine the relationship between chemical compositions with the particleboard properties 

produced from napier grass. 
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MATERIALS AND METHODS 


Raw materials collection and preparation 

Napier grasses (Figure 1) were collected from Kuching area. They were chopped into 1.0 m in 

length without the leaves. The stalks were then flaked and air dried before being stored in 

plastic bags. 

Figure 1: Napier grass 

Preparation for chemical analysis 

S e of the flakes were grounded with Wiley Mill to obtain grounded sample and later sieved 

with 40-60 mesh. Only samples retained at BS 60 were used for chemical analysis. The 
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same procedure was carried out for Acacia mangium. The moisture contents of the napier 

grass and Acacia mangium were 7.354% and 6.958% respectively. 

Preparation for particleboard fabrication 

The rest of the air- dried flakes were oven- dried overnight in the oven set at 105°C to obtain 

a moisture content of about 2.0 %. Then oven- dried flakes produced were reduced to smal'l 

particles with Pallmann Double Stream Mill and later, were sieved with 0.5 mm ~ 1.0mm 

sieve for making partie leboard. 

Chemical analysis 

The chemical analysis of napier grass was performed by using air dried sieved napier grass. 

The chemical analysis determinated were cold water solubility (T APPI T 207 OS 75), hot 

water solubility (TAPPI T 207 OS 75), ethanol- acetone solubility (TAPPI T 204 OS 75), 

sodium hydroxide (T APPI T 212 OS 76), lignin (TAPPI T 222 OS 74), hoiocellulose (method 

of Wise et al. 1946), alphacellulose (TAPPI T 203 OS 61), and ash (T APPI T 15 OS 58). 

Detailed experimental procedures were in Appendix A. 
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Laboratory board fabrication 

Particleboards were fabricated using sieved napier grass particles, hardener (1 .0 % NH4CI), 

and resin content 12 % to a targeted density of 800 kg/m3
. Board size dimensions were (30 x 

30x I) cm. The particleboards were made by spraying with resin, mixing, and hot pressed at 

180°C using the press schedule as in Table B.2 in Appendix B. The urea formaldehyde resin 

was bought from Hexzachem Sarawak Sdn Bhd. Its' appearance was white or opaque, 

viscosity and specific gravity at 30°C were 113 and 1.254. The pH at 25 °c was 8.9 and so!lid 

content per 3 hours at 105°C was 64.0%. Gel time, 65 seconds; free form, 0.30 and water 

tolerance was > 1.0. 

Particleboard testing 

The particleboard testing part was done in the laboratory of Timber Research and Technical 

Training Centre, Sarawak Forest Corporation, Kuching. Fabricated particleboards were 

transferred to an environmental chamber maintained at constant temperature of 20 ± 2°C, 

relative humidity of 65 ± 5 % and conditioned for a least 7 days. The test specimens were cut 

precisely according to the required dimensions of Japanese Industrial Standard (JIS A 5908 

1994) for each individual test specified (see Table B.3 in Appendix B). The particleboards 

were then tested for its bending strength, internal bond, water absorption, and thickness 

swelling. 
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RESULTS AND DISCUSSION 

Chemical compositions 

Chemical analysis were carried out to detennine the chemical compositions of napier grass 

and Acacia mangium. Table 1 showed the proximate chemical compositions of napier grass 

and A. mangium. The results indicated high holocellulose and alphacellulose were contained 

in napier grass with the values of 77.21 % and 54.78 % respectively. Higher percentages of 

holocellulose and alphacellulose were obtained from napier grass because cellulose is the 

most common component of wood and other part of all plants. According to Rowell (1994), 

holocellulose was the total amount of polysaccharides (cellulose and hemicellulose) in wood. 

Therefore, alphacellulose was obtained from holocellulose, which had treated with 17.5 % 

sodium hydroxide solution. Mohd et al. (n.d) found bamboo from Malaysia (3 year old) has a 

high presence of holocellulose and alphacellulose which were 72.9 % and 70.8 % 

respectively. 

Solubility of 1 % sodium hydroxide for napier grass was 34.31 %, about 20 % higher than A. 

mangium. This might due to the high percentages of hemicellulose and degradation cellulose 

:were contained in napier grass. Other then this, napier grass was known as xerophytic plant 

(Watson and Dallwitz, 1992). Thus, sunlight expose should be high and this might cause some 

the celluloses in napier grass were oxidized by sunlight. Hot alkali solution was desired to 

" gttract the low molecular weight carbohydrate consisting mainly of hemicellulose and 

...=an~ed cellulose in wood (TAPPI T 212 OS 76). As Mohd et al. (n. d) reported, 1 % sodium 

IlvdlrolLtdr solubility of bamboo (3 year old) from Malaysia was 24.9 %. Hot alkali solubility 
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of A. mangium was lower than napier grass with 14.76 % only. This probably due to the 

tannins, which able to protect the cellulose (cell wall) from fungus decay. Tannins and dyes 

were act as wood protection due to resistant to decomposition. Acacia mollisima was species 

yield wood tans on a commercial basic in India (Negi, 1997). As a result, the decay or 

&graded cellulose ofA. mangium was lower than napier grass. 

Table 1: Comparison of chemical compositions between Pennisetum purpureum and Acacia 

mangium 

Type of Pennisetum Acacia Gigantochloa(l) Acacia(2) 

purpureum mangium scortechinii mangium 

Chemical 
% % % % 

Holocellulose 76.61a 72.90 n.a 

Alphacellulose 54.56a 70.80 n.a 

I % NaOH solubility 14.76b 24.90 13.84 

Lignin 28.79b 32.na 22.30 32.28 (unext) 
27.85 

Cold water solubility 2.88b n.a n.a 

Hot water solubility 4.41 b 4.34 5.00 

Ethanol- acetone n.a n.a 

2.40 0.60 

. () denotes standard deviation; Means followed by the same letter (ab) in each column 
are not significant different at a = 0.05; n.a not available; unext unextracted; NaOH 
treated with sodium hydroxide; (I) 3 years old bamboo from Mohd, et al. (n.d); (2) 11 
years old A. mangium from Anon (2003). 
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'ACcordinl2 to Negi (1997), colour is 

ercentage lignin of napier grass was about 4 % lower than the control. This might be due to 

different of woody and non woody plants. Mohd et al (n.d) shown that the percentage of 

lignin in bamboo 3 year old from Malaysia was 22.3 %, which also lower than the lignin 

content of the hardwoods, such as Keruing and jelutong with percentages of 38.7 % and 27.9 

f. found by Wong (1993 ). Besides that, Negi (1997) stated also lignin account far between 20 

% to 3S % at the wood. 

Cold water and hot water solubility of the napier grass were 23.56% and 12.25%, which were 

igniticantly different with the A. mangium. This might be due to high content of inorganic 

were contained in napier grass. Skerman et al. (1989) found that, a crop of napier grass 

moved 463 kg nitrogen, 96 kg phosphorus, and 594 kg potassium per hectare per year. 

Ethanol acetone extraction tends to extract the non polar and polar substances in napier grass. 

Ethanol acetone extraction of napier grass was 7.63 %, slightly higher than the control. 

one of the physical property of wood. Therefore, A. 

lraPl2;:um should has higher extractives than napier grass because it more dark in colour. 

~cordinl2 to Chew (1994), extractive ofA. mangium was 7 %. 

grass contained high percentage of ash 3.16 % and about ten times more than the ash 

lOIl1:ent in A. mangium. This might be related to its habitats and physical of napier grass. 

habitats of napier grass are bankside, dry areas, nutrients poor lands. It deep root 

help napier grass to survive during the dry season (Griffiths, 1983). It is able to take 

ground water, which contained of high inorganic compounds. Burning of inorganic 
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mongillm as shown by Table I. 

Pltl'otVIeboard properties 

ext.n've fonn ash (Negi, 1997). Consequently, ash content of napier grass was more than A. 

Particleboards were successfully made within the targeted density (800 kg/ m3
) for all single 

layers by using urea formaldehyde resin 12 % without encountering any blowing problem. 

The result of the mean physical and mechanical properties of single layer particleboard of 

napier grass and A. mangillm were shown in Table 2. 

The values of internal bond and bending strength (modulus of rupture) of the particleboard 

produced from napier grass were 0.69 N/ mm2 and 24.25 N/ mm2 respectively which met the 

ns A 5908 classification for type 24-10 board (minimum internal bond of 0.3 N/ mm2 and 

DUInmum bending strength of24.0 N/ mm2
). This was probably due to the high percentages of 

IlOI~ooellUIOse and lignin contained in napier grass, which can provide mechanical support to 

VUUI"~ were highly influenced by the percentages of lignin and holocellulose. 

-..f""nu:a bond and bending strength of particleboards from A. mangium were 0.97 N/ mm2 and 

N/ mm2
, Research from Lim et 01. (1996), shown the bending strength and internal bond 

mangillm particleboard with targeted density 800 kg! m3 and 10% glue (urea 

_i81alen~fC1e) content were 33.4 N/ mm2 and 0.996 N/ mm2
• This might also be related to the 

"'leIltages ofholocellulose and alphacellulose in A. mangium. 
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1fable 2: Comparison of particleboard (targeted density 800 kg! m 3 and 12% resin content) 

properties between Pennisetum purpureum and A. mangium 

Sample Internal Bending Thickness Water 

type bond strength swelling absorption 
(MOR) 

N/mm2 N/mm2 % % 

Pl!II1Iisetum purpureum 24.25a 53.26a 

Acacia mangium 0.97a 11.36b 16.05b 

JIS A 5908 1994 0.30 24.00 25 or under n.a 

otes: ( ) denotes standard deviation; MOR (Modulus of rupture); Means followed by the 
same letter (ab) in each column are not significantly different at a = 0.05; n.a not 
available. 

value of thickness swelling or expansion ratio in thickness swelling due to the water 

IthIitnft,til1ln of particleboard was 12.28%, which also met the JIS A 5908 classification of type 

10 type board (minimum thickness swelling of 25 % or under). The value of water 

IItMln",tll1.n was 53.26% which was significantly different with the particleboard made from A. 

16.05%. Thickness swelling and water absorption of particleboard from A. 

_rgium were much low than the napier grass relatively. The reason might be due to exstance 

organic extractives, such as waxes, oils, and tannins were of hydrophobic characteristic. 

organic substances acted as water prevention. Besides, lignin of the cell wall was also 

hydrophobic part in plant. As a result, water absorption and thickness swelling of 

~ICle!bo:ard produced from A. mangium were lower than the particleboard produced from 
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lce".ltiCllII coefficient between chemical compositions and particleboard properties 

3 showed the correlation between chemical compositions and particleboard properties 

and cold water solubility had positive correlation with internal bond and bending 

-eDJPIl. Hot water with internal bond and bending strength correlation coefficient were 

IIV';" I~OIO and 0.8617. Whenever, cold water with internal bond and bending strength correlation 

~:m'CleJnt were 0.8768 and 0.9878. The hot water and cold water solubility to provide a 

_ .......,.... of extraneous components, such as tannins, waxes, gum sugar and other colouring 

_len in sample. Napier grass had high percentages of hot water and cold solubility as 

lIOJI~parea to A. mangium. Therefore, better values were expected for internal bond and 

,.amlg strength for particleboards produced. This was probably due to the reason that tannins 

gums are able to protect the cellulose from fungus and oxidation reaction. Tannins were 

an important in wood and non-wood wearing qualities and also resistant to 

IICOIDDOSiti<)R (Negi, 1997). 

1WIft"'-~J hot water and cold water solubility are negative correlation. Cold water solubility 

highly negative correlated with thickness swelling and water absorption with values of 

and -0.9969. Increase of hot water and cold water solubility would be decrease the 

~lesS swelling and water absorption of particleboards from napier grass or A. mangium. 

lPllentlOn before, tannins are resistant to decomposition. Thus, its have ability to protect the 

and cellulose, which important for mechanical support of cell wall (Negi, 1997 and 

1993) 

11 




Correlation between chemical compositions with particleboard properties for 

Pennisetum purpureum and A. mangium 

Particleboard Internal 
bond 

0.6388 

Bending 
Strength 
(MOR) 

0.8617 

Thickness Water 
swelling absorption 

-0.5857 -0.8981 

1% NaOH solubility 

.tlDell- acetone solubility 

odenotes correlation coefficient for A. mangium, MOR (modulus of rupture) 

of correlation coefficient for I % of hot alkali solubility with internal bond and 

strength were -0.8357 and -0.9723. Hot sodium hydroxide solubility method extracts 

low molecular weight carbohydrates consisting mainly of hoiocellulose and degraded 

IIUI\/M;. This might be due to high sunlight exposure on napier grass that caused oxidation 

dry season and fungus decay as compared to A. mangium that has leaves to cover their 

Thus, the low molecular weight cellulose in napier grass was higher than A. mangium. 

percentage of 1.0 % hot alkali solubility of napier grass than A. mangium can be see 

ult in Table 1. The broken structural of degraded cellulose will give the poor 

strength of mechanical support to the cell wall. Therefore, increase of percentage 
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ose in napier grass w ill also increase of hot alkali soluble material. As a result, 

gth and internal bond of particleboard from A. mangium gave better value than 

_-=kmanl from napier grass. 

lIing and water absorption of particleboards from napier grass and control were 

Dliti\lellY correlated with 1 % sodium hydroxides solubility. The correlation coefficient 

were 0.7965 and 0.9874. The broken cellulose structural due to the oxidation process 

lIjf'jAIDbglU and fungus degradation will provide poor mechanical support to the cell wall of 

grass. This may directly cause water absorbed into particleboard easily and the 

_mel8 ofthe particleboard would be expanded as well. 

...ion coefficient values between ethanol acetone solubility with internal bond and 

__ strength were 0.7258 and 0.9160. They were positively correlated. Generally, with 

lin_ percentage of ethanol-acetone solubility will give better value on the bending 

and internal bond of the particleboard produced. The extraction with mixture of polar 

polar solvents was measured organic substances, such as oils, waxes, fats , resin, and 

insoluble components such as gum in the sample. These organic substances 

an important role to prevent the cellulose of the plant from fungus decay because of a 

taste and strong aromatic smell by these organic extractives (Negi, 1997). Besides, 

also gives protection to the surface of wood from fungus degradation and the essential 

to prevent oxidation reactions because rich of vitamin E, anti oxidation agent. As we 

result from Table 1, 1 % hot alkali solubility for A. mangium was much lower 

grass. The higher percentage of ethanol acetone solubility indicated that a lot of 

substances are contained in the sample. Therefore, internal bond and bending strength 
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