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Extraction And Evaluation of Sago Hampas And Sago Bark 
( Metroxylolf sp. ) 
Siti Asma' Kram 

Programme of Science And Plant Resources Management 
Faculty of Resources Science and Technology 

Abstract 
Sago palm ( Metroxylon sp. ) which belongs to the family of palmae contains a high percentage of starch and 
other chemical composition such as lignin, extractives and polysaccharide. The study was done to determine the 
chemical composition by using T APPI standard reference. The hampas and the sago bark were obtained from the 
sago indu trial mill in Sibu, Sarawak. The determination of extraneous components such as tannins, gums, 
sugars, coloring matter was determine by using cold water solubility and hot water solubility experiment. The 
Ethanol acetone determination was used to determine the percentage of waxes, fats, resins and other other 
insoluble components in the sago hampas and sago bark. The hot alkali of 1% NAOH determined the acidity of 
the sample. To evaluate the sago hampas and sago bark hardness, bleachability and other pulp properties such as 
color the determination of lignin was used (72 % of sulfuric acid reagent was used to extract the lignin content). 
For the holocellulose determination, the sodium chlorite powder have been utilized as the main chemical reagent 
to oxidize the sample. Mean while, for the determination of the percentage of a-cellulose, the strong 17.5 % 
NAOH was used. The slide was prepared to measured the fiber length, fiber width and fiber thickness. The 
starch content have been determined by the absorbance value of starch at 580 run in spectrophotometer against a 
reference solution of 25 ml HCL and 2.5 ml KI-I. From this study, sago hampas recorded higher percentage in 
cold water solubility, hot water solubility, I % NAOH solubility, holocellulose ,ash content and starch content 
than sago bark which comprised the higher percentage in ethanol acetone solubility, lignin and a-cellulose 
determination. In the measurement of fibre, the fibre length in sago hampas was much higher than sago bark, the 
width of fibre bark was wider and the fibre thickness in sago bark also recorded higher value than sago bark. The 
ago density in sago bark was higher than sago hampas. 

Keywords : Melroxylon sp., chemical composition, starch content, tibre. 

ABSTRAK 
Pokok sagu ( metroxylon sp.). adalah merupakan salah satu species daripada family palmae yang mempunyai 
kandungan kanji yang tinggi dan komposisi kimia lain seperti lignin, bahan ekstrak dan polisakarida. Kajian 
untuk menentukan komposisi bahan kimia dalam hampas dan kulit sagu ini adalah merujuk kepada standard 
TAPP!. Hampas sagu dan kulit sagu diperolehi dari industri sagu di Sibu, Sarawak Penentuan komposisi 
bah an ekstrak dalam sagu seperti tannin, gam, kandungan gula dan bahan pemberi warna dikenal pasti 
menggunakan kaedah keterlarutan dalam air sejuk dan air panas. Kaedah penentuan peratusan bahan ekstrak 
seperti liIin, kandungan lemak and bahan yang tidak larut dalam ether ditentukan dengan menggunakan lanttan 
ethanol acetone. Untuk menilai kadar keteguhan, warna , kadar kelunturan hampas sago dan kulit sago, kaedah 
penentuan peratusan lignin digunakan di mana 72 % asid su!/ilrik adalah sebagai bahan larutan utama. Sodium 
chlorite yang bertindak sebagai agen pengoksidaan digunakan di dalam penentuan peratusan kandungan 
holosellulosa. 17.5 % larutan NAOH pula, digunakan di dalam penentuan peratusan kandungan a-sellulosa. 
Penyediaan slaid kaca untuk mengukur panjang gentiant, kelebaran gentian and ketebalan din ding sel gentian. 
Peratusan kandungan kanji yang terrdapat di dalam hampas di ukur melalui kadar penyerapan kanji pada 580 
nm di uv spectrophotometer berpandukan larutan 2.5 ml KJ-12 dan 25 ml HeL. Lekuk penentu ukuran diplot 
berdasarkan kepada kepekatan berlainan iaitu 10,20,30,40 dan 50 kepekatan daripada. 60 g tepung sagu yang 
telah di/arutkan di dalam 1000 ml air suling .. Daripada kajian yang telah dilakukan ini, peratusan yang lebih 
tinggi telah dicatatkan oleh hampas sagu pada keterlarutan dalam air sej uk, keterlarutan dalam air panas, 
keterlarutan 1 % NAOH, kandungan holocellulose, kandungan abu dan kandungan kanji. Kulit sagu pula 
menea/at peratusan lebih tinggi pada keterlanttan ethanol acetone, lignin dan penentuan a-sellulosa. Di dalam 
pengukuran gentian pula, panjang gentian hampas sagu adalah lebih tinggi berbanding gentian kulit, manakala 
lebar gentian dan ketebalan dinding yang lebih tinggi adalah dicatatkan oleh gentian kulit sagu berbanding 
gentian hampas sagu. 

Kata kunci : Melroxylon sp., komposisi kimia, kandungan kanji, gentian. 
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INTRODUCTION 

Sago which is originated from the family of palmae is divided into two species, that 

are Metroxy/on rumphii and Metroxylon sago. Sago palm natural habitat is the freshwater 

swamp and peat soil but it can grow well under drier condition if properly tended. The 

medium size of palm can be 20 m with clustering stems. The stem are ringed with leaf scars, 

and towards the top covered with clasping leaf bases. The sheath and petioles are sometimes 

anned with spines. The sago palm leaves as long as 7 m, consist of narrow and closely 

arranged leaflets (Zulpilip et al., 1991). 

According to (Martin et al., 2002), Sago palm is widely planted in Sarawak. Sago is 

now grown as a commercial crop on smallholdings in Sarawak which exports about 6,328 

tonnes of air dried flour and meal by country in 2000 (Anon., 2000). The sago trunk is 

processed for its starch and the starch has many uses in food industry for bee hoon making, 

high fructose syrup, glucose, maltose and dextrose. Sago starch is also processed into flour or 

better known as ' tepung lemantak' for pancake and biscuit making. The new uses for sago 

include in biodegradable plastics, to make fuel alcohol and ethanol. 

There are three types of wastes from sago processing, these are barked, waste water 

and pith residue. Pith residue that is 'hampas' is the left behind fibrous material after the 

starch extraction from the stem. According to See (1998), 'hampas' usually will be discharge 

together with waste water into drain nearby river. These sago hampas consist of mainly fiber 

and starch, and comprises the other chemical composition such as lignin, cellulose, 

hemicellulose and extractives which are highly potential as renewable resources in yielding 

usefu product such as composite board, pulp material, and filler for plywood adhesive. 

2 




Bark, which maybe divided into the outer, corky, dead part that varies greatly in 

thickness with different species and with the age of tree (Davidson and Freas, 1990). The 

lignin of bark is much higher than that of wood and the polysaccharide or sugar content is 

correspondingly lower. The extractive-free cellulose portion of bark is only 20 - 35 % 

compared to 40- 45 % for wood (Haygreen and Bowyer, 1996). 

Plant usually consists of low molecular weight substances and high molecular weight 

substances. Low molecular weight substances included ash and organic extractive while high 

molecular weight consists of polysaccharides, cellulose, polyoses and lignin. Tree contains 

only 1-5% of low molecular weight substances while 65-75% of the remaining 95-99% 

consists of polysaccharides and 25-35% is lignin. Dry wood is made up chiefly of cellulose, 

and minor amounts ( 5-10 %) of extraneous materials (Davidson and Freas, 1990). 

Cellulose is fonned by P-D-polyglucose. It is the main structural component of cell 

wall which is chemically identical in both hardwoods and softwoods. Cellulose is the same no 

matter where it is obtained. Cellulose is manufactured directly from units of glucose and it 

transport glucose to processing centers located at branch, and root tips (capital meristem) and 

to the cambial layer that shealth the main bole, branches and root (Haygreen and Bowyer, 

1996). 

Lignin is amorphous, highly complex, mainly aromatic, polymers of phenyl-propane 

units (Han and Rowell, 1997). It is made of base phenyl propane units with no repeating 

structure. Lignin concentrated in lameUa and fonned last during cell development. Lignin is 

quite stable and difficult to isolate and occurs, moreover, in variety of fonns; because of this, 

the exact configuration of lignin within wood remains uncertain. Lignin occurs between 

individual cells and within the cell walls. It serves as a binding agent to hold the cells together 
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and it is intimately associated with cellulose and the hemicellulose to gives the rigidity to the 

cell (Haygreen and Bowyer, 1996). 

Low molecular weight substances exert strong influences on pulp properties and 

processing. The organic materials is known as extractives is very sticky and the examples of 

extractives are aromatic compounds, tanning compounds, stilbenes, lignans, flavonoids, 

terpenes, aliphatic acids and alcohols. 

According to (Han and Rowell, 1997), the carbohydrate portion of the vast majority of 

plants and hemicellulose polymers with minor amounts of other sugar polymers such as starch 

and pectins are called holocellulose and usually accounts for 65-75% of the plant dry. The 

extractive are a group of cell wall chemicals mainly consisting of fats, fatty acids, fatty 

alcohol , phenols, terpene, steroids, resin acids, rosin, waxes (Rowell et ai., 1997). According 

to Davidson and Freas (1990) this component is termed extractives because it can be removed 

from wood by extraction with such solvents as water, alcohol, acetone, benzene and ether. 

Starch is the major carbohydrate reserve in plant tubers and seed endosperm. Starch is 

the principal reserve carbohydrate of plants. Starch is a polysccharide constructed from 

glucose as the basic building block. It is a mixture of two oc-glucan linear polymers: amylose 

and amylopectin, a branched counterpart oc-l, 4 linkages. Starch function in plants both as a 

short -term and as long term store of carbon and energy. Starch is the major provider of 

calories in the diet and it forms 70 % of the dry weight of the major cereal grain (John, 1992). 
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Fibre morphology is a morphological evaluation of fibres either by observation or 

measurement, namely fibre length, fibre thickness and fibre width. Morphological properties 

of plants vary from plant to plant within plant itself. Fibre is an elongated cell with pointed 

ends and a thick or not infrequently a thin wall. Fibre length is an important determinant of 

paper strength and it also the specific characteristic that verify the quality of paper. Modem 

correlation techniques have shown strong positive correlations between long fibres and 

tearing strength (Bulblizt, 1980). Other fibre characteristics, such as the ratio between cell 

lumen width and cell wall thickness, and particularly the ratio of fibre length to its width, 

affect the paper properties more than the fibre length alone less area per unit and obviously 

stronger than having thin wall (Haygreen and Bowyer, 1996). Fibre density is frequently 

expressed in green weight and green volume when the use will be calculated weights for any 

utilization for example transportation and construction. Density usually is calculated by 

determining the mass and the volume. 
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PROBLEM STATEMENT 


Agriculture waste, here, sago hampas and sago bark has the potential for the 

production of composite board, fibreboard, paper and pulp making. Both of the lignocellulosic 

waste contributes source of carbohydrates, proteins, lignin and extractive which can be 

utilized. It can be easily obtained from the industry mill and this opportunity must be taken so 

that these wastes would not become a hazard to our environment. 

This study specifically aims to : 

1. Detennine the chemical composition of sago residues. 

2. Identify the fibre morphology of sago residu~s using the image analyzer. 

J 
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MATERIALS 

Sago hampas and bark was obtained from a sago starch processing mill in Sibu, Sarawak. The 

hampas was dried in an oven at 60°C until constant weight was achieved. 

METHODOLOGY 

Determination of Moisture Content 

Moisture content of both the sago ham pas and bark were first determined. 2 grams of the raw 

material was placed in the small weighing bottle. Then the bottle was dried in the oven at 105 

° C for 3 hours. The bottle was taken out and then cools for 15 minutes in the desiccator. The 

moisture content calculated on the moisture loss after the dry process. 

Calculation fonnula : 

Moisture content % = ( M4 -M5 ) 100 = M 

M4 

100 - M =X (convert air dry to oven dry equivalent) 

100 

Where, 

M4 =weight of air dry sample 

M5 = weight of oven dry sample 
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Chemical Analysis 

Cold Water Solubility 

Two grams of both Sago ham pas and bark was weighed and then transferred into the 400 ml 

beaker and 300 ml of distilled water was slowly added into it. The mixture was digested at the 

room temperature with the constant stirring for 48 hours. Then the material was filtered, 

washed with cold water and later dried it to a constant weigh at 105°C. 

Calculation formula: 

% Cold water solubility = ( W 3 X - Y,0 100 

W3X 

W3 = Weight ofoven dried sawdust 

Y3 = Weight ofoven dried extract 

Hot water soLUbility 

Two grams of air dried of both sago ham pas and bark was weighed and transferred to a 250 

ml Erlenmeyer flask. The boiling water bath was used to submerge the flask and 100 ml of 

distilled water was added into the flask. The reflux condenser was attached and digested for 3 

hours. Then the content of the flask was filtered to at the tared filtering crucible and washed 

with hot water and dried to constant weight at 105°C. 

Calculation formula: 

% Hot water solubility = ( W 3 X - Y3 ) 100 

W3X 

Wher W3 =Weight of oven dried sawdust 

Y3 = Weight of oven dried extract 
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Ethanol- Acetone Solubility 

Two grams of Sago hampas and bark was weighed into a weighed fritted glass crucible 

(coarse porosity). A dried extractive flask (250 ml. Capacity) was weighed. The crucible and 

sample was then placed in position in the soxhlet apparatus and a small fine mesh screen wire 

was placed at the top of the crucible. 200 ml of Acetone-ethanol solution was added to extract 

for 4 to 5 hours under electric heating mantle. Evaporated the solvent from the extraction 

flask. The flask was dried and the contents were weighed until it reached constant weight. 

Calculation formula: 

Solubles % = 100 YJ 

WJX 

Where: Y3 = Weight of alcohol benzenes solubles 

W3X =Weight of oven dried sample 

1 % NaOH Soubility 

Two grams of sago hampas and bark were weighed into a 200 ml- tall fonn beaker. 100 ml of 

1 % NaOH solution was added and stirred with glass rod. The beaker was then covered with a 

watch glass and placed in a water bath for 1 hour. The water in the bath was kept boiled and 

the level above of the alkali solution in the beaker. The solution was stirred with glass rod for 

about 5 sec, at 10 sec, 15 minutes and 25 minutes. After 1 hour, the materials was transferred 

to tared filtering crucible and then washed with 100 ml of hot water. 25 ml of 10 % acetic acid 

was then added and allowed to soak for 1 minute. This step was repeated with second 25 ml 

portion 10% acetic acid. Finally the material was washed with hot water until acid free. 

9 




Calculation form ula: 

% Alkali solubles = (W3 X- Y3) 100 

W3X 

W3X =weight of oven dried sample 

Y3 = weight of oven dried residue 

Lignin 

One gram of extraotive free sago ham pas and bark were weighed in the weighing bottle in a 

50 ml beaker. 10 ml of 72 % sulfuric acid was pipette carefully and stirred the mixture at the 

room temperature for 2 hours with a small glass rod. Then the mixture was quantitatively 

transferred with a wash bottle into 500 m1 round bottomed flask and diluted with water until 

the volume is 300 ml. It was then boiled under reflux for 1 hour and continued for further 2 

hour. After refluxion, the insoluble lignin was filtered and washed the lignin free from acid 

with 250 ml of hot distilled water. The crucible that content lignin was dried at 105°e and 

cooled in a dessicator for 15 minutes. 

Calculation formula; 

% Lignin, based on ex.tractive free sawdust = 100 Y3 

W3X 

Where: Y3 = weight of lignin 

W3X = weight of oven dried sample 
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Holocellulose 

Two grams of extractive free Sago hampas and bark, were weighed accurately. The hampas 

and bark was quatitatively transferred into a 250 ml of conical flask. Then 100 ml of water, 

1.5 gram sodium chlorite and 5 ml of 10 % acetic acid was added into the flask and the flask 

was placed in the water bath or on the hot plate maintained at 70 0 C. The content of the flask 

was swirled at least once every 5 minutes. 5 ml of 10 % of acetic acid added after 30 minutes. 

1.5 gram of sodium chlorite also added after 30 minutes. This step was kept alternatively 

continuously until 6 grams of sodium chlorite have been added. After 30 minutes the last 

addition of sodium chlorite, it was then heat again. The suspension residue was cooled in the 

ice bath and filtered into a weighed fritted glass crucible. The residue was washed with iced 

distilled water and acetone at the end. The residue was dried by allowing the residue to stand 

in the open laboratory for a day or two until it was free from acetone. Perforated aluminium 

foil was used to cover it. The residue was then transferred to a dessicator and weighed at daily 

intervals until the samples reaches constant weight. 

Calculation formula: 

Holocellulose % = 100 Y 3X I 

W3X 

Where: XIY3 = weight f air dried holocellulose 

W3X = weight ofoven dried sample 
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Alpha- cellulose 

Two grams of sago hampas and bark were weighed and placed in the water bath at 20 0 C. 

15ml of 17.5 % NaOH was added and macerated gently with flattened glass rod for I minute. 

10 ml of NAOH was added more and after 45 minutes second later 10 ml was added and 

mixed for 15 second and by the end 2 minutes 35 ml of NaOH have been added. The mixture 

was stirred and allowed to stand for another 3 minutes. 10 ml of NaOH was added more and 

stirred with stirring rod for 2 y, minute alternatively until 40 ml ofNaOH was added at the end 

of 15 minutes. The mixture was placed in the water bath for 30 minutes more. 100 ml of 

distilled water was added then at 200 C and diluted mixture that have been quickly mix will 

be left n the water bath for further 30 minutes. The mixture was filtered into a weighed fritted 

crucible (coarse porosity). The beaker and residue was rinsed with 25 ml of 8.3% NaOH 

solution at 20°C and all the fibres quantitatively transferred to the crucibl~. The suction tube 

disconnected and the crucible filled with 2 N acetic acid at 20°C and the residue allowed to 

soak for 56 minutes. The suction tube reapplied to remove then acetic acid. The residue was 

washed with distilled water until acid free which also can be indicated by litmus paper. The 

crucible bottom was wiped with dry towel and placed in the oven at 105° C. 

Calculation formula: 

% u- cellulose on oven dried sample = Y 3 100 

W3X 

Where: W3X = weight ofoven dried sample 

Y3 = weight ofoven dried a-cellulose 
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Ash Content 

Two grams of Sago hampas and barks were weighed and placed in the silica crucible. The 

muffie furnace was slowly set to the lower temperature 100°C, and after 30 minutes then set 

up to the higher temperature 200°C and finally set the furnace to 575°C for period at least 3 

hour or more until the sample burned off all the carbon. 

Calculation formula: 

% Ash in oven dried sample = W 5 X 100 

Where: W s = weight ofoven dried ash 


Ws =Weight of crucible + ash - weight of crucible 


Starch content 

This procedure measures quantitatively the total starch in the fibre. The sago hampas 

and bark were diluted into 100 ml of distilled water and heated for 15 minutes at just below 

boiling point. The content was transferred to a funnel and filtered with 25 ml of 6 N HCL for 

about 2 times and later washed with hot water. The dear filtered liquid then added with 2.5 ml 

ofKI-12 reagent, and measured for its absorbance value at 580 nm against a reference solution 

(diluting 25 ml of HCL and 2.5 ml of Kl-12 reagents) by using UV spectrophotometer. The 

calibration curve for the starch content, 60g sago flour which was diluted in 1 liter distilled 

water was used. The solution was then made into different concentration at 10, 20, 30, 40 and 

50 concentrations. The starch content then determined as a percentage of the oven dried 

Ie. 
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Morphology of Sago hampas and sago bark fibre 

Sago bark and sago hampas were soaked with glacial acetic acid solution and 30 % of 

hydrogen peroxide with the ratio 1: 2 according to Franklin (Berlyn and Miksha, 1976). It 

then wanned up in the water bath at the temperature of 60-70°C for 8 hours until the particles 

became white. The mixed solution was dried out and the particle was washed with distilled 

water for 3 times. To extract the particles, the tube has to be shacked. 150 fibres was picked 

and measured. 

Fibre thickness = fibre width - fibre lumen width 

2 

Fibre length, fibre lumen width and fibre width was measured using 100 x microscope 

projector which: 

1 cm equivalent to 10 mm or 1 mm equivalent to 10 IJm. 

Fibre density determination 

The bulk density of Sago hampas and bark fibres were determined using ASTM 0 

1895. A l-L graduated cylinder was filled with the fibres by dropping them freely into the 

ask. The weight of the fibres contained in the graduated cylinder was determined and the 

averages of five determinations were taken as the bulk density of fibres in giL. 
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Statistical Analysis 

One way ANOV A single factor was used to compare the percentage of chemical 


composition in the sago hampas and sago bark. Descriptive analysis used to determine the 


standard error and standard deviation of sago hampas and bark. Beside that, comparison of 


fibre length, fibre width and fibre thickness are also done between this two materials. 


RESULT AND DISCUSSION 

The mean percentage of the chemical composition for both sago hampas and sago bark 


were showed in Table lo t. As the conclusion, there were mostly significant different of 


chemical composition between sago ham pas and sago bark at a = 0.05. 


Table 1.1 Comparison of chemical composition between sago hampas and sago bark 

Chemical determination bark % 


Moisture content 8.00 (± 0.50f 8.23 (± 1.23f 


Cold water solubility 11.31 (± 0.74f 3.33 (± 0.421/ 


Hot water solubility 23.15 (± 1.06f 9.29 (± 7.25/ 


Ethanol acetone solubility 2.15 (±0.75/ 4.61 (±1.14f 


1 " NAOH solubility 48.33 (± 1.58f 24.73 (± 0.03/ 


Lip;" 9.16 (± 0.50/ 32.89 (± 1.18f 


BDlDcelJlllose 79.00 (± 11.28f 75.43 (:r 2.54f 


Alpha-cellulose 41.85 (± 2.57/ 55.07 (± 0.16f 


Ash 0.0007 (± 2. 6500f 0.0003 (±3.0600/ 

Stlll'Ch 35.00 a 0.007 

ote: followed by a different letter within a column are significant at a= 0.05 


value in the bracket are standard deviation 
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The moisture is the small amount that must be considered when determining the 

percentage of lignin, holocellulose and extractives. Table 1.1 showed the percentage of 

moi ture content of sago barks was higher than sago hampas. Sago hampas recorded 8.00% 

and sago bark 8.23%. These two values were not significant at a =0.05. 

The cold water solubility provides a measure of extraneous components such as 

tannins, gums, sugars and coloring matter in wood. In Table 1.1, the results showed that the 

percentage of cold water solubility for sago hampas was significantly higher than sago bark at 

a =0.05. Sago hampas was 11.31 %, while sago bark was 3.33%. 

Hot water solubility is a measure of extraneous component, such as tannin, gums, 

.!:llUg~ coloring matter and in addition, starches. In Table 1.1 the percentage of hot water for 

-, ......... hampas was significantly higher a =0.05 than hot water solubility for sago bark where 

sago hampas recorded 23.15% and sago bark was 9.29%. According to Haygreen and Bowyer 

(1996) water solubility of most barks range moderately highly acidic and the acidity of 

tractive of bark gives poor performance in some instances for example particleboard 

The ethanol acetone soluble of the wood is a measure of the waxes, fats, resins and 

ICer1tain other ether- insoluble components including possibly some of the so called wood 

Table 1.1 noted, the percentage of extractive from sago hampas is 2.15% and sago bark 

4.61%. The numbers notified that sago hampas have a smaller amount of extractives 

compared to the sago bark. Analyze using the one way Anova gave the 

IilnitiiC8ltltl) different between the percentage of ethanol acetone between both sago hampas 

bark at a =0.05. Extractives content (based on successive benzene, 96% alcohol and 

16 




aVCrI'PI'"n 

t water) of bark is high compared to wood, commonly amounting to 15 - 26% of 

unextracted bark, weight compared to 9- 25% of wood (Haygreen and Bowyer, 1996). 

1 % NaOH solubility is the hot alkali solution to extract the low molecular weight 

carbohydrate consisting mainly of hemicellulose and degraded cellulose of wood. In Table 

.1 the percentage of sago bark was smaller than sago hampas. Sago hampas recorded 

48.33% of 1% NAOH solubility where as sago bark is 24.73%. The p value between this two 

groups was less than 0.05 (p < 0.05) and the value notified that there was significant different 

between the percentage in extractive of 1 % NAOH determination. 

Wood contains about 20-30% of lignin. Determination of lignin content provides 

information the strength of the material. Table 1.1 showed the percentage of lignin 

detennination for Sago bark and sago hampas. The percentage determination of lignin in sago 

bark that was 32.89% was obviously higher than sago hampas that just recorded 9.16% which 

is also stated from reference that the lignin content of the bark is much higher than of wood 

and Bowyer, 1996). This statement also strongly supported by the one way 

A single factor, where the (p < 0.05). This number was justified that there is 

!8ilnifiiC8Jltl} different between the percentage in determination of lignin in sago hampas and 

Holocellulose is the lignin free fibrous material comprising all of the hemicellulose 

cellulose in wood. It is white, cream or straw coloured, depending upon the kind of wood. 

Table 1.1 showed that the percentage of holocellulose in sago hampas (79.00%) was 

than sago bark (75.43 %). However, according to Haygreen and Bowyer (1996), the 

~ulVe free cellulose portion of bark is only 20-30 % compared to 40-45 % for wood. 
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flIlIW!ftlt!m and Bowyer, 1996) 

1Ib.C)Wld no significant different between the holocellulose present. 

1.1 

. 

Based on 95 % of significance level, sago hampas and bark 

Alpha cellulose is a wood cellulose that is insoluble in strong NAOH. Cellulose pulp 

__ts of two main carbohydrate fractions included a-fraction of high molecular weight. In 

the percentage of a-cellulose in sago ham pas was smaller (41.85%) than sago bark 

However, the results was significantly different at a =0.05. 

The inorganic content is usually referred to as ash content, which is an approximate 

salts and other inorganic matter in the fibre after combustion at a temperature of 575 

2SOC (Rowell and Han, 1997). Note in Table 1.1 that the percentage of ash content in both 

bampas (0.0007%) and bark (0.0003%) is less than 0.01 %. With these low values, the 

_tenc:e of ash in both samples can be ignored. Haygreen and Bowyer (1996) have stated 

the ash content in wood is generally less than 0.5 % while that of the bark of softwoods 

hardwoods averages 2 % and 5 %. 

Note in Figure I.A, the calibration curve, the starch from sago hampas absorbance was 

and the starch content after have been plotted in the calibration curve was 32.47 %. The 

bark just recorded 0.077 absorbance and this value gives almost non existence of starch 

_no in the bark. the regression number of starch content from the calibration curve was 

IIld the p value was 0.0046. the number of regression number showed the close 

.-Iati«m between starch absorbance and starch concentration. 

Fibre length, fibre thickness and fibre width is the principal which control the 

ctatistic of the paper such as its strength, density, porosity and surface qualities. In the 

_.-mE of fibre length, the mean of 150 fibre that have been picked and measured at the 

UDder microscope projector was 1237.06 I-lm for sago hampas and sago bark 949.47 
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pm. Fibre width mean of sago hampas was 31.6 11m and sago hampas was 33.57 )lm. Beside 

that, fibre thickness was recorded that sago ham pas mean is 7.03 11m where as sago bark is 

12.44 J.UIl. 

The p value of fibre thickness between sago hampas and bark in Table 1.2 was less 

0.05 (p < 0.05), which means there is significant different between this two materials. 

there was no significant different in fibre width between the two groups. The 

mean number of length measurement of sago hampas and bark have shown that the a value 

was less than 0.05. The value resulted that there was significant different of fibre length 

',hetwe.!m both sago hampas and bark. The Table 1.2 showed the fibre density analysis have 

n-xmlcd that there was no significant different between sago hampas and bark density. 

1.2 Comparison of fibre morphology between sago hampas and bark 

Fibre width (Ilm) 31.6 ( ± 11.53)a 33.57 ( ± 10.87)a 

Fibre length (Ilm) 1237.06( ± 542.60)a 949.47 ( ± 340.248)b 

Fibre thickness ( )lm ) 7.03 ( ± 2.959)b 12.44 (± 4.938)a 

Fibre density (g IL ) 0.052 ( ± 0.0004)a 0.05 ( ± 0.0002)a 

Fibre Hampas Bark 

Gte: mean followed by a different letter within a row are significant at a= 0.05 

value in the bracket are standard deviation 
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Chemical composition detennination of both sago hampas and bark recorded the 

':VfJll'Cel:ltaJlC of the polysaccharide, extractives and lignin content in the both materials. The 

and measurement of the sago residues material showed the different result of chemical 

tCOlnpc>Sltlon and morphology value. This measurement gave the result that sago bark fibre 

significantly better property in fibre width and fibre thickness as compared to sago 

bampas. However sago hampas has significantly higher percentage of cold water solubility, 

hot water solubility, 1 % NAOH solubility, holocellulose, ash and starch content where as, 

_ ...a.v just recorded higher percentage of moisture content, lignin and a-cellulose than sago 

TION 

This study of fibre can be proceed for further extraction where special method is needed to 

.,"OY""'''. the high amount of starch that are still left in the 'hampas. Besides that, the existence 

percentage of lignin content in sago bark also could be explore further. 
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