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Stem Components of Hibiscus sabdariffa L. for Papermaking 

Risma binti Rahman 

Plant Resource Science and Management Program 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

The calyx of Hibiscus sabdarifJa L. (roselle) is commercially used as a source of raw material 
in the food industries. Besides their calyx, this non-woody plant is not beneficial and more 
often discarded after their economic harvesting period. This experiment was carried out mainly 
to evaluate the suitability of its stem components for papermaking and determine which stem 
components would produce superior handsheet properties. The stem components of roselle 
were collected and prepared into 20 to 30 cm length. The samples were pulped with different 
levels of active alkalis (l0%, 12%, 14% and 16%) and beaten with different degrees of beating 
revolution (0, 2500 and 5000). As a result, roselle stem component (bast and core) were 
determined to have superior fibres than the control sample of A. mangium and were able to 
produce comparable if not better properties of handsheets than A. mangium. 

Key words: Hibiscus sabdarifJa L., kraft pulping, handsheet properties, Acacia mangium. 

ABSTRAK 

Ko.liks daripada Hibiscus sabdariffa L. (roselle) digunakan secara komersial sebagai sumber 
bahan mentah dalam industri makanan. Selain daripada kaliksnya, tumbuhan tak berkayu ini 
tidak berman/aat dan lebih kerap dibuang selepas tempoh penuaiannya. Kajian ini dijalankan 
untuk menilai kesesuaian komponen-komponen daripada batang roselle untuk pembuatan 
kertas dan untuk mengenalpasti komponen-komponen yang boleh menghasilkan kertas yang 
baik. Komponen-komponen batang roselle ini dikumpul dan disediakan men/adi sampel 
berukuran 20 hingga 30 cm panjang. Sampel-sampel yang disediakan dijadikan pulpa 
menggunakan tahap kepekatan bahan kimia yang berbeza (IO%, 12%, 14% and 16%) dan 
dipukul dengan putaran pukulan yang berbeza (0, 2500 dan 5000). Secara keseluruhannya, 
komponen-komponen daripada batang roselle ini iaitu "bast" dan "core" telah dikenalpasti 
mempunyai fiber yang sangat baik berbanding fiber daripada sampel kawalan dan ia dapat 
menghasilkan kertas yang mempunyai ciri-ciri yang sangat baik. 

Kala kunci: Hibiscus sabdariffa L., "kraft pulping", sifat-sifat kertas, Acacia mangium. 



INTRODUCTION 


Trees are one of the important components in the forest that builds the structure of the 

forest. Without them, the production of timber will not be available. Timber is 

commonly used as a raw material to produce many other products such as fuel wood, 

furniture, building structure and so on. Because of its multipurpose usages, the 

demands for timber are very high and thus promote severe deforestation and illegal 

loggings. In addition, trees in forest stand are growing at a slow rate to reach maturity. 

The limited resources of timber have prompted the researchers to explore other 

materials that could be used as a viable replacement for trees. As a result, some of the 

non-wood plants have been identified as alternative resources for that purpose, such as 

flax, hemp, sisal, jute, kenaf and also roselle (Rehm and Espig, 1991). 

Roselle or Hibiscus sabdariffa L. is an annual shrub from the Malvaceae family. This 

hrub has great economic potential (Rehm and Espig, 1991). Kugler (1990) mentioned 

that kenaf (another spp. of Hibiscus) has similar characteristics with roselle, would be a 

major alternative crop resource and this would also apply to roselle. Currently, only 

calyces of roselle plants were used especially in the food industries, to make syrup, 

jelly, jam, and pickle and also as sauce. 

After their economic harvesting period of l35 days (Tan and Mohd. Noor, 1993), the 

roselle plants were disposed as waste. Roselle stems could be converted into value 

added product such as pulp and paper due to their high fibre content. However, 

information on this conversion is lacking. Meanwhile, the interest of kenaf for pulp and 

paper remains high and said to be the same for roselle (Rehm and Espig, 1991). The 
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whole part of roselle plant, except the calyces, can yield fibres that can be processed 

and made into paper. Therefore, in this study, evaluation on the suitability of roselle 

stems to be produced into pulp and laboratory handsheet was done. The specific 

objectives of this study were to: 

a) Evaluate the suitability of different stem components (bast and core of roselle) 

for pulping. 

b) Determine which stem components of roselle that produced superior handsheet 

properties. 

c) Determine the optimum pulping condition for different stem components of 

roselle. 

d) Determine the optimum beating condition for different stem components of 

roselle. 

LITERATURE REVIEW 

Hibiscus sabdariffa L. 

Hibiscus sabdarifJa L. is an annual shrub from the family Malvaceae. The local name 

of this plant is roselle, and it is said to be a native from India to Malaysia (Morton, 

1987). Roselle is also believed to have its origin in tropical Africa (Chin, 1986). This 

shrub has glabrous leaves, which are palmately lobed carried on long petioles and 

grows up to 3 metres tall (Chin, 1986; Drury, 1873). The flowers are showy and are 

born singly on very short peduncles in the axils of the upper leaves. 
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The whole stalks of roselle plant can be used for many purposes. According to Chin 

(1986), the calyces of roselle can be used to produce many types of food product such 

as juice, jelly, sauce, and pickle. The calyces are also being used for medicinal purposes 

such as to relief cough. The young leaves and stalks are eaten as salad (Drury, 1873), 

and as a potherb and are used for seasoning curry (Purseglove, 1968). Besides that, the 

seeds also contain oil, which is similar in properties to cottonseed oil (Chin, 1986). 

Meanwhile the residue (the undesired part of the plant), e.g. the stems and branches can 

be used to produce fibres, which is called ' roselle hemp' (Esselen and Sammy, 1973). 

According to Purseglove (1968), there are two botanical varieties of roselle i.e., the var. 

sabdarifJa and var. altissima. H. sabdarifJa var. sabdariffa is a bushy branched 

subshrub with red or green stems and red or pale yellow inflated edible calyces, 

whereas H. sabdarifJa var. altissima is a vigorous annual plant, 3-Sm tall, practically 

unbranched and cultivated for its fibres, which are similar to those ofjute. 

According to Rehm and Espig (1991), roselle and kenaf are difficult to differentiate 

from each other and the fibres are practically identical. Both of them provide bark 

fibres that are similar to jute. In Southeast Asia, roselle was developed as a fibre plant 

(Rebm and Espig, 1991). Morton (1987) said that roselle is commonly cultivated for its 

calyces and also to yield fibre. According to Drury (1873), a fibre that can be obtained 

form the roselle stems is fine and silky when the stem is being cut during flowering 

stage. 
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Roselle for pulping and papermaldng 

Pulp is the raw material that is obtained from the woody or non-woody plants through 

pulping process. Biermann (1993) stated that, pulp consists of wood or other 

lignocellulosic materials that have been broken down physically and/or chemically such 

that (more or less) discrete fibres are liberated and can be dispersed in water and 

reformed into a web. This means that separating the fibres from other lignocellulosic 

material either chemically or mechanically can produce pulp. Meanwhile, Negi (1997) 

defines pulp as a semi-finished product that being produced from the fibrous material, 

usually wood or other plants. 

Information or literature on the potentials of roselle for pulp and hand sheet is deficient 

currently. Hence, the literature on kenaf would be used as a reference and comparison. 

Since kenaf and roselle have relatively identical fibres properties, they might possibly 

produce similar pulp. 

In Africa and America, kenaf is more important than roselle. Extensive field trials have 

shown that kenaf can produce three to five times (or even higher, depending on soil and 

growing conditions) more hand sheet pulp per acre or hectare per year than can be 

produced from trees (Vargas, 1998). On the other hand, kenaf together with roselle 

accounts for about one-third of world production of soft fibres for packaging. 
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MATERIALS AND METHODS 


Sample preparation 

Roselle plants were obtained from a roselle plantation in Kuching. The roselle stems 

were cut into 20 to 30 cm length and prepared for their bast and core (Figure A.l in 

Appendix A), through mechanical separation. Besides that, Acacia mangium chips were 

also prepared and used as the control sample. The stem components of roselle and A. 

mangium were prepared for 300 grams of oven-dried sample based on their moisture 

content as shown in Table A.l . 

Moisture content = (Wt. of air-dried sample - wt. of oven-dried sample) x 100 

(%) Wt. of air-dried sample 

Pulping process 

The prepared roselle stem components were cooked in steel bomb containers. There 

were four bombs prepared and each of it was loaded with 300 grams of oven-dried 

sample. The components were cooked at four different active alkalis, namely 10%, 

12%, 14% and 16%. The pulping or cooking process took about 3Y2 hours at 170°C 

where for the first 1 Y2 hour, the temperature was to reach 170°C and for the last 2 hours, 

the temperature was maintained at 170°C. Before the bombs were loaded inside the 

pulping machine, the pulping machine was firstly preheated to ensure the temperature 

in . e could increase proportionally. The preheating temperature relied on the number 

of bombs used, where for four bombs; the machine had to be preheated to 210°C. The 
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loading operation had to be done very fast to avoid the temperature inside the pulping 

machine slowed down. After 3 ~ hours of cooking, the bombs were removed from the 

pulping machine and placed in the cooling tank until it was cooled enough to be 

handled. The pulp produced from the cooking process were taken out and washed 

thoroughly with water to remove the entire chemical from the pulp sample. 

Screening process 

The pulps that had been washed were being disintegrated for 5 to 10 minutes by using 

the disintegrator container to separate all of the pulp into a single fibre component. 

Next, the disintegrated pulp fibre were put inside the screening tank and added with 

water until ~ of the tank. The unscreened pulp left inside the tank was considered as 

reject pulp and it might be the uncooked sample or foreign material. Screened yield and 

rejects were determined according to the formula below. 

Yield (%) = (Wt. of air-dried screened pulp - Wt. of oven-dried screened pulp) x 100 

wt. of air-dried screened sample 

Reject (%) = (Wt. of air-dried reject pulp - Wt. of oven-dried reject pulp) x 100 

Wt. of air-dried screened sample 

Determination of kappa number of pulp 

Kappa number of the pulps was determined according to TAPPI 1'236. The kappa 

n her is the number of milliliters of 0.02-molll potassium permanganate solution 

consumed under the specified conditions by 1 g of pulp. The results were corrected to a 
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value corresponding to that obtained when 50% of the permanganate was consumed in 

the test. 

Prior to weighing the test specimens, the samples were conditioned in the atmosphere 

near the balance for not less than 20 minutes. The pulp sample was weighed for 3 

grams to the nearest 0.00 I-gram, which was consumed approximately 50% of the 

potassium pennanganate. The pulp was disintegrated in 500 ml of distilled water until 

free from fibre clots and from large fibre bundles. After that, the pulp was transferred to 

a reaction beaker by using 300 ml of distilled water to rinse out from the apparatus. The 

beaker was placed in a constant temperature bath adjusted at 25 ± 0.1 DC and then it was 

placed on a stirrer. The stirrer was adjusted to obtain an approximately 2.5 cm vortex in 

the solution. 

Next, 100 m1 of the potassium permanganate solution and 100 ml of the sulphuric acid 

were pipetted into a 250 ml beaker. This mixture was placed in a constant temperature 

bath to 25DC and added quickly to the disintegrated pulp and simultaneously a 

stopwatch was started. The 250 ml beaker was rinse using not more than 5 ml of 

distilled water and added to the reaction mixture. At the end of 10 minutes, 20 ml of the 

potassium iodide solution was added from a graduated cylinder. Immediately after that, 

the reaction mixture was titrated with 0.2 N sodium thiosulphate solutions. A few drops 

of starch indicator solution were added towards the end of the reaction. A blank 

determination was also carried out using exactly the same method as above but without 

e pulp. The kappa number was calculated according to the following formula. 
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p = (b - a)n K= px f 

0.1 w 

p = pennanganate consumption in ml of 0.1 N permanganate solution. 


b =ml of the thiosulphate solution consumed in blank determination. 


b =ml ofthe thiosulphate solution consumed in the test. 


n =nonnality of the thiosulphate solution. 


f = factor for correction to 50% permanganate consumption dependent on the value of p 


(Table A.7 in Appendix A). 


w =weight of sample in grams of oven-dried pulp. 


K =kappa number. 


Beating process and freeness test 

The screened pulps were prepared and weighed for 24 grams (oven-dried weight) for 

beating process. The pulps were beaten at 0, 2500 and 5000 revolutions by using PFI 

Mill at 10% consistency. The beating process was done to refine the pulp fibres where 

the refined or beaten pulp fibres would form a more conformed handsheet in the 

handsheet making process. 

After that, the unbeaten and beaten pulps were tested for their freenesses usmg a 

freeness tester. Freeness tester is a standard method for measuring the drainage of one 

litre of stock containing 3 grams of pulp through a screen plate. The pulps were diluted 

wi 8 litres of water inside a stock tank: and air pressure were applied inside the tank to 

ensure the pulp does not sinking. One litre of the stock was pour inside a steel glass and 
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let drained through a screen plate. When the stock was drained, some of it would 

overflows and collected in a graduated cylinder and the amount of water collected was 

recorded. The freeness test was repeated for three times for each pulp; unbeaten, 2500 

revolutions pulp and 5000 revolutions pulp. 

Handsheet making 

The residual pulp stock after the freeness test were used for the hand sheet making 

process where it were dilute inside the stock tank by adding 14 litres of water. Air 

bubbles were introduced into the pulp stock at a constant rate to allow the spreading of 

the fibres inside the tank. Two pieces of trial hand sheets were made by taking two litre 

of the stock and poured it into the hand sheet making machine from British Evaluation 

Apparatus. Water was added inside the apparatus and then the pulp or fibre was 

agitated inside the apparatus. After that, the pulp was left to settle down for a few 

seconds before the water was drained off from the apparatus. A wet hand sheet was 

obtained on the wire mesh plate and it was couched to remove the excess water from 

the hand sheet. For the next process, the handsheet was placed on a steel plate and 

pressed by using the pressing machine from British Evaluation Apparatus. The 

hand sheet was pressed twice where the first pressing took 5 minutes and the second 

pressing took about 2Y2 minutes. After pressing, the handsheets were air-dried in a stack 

nngs. 
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Handsheet test 

All of the hand sheets that had been air-dried were cut into different dimensions to be 

used for the handsheet evaluations, such as thickness (ISO 5270), tensile strength (ISO 

1924/2), folding endurance (ISO 5270) and also tearing resistance (ISO 1974). The 

pattern of the handsheet cutting was shown in Figure 1. 

4.5cm 

Figure 1: Cutting pattern of a hand sheet for hand sheet evaluations. 

RESULTS AND DISCUSSION 

erally, the experiment of the stem components of roselle had resulted low 

J*CIIltage of screened yields, which were less than 50%. That yield was too small or 

insufficient especially for commercial pulp production, where they need a high 
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percentage of pulp yield (e.g. above 80%) to gain the benefits for pulp production. 

Table I shows the result of the pulping process for the roselle stem components. 

Table 1: Comparison of the percentage of pulp yield, reject and the kappa number for 

the different stem components of roselle and A. mangium chips 

Pulp type Active alkali 

(%) 

Screened yield 

(%) 
Reject 

(%) 

Kappa number 

(K) 

Bast roselle 10 34.50 2.04 I 19.20 

12 39.39 2.57 17.80 

14 38.82 2.55 17.00 

16 33.42 2.25 17.40 

Core ro elle 10 32.59 9.47 I 17.60 I 

12 30.81 5.12 16.30 

14 32.86 4.31 14.40 

16 36.49 5.90 13.70 

A. mangium 10 I 41.08 0.98 15.50 

12 40.81 0.22 13.70 

14 37.41 0.27 13.30 

16 39.22 I 0.39 12.20 

The yields shown in Table 1 of the pulps including the control sample (A. mangium) 

were ranging from 30.81 % to 41.08%. The differences of the yield of roselle stem 

components compared to A. mangium are very small. These low yields might be due to 

the pulping process, which was done by using the kraft pulping method. 

According to Biermann (1993), kraft pulping is a full chemical pulping method using 

sodium hydroxide and sodium sulfide. The disadvantage of this method is that it 

produces low yields due to carbohydrate losses, and sulfur in its reduced form provides 

emissions that are extremely odiferous. Kline (1982) also mentioned that, full chemical 

ove more chemicals (lignin and hemicelluloses) and produce a much lower 
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yield. However, Smook (1982) stated that, kraft pulping process could produce highest 

strength pulp and can be applied to wide variety of tree species. 

Kappa numbers of the different pulps were also shown in Table 1. According to 

Biermann (1993), kappa number is the number of mililiters of 0.1 Kmn04 consumed by 

one gram of pulp in 0.5 N sulphuric acids after a ten minute reaction. The kappa test is 

an indirect method for determining lignin by the consumption of permanganate ion by 

lignin. The result showed that, the pulp with lower concentration of active alkali had 

higher kappa number where the pulps produced were brown in colour. While the pulp 

with higher concentration of active alkali had lower kappa number and was of Hghter 

colour. This difference was due to the delignification process of the pulp caused by the 

concentration of active alkali used in the pulping process. Overall, the control sample 

(A. mangium) had the lowest kappa number (12.20, 16% active alkali) and followed by 

roselle core (13.70, 16% active alkali) and lastly roselle bast (17.40, 16% active alkali). 

This could explain the lighter colour of A. mangium as compared to both roselle's core 

and bast. So, both of the roselle stem components requires further bleaching process to 

produce a lighter pulp colour. 

Table 2 showed the result of the freeness and the hand sheet properties of the pulp 

produced from different stem components of roselle. From Table 2, the stem 

components of roseUe (bast and core) had the most superior properties as compared to 

control sample (A. mangium). In the freeness test most of the unbeaten pulp stocks 

. ed very fast thus giving higher value of freeness (549-691 ml). However, the CSF 

reduced when beating of 2500 revolutions was done and reduced further when 

beaten at 5000 revolutions. The best pulp for producing high quality hand sheet was the 
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pulp that has been beaten for 5000 revolutions, where it gave a small value of freeness 

(203 - 431ml) for the roselle stem components and A. mangium. The differences of the 

pulps freeness were caused by the beating process, where higher revolutions of beating 

would produce better-confonned fibres and pulp properties. According to Kline (1982), 

fibre exists in many sizes and shapes from different types of trees and they are made of 

cellulose. Smook (1982) mentioned that, these cellulosic fibres exhibit a number of 

properties, which fuJfill the requirement of papennaking. The best balance of 

papermaking properties occurs when most of the fibres retained substantial amounts of 

hemicellulose. 

Due to the beating process, the hand sheet produced have more strength as compared to 

the unbeaten pulp. According to Smook (1982), properties of a paper could be 

optimised by beating or refining process. The results obtained from this experiment 

verify that the beating process improved the properties of the pulp fibres. The results 

showed that handsheets produced from unbeaten pulp had lower strength properties 

than the handsheet produced from beaten pulp especially in the tensile strength and 

folding endurance. However, the tearing resistances for all of the samples were nearly 

the same. 

Statistical analysis was employed on the data obtained from the testing. Comparison of 

means using Least Significance Difference (LSD) at 95% confidence interval (a=0.05) 

was done to evaluate the significant difference of the handsheet properties made from 

and core of roselle, and A. mangium. 

14 
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Table 2: Comparison of freeness and handsheet properties produced from the stem 

components of roselle and A. mangium 

I 

Beating Pulp type Active alkali I 
(%) 

Freeness 
(ml, CSF) 

Thickness 
(mm) 

Tensile 
strength* 
(kN/m) 

Tear 
(mN) 

Fold 
(double force 
per minute) 

Bast roselle 10 
12 
14 
16 

681 
691 
671 
667 

0.1393 
0.1468 
0.1408 
0.1498 

14.48 

I 

13.04 
17.29 
18.90 

I 

2937 
2574 
2762 

I2648 

33 
29 
31 
54 

Core roselle 10 632 0.0568 20.28 1357 17 
0 12 648 0.6230 21 .50 2023 14 

14 595 0.8900 21.35 1960 11 
16 573 0.0879 19.25 2046 12 

A. mangillm 10 
12 
14 
16 

645 
651 
650 
549 

0.1263 
0.1235 
0.1282 
0.1273 

13.90 
11.91 
12.67 
14.75 

2000 

I 
1937 
1983 
1966 

3 
2 
2 
2 

Bast roselle 10 
12 
14 
16 

323 
329 
326 
299 

0.1106 
0.1144 
0.1275 
0.1299 

26.84 
30.51 
27.17 
27.48 

3193 
I3175 

I 
3208 
3087 

366 
425 

I 

219 
253 

Core roselle 10 232 0.0585 I 36.28 21I2 526 
2500 12 244 0.0711 33.20 2088 148 

14 273 0.0763 30.45 2034 107 
16 I237 0.0600 35.17 2003 159 

A. mangillm 10 455 0.0990 25.93 2258 25 
12 455 0.1560 I 27.17 2155 36 
14 451 0.1950 9.44 I 1823 118 
16 538 0.0990 8.19 1809 13 

Bast roselle 10 
12 
14 
16 

227 
209 
210 
216 

0.1034 
0.1090 
0.1153 
0.1131 

24.73 
29.89 
33.07 
29.83 

3245 
3235 
3098 
2867 

599 
635 
289 
370 

Core roselle 10 204 0.6240 41.20 21I0 636 
5000 12 208 0.0703 64.35 2121 429 

14 203 0.0704 36.68 2034 336 I 

16 209 I 0.0691 34.30 2055 297 
A. mangillm 10 384 0.0950 25 .83 2253 54 

12 419 0.1609 13.40 1940 12 
14 421 0.0910 28.53 2192 33 
16 431 0.0948 25.48 I 2127 I 21 

• Tensile strength = the mean tensile force (N) 

width ofthe test piece (mm) 

(Tensile force were shown in Table B.2, B.3, B.4 in Appendix B) 

B on the statistical analysis shown in Table 3, almost all of the properties analysed 

showed significant differences at a = 0.05. Tensile strength and folding endurance tests 
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showed that the comparison of means among the hand sheets made from roselle bast, 

core and A. mangium were significant. 

However, the comparison of means for the tearing resistance of the different pulp had 

shown a different result. The tearing resistances for the different pulps were significant 

except for A. mangium and roselle core. This might be due to their fibres morphological 

properties, which are closely similar to each other as seen in Table 4. In Table 4, 

results shown that roselle bast was determined to have the longest fibres (2.286mm), 

followed by A. mangium (0.874 mm) and lastly roselle core (0.849mm). Both of A. 

mangium and roselle core gave a significant difference of values if compared to the bast 

because the bast had longer fibre, which can build up stronger fibre bonding when 

fonned into handsheets. 

Table 5 showed the results of multiple comparisons of different beating produced from 

different stem components of roselle and A. mangium. Generally, the analysis of data 

for different levels of beating gave significantly different value at the a = 0.05 level. 

The tensile strength properties showed that all the pulps produced were different from 

each other and the handsheets produced from different revolutions of beating were also 

significantly different. It was also the same for the fold and freeness testing, where all 

of the handsheet produced from different revolutions of beating have given significant 

results. 

wever, the tearing resistance showed that comparison of means between 2500 

FeY utions and 5000 revolutions was not significant. Suggesting that, beating of 2500 

16 
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revolutions is sufficient to produce the same tearing resistance as with 5000 

revolutions. 

Table 3: Multiple comparisons of different pulp produced from different stem 

components of roselle and A. mangium 

Pulp/Handsheet Pulp type Pulp type Sig. 
~mperties 

Freeness 
A. mangium 

lBast roselle 

Bast roselle 
Core roselle 
k. mangium 

* 
* 
* 

tore roselle * 
tore roselle A. mangium * 

Bast roselle * 

Tensile 
~. mangium 

lBast roselle 

:Sast roselle 
Icore roselle 
k. mangium 

* 
* 
* 

jeore roselle * 
k:;ore roselle ~. mangium * 

Tear 
k. mangium 

lBast roselle 

lBast roselle 
lBast roselle 
Core roselle 
k. mangium 

* 
* 

Ns 

* 

Core roselle 
Core roselle 
k. mangium 

* 
Ns 

,lBast roselle * 

Fold 
~. mangium lBast roselle 

1C0re roselle 
* 
* 

rBast roselle ~. mangium * 

tore roselle 
Core roselle 
~. mangium 

* 
*. 

lBast roselle * 
Based on observed means; 
* Significantly different at a= 0.05 
Ns Not significantly different at a = 0.05 
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Table 4: Comparison of morphological properties between roselle stem components 

and A. mangium (Zakiah, Personal Communication) 

Fibre 
measurement 

Length(mm) 
Whole Plant 

0.920D 
(±0.4254) 

Roselle 

Core 
0.849D 

(±O.l665) 

Bast 
2.286a 

(±0.5763) 

Width(mm) 0.027D 

(±O.0080) 
0.034a 

(±0.0079) 

I O.027D 

(±0.0082) 

Lumen Width O.OOld 
(±0.0002) 

0.019a 

(±0.0063) 
0.014° 

(±0.0063) 

Single wall 
thickness (mm) 

0.01 3a 

(±0.0039) 
0.007° 

(±0.0028) 
O.007c 

(±0.0025) 

A. mangium 

0.874° 
(±0.2447) 

0.022c 

(±0.0047) 

0.012e 

(±0.0033) 

0.005d 

(±0.0016) 

Means followed by the same letter (a,b,c) in the same row are not significantly different 
at a. =0.05 according to LSD. Values are means of one hundred replicates. Values in 0 
are the standard deviation. 

Table 6 showed the results of multiple comparisons of different active alkali produced 

&om different stem components of roselle and A. mangium. Based on the results of the 

bandsheet properties, most of the comparison of different active alkalis was not 

·gnificant. The tensile strength properties only gave significant different if each of the 

active alkali level were compared with 10% active alkali. Meanwhile the tearing 

resistance for the different level of active alkali were significant different, except for 

the comparison of 12% with 14% active alkali. For the folding endurance, there was no 

significant different for the comparison of 14% with 16% active alkali level, while the 

rest were significantly different. Nevertheless, the freeness test showed that there were 

significant different between 10% with 14%, 12% with 16%, and 14% with 16% active 

alkali. From the analysis it can be concluded that the hand sheet properties produced 

t be differenciated according to their level of active alkali beyond 10% of active 

aItali. This suggest that the level of 12% active alkali would be amp led to produce pulp 
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of acceptable properties as compared to pulp produced from 14% and 16% active 

alkali. 

Table 5: Multiple comparisons of different beating levels for different stem components 

of roselle and A. mangium for pulp and handsheet evaluation 

Pulp/Handsheet 
properties 

Beating 
(revolutions) 

Beating 
(revolutions) 

Sig. 

Freeness 

0 2500 * 
5000 * I 

2500 0 * 
5000 * 

I 
5000 0 * 

2500 * 

Tensile 

0 2500 * 
5000 * 

2500 0 * 
5000 * 

5000 
I 

0 * 
2500 * 

Tear 

I 

0 2500 * 
5000 * 

2500 0 * 
5000 Ns 

5000 0 * 
2500 Ns 

Fold 

0 2500 * 
I 5000 * 

2500 0 * 
5000 * 

5000 0 * 
2500 * 

Based on observed means; 
* Significantly different at a= 0.05 
Ns Not significantly different at a = 0.05 
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Table 6: Multiple comparisons of different active alkalis 

PulplHandsheet properties Active alkali (%) 
I 

Active alkali (%) Sig. 

Freeness 

10 12 Ns 
14 ... 
16 Ns 

12 I 10 Ns 
14 Ns 

I 16 ... 
14 10 ... 

12 Ns 
16 ... 

16 10 Ns 
12 ... 

I 

14 ... 

Tensile 

10 12 ... 

14 ... 
16 ... 

12 10 ... 
14 Ns 
16 Ns 

14 10 ... 

12 Ns 
16 Ns 

16 10 ... 

12 Ns 
14 Ns 

Tear 

10 12 ... 

14 ... 

16 ... 

12 10 ... 

14 Ns 
16 ... 

14 10 ... 

12 Ns 
16 ... 

16 10 ... 

12 ... 

14 ... 

Fold 

I 
10 12 ... 

14 ... 

16 ... 
12 10 ... 

14 ... 
16 ... 

14 10 ... 
12 ... 

16 Ns 
16 10 ... 

12 ... 

14 Ns 
Based on observed means; 
• Significantly different at a= 0.05 
Ns Not significantly different at a = 0.05 
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" 

a) 

b) 

CONCLUSIONS AND RECOMMENDATIONS 

Ocnerally, the experiment on stem components of roselle (bast and core) had shown 

they were able to produce good pulp and hand sheet properties for paperrnaking. 

experiment also proof that the stem components of roselle can produce superior 

"Dd!Ih~:t properties compared to the control sample (A. mangium). Pulp beaten at 

revolutions was determined to produce the best handsheet as compared to the 

two levels of beating as this level was able to produce freeness of acceptable level 

of 200 to 300 ml CSF. The optimum level of active alkali that produced acceptable 

lIaodsheet properties would be 12%. As a conclusion, roselle plant is potentially good 

be utilised as a fibre source and also as an alternative of nonwood fibre. This 

lUJ~ment also could be a reference or to encourage future study on other non-woody 

IIIGIUg. Based on the results obtained from this study, several recommendations can be 

and listed as follows: 

The study on stem components of roselle by using other methods of pulping 

such as mechanical pulping and semi-chemical pulping could be applied to 

observe the properties ofthe pulp and handsheet produced. 

To apply a higher revolutions of beating to observe the beating extent for the 

different stem components of roselle. 

c) To use the whole plant of roselle (consist of bast and core) for pulping and 

handsheet making. 
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