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Abstract 
Sisal fibre is the coarsest vegetable “hard fibre” that has recorded a rapid increase in demand. This 
can be attributed to the uses of this commodity especially in plaster ceiling tiles . The fact is that 

Nigeria is an importer of sisal fibre since 1961 which is of a major concern. Embark ing on processing 
Nigerian sisal for home consumption and export demands a research into the processing of available 
Nigerian sisal fibre and its characterization to equip users with much needed information, its nature 

and potentials which will enhance its commercial cultivation. The research work  was carried out in 
Zaria, Kaduna State. The aim of the research work  is centred on the processing and characterization 
of Nigerian and Kenyan industrially processed sisal fibre for plaster ceiling tile application.  This 

research was carried out, using experimental/explorative method which involved harvesting and 
extraction of fibre from Nigerian sisal plants. The extracted fibre was characterized alongside with 
the imported sisal fibre to determine the properties of both Nigerian and only imported (Kenyan) fibre   

The results of this work  shows that there are much similarities and   differences between Nigerian 
and Kenyan sisal fibre. The variations noted in the elemental components. Sulphur was completely 
absent in the imported fibre while sodium (Na) and Vanadium (V) was completely absent in the 

Nigerian fibre. The difference may be due to source, processing and soil condition. However, 
Nigerian sisal fibre has been found suitable for plaster ceiling tile application. The s tudy recommends 
that Nigerian sisal fibre can be produced in large quantity for plaster ceiling tiles production rather 

than importing.  
 
 

 
Introduction 
The use of natural fibre plant can be traced 

back to more than 100,000 years 
(Mwaikambo, 2006). With such an increasing 
environmental awareness nowadays, natural 

fibre plants such as cotton, flax, hemp, etc. 
Have lately received increased attention both 
industrially and scientifically (Han and Choi 

2010). The economic influence of natural fibre 
cultivation and beneficiation is well 
established and recognized as means of 

sustainable growth in agricultural and 

industrial developments, particularly for 
developing nation such as Nigeria. 

 
Sisal plant yields natural fibre derived from 
sisal leaves. The word sisal means cold 

water, sisal occupies 6
th

 place among fibre 
plant which represents 2% of the world 
production of plant fibre (fibre plant provides 

65% of world fibres). A typical sisal plant will 
produce 200-250 commercially 400-450 
leaves throughout its productive seasons and 

each leaf contains an average of 1000 fibre 
(Wiggle Worth 2015).The lifespan of the sisal 
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plant is 7-10 years.  It is usually first cut at 2-3 
years and then at 6-12 month intervals. The 

shape of sisal leaf is like sword and it is above 
1.5meters tall. Wiggle, (2015) and Hartemick 
et al., (1995) advanced that sisal can grow 

well in areas of less rainfall, even drought 
prone areas. Sisal plant is fairly drought 
resistant thus, suggesting that the crop can 

survive in areas of less rainfall. While Didas et 
al., (1994) noted that, sisal plant grows best 
with rainfall of 1000-1250mm per year, but 

can also grow with less rainfall and excessive 
rainfall is harmful to sisal plant.  
 

Sisal plant has various significance and 
applications. Traditionally, it is used for twine, 
rope, string, yarn, carpet, mat and various 

crafts. Also closely related to the traditional 
use, is the function of the sisal plant as 
fencing material, to prevent animals from 

straying into farms. In textiles, it is used in 
buffing cloth; it is also used as reinforcement 
in composites. Sisal fibre can substitute or 

enhance fibre glass (FAOUN, 2013). It is used 
in reinforcing plastic; it is an insulating 
material and can be made into fibre board as 

wood substitute. 
 
Di (2011) highlighted some uses of sisal fibre 

to involve carpet and various industrial 
polishing applications; sisal pulp is used in 
manufacturing paper. There is now a 

reasonably big market in a number of 
countries for sisal fibre as building products 
including plaster reinforcement. Sisal fibre is 

used as internal lining of vehicles. The side of 
car doors, it is also used as skid plates to 
reduce weight of vehicle and fuel 

consumption. In recent years, sisal fibre has 
been utilized as strengthening agent to 
replace asbestos and fibre glass. It is also 

used as replacement for silk fibre. Waste 
products from extracted sisal is used as 
fertilizer or animal feed. Other products 

developed from sisal fibre include slippers 
(FAOUN 2013). Sisal residues have also been 
used to produce biogas and electricity. 

 
Sexana and Ashokan (2011), Observed that 
sisal fibre has potential for employment 

generation. Currently, there are high prices 
offered for the crop and its products in the 
global market. In India, sisal fibre is currently 

(2017) priced at about RS 35,000 per tonne, 
indicating the decadal growth in price of about 
30%, showing a phenomenal rise of 170% in 

its price. From the ongoing literatures, it 
shows that sisal fibre is an economic plant 

which has great potentials. From this 
literatures, the major producers of fibre are; 
Brazil, Tanzania, Peoples Republic of China, 

Kenya, Madagascar, Haiti and South Africa 
(FAOUN 2013). Countries like Tanzania were 
major foreign exchange earners of sisal fibre 

of the 1960s, but they experienced decline in 
sisal yields per hectare due to low prices 
following the competition with synthetic fibres 

leading to drop in productivity because of poor 
husbandry specifically and continuous 
cultivation, without fertilizer applications. 

There has been renewed interest in sisal  
plant cultivation since the mid 1980s but, the 
successful rehabilitation of old sisal 

plantations  depends on good management of 
soil fertility among other factors (Hartemink 
and Wienk 1995). In reviewing trends and 

current research on sisal crop Didas and 
Kimaro (1994), reported that Tanzania was 
the leading producer of sisal fibre contributing 

24% of the total world production. From 1970 
onward, production declined rapidly due to 
limited market prospects and unfavourable 

world market prices, inadequate research 
development and poor market arrangements 
are among the factors responsible for the 

decline in sisal fibre production. Moreover, 
research on soils and land suitability shows 
that continuous sisal cultivation depletes the 

soil nutrients reserve thereby rendering the 
crop unable to attain high production level. 
Phologolo (2012) noted that, in Kenya, sisal 

growing and processing industry grew 
tremendously in the first 50 years. This was 
characterized by rapid increase in average 

and quantity of sisal exported but with the 
invention of synthetic fibre in the 1940s, there 
was real setback for the world sisal 

production, leading to reduced sisal demand. 
The introduction of new application for sisal 
coupled with the push for eco-friendly fibre 

has however reversed the trend leading to 
higher demand of the fibre. In Nigeria 
however, reports shows that sisal fibre is an 

imported material from 1961-2008. 
 
Report shows only importation of sisal fibre in 

Nigeria. It therefore means that there is no 
cultivation of sisal fibre in large or commercial 
quantity. Consequently, there are no 

commercial mechanical processing factories 
in Nigeria as compared to other countries like 
Kenya, Tanzania who cultivates sisal fibre 
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plant in large quantity, process it mechanically 
and conduct some laboratory tests on it to 

ascertain its properties. Phologolo (2010), 
observed that Kenya places emphasis on the 
valued products thus they maintained that, 

research and characterization of sisal fibre is 
imperative.  
 

The need to manually extract indigenous sisal 
fibre for plaster ceiling application in Nigeria 
became essential, because as seen from 

figure 1, Nigeria is an importer of sisal fibre 
there is neither a commercial cultivation of 
sisal fibre nor a mechanical means of 

extraction as well. Sisal plant is an economic 
plant which can serve as means of financial 
sustenance for countries that are engaged in 

it. Considering the present economic global 
depression and the present devaluation of 
Nigerian currency, researching into this kind 

of economic plant may turn out to be a 
solution to the present economic predicament 
of Nigeria. Thus, it can serve as means of 

obtaining foreign cash flows into the country. 
Ekechukwu (2014), rightly observed that the 
present devaluation of naira will tell so much 

on the economic situation of the nation that 
with time, people will look inwards and 
produce goods that could be exported from 

the country for exchange of foreign currency 
thereby raising the economic status of the 
nation.  

 
This research work seeks to comparatively 
evaluate indigenous and imported sisal fibre 

in Zaria, north central Nigeria. The research is 
guided by the following objectives: to 
manually extract fibre from indigenous 

Nigerian sisal plant leaves found in Zaria-
Kaduna State; analyse the elemental and 
physical properties of the extracted fibre 

alongside with the mechanically industrially 
processed Kenya Sisal fibre; find out 
difference between the elemental components 

and ascertain the similarities between 
Nigerian sisal fibre, for the production of 
plaster ceiling tiles. 

 
Materials and Methods 
This research is an experimental type. It was 

carried out in the ceramic section of the 
Industrial Design Department of Ahmadu 
Bello University, Zaria located at the North-

West geopolitical region Kaduna state Nigeria  
 
 

Sisal Location and Processing 
Sisal plant used in this research was collected 

from Area BZ Residential Quarters of Ahmadu 
Bello University Samaru Zaria. The 
procurement of the sisal plant was assisted by 

a Non Academic Staff of Ahmadu Bello 
University, Zaria Nigeria. 
 

Harvesting of Sisal Plant 
Items used for harvesting sisal leaves were 
cutlass, knife and scissors. To avoid injuries 

from the spikes along the edges of the plant 
there was need to wear hand gloves. All lower 
leaves standing at an angle of more than 45 

degrees to the vertical were cut one after the 
other from the bole of the sisal plant with 
sharp cutlass, Plate I. Each leaf was cut at a 

point about 3cm from the bole through the 
upper part of its rounded base or just below 
the neck. Two stands of sisal plants were 

harvested and the spikes at the edges were 
nipped off using scissors to prevent injuries 
while packing the harvested leaves to the site 

of extraction. The harvesting lasted for two 
hours hence the harvested leaves were then 
moved to the site of extraction and later 

transported to the Ceramic Section of the 
Department of Industrial Design of Ahmadu 
Bello University, Zaria-Nigeria. 

 
Processing of Sisal Fibre from Sisal Plant 
i. Beating and Crushing: five strands of 

leaves were arranged in rows on a floor 
and held firmly at one end with one foot 
tired together and then heavy hammer 

was used to crush and beat it from end 
to end severally to expose the inherent 
pulp, plate II. The process is interesting 

as well as difficult to carry out since it 
requires much energy in lifting up the 
hammer and exerting force as the 

hammer bangs on the rowed sisal plant. 
In short, this led to blisters.  

ii. Extraction: this is the process of 

removing inherent pulps in the crushed 
fibre to expose the fibre. Handful of 
crushed sisal plants were picked and 

placed on a table horizontally and firmly 
held with the left hand and then the iron 
comb was used first to scab off the pulp 

from the crushed sisal leaves. 
Subsequently, iron brush and zigzag 
knife were used to brush off all pulps 

leaving only fibre strands, Plate III. It was 
very difficult removing pulp from the 
crushed fibre. It took up to 20-40 minutes 
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to completely remove pulp from the leaf 
of the sisal plants.  

iii. Washing: After brushing off the pulps 
from the fibre, the fibre was now ready to 
be washed. The washing of the extracted 

fibre was done using ordinary tap water. 
For one stand of extracted fibre, two (2) 
litres of water was used. A litre of water 

was emptied in the bowl and the strand 
extracted, were together dipped into the 
water while still held together and were 

scrubbed against each other; Plate IV. 
By so doing, the pulp was completely 
washed. Thorough rinsing of the fibre 

was carried out with the aligned strand 
still held together so as to avoid 
juxtaposition of the fibre strand. The 

aligned fibres held together were dipped 
into one litre of water in a bowl and 
squeezed-scrubbed thoroughly, dipping 

and scrubbing until all pulp was 
completely removed from the fibre. 

iv. Drying of Washed Fibre: Washed fibres 

were dried at an ambient temperature for 
a period of 48 hours to remove the 
moisture content from the fibre.  

 
The dried fibre was combed using iron comb. 
The fibre strands were held firmly together by 

the left hand at one end and placed on a flat 
table, then an iron comb was used to stretch 
the fibre strand by combing through the fibre. 

The combing helped to align the individual 
strands of the fibre Plate VI. The combing was 
quite easy compared to the other stages. That 

notwithstanding, it was time consuming and 
must be on done carefully with patience. It 
took 7-8 minutes to comb a handful of dried 

fibre.  
 
The physical properties of the fibre extracted 

as well as the imported fibre were assessed 
which includes the colour, fibre length and 
texture.  This was carried out in the Industrial 

Design Department of the Ahmadu Bello 
University, Zaria- Kaduna Nigeria. The 
elemental analyses of both imported and 

indigenous fibre was carried out using x-ray 
fluorescence test at the National Geological 
Science Laboratory, Kaduna Nigeria. 

 
Results and Discussions 
The physical characteristics of processed 

indigenous fibre were assessed after 
extraction based on the highlighted 
procedures as explained in the previous 

section which include harvesting, crushing, 
extraction, washing drying and combing of the 

fibre. 
 
A close observation locally (Nigerian) sisal 

fibre shows that,  have milk colour, in terms of 
fibre length, four strands fibres were  
measured and found to be 620mm, 640mm, 

820mm, 920mm, and 960mm respectively.  
Texturally, the Kenyan sisal fibre is coarser 
than the Nigerian sisal fibre.  

 
From the elemental analysis of both 
indigenous and imported fibre, the percentage 

of phosphorus present in both show that there 
is equal percentage of the element present in 
both fibres. The indigenous Nigerian fibre has 

greater percentage of the following elements 
silicon, tin, chromium, Iron, Magnesium. While 
the Kenyan imported fibre has greater 

percentage of potassium, magnesium, lithium, 
iodine. Phosphorus is unique to indigenous 
fibre while sodium is unique to Kenya; 

vanadium is unique to indigenous fibre. The 
result also shows that Kenya sisal does not 
contain sulphur and sodium. There is also 

higher loss element on ignition in indigenous 
fibre than the imported one. The result of the 
x-ray fluorescence test shows that both 

samples of sisal fibres tested have same 
elemental components though, the 
percentage composition varies. These 

variations in component percentage of 
element in both indigenous and imported 
fibres may be attributed to difference in 

growing and processing conditions, which was 
rightly noted by (Phologol 2012). 
 

Despite some differences noticed between the 
Kenya and local sisal fibre, the plaster tile 
produced with local fibre shows adhesion with 

the plaster. This signifies that the difference in 
properties does not affect the fuctionality of 
the locally extracted sisal fibre as 

reinforcement in plaster tile production as 
evidently seen in the plaster tile produced 
(see plate viii). Being that the purpose of sisal 

fibre in plaster tile is to serve as 
reinforcement, which has been successfully 
achieved through the use of the locally 

extracted fibre in plaster tiles. As posited in 
Tersinah at Wild Fibre (2017) that, among 
other uses, sisal fibre is used as 

reinforcement in plaster tile. The result of 
locally (Nigeria) extracted fibre length, shows 
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that the Nigeria fibre is of International 
Standard. Using Table 1.1 grading standard.  

 
Conclusion  
Sisal plant was harvested crushed and 

extracted. Both the Nigerian and the Kenyan 
sisal fibre were characterised similarities and 
differences were discovered. The difference 

notwithstanding, the sisal extracted (Nigerian) 
in this study was used to produced plaster 
ceiling tiles, with local fibre sisal shows firm 

affinity and bond with the plaster. 
 

Nigerian sisal is comparable to Kenya sisal in 
some physical and elemental component 

thus; Nigerian fibre can substitute imported 
fibre from Kenya for production of plaster tiles. 
 

Recommendations 
Nigerian fibre should be produced in large 
scale for the production of plaster ceiling tiles 

exportation as means of diversification of 
Nigerian economy. Production of sisal plant 
on commercial scale should be encouraged 

and sisal fibre extraction factory should be 
established for mechanical extraction. 

 

 
 
 

 
 

 
 
Figure 1: World production of sisal and other Agave fibres (FAOSTAT, 2006). 
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Plate I: Harvesting of sisal plant 
Plate II: Crushing and beating of sisal 
plant in the palms 
Source: Studio Experiment (2014) 

Plate III: Removing pulp from crushed 
fibre Source: Studio Experiment (2014) Plate IV: Washing and rinsing extracted 

fibre Source: Studio Experiment (2014) 

Plate V: Drying of washed fibre  
Source: Studio Experiment (2014) 

Plate VI: Combing of fibre  
Source: Studio Experiment (2014) 
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Table 1.0: Elemental Analysis of the Sisal Fibre  

Element Local Fibre 
Composition (%) 
(Zaria) 

Imported Fibre 
Composition (%) 
(Kenya) 

Si 12.30 16.00 

P 2.20 2.20 
S 2.57 - 
K 4.78 7.43 

Na - 0.84 
Mg 2.90 5.20 
Ca 47.54s 24.80 

Ti 1.20 0.29 
V - 0.04 
Cr 1.50 0.23 

Mn 0.38 0.34 
Fe 0.76 0.56 
Loss on Ignition 23.86 42.05 

Source: Field Data from the National Geological Science Laboratory Kaduna-Nigeria. 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

Plate VII: Sample of extracted fibre  
Source: Studio Experiment (2014) Plate VIII: Plaster tile produced with 

locally extracted sisal fibre  
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Sisal Fibre Grading Based on International Grading Regulations (East African Sisal Growers 
Association, Nairobi, Kenya and London Sisal Association, London (U.K.).  

Table1.1 

Grade Description 

NO. 1  Length from 910mm upwards, average 1065 mm. 

 Free of defective decoration, properly brushed, free of low tousled and 
bunchy ends, knots and harshness. 

 Colour creamy white to cream. 

 
NO: 2  Length from 760 mm upwards. 

 Free of defective decoration, properly brushed, free of low tousled and 
bunchy ends, knots and harshness. 

 Colour creamy white to cream. 
 

NO: 3  Length from 610mm (2 ft)  upwards 

 Brush fibre bundle, with minor defects in cleansing permissible.  

 Must be free of tow, knots and barky or decorated fibre/bundle. 

 colour may vary from creamy white to yellowish, but a higher 
proportion of spotted or discoloured fibre bundles is permissible. 

 
UG (Under Grade)  A minimum length from 610mm (2 ft). 

 Brush fibre bundles. 

 fibre bundles that does not conform to the above mentioned grades  as 

regards colour, cleaning and bundle. However the line colour of grade 
may not differ too much and it may not be brown or black. Although 
defects in cleaning are allowable and some imperfectly decorticated 

fibre bundles or barky runners are permissible, it must be free from 
undecorated leaf or knots. 

S.C.W.F.(short 

Clean White 
Fibres) 

 Length from 450 to 610mm. 

 Free of defective decoration, properly brushed, free of tow tousled and 
bunchy ends, knots and harshness. 

 Colour creamy white to cream. 
 

U.H.D.S 
(unwashed Hard 
Decorticated Sisal) 

 Shall not be graded in accordance with sisal grading definitions but 
shall be sold by samples. 

 Proper tow from brushing machines. 

 Free of fine fibre bundle cuttings and dirt; and reasonably free of dust, 

entirely free of sweepings knots, barky or undecorated fibre bundles.  

 Colour creamy white to cream.   

Source: Sisal fibre grading based on international grading regulations (East Africa Sisal Growers 
Association, Nairobi, Kenya and London Sisal Association, London, UK). 
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