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Abstract 

This paper evaluates some physical and chemical properties of extracted sisal hemp leaves fiber 

for its possible utilization in food packaging applications. The fiber was extracted from Agave 

sisalana leaves obtained locally in a government forest reserves Area, Adamawa state, Nigeria 

using water retting extraction procedure. Studies were carried out on its physical and chemical 

properties relevant to food packaging applications. The parameters evaluated were Moisture 

absorption ranging from (3.00 % to 3.17 %), density ranging from (0.610 g/cm3 to 3.167 g/cm3), 

fiber diameter which was found to range between (1.933 µm to 2.50 µm), lumen width ranged 

between (1.00 µm to 1.50 µm), from a wall thickness of (0.50 µm.  Proximate analysis was carried 

out for cellulose content, hemicelluloses, lignin and ash content which was found to range 

between 70.00 % to 83.33 %, 16.67 % to 23.33 %, 55.00 % to 75.00 % and 30.00 % to 30.50 % 

respectively. Statistical package for social sciences (SPSS) was used to determine significantly 

different means, and the (ANOVA) table and bar chart for chemical compositions were 

constructed from which observations, conclusions and recommendations were made. The results 

show that agave sisalana leaves fiber were characterized by low density, high cellulose content, 

and low moisture absorbency in comparison with other leave fibers in its category. Therefore, it 

is recommended for possible utilization in pulp and paper making, food packaging containers, 

textile, and automobile products such as brake parts, and car interior. 

  

Keywords: Physico-chemical, sisal hemp, leaves fiber, packaging applications. 

 

Introduction 

Fiber is defined as flexible material having a high ratio of length to width and cross section 

(Herman and Raymond 1988).  Fibers has been classified into natural and manufactured. Natural 

fibers have made a remarkable impact as a potential substitute for conventional synthetic fibers 

like aramid and glass fiber over decades. Owing to their mechanical properties, good thermal 

Vol. 9, No. 1, E-ISSN 3027-0197 

P-ISSN 3027-0383 

Sub-Sahara African Academic 

 

Journal of Renewable Agricultural 

Technology Research 
July, 2025, Editions 

www.ssaapublications.com 

mailto:musaspp2013@gmail.com
https://doi.org/10.70382/sjratr.v9i1.016


 

(JRATR); Journal of           July, 2024 
Renewable Agricultural Technology Research  

 

11 | P a g e  

 

 

Editions 

insulation properties, low density, nonabrasive nature, easy availability from replenish able 

sources, cheaper prices and recyclability of natural fiber reinforced polymer composites have 

attracted the composite industry, both for structural and nonstructural applications. The 

chemical composition of lignocelluloses is inherent according to the particular needs of the plants. 

Celluloses, hemicelluloses and lignin are the three main constituent of any lignocelluloses source 

and proportion of these components in a fiber depends on the age, source of the fiber and the 

extraction condition used to obtain the fibers (Batra, 1985). 

 

Materials and Methods 

Materials 

The materials used in this research work include the following; Sisal (agave sisalana) leaves 

obtained locally in Adamawa State, sisal fiber from the leave, NaOH, H2SO4, potassium Sulphate, 

Safranin red, potassium chromate, HCl, HNO3, distilled water and water. Tools and equipment 

used was electronic oven dryer M/C NO.11/084 Mod., and Motic electric microscope. 

 

Methods 

Fiber extraction 

The sisal (agave sisalana) leaves were cut from the main stock using a sharp knife object at the 

base of the stalks at matured leaf length. The leaves were tied in bundles, weighed and submerge 

in a water pond for a period of three (3) weeks to allow the bacteria and fungi in the environment 

to remove non cellulose substance. The fiber was extracted from the core by hand stripping, clean 

and dries as describe by Sahay and Singh (2001), Narendra and Yang (2005) and Paridah et al., 

(2011).  

 

Chemical treatment of fiber 

After the extraction of the fiber, 400 g of sodium hydroxide (NaOH) was dissolved in 8 liters of 

distilled water which is equivalent to 5 % preparation of NaOH solution, about 990 g of fiber was 

immersed into the solution for 48 hours at room temperature as a method described by Ray et al 

(2001) and Mishra et al (2001). The fiber was removed from the solution and then dried for 48 

hours at room temperature, followed by oven drying at 100oC for 6 hours. 

 

Analysis of fibers physical properties 

In accordance with Ververis et al., (2004), Sharma et al., (2011), for fiber length dimension, small 

silver was obtained and macerate with 10ml of 67% HNO3 and boil in a water bath (100 ± 2o C) 

for 10minutes. The silvers were then washed and placed in a small flask with 50ml distilled water 

and the fiber bundles were separated into individual fiber using a small brush with a plastic end 

to avoid fiber breaking. The macerated fiber suspension was finally placed on a glass slide (7.5cm 

X 2.5cm) by means of a rubber pipette. For the fiber diameter, fiber lumen width and fiber cell 

wall thickness determination, cross sections were obtained from the same height as mentioned 

above and was stained with 1:1 aniline sulphite –glycerine /safranin red mixture to enhance cell 

wall visibility. Sisal fibre cell was viewed under calibrated motic electric microscope on ×10 

objective lence. 
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Determination of the fiber Moisture absorption (Regain) 

American society for testing and material (1997) standard testing method for moisture regain as 

reported by Brindha et al., (2013) was adapted to determine moisture absorption of sisal fiber at 

matured stage. Sisal fiber samples were conditioned for 24hours using ice blocked at 27 ±2oC and 

the weight taken as (L). The conditioned fiber sample was oven dried at temperature of 105oC for 

4hrs and the weight was taken as (W). Moisture absorption percentage of the sample was 

calculated according to equation 2 below; 

Moisture Absorption % =
L−W

L
 × 100           (1)                                               

 

Determination of the fiber density 

Technical Association of Pulp and Paper Industries (TAPPI) standard method was adopted as 

reported in Modibbo et al., (2009). The density plant fiber at matured stage was determined by 

conditioning the fiber sample for 24hrs at 27oC±2oC using water ice blocked before the test was 

carried. 2g of the sample was accurately weighed out for each fiber sample. The weight was 

immersed in toluene in a calibrated glass tube (30ml measuring cylinder) and volume of toluene 

displaced was determined and equal to the volume of sisal fiber immersed. The density of the 

fiber sample was calculated as follows; 

Density =     
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑏𝑟𝑒

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑖𝑏𝑟𝑒
 𝑖𝑛 𝑔/𝑐𝑚3         (2)                                                        

 

Analysis of the Fiber Chemical Properties 

Proximate analysis of the fiber was carried out to determine the percentage content of cellulose 

(alpha-cellulose), hemicelluloses (beta and gamma cellulose) lignin and ash as described by 

Technical Association of pulp and paper industries (AOAC 2016). 

 

Determination of cellulose content 

The alkali solubility test for Alpha – cellulose which involved treating 3g of sample with 100mls 

of 18% NaOH at 25oC ±2oC, was carried out using water ice blocked. The weight of the 

undissolved residue which is the alpha-cellulose was expressed as a percentage of the initial 

weight of the dry ground sample (TAPPI, 1980). 

 

Determination of hemicellulose content 

Following the 18% alkali solubility test for the alpha cellulose, the dissolved cellulose portion 

(aliquot) was collected separately at the end of one hour and treated with 0.1N dilute H2SO4. The 

treatment caused a precipitate form, which was the beta cellulose.  The cleared portion 

(aliquot) was further oxidized with potassium chromate and potassium iodine was added. The 

aliquot was back treated with 0.1N solution of potassium thio-sulphate. The titration caused a 

precipitate form, which was the remaining dissolved gamma cellulose. The weight of the beta and 

gamma cellulose was added together and got the weight of the hemicelluloses which was then be 

expressed as a percentage of the initial dry weight of the ground fiber sample (TAPPI, 1980).  
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Determination of lignin content 

The dry specimen of ground sisal fiber was chilled in ice beaker and treated with 38% 

concentrated HCL, stir and left to cool in the ice under a fume cupboard. Thereafter, concentrated 

H2SO4 was added drop wise to the mixture, stir and left over night at room temperature. The 

mixture was diluted with distilled water and boiled to coagulate the lignin which was then filtered 

hot and rinsed alternatively with concentrated HCL and water. The coagulated lignin was dried, 

weight and expressed as percentage of the initial weight of the dry specimen. 

 

Determination of ash content 

Proximate analysis as described by Aisha et al., (2013) was adopted in determining the quality of 

ash content in the fiber, crucible was washed dried in an oven at temperature of 180oC for 30mins, 

cooled and then weight as M0(g). 2g of the fiber sample was placed into the crucible and weighted 

again as M1(g). Crucible with the fiber sample, transferred into the muffle furnace whose 

temperature set at 600oC and allow for 3hrs until the content becomes whitish in colour. 

Afterward, the crucible was brought out, cooled in the desiccators and weighted as M2(g). The 

percentage of ash content was calculated as follows; 

%Ash Content =  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑎𝑠ℎ (𝑔)

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 × 100             (3)                                                     

 

Statistical Analysis 

Statistical package for social science (SPSS) was used to determine the analysis of variance 

(ANOVA) and the means that were significantly different between the samples at 5% level of 

probability. The chemical properties were subjected to bar-chart and the percentages 

compositions were determined from which the observations, conclusions and recommendations 

were drawn for further studies. 

 

 
Plate I: Sisal Matured Leaves for Fibre Extraction 
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Plate II: Extracted Fiber from matured sisal leaves. 

 

Results and Discussion 

Fiber Physical Properties 

Moisture absorption 

The mean values of moisture absorption evaluated at different stages of fiber length was 

presented in Table 5 and were found to be 3.0 %, 3.0 %, 3.0 %, 3.2 % and 3.1 % for the length of 

153.0 µm, 190.0 µm, 243.0 µm, 265.3 µm and 316.7 µm respectively. It was observed that the 

moisture absorption at all stages investigated were lower than cotton fiber of 8.0 – 25.0 % 

(Naveen et al., 2014), flax of 6.2 – 7.0 % (Brindha, et al., 2013), and Agave Americana with 

moisture absorption ranged between   8-9% (Ashish et al., 2015). This is in agreement with the 

report of (Saheb, 1999) that, fiber with low moisture absorption capacity is suited for different 

application as composite due to its moisture resistance. The moisture absorption increases to 

3.16 % with further increase of fiber length (265.3 µm) but decrease to 3.133 % at fiber length of 

316 µm. this might be due to the differences in fiber diameter from the bottom to the top. The 

analysis of variance (Table 2) shows that moisture absorption is not significant at 5 % probability 

level. 

 

Fiber density 

The density values measured at different stages of length as presented in Table 1, were 0.667 

g/cm2, 0.654 g/cm2, 0.621 g/cm2, 0.647 g/cm2 and 0.610 g/cm2 for length of 153.0 µm, 190.0 µm, 

243.0 µm, 265.3 µm and 316.7 µm respectively. The results revealed that the density of sisal fiber 

ranged between 0.610 ±0.407 to 0.667±0.445. The results were in agreement with the studies 

investigated on natural fibers by (Pai, et al., 2015) and reported that, good quality natural fibers 

most possess good thermal insulation properties, low density, noon abrasive nature, easily 

available from replenish able sources, recyclable in nature and sustained good application as 

composite for structural and non-structural applications. It was observed that fiber density 

decreases with an increase in fiber length. The analysis of variance (Table 2) indicates that the 

density of the fiber investigated at all stages of length were significant at p≤0.05 level for the 

replications and not significant for the treatments. 
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Table 1. Determined Fiber Physical Properties 

FIBRE LENGTH (µm) Mean Moisture absorption (%) Mean Density g/cm3 

153.0 3.0 ± 2.000 0.667 ± 0.445 

190.0 3.0 ± 2.000 0.654 ± 0.436 

243.0 3.0 ± 2.000 0.621 ± 0.414 

265.3 3.167 ± 2.111 0.647 ± 0.431 

316.7 3.133 ± 2.089 0.610 ± 0.407 

 

Table 2. Analysis of variance (Mean Square) for fiber moisture absorption and density 

Sources of Variation DF Moisture Absorption (%) Density (g/cm3) 

Replication 2 297.295ns 30.045* 

Treatment 4 73.492ns 18.075ns 

Error 8 10.256 6.013 

Total 14 
  

 

Table 3. Determined Fiber Chemical Properties 

Parameters Base T1 Middle T2 Top T3 

Cellulose (%) 83.33±55.553 76.67±51.113 70.00±46.667 

Hemicelluloses (%) 17.77±11.847 23.33±15.553 16.67±11.113 

Lignin (%) 75.00±50.00 55.00±36.667 65.00±43.333 

Ash (%) 30.50±20.333 30.50±20.333 30.00±20.000 

 

Celluloses content 

The mean values of cellulose content of agave sisalana leaves fiber as shown in Table 4 were 

83.33%, 76.67% and 70.00% for the fiber length at base, middle and top respectively. The 

celluloses content decrease from the base to top level of the fiber as presented in Figure 1. The 

values in all stages were lower than seed flax, kenaf, ramie, jute, abaca, but fallen within the 

ranged of Henequen, fiber flax (Xue et al., 2007), Agave Americana (Ashish et al., 2015). The 

content in all stages investigated were 70% and above, this is in agreement with (Ververis et al., 

2004) and (Sharma et al., 2011) that, investigated plant materials using standard rating system 

and recommended that plant material with 34% and above cellulose content were characterized 

as promising plant for pulp, paper manufacturing as well as good and biodegradable packaging 

of various kind from chemical composition point of view. It was observed from the results that 

the cellulose content was high in comparison with other plant fibers, and the higher the cellulose 

content the smaller the fiber diameter and proves that the fiber will be stronger in accordance 

with (Ishak et al., 2009). Also, in agreement with the report of (Mohanty et al., 2000) that, 

cellulosic fibers change their dimensions and properties with varying moisture content.  

 

Hemicellulose content 

The hemicellulose content of agave sisalana leaves fiber as shown in Table 4, were 17.77 %, 23.33 

% and 16.67 % for the fiber length at the base, middle and top respectively. The hemicellulose 

content increases from the base level to the middle and decrease to top level. This is in agreement 
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with the reports of (Ebringerova et al., 2000) that, hemicellulose content of plant fluctuate due to 

presence of sugar, glucose, xylems, galactose, arabinose in its composition. It was observed from 

the result in Figure 1 that, in all stages investigated the hemicellulose content was higher than 

henequen with 4-8 %, abaca with 15-17%, ramie 5-16.7 %. But lower than seed flax 30 – 45%, 

(Xue, et al., 2007). It was also observed that, the hemicellulose content of the fiber was very low, 

and this is in agreement with (Agu et al., 2012) that, low hemicellulose content in fiber is 

responsible for less water absorbing capacity which has advantages in utilization in different 

applications as composites.  

 

Lignin content 

The values of lignin content determined were presented in Table 4 and were found to be 75.00%, 

55.00% and 65.00% for the fiber length at base, middle and top respectively. The result showed 

that the lignin content decreased from base to the middle and increase to the top level (Figure 1). 

But in all cases investigated the lignin was higher than pineapple crown leaves, rice straw, kenaf 

and bagasse (Khristova et al., 2002; Tran, 2006; Huang, et al., 2007). Lignin content in fiber 

improved the fiber strength and makes it suitable for paper making and other strong applications 

(Waranyou, et al., 2010). 

 

Ash content 

The values of ash content determined as shown in Table 4 were 30.50 %, 30.50 % and 30.00 % 

for the fiber length at the base, middle and top respectively. The result shows that the ash content 

at the base and middle were the same, but decrease with 0.50 % at the top. The content was higher 

from the base to the middle and lower at the top level as presented in Figure 1. This is in 

agreement with (Steyn et al., 2006) that, natural plant fibers are subject to growth irregularities 

to extent of the same plant possess different sizes and properties. The content in all stages 

investigated were higher than borassus fiber with 0.64 %, rice straw with 9.2 %, jute leaves with 

8.8 % (Basak et al., 1996), kenaf with 4 % (Khristova et al., 2002) and bagasse with 1.5% 

(Khristova, et al., 2006). Chemically sisal leaves fiber was rich in cellulose, and the higher the 

cellulose, the higher the ash content and vice versa (Waranyou, et al., 2010). The higher the ash 

content, the easier the processing techniques of materials during application (Namessan, 2008). 

It was observed that, sisal fiber has high ash content in comparison to other natural plant fibers, 

therefore, it will have good processing ability in most of its applications.  
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Figure1 Chemical Properties Distribution Chart 

 

Conclusions and Recommendations 

Conclusions 

Agave sisalana leaves fiber extracted from the leaves obtained locally from Maiha L.G.A of 

Adamawa state, were studied for its physico-chemical properties for engineering application. The 

fiber was extracted using water retting procedure and treated with alkaline (NaOH).  

The following conclusions were drawn; the fiber runkle ratio in some stages of length (153.0 and 

190.0) were less than one (<1) while slenderness ratio in all stages of fiber length were greater 

than seventy (>70) which is considered good for paper production. It was fond that the fiber has 

moisture absorption is 3.1 % and the density of 0.64 %, cellulose ranged between 70 – 83 % and 

this can be used in many applications due to its moisture resistance ability and is within the 

standard rating system of fiber with 34 % and above. Fiber cellulose content with this percentage 

is characterized as promising plant for pulp and paper manufacturing from the chemical point of 

view. 

 

Recommendations 

Based on this study conducted on Physico-chemical properties of sisal hemp (agave sisalana) 

leaves fiber at different stages of fiber length and thickness, the following recommendations were 

made; 

i. It was recommended for pulp and paper making, disposable packaging containers as well 

as combine mixtures in plastics packaging due to its high cellulose content >70%. 

ii. It was recommended for application in piteado technique for leather embroidery and 

plaster of Paris (POP) due to its high tensile strength and low density.  

iii. Based on these findings, the design and construction of machine for processing of sisal 

fiber should be carried out. 
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