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Abstract: This study evaluated the fibre morphology of Musa balbisiana leaf, stalk and stem portions for pulp and paper 

production. Samples of Musa balbisiana portions were prepared and macerated in equal volume of glacial acetic acid and hydrogen 

peroxide in ratio 1:1. Twenty cellulose fibres from each portion were randomly selected using Reichert visopan microscope to 

determine the physical fibre morphology while the derived fibre indices were calculated. Data collected were subjected to one way 

Analysis of Variance (ANOVA). Follow up tests carried out using Duncan Multiple Range Test (DMRT). Results showed that means 

of fibre length, fibre diameter, cell wall thickness and lumen width ranged between 1.35 and 2.46 mm, 16.46 and 33.34 µm, 7.58 and 

24.99 µm, and 3.54 and 3.56 µm, respectively. The mean values of fibre length of Musa balbisiana leaf and stalk were not significant 

but were significantly different from the mean values of the stem at p<0.05. The mean values of felting rate, elasticity coefficient, 

rigidity coefficient, Runkel ratio and F factor ranged from 84.47 to 142.43, 48.94 to 76.07%, 11.96 to 25.53%, 0.34 to 1.12 and 

433.50 to 627.22, respectively. The leaf stalk of Musa balbisiana had the best Runkel ratio of 0.34 while Musa balbisiana stem had 

the best fibre length of 2.46 mm. Results further showed that while fibre length of stalk and stem portions of Musa balbisiana were 

long fibres, the leaf portion was short fibre. Runkel ratios of Musa balbisiana stalk, Leaf and stem were very good, good and poor, 

respectively while the Leaf, stalk and stem were elastic, high elastic and rigid fibre, respectively. In conclusion, Musa balbisiana has 

proved to be a very suitable non-wood, agricultural based material for pulp and paper production. 
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INTRODUCTION 

Pulp and paper are very versatile in nations’ educational, social and industrial development. The consumption of 

paper was considered to upsurge from 316 million tons in 1999 and 351 million tons in 2005, to about 425 million tons 

by the year 2010 (García et al., 2008). This huge demand is faced with global challenge of scarce wood raw material 

which has been the main basis of pulp and paper production. 

In search of new raw materials as substitute to wood for pulp and paper making and to overcome the shortage and 

the increasing demand of and paper products, non-woody plants are been considered by researchers as promising 

sources to paper production due to their numerous merit as short growth cycles, modest irrigation and low lignin content 

which are capable to reducing the energy and chemicals used in pulping process (Brindha et al., 2012). 

There is growing interest in the use of non-wood such as annual plants and agricultural residues as a raw material for 

pulp and paper. El-Sakhawy et al. (1996) reported that non-wood raw materials account for less than 10 % of the total 

pulp and paper production worldwide. Non-wood lingo-cellulosic raw materials commonly utilized for cellulose 

production are allocated in 44% straw, 18% sugarcane bagasse, 14% reeds, 13% bamboo and 11% others (Sridach, 

2010). The utilization of non-wood for pulp and paper production mostly takes place in countries with a scarcity of 

wood like China and India (Oinonen & Koskivirta, 1999). China uses more than half of the non-wood pulp produced 

worldwide (Hammett et al., 2001). 

Paper was initially produced from non-woody plants. Presently, the use of non-wood pulp has been included in the 

grades of paper like printing and writing papers, liner boards, corrugated medium, newsprint, tissue and specialty paper 

(Hurter, 2001). Utilization of non-wood fibres is an excellent way to producing pulp and paper in comparison to the 

clear-cutting of rain forests or primeval forests. Non-wood is very beneficial plant sources fibre resources because of 

their fast annual growth and the reduced quantity of lignin content in them which bind their fibres together. Non-wood 

pulp is also important because it can be produced at reduced temperatures with lesser chemical charges. Non-wood 

pulps are more easily refined compared to wood pulps. Additionally, non-wood utlization can give added value income 

to farmers involved in production of food crops or cattle rearing (Rousu et al., 2002; Rodriguez et al., 2007; Kissinger 

et al., 2007). 

The  function  of  pulp and  paper  products  in  modern  society  and  with  the  ever  increasing  level  of  literacy  is  
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overwhelming. Paper occupies position of almost inconceivable implication in both developed and developing nations 

like Nigeria (Onilude, 2011). At present, over 95% of paper products are produced from wood, while the balance 

consists of fibrous materials, such as agricultural wastes. 

Musa balbisiana Colla is a wild species of banana. It formed the basis of many edible bananas by its hybridization 

with Musa acuminate (Colla, 1820). Musa balbisiana is native to eastern South Asia, northern Southeast Asia, and 

southern China. It was first scientifically described in 1820 by an Italian botanist Luigi Aloysius Colla. It grows lush 

leaves in clumps with a more upright habit than most cultivated bananas. They are regarded inedible because of the 

seeds they contain. It may be assumed that wild bananas were cooked and eaten otherwise agriculturalists would not 

have developed the cultivated banana (Deka et al., 2018). Musa balbisiana is associated with tolerance to abiotic 

stresses. 

In Makurdi, there is an abundance of Musa balbisiana. This species of banana grows profusely in Makurdi and is 

mostly eaten by the locals with little or no market value. Musa balbisiana has not been assessed for pulp and paper 

production in this area. Therefore, the aim of this study was to assess pulp and paper potentials of Musa balbisiana 

grown in Makurdi, Benue State, Nigeria. 

MATERIALS AND METHODS 

Study area 

The study was conducted at the Federal University of Agriculture, Makurdi, Benue State. Benue State is generally 

regarded as the ‘Food basket’ of Nigeria, because its ecology supports extensive arable cropping and livestock 

production as well as fruit, palm, grains, legumes, root and tuber production. Makurdi lies between Latitude 7o 38ꞌ and 

7º 50ꞌ North, and Longitude 8o 24ꞌ and 8o 38ꞌ East. The town lies within the guinea savannah vegetation zone and 

experiences two distinct seasons, the wet/rainy season and the dry/summer season. The rainy season lasts from April to 

October with annual rainfall in the range of 1000-2000 mm. The dry season begins in November and ends in March. 

The temperatures fluctuate between 23-37 oC in the year (Ministry of Information & Orientation, 2012).  

Collection and preparation of samples 

The stem, leaf and stalk were collected from matured Musa balbisiana plant, cut into chips and air dried for two 

weeks to remove the moisture in it. 

Determination of fibre characteristics 

Fibre characteristics determination was carried out at the Forest Research Institute of Nigeria (FRIN), Ibadan. Each 

sample was prepared into slivers of about 1 cm × 2 mm × 2 mm. The slivers were macerated in equal volume of glacial 

acetic acid and hydrogen peroxide (1:1) inside an oven at about 100°C for 2 hours. The resultant solution was agitated 

to separate cellulose fibre into individual fibres. Slides of macerated fibre were inserted unto stage micrometer mounted 

on a Zeiss light microscope (Standard 25) under 80×. The microscopy was achieved in agreement with the ASTM 

D1413-48 of 1983 and ASTM D1413-61 method of 2007. Twenty full length fibres were randomly selected from each 

representative samples  to determine fibre length, fibre diameter, cell wall thickness and lumen width  following the 

approach employed by Jorge (1999) when at least 20 fibres per slide were measured to keep error below 5% for a 95% 

confidence level. Derived fibre indices were calculated from measured fibre morphology as follows: 
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Where, Fr = Felting rate; FL= Fibre length; FD = Fibre diameter; EC = Elasticity coefficient; LW = Lumen Width; 

RC = Rigidity coefficient; CWT = Cell wall thickness; RR = Runkel ratio; Ff = F factor. 

Data analysis 

Data of the study were subjected to one way analysis of variance (ANOVA) to determine the significant effects of 

different portion on the properties. Follow up test was carried out using Duncan Multiple Range Test (DMRT) where 

significant differences exist. 

RESULT 

Table 1 shows  the means of  Fibre length, Fibre diameter, Lumen width  and cell wall thickness of Musa balbisiana  
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at leaf, stalk and stem portions. The means of fibre length, fibre diameter, lumen width and cell wall thickness ranged 

from 1.35-2.4 6 mm, 14.69-33.34 µm, 7.58 µm 24.99 and 3.54-4.18 µm, respectively. The result also reveals that the 

means of fibre length of leaf and stalk were not significantly different from each other but differ significantly from the 

mean of the stem portion at p<0.05. The result further showed that means of fibre diameter, lumen width and cell wall 

thickness of leaf and stem portions did not differ significantly from the mean of the stalk portion at p<0.05. 

Table 1. Mean Values of Fibre Characteristics of Musa balbisiana Colla (Leaf, leaf stalk and stem). 

Fiber characteristics Plant portion N Mean±SD 

Fibre length (mm) 

Leaf 20 1.35±0.84a 

Stalk 20 1.79±0.35a 

Stem 20 2.46±1.59b 

Total 60 1.86±1.14 

Fibre Diameter (µm) 

Leaf 20 16.76±4.80a 

Stalk 20 33.34±7.35b 

Stem 20 14.69±6.50a 

Total 60 21.59±10.45 

Lumen Width (µm) 

Leaf 20 9.68±2.89a 

Stalk 20 24.99±5.03b 

Stem 20 7.58±3.86a 

Total 60 14.08±8.77 

Cell Wall thickness (µm) 

Leaf 20 3.54±1.38a 

Stalk 20 4.18±2.35a 

Stem 20 3.56±1.46a 

Total 60 3.76±1.78 

Table 2 shows the means of felting rate, elasticity coefficient, rigidity coefficient, Runkel ratio and F factor of Musa 

balbisiana at leaf, stalk and stem portions. The means of felting rate, elasticity coefficient, rigidity coefficient, Runkel 

ratio and F factor varied from 57.23-142, 48.94-76.07 %, 11.96-25.53 %, 0.34-1.12, 433.50-627.22, respectively. Means 

of felting rate of the leaf and stalk are not significantly different from each other but differ significantly from the mean 

of the stem portion at p<0.05. However, means of elasticity coefficient, rigidity coefficient and Runkel ratio of Musa 

balbisiana portions were significantly at p<0.05. On the contrary, means of F factor of Musa balbisiana leaf, stalk and 

stem portions are not significantly different (p<0.05). 

Table 2. Mean Values of Fibre Derivatives of Musa balbisiana Colla (Leaf, leaf stalk and stem). 

Fibre derivatives Plant portion N Mean±SD 

Felting rate 

Leaf 20 84.47±54.65a 

Stalk 20 57.23±21.30a 

Stem 20 142.43±74.99b 

Total 60 94.71±64.82 

Elasticity coefficient (%) 

Leaf 20 57.89±10.09b 

Stalk 20 76.07±10.01c 

Stem 20 48.94±9.41a 

Total 60 60.97±14.94 

Rigidity coefficient (%) 

Leaf 20 21.06±5.04b 

Stalk 20 11.96±5.01a 

Stem 20 25.53±4.70c 

Total 60 19.52±7.47 

Runkel  ratio 

Leaf 20 0.78±0.34b 

Stalk 20 0.34±0.20a 

Stem 20 1.12±0.44c 

Total 60 0.75±0.46 

F Factor 

Leaf 20 433.50±342.659a 

Stalk 20 620.25±448.11a 

Stem 20 627.22±428.78a 

Total 60 560.32±412.15 

Table 3 shows the sustainability of Musa balbisiana portions for pulp and paper making. While the fibre length of 

stalk and stem portions have long fibres, the leaf portion had short fibre. The result also showed that the Runkel ratios 

of Musa balbisiana stalk, Leaf and stem were very good, good and poor respectively. The summary of the elasticity 

coefficient of Musa balbisiana Leaf, leaf stalk and stem portions is presented in table 4. The result revealed that Musa 

balbisiana Leaf, stalk and stem were classified as elastic, high elastic and rigid fibre, respectively.  
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Table 3. Sustainability of Musa balbisiana Colla (Leaf, leaf stalk and stem) for pulp and paper 

making based on fibre length and Runkel ratio. 

Species 
Fibre length Runkel ratio 

Value Fibre class Value Ranking 

Leaf 1.35 short 0.78 good 

Stalk 1.79 long 0.34 very good 

Stem 2.46 long 1.12 Poor 

 
Table 4. Summary of the Elasticity Coefficient of Musa balbisiana Colla 

Leaf, leaf stalk and stem Portions. 

Species 
Elasticity coefficient (%) 

Value Types of fibre 

Leaf 57.89 Elastic 

Stalk 76.07 High elastic 

Stem 48.94 Rigid fibre 

DISCUSSION 

Fibre morphology of Musa balbisiana 

Fibre length 

The fibre length of Musa balbisiana in this study ranged from 1.35 mm in the leaf to 2.46 mm in the stem with the 

mean of 1.86 mm. Fibres length below 1.60 mm are classified as short while those above 1.60 mm in length is said to be 

long fibres. It therefore implies that the mean fibre length of Musa balbisiana leaf is long fibre. Qgunkunle & Oladele 

(2008) reported fibre length of less than 1.60 mm for 12 Ficus species. Long fibres are preferred for manufacture of 

paper because they give a more open and less uniform sheet structure (Oluwadare & Ashimyu, 2007). Short fibres lack 

formation of good surface content and fibre-fibre bonding (Ogbonnaya et al., 1992). Ademiluyi & Okeke (1979) 

reported that the longer the fibre, the higher the tear resistance and the better the quality of the paper produced. 

The mean fibre obtained from Musa balbisiana in this study is similar to 1.37 mm for maize husk and 1.52 mm for 

maize stalk reported by Ekhuemelo & Tor (2013). Goswani et al. (2009) reported an average fibre length of 1.55 mm 

for Musa × paradisiaca L. which is good quality and can be used to produce greaseproof paper. Similarly, Noah (2009) 

reported fibre length of 1.7 mm value for bagasse fibre. However, fibre length of Musa balbisiana stem as obtained in 

this study, is higher than the recommended fibre length for good quality pulp and paper and implies that Musa 

balbisiana is a good source of raw material for good quality paper. 

Fibre diameter 

In this study, Musa balbisiana had fibre dimeter of 14.69 µm for stem, 16.76 µm for leaf, and 33.34 µm for stalk. 

Fibre diameter has been reported to be related to the molecular and physiological variations occuring in the vascular 

cambium plus increase in cell walls during the tree growing process (Plomion et al., 2001; Rouge & Fo, 2007). The 

values obtained in this study are within the range of 20-40 µm fibre diameters for hardwood fibres reported by (Usta & 

Eroghe, 1987). The values are lower compared to some non-wood materials with paper making potential according to 

Ogbonnaya et al. (1992) and Pahkala (2001). This agrees with the values reported by Oluwadare (2006) for fibre 

diameter of some Nigerian grown Musa species. 

Lumen width 

Average mean lumen width of different parts of Musa balbisiana were 9.68 µm, 24.99 µm and 7.58 µm for leaf, 

stalk and stem, respectively. They are higher than that 4.34 µm for Musa sapentium L. reported by Osadare & 

Udohitinah (1993). Mean fibre lumen width stem values of Musa balbisiana is close to 8.49µm for Sterculia roblonga 

reported by Osadare & Udohitinah (1993). The values obtained are generally higher than those reported for similar non 

wood fibres. Fibre lumen width influence the beating of pulp in the sense that, the larger the fibre lumen width, the 

better will be the beating of pulp due to the penetration of liquids into vascular spaces of the fibres (Panshin & De 

Zeeuw, 1980).  

Cell wall thickness  

The result also reveals the mean of cell wall thickness of Musa balbisiana as 3.54 µm for leaf, 4.18 µm for stalk and 

3.56 µm for stem, which is higher than the values in Sterculia setigera Delile reported by Oluwadare & Egbewole 

(2008). Also, the mean values obtained in this study are lower than 4.34 µm for Musa × sapientum L. reported by 

Osadare & Udohitinah (1993). Cell wall thickness influences the specific gravity of fibrous raw materials which in turn 

has a marked effect on the pulp sheet properties (Colley, 1973). 
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Derived fibre morphological indices of Musa balbisiana 

Felting power/Slenderness ratio 

The mean values for felting power of Musa balbisiana were 84.47 for leaf, 57.23 for stalk and 142.43 for stem. 

These values are within the range of 63.81 for Saccharum officinarum L. (bagasse) and 101.50 for Sterculia setigera 

reported by Oluwadare & Egbewole (2008). Felting power is produced by shorter and thicker fibres which in turn 

reduced tearing resistance drastically. There is positive correlation between the slenderness ratio and folding endurance 

(Ona et al., 2001). It also affects the flexibility and resistance to rupture of the fibres and paper product made there from 

(Xu et al., 2006). Felting power has positive effect on strength, tear, and burst, breaking off, double folding resistance 

according to physical test result of the paper. A slenderness ratio /Felting power of cellulose material that is greater than 

33 is regarded a good for pulp and paper making. As result, Musa balbisiana is considered very suitable for pulp and 

paper production if employed by paper producing industries. 

Runkel ratio 

The Runkel ratio for Musa balbisiana was 0.78 in leaf, 0.34 in stalk and 1.12 in stem. The values of the leaf and 

stalk are within the range of non-wood species as reported by Oluwadare (1998) as 0.78 in Musa textilis Née, 0.76 in 

Hibiscus cannabinus L., 0.57 for Saccharum officinarum L. reported by (Egbewole et al., 2013) and lower than 0.95 in 

the bast of Adansonia digitata L. as reported by Oluwadare (1998). Bektas et al. (1999) reported that when Runkel ratio 

is higher, it would give an equivalent lower paper strength characteristics particularly lower tear, burst, and tensile 

indexes. This is in line with the finding of Olwudare & Egbewole (2008) who stated that Runkel ratio was closely 

related to cell wall thickness and influences paper strength properties. The fibres with Runkel ratios less than 1 are good 

for paper making because the fibres are more flexible, collapse easily and from a paper with large bonded area hence, 

the suitability of Musa balbisiana leaf and stalk as a raw material for pulp and paper production. 

Runkel ratio determines the suitability of a cellulosic material for pulp and paper production. It is directly affected 

by cell wall thickness, and not really by lumen diameter (Ona et al., 2001). It is also related to paper conformity, pulp 

yield and fibre density. Bulkier paper is produced from high Runkel ratio fibres compared to low Runkel ratio fibres. 

Therefore, the low values obtained in this study imply that Musa balbisiana is essentially important raw material for 

pulp and paper production. 

Elasticity coefficient 

Elasticity coefficient is a further significant standard for evaluating fibre quality. Elasticity coefficient (flexibility 

ratio) has been classified by Bektas et al. (1991) into four groups of fibres which include: high elastic fibres having 

elasticity coefficient above 75; elastic fibres with elasticity ratio between 50 and 75; rigid fibres containing elasticity 

ratio between 30 and 50 and highly rigid fibres which comprises elastic below 30. Based on this classification, elasticity 

coefficient of all portions of Musa balbisiana are within the high elastic and elastic fibres (57.89-76.07 %) for leaf and 

stalk, respectively and rigid fibre (48.94%) for the stem portion. Since rigid fibres do not have efficient elasticity, they 

are not suitable for paper production and they are used more on fibre plate, rigid cardboard production (Akgul & 

Tozkiogu, 2009). Elastic fibres can be stretched making it a suitable raw material for paper making in other to get high 

resistance. 

Rigidity coefficient 

The values of rigidity coefficient obtained from Musa balbisiana were 11.96, 21.06 and 25.53 % for leaf, stalk and 

stem, respectively. These mean values are within the range reported by (Hus et al., 1975) for juvenile beech wood 

(22.95%) and 27.66% for Eucalyptus. A high rate of rigidity coefficient affects tensile, tear, burst and double fold 

resistance of paper negatively (Hus et al., 1975). This implies that paper made from these samples with low rigidity 

would have less tensile, tear, burst and double fold resistance making it a suitable raw material for pulp and 

papermaking. 

F factor (%) 

F factor mean values of Musa balbisiana ranged within 433.50% for leaf <620.25% for stalk and <627.22% for 

stem. F factor for beech juvenile wood was found to be 140.38% and 240.55% for blank pine juvenile wood (Akgul & 

Tozkiogu, 2009). In related studies on softwoods, F factor was found to be 606.66% for Pinus brutia Ten., 410.34% and 

for Cedrus libani A.Rich. F factor for spring wood radial of Pinus pinnaster was determined as 745.40%, spring wood 

tangent as 69.81%, summer wood radial as 603.9% and summer wood tangent as 493.0% (As, 1992). Therefore, it 

implies that, F factor of Musa balbisiana portions are similar to the ones obtained from softwoods. 

CONCLUSION 

Result from  fibre morphology and derived  fibre indices of  Musa balbisiana leaf and stalk have proved that the non 
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wood raw material is very suitable for pulp and paper production. The appreciable fibre length and Runkel ratio of 

Musa balbisiana present it as non-wood, agricultural based material for pulp and paper production. The leaf stalk of 

Musa balbisiana was best suited for papermaking compared to the stem and leave. 
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