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Introduction 

The demand for wood as raw material for papermaking industry increases almost daily due to 
the global population increase. Nowadays nearly four million trees or 35 % of the total trees 
that are felled are used in the papermaking industry on every continent [1]. Although wood is 
a renewable resource, its annual growth rate is far from adequate in terms of satisfying the 
papermaking industry needs for raw material quantity. Therefore, alternative fibres sources 
are needed today and especially for future generations. One of such sources is straw as crop 
residue. The straw, as a harvesting residue, is a fibre resource available from the annually 
renewable crops, produced abundantly in numerous regions all over the world. In previous 
research [2] conducted chemical component analysis showed that wheat, barley and triticale 
straw contain high amounts of cellulose, which was the first step of its valorisation as a source 
of fibres in papermaking industry. In this research, emphasis was placed on the fibres length 
as another important factor for utilising non-wood raw material for papermaking industry. 
Willing to get closer insights in the possibility of cereal straw use as an alternative fibres source 
for papermaking, in this paper the fibres lengths of three wood species most commonly used 
for cellulose preparation (e.g. common beech, Norway spruce and white poplar) were 
compared with those isolated from wheat, barley and triticale straw.  

Materials and Methods 

As raw materials in this research the straw of three most common crop species in Croatia (e.g. 
wheat (Triticum spp.), barley (Hordeum vulgare L.) and triticale (Triticale sp.)) collected after 
the harvest were used. Alongside agricultural residues, common beech (Fagus sylvatica L.), 
white poplar (Populus alba L.) and Norway spruce (Picea abies [L.]H. Karst.) wood was used as 
those species are most commonly used in cellulose and papermaking industries. Selected 
wood species were sampled in accordance with TAPPI standard T 257 cm-12 [3] on various 
locations in Croatian Continental Region. After sampling the wood material was left to 
naturally dry to water contents below 15 %, as measured using Sartorius infrared moisture 
analyser MA 150, before it was cut (Proxxon FET tabletop circular saw) into 1.5×1.5×30 mm 
sticks. Straw was manually cut using scissors into 3 cm long pieces. Cellulosic pulp from wood 
and straw was prepared according to slightly modified Franklin’s method [4]. Namely, each 
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specimen intended for fibre length determination was macerated in 1:1 (v/v) mixture of glacial 
acetic acid and 30 % hydrogen peroxide. Maceration took place in 35 ml scintillation vials that 
have been heated for 48 h to 60 °C using dry block heater (IKA, Dry block heater 1). After the 
specified time elapsed almost pure white delignified samples were obtained. Macerating 
solution was then carefully decanted and the samples were rinsed with distilled water for 
several times. In order to neutralize the remaining traces of acetic acid small amounts of 
sodium carbonate were added to half-filled vials containing samples in distilled water. Sodium 
carbonate was added in small amounts at the time ensuring that effervescence is not so 
vigorous that it breaks up the delignified straw /wood samples. When the effervescence has 
stopped the liquid from the vials was decanted and samples were rinsed several times with 
distilled water in order to remove the traces of sodium carbonate. Finally, individual fibres 
were produced by vigorously shaking the delignified straw/wood samples in vials half-filled 
with distilled water. Such fibres were then dyed using Toluidine Blue O dye and observed using 
Zeiss AXIO Zoom V16 microscope. For each specimen type, the lengths of 50 randomly 
selected fibres were measured using AxioVision SE64 (Rel. 4.9.1) software. All the chemicals 
used in the pulp preparation were purchased from Kemika Ltd., Croatia. Toluidine Blue O dye 
was purchased from Sigma-Aldrich, Germany. 

Results and discussion 

In cellulosic pulp specimens prepared from cereal straw (Figure 1) the fibres were more 
dispersed than in those isolated from wood (Figure 2). This is probably due to the fact that 
straw fibres were somewhat shorter than those prepared from wood and that the hydrogen 
bonds strength in prepared cellulosic pulps is different due to the chemical treatment applied 
and its effect on individual raw materials [5]. Fibres agglomeration and entanglement (Figure 
2) in case of wood derived cellulose is also governed by the presence and interlocking effect 
of a wide range of fibrils and microfibrils extending from the fibres surface [6]. 

     

Figure 1 Microscopic images of wheat (A), barley (B) and triticale (C) fibres photographed at 
168x magnification 
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Figure 2 Microscopic images of beech (A), white poplar (B) and spruce (C) fibres 
photographed at 168x magnification 

As microscopic images gave insight only to fibres distribution in pulp specimens, statistical 
analysis of gained fibres length was performed and it indicated quite large differences 
between fibres isolated from examined wood and non-wood raw materials (Table 1).  

Table 1 Fibres length of examined wood and non-wood raw materials for papermaking 

Raw material Species 

Fibres length* 

Mean 

(mm) 
SD 

Range  

(mm) 

Straw 

Wheat  
(Triticum spp.) 

0.83 0.26 0.45 - 1.62 

Barley  
(Hordeum vulgare L.) 

0.91 0.29 0.40 - 1.62 

Triticale  
(Triticale sp.) 

0.93 0.61 0.27 - 2.63 

Wood 

Common beech  
(Fagus sylvatica L.) 

0.97 0.25 0.43 – 1.43 

White poplar 
(Populus alba L.) 

1.07 0.23 0.65 – 1.62 

Norway spruce 
(Picea abies [L.]H. Karst.) 

1.88 0.40 1.09 – 2.67 

* Values based on lengths of 50 fibres measured for each examined species 

 

If mean values in Table 1 are observed it can be concluded that straw fibres are shorter than 
those from wood. However, the minimum-maximum ranges suggest that the non-wood fibres 
are actually quite similar to those from hardwood (common beech and white poplar). Norway 
spruce, as softwood species, had the highest average value of fibre length (1.88 mm) with 
standard deviation of 0.40 and range from 1.09 to 2.67 mm.  
If fibres length distributions in straw derived cellulosic pulp (Figure 3) are observed it can be 
concluded that wheat and barley straw have similar fibres lengths and that their distribution 
is almost the same, while with the triticale straw this is not the case. Namely, wheat and barley 
straw consist of fibres whose length ranges from 0.45 to 1.62 mm, while the range for triticale 
fibres is much wider (0.27 – 2.63 mm). However, for all analysed straws the majority of fibres 
are in the range from 0.5 to 0.9 mm, approximately 76 % of the wheat, 68 % of barley and only 
36 % of the triticale fibres. The common beech and white poplar are similar to each other by 
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measured fibre length values. For both wood species over 95% of fibres were measured in 
length range from 0.5 to 1.4 mm (Figure 4). Fibre length distribution for common beech 
reveals that its dominant fibre length group is the same as for straw fibres (from 0.5 to 0.9 
mm; approximately 52 %). However, white poplar fibres are a bit longer as 58 % of them are 
distributed in 1.0 - 1.4 mm range. The lengths of Norway spruce fibres are distributed through 
a wider length range, where 1.5 - 1.9 mm (44 %) and 2.0 - 2.4 mm (36 %) are the most 
dominant length groups.  

 

Figure 3 Fibre length distributions of examined straws 

 

Figure 4 Fibre length distributions of examined wood species 

Conclusion 
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The results of this study revealed that straw as agricultural residue have fibres similar in length 
as hardwood species which are most commonly used in cellulose and papermaking industries. 
However, given their length wheat, barley and triticale fibres cannot compete with softwood 
fibres. This is expected as it is known that softwood species have tracheids that are longer 
than hardwood vessels. Based on gained results it can be assumed that agricultural residues 
could be used in pulp and paper industries for achieving some paper properties which 
otherwise provide short hardwood fibres.  
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