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Three main lignocellulosic components (lignin, cellulose and hemicellulose) are major plant cell walls. Their
content in biomass crops, for example, MD2 pineapple waste will affect the heating values (HHV) if uses as a
feedstock for the solid biofuel (biocoke). The aim of this paper is to identify the amount of lignocellulosic
content in the MD2 pineapple waste and its effect on heating value. The experiment and parameters setup
were carried out by following the chemical composition determination of standard methods. The process
involved the sample preparation and treatment process by using NaOH and sodium chlorite for bleaching
purposes. The effect of a percent of the lignocellulosic content in the MD2 pineapple waste before and after
bleaching process towards heating value was studied. From the result, lignocellulosic in leaves (Cellulose 30
wt%, Hemicellulose 37 wt% and Lignin 22 wt%) showed the similarities (slightly higher and lower) content
compared to the stem (Cellulose 46 wt%, Hemicellulose 29 wt% and Lignin 17 wt%) and root (Cellulose 42
wt%, Hemicellulose 32 wt% and Lignin 19 wt%). The majority of the leaves for the whole non-woody plant will
give the cumulative effects since the quantity of stem and root is only about 15 % of the total weight of the
plant. The cellulose and hemicellulose produce different thermal stability due to their different chemical
structure even though they are both polysaccharides. From the data, all parts of MD2 pineapple has high
cellulose and hemicellulose content. The hemicellulose can indicate the ignition temperature and time to ignite
of the biocoke product produce by MD2 pineapple waste same goes to the cellulose content. The
decomposition of lignin from start to end of the burning process can be an indicator that the biocoke product
produces from MD2 pineapple waste can withstand up until 900 °C or above with some additional reactor or
chemical that can enhance its thermal properties.

1. Introduction
MD2 pineapple is a hybrid of pineapple (Ananascomosus) genus from a Bromeliaceae family that have high
potential biomass productivity and could be used as a feedstock for renewable energy and bioproducts (Jin et
al., 2017). The potentially as a sustainable bioenergy crop is due to the continuity of the plantation beside the
availability and the quantity produced by every season. This variety of Ananas Comosus was produced by the
research done with the collaboration of the Hawaii research institute and a few pineapple suppliers to suites
the demanding all over the world. MD2 pineapple popularly planted in Pontian, Johor, Malaysia. MD2
pineapple is considered as a feedstock for solid biofuel because it can be converted into biohydrogen and
biobutanol (Khedkar et al., 2017). In Malaysia, about 275,732 t of pineapple produced in 2013. It was
estimated that 34.1 MJ/kg calorific value and 4,526 TJ of biocoke energy potential contributed from the
pineapple waste (Mansor et al., 2018a).
Biomass or plant waste has 3 major components which are cellulose, hemicellulose and lignin besides the
extractives and minerals (Di Blasi et al., 1999). The content of the cellulose, hemicellulose and lignin normally
will be in range 40 - 60 wt%, 20 - 40 wt%, and 10 - 25 wt% of the biomass in dry basis (McKendry, 2002).
Rowell et al. (2005) stated that major carbohydrate portion in woods is a combination of cellulose (40 - 45 %)
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and hemicelluloses (15 - 25 %) which so-called holocellulose and usually covered 65 - 70 % of dry basis
biomass weight. Cellulose is a major part of polysaccharides that present in plants accompanied by
hemicellulose (Browning, 1967). Cellulose is a glucan polymer of D-glucopyranose units that link together by
β-(1  4)-glucosidic bonds (Dussan et al., 2014) and can be classified as a most abundant organic chemical
of the earth (Rowell et al., 2005). Hemicellulose is a part of the wood fractions that consist of polysaccharide
polymers with a lower degree of polymerisation (DP) compare that cellulose. It is containing mainly sugars Dxylopyranose,
D-glucopyranose,
D-galactopyranose,
L-arabinofuranose,
D-mannopyranose,
Dglucopyranosyluronic acid and D-galactopyranosyluronic acid with minor amounts of sugars (Rowell et al.,
2005). Other minor of polysaccharides in softwood or hardwood in containing a small amount of pectins,
starch, and proteins (Rowell et al., 2005). Lignin is defined as amorphous, polyphenolic materials that come
from an enzyme-mediated dehydrogenative polymerisation of three phenylpropanoid monomers, coniferyl,
sinapyl and p-coumaryl alcohols (Lin and Dence, 2012). It is typically in the range of 11 to 27 % for a lignin
content in the non-woody fibre sources (Bagby et al., 1971). For a normal softwood, lignin contents vary in the
range 24 to 33 % (Sarkanen and Ludwig, 1971). Extractive is a natural product in woods that are chemical can
be extracted by using several solvents. Normally it can be classified as the way the solvents extraction
process had been done onto them, for example, water-soluble extractives or ether soluble extractives (Rowell
et al., 2005).
Zainuddin et al. (2014) estimated the physicochemical properties of pineapple from 3 varieties which is MD2,
Moris and Josapine by using thermogravimetry analysis (TGA) data. The leaves and stem from the pineapple
plant were chosen as a feedstock for the sample (Zainuddin et al., 2014). They found that every part of the
pineapples plants showed the different percentage of the lignocellulosic content. However, they have not
covered the root part and the value which is estimated from the TGA result might have some error.
Heating value is also known as calorific value or gross energy. This is a measurement of the amount of heat
released by a specific quantity during the combustion process. The capabilities of the fuel to provide heat
during the combustion process. Demirbas (2017) indicated that the lignin content of woody and non-woody
plant give different heating value. They had divided the lignin from the different plant into three types which
giving different amount of heating value for every each. From the results, they found that the increment of
lignin content will increase the unsaturated carbon content and will result in a higher heating value. The lack of
the information about the effect of cellulose and hemicelluloses towards heating value is a great challenge and
interest to be studied in order to identify the whole lignocellulosic component affecting the thermal properties
of the plant.
In this study, the untreated biomass waste from MD2 pineapple was used as a sample. The aim of this paper
is to identify the amount of lignocellulosic content in the MD2 pineapple waste by experiment besides
discussing its effect towards the heating value. Pineapple waste divided into three parts which are leaves,
stem and root. The effect of the cellulose, hemicellulose and lignin in pineapple waste toward heating value
from the Bomb Calorimeter result in an earlier study will be discussed.

2. Materials and experimental methods
This section describes the sample preparation process involved from the beginning. The details in chemical
and equipment used for the experimental process also included.
2.1 Materials
MD2 pineapple waste was used as a biomass sample which representatives of highest production of local
biomass. The pineapple waste was cut off into tiny pieces (range 3 - 5 mm in length) and (2 - 3 cm in wide).
They have undergone the drying process by following the LAP-Preparation of the sample for compositional
analysis (Hames et al., 2004). The biomass was placed under direct sun for three months before the size
reduction process applied. By using laboratory blender with a single speed of 230 V by WARING/USA brand,
the biomass was blend to a smaller size and passed the test sieve pan with size 35 meshes (500 microns).
2.2 Experimental methods
The amount three components of lignocellulosic (cellulose, hemicellulose and lignin) in MD2 pineapple waste
was determined by the method proposed by Yang et al. (2006). For the experimental process, 4 types of the
chemical will be used; (1) Acetone, (2) Sodium hydroxide (NaOH - 0.5 mol/L), (3) Sulphuric acid (98 %) and
(4) Barium chloride solution.
2.2.1 To determine the amount of extractives in biomass solvent extraction
Figure 1 shows the flow process for determining the amount of extractives in biomass solvent extraction. 60
mL of Aceton added to 1 g pineapple waste (A). The temperature 90 °C controlled by using a hot plate for 2 h.
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After 2 h, the sample dried in an oven at 105 – 110 °C until constant weight was obtained (B). By using Eq(1),
the amount of extractives was identified.
A

B

Amount of Extractives g

(1)

Figure 1: Flow diagram in the determination of extractives
2.2.2 To determine the amount of hemicellulose in biomass
Figure 2 shows the flow process for determining the amount of hemicellulose in biomass solvent extraction.
150 mL of Sodium Hydroxide (NaOH) solution (0.5 mol/L) was added to 1 g of pineapple waste with
extractives free (B). The temperature 80 °C controlled by using a hot plate for 3.5 h. After that, the sample was
+
+
washed with deionised water until it is free from Na . The Na was detected by using pH paper and the
reading should be closed to 7. The sample was dried in an oven at 105 – 110 °C until constant weight was
obtained (C). By using Eq(2), the amount of hemicellulose was identified.
B

C

Amount of Hemicellulose g

(2)

Figure 2: Flow diagram in the determination of hemicellulose
2.2.3 To determine the amount of lignin in biomass
Figure 3 shows the flow process for determining the amount of lignin in biomass solvent extraction. 30 mL of
98 % Sulphuric Acid added to 1 g pineapple waste with extractives free (B). The sample left at ambient
temperature for 24 h before boiled at temperature 100 °C controlled by using a hot plate for 1 h. The mixture
was filtered and the solid residue was washed by using deionised water until sulfate ion undetectable.
Detection of sulfate ion was done via titration process with 10 % of Barium Chloride solution. The sample dried
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in an oven at 105 – 110 °C until constant weight was obtained (D). The final weight of residue is recorded as
lignin content.
D

Amount of Lignin g

(3)

Figure 3: Flow diagram in the determination of lignin
2.2.4 To determine the amount of cellulose in biomass
Eq(4) is an assumption of the total lignocellulosic component inside the biomass. 1 g is referred to the total
amount of biomass sample used in the experiment. By calculating the difference between the initial weight of
the sample with the three others component weight calculated from the experimental process, the content of
cellulose (E) will be identified.
A

B

B

C

D

E

1g

(4)

3. Results and discussion
This section will describe the data collected from the experimental procedure that had been done. The
lignocellulosic content was determined by doing the experiment as above. The effect of the lignocellulosic
component in the biomass towards its heating value will be discussed.
3.1 Content of the three components in MD2 pineapple waste
The proportion of three main components which is cellulose, hemicellulose and lignin also the extractives in
the MD2 pineapple waste was identified. The result is given in Table 1.
Table 1: Content of extractives, hemicellulose, lignin and cellulose in MD2 pineapple waste (in wt%)
Nu.
1.
2.
3.

Type
Leaves
Stem
Root

Extractives
11
9
7

Hemicellulose
37
34
32

Lignin
22
20
19

Cellulose
30
37
42

The extractives, cellulose, hemicellulose and lignin in the pineapple waste observed based on the weight loss
(%). Extractives are mainly a group of cell wall chemicals that contain fats, fatty acids, fatty alcohols, phenols,
terpenes, steroids, resin acid, rosin, waxes and many other minor organic compounds. From the result, the
leaves (11 wt%) have higher extractives compare to the stem (9 wt%) and root (7 wt%). The extractives are
responsible towards colour, smell and durability of the biomass itself (Rowell, 2012). Hemicellulose of leaves
(37 wt%) shows the highest content followed by the stem (34 wt%) and lastly root (32 wt%). Hemicellulose
consists of several type of sugar unit and sometimes referred to by sugars they contain. Hemicellulose is
associated with cellulose and contribute to the structural component of the plant (Rowell, 2012). Cellulose is a
main structural component in a plant cell. From the result, root (42 wt%) claim the highest content of cellulose
followed by the stem (37 wt%) and leaves (30 wt%). There are several types of cellulose in the plant:
crystalline and noncrystalline, also accessible and non-accessible which is referred to the capability interact
with water or microorganism and so on (Rowell, 2012). From the observation, it shows that the accessible
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cellulose content in the root is highest compared to the accessible cellulose in the stem and leaves. Lignins
are highly cross-linked molecular complex with an amorphous structure and act as a glue between individual
cells and between the fibrils that form the cell wall (Mohanty et al., 2000). Lignins can be defined in several
ways but normally it is divided into their structural elements. For softwood lignin, it has a methoxyl content of
15 - 16 % and mainly is a polymerisation product of coniferyl alcohol and so-called guaiacol lignin (Rowell,
2012). From the data, leaves (22 wt%) showed the highest content of lignin followed by the stem (20 wt%) and
root (19 wt%). The high lignins in leaves can increase the hardness of the compacted biomass product
example biocoke due to its function as glue (binder). It also helps in increasing of stability biocoke product
without fracture after the compaction.
3.2 Effect of three components towards heating value (HHV)
The cellulose, hemicellulose and lignin will give impact towards the capability of biomass to supply heat and to
be heated. Most of the biomass consists cellulose, hemicellulose and lignin in their secondary cell wall as a
structural compound (Pandey et al., 2015). The cellulose and hemicellulose exhibit different thermal stability
due to inherent differences chemical structure even though they are polysaccharides (Pandey et al., 2015).
The hydrogen bonds and van der Waal’s forces between glucose subunits of adjacent cellulose polymers
causing the parallel aligned of multiple polymer chains (Pandey et al., 2015).
Cellulose polymers are aggregated into crystalline, fibrous structures known as microfibrils (Vanholme et al.,
2013) to which cellulose owes its thermal stability (Pandey et al., 2015). Saha (2003) indicated that the
hemicellulose is short and it branched of heteropolysaccharides that built up from various C5 (pentose, such
as xylose and arabinose) and C6 (hexoses, such as glucose, galactose and mannose) sugars with some
amount of uronic acids.
Hemicellulose is an amorphous and having lack of crystallinity that causing low thermal stability besides the
low degree of polymerisation in the order of a few 100 (Pandey et al., 2015). Previous study showed that the
hemicellulose is the first biomass constituent to decompose during heating by referring the TGA-DTG graph at
temperature interval 200 °C and 300 °C. The decomposition of stable cellulose started at around 300 °C.
Lignin is characterised as slow decomposition process, spanning over an entire temperature range between
120 °C and 900 °C (Mansor et al., 2018b).
From the data, all part of MD2 pineapple has high cellulose and hemicellulose content. The hemicellulose can
indicate the ignition temperature and time to ignite of the biocoke product produce by MD2 pineapple waste.
This is because the first pyrolysis process or burning process involved the removing of moisture content in the
biomass followed by decomposition of hemicellulose content. Higher content of hemicellulose meaning that
long time required for hemicellulose to decompose and at the same time increase capability of biocoke
product to be burned. The high content of cellulose also can be as a measurement for how long the biocoke
can burn before it becomes an ash. The continuity of lignin from start to end of the burning process can be an
indicator that the biocoke product produces from MD2 pineapple waste can be last until 900 °C or above with
some additional reactor or chemical that can enhance its thermal properties.
Table 2 showed the higher heating value of MD2 pineapple waste. (Demirbaş, 2001) in their research stated
that the lignin content affects the heating value of biomass. From the lignin content value, the leaves showed
the highest content followed by the stem and lastly the root. As compared with the HHV result, it proves that
the lignin content contributes towards HHV value.
Table 2: Higher heating value (HHV) of MD2 pineapple waste (in wt%) (Mansor et al., 2018b)
Nu.
1.
2.
3.

Type
Leaves
Stem
Root

HHV
18.7508
18.0187
16.8266

4. Conclusion
The conclusion can be made that from the present study, the cellulose, hemicellulose and lignin content of the
MD2 pineapple biomass including root, leaves and stem are in the range of the content main lignocellulosic
component for softwood biomass. Based on the high cellulose, hemicellulose and lignin content, it will ensure
the potential to become a feedstock for alternative solid biofuels in term of their heating value and long
lifespan. The value of the lignocellulosic analysis is dependent on the sample collected from the similar field
and might be slightly different with the previous studies and others biomass due to the other factors affecting
for example during sample preparation and the conducting process of the analysis.
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