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ABSTRACT
Background: Majority of lignocelulosic biomass considered as waste materials create environment nuisance, because they were either
allowed to decay or burnt-off, contributing to global warming. Objective: This work aims to evaluate the structural and compositional
features of Gliricidia sepium stalk and Cola gigantea wood saw-dust for the purpose of industrial untilisation. Methods: The proximate
and physicochemical constituents of Gliricidia sepium stalk and Cola gigantea wood saw-dust were investigated using standard method.
The main functional group present in the biomass was study with the aid of Fourier transform infrared spectroscopy. Results: Results
obtained indicated that the biomass contained varying cellulose, lignin and holocellulose contents. Proximate analysis showed that
Gliricidia sepium stalk recorded higher value in all parameter examined except NaOH extractive, ash and silica content. It was equally
higher in moisture content, true density and powder porosity while Cola gigantea had higher swelling capacity, compressibility power and
Hausner index. The biomass examined had poor flowability and near true denstiy value. Conclusion: The high cellulose content (43.79
% 41.44%), lignin content (30.75 % and 27.23 % ) and holocellulose content (79.87% and 76.75 % ) of Gliricidia sepium stalk and
Cola gigantea respectively present the biomases as good raw materials for biorefinery.
Keywords: Biomass, Cellulose, flowability, Fourier Transform Infrared Spectroscopy.

1. INTRODUCTION
Close to human existence everywhere is the vegetation referred to as lignocellulose materials, they are natural organic
polymers that are non-toxic, renewable, abundance, biocompatible and biodegradable anionic polysaccharide materials on
the earth [1, 2, 3, 4]. Lignocellulose waste is referred to as lignocellulosic biomass when in dry form, it accounts for about
70% of the world’s biomass which has been estimated at 3 × 10 11 tonnes [5]. Lignocellulosic waste major constituent are
cellulose 35-50%, hemicellulose 20-35%, lignin 5-30%, and extractives 0-10% [6, 7].
The lignocelluloses biomass includes agricultural by-products (e.g. sawdust) from agricultural activities and agro-based
processing which constitute environmental nuisance because they either burnt or allowed to decay, contributing to the
global warming [8, 9, 5-10]. Lignocellulosic biomass is synthesis by photosynthesis through available atmospheric CO 2,
water, and sunlight. It consists of three major polymers constituent –cellulose; a polymer of glucose monomer having β (14) glycosidic linkages, It makes up 35-50% of plant biomass, cellulose molecules arrange regularly, gather into bundles,
and determine the framework of the cell wall; hemicellulose; an acetylated arabinoxylan with minor amounts of galactose
and mannose 20-35%, Fibers are filled with hemicellulose and lignin; lignin; a complex phenolic polymer 5-30% that is
strongly intermeshed and chemically bonded by non-covalent forces and by covalent cross-linkages. Lignocellulosic also
consists of a minor component such as an extractives 0-10%, [10-6, 7]. The constituency of the extractives is cutin, suberin,
wax, and other fatty substances. Lignocelluloses can be obtained from wood (soft and hard), non-wood (grass, agricultural
residues), and municipal solid wastes (used paper, cardboard etc.). Turning lignocellulosic waste material into a useful
product is attracting increased interests around the world, particularly for the production of environmentally friendly
industrial materials either in it raw (biomass) form, isolation of its constituent (cellulose, Lignin, hemicellulose and
extractives) to sever as precursors for other usable industrial materials through chemical modification [11, 12]. The biomass
could also be used as a filtration medium for wastewater treatment: removal of heavy metal and organic pollutant [13, 14,
15]. Cellulose, being the most abundance of agricultural waste and its modified products find useful in any human
endeavors. It is of great value in many industrial sectors; including food, textiles, paper, adhesives, paints, pharmaceuticals,
cosmetics, petroleum and mineral processing [1-4]. Cellulose products such as cellulose acetate, cellulose triacetate,
cellulose propionate, cellulose acetate propionate (CAP), nitrocellulose (cellulose nitrate), cellulose acetate butyrate (CAB)
Microcrystalline cellulose (MCC), carboxymethyl cellulose (CMC), potassium cellulose succinate, Cellulose acetate
trimellitate, cellulose acetate resin and sheet etc., have been produced and used for various industrial purposes.
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Hemicellulose which is a sugar component of biomass is readily converted to yield fermentable sugars [16], biopolymers
and biofuel [17], hydrogels [18], or thermoplastic xylan derivatives and chemical such as succinic, levulinic, glucaric,
aspartic, sorbitol, xylitol and glycerol [17, 18].
Lignin is removed from wood pulp as lignosulfonates, for which many applications have been proposed. They are used as
dispersants, humectants, emulsion stabilizer, and sequestrants (water treatment). Lignin and lignin derivatives biopolymers
have several properties, such as high thermal stability, antioxidant, biodegradability, antimicrobial actions, adhesive
properties, etc., and thus they can be extensively used in wide range of areas [19].
The quest for a cleaner environment, economic revitalization and societal wealth led to the choice of wood biomass such
as Gliricidia sepium stalk and Cola gigantea saw-mill dust. A heap of saw-mill produce after logging is commonly turned to
ashes by burning leaving the environment polluted as a result of the process. Also, Gliricidia sepium stalk turns out to be a
nuisance as used as fencing material, yam stalk, and shade for coffee and cocoa plantations. In an attempt to utilized the
biomass, this research aimed at address characterization of the material as bases of their industrial utilization.

2. MATERIAL AND METHODS
2.1 Material
The Lignocellulose bio-materials used in this study are Gliricidia sepium stalk and Cola gigantea saw-mill dust. These
materials were sourced from Akure metropolis in Ondo State. All the samples were authenticated at the Department of
Crop, Soil and Pest Management, Federal University of Technology, Akure, Ondo State, Nigeria. G. sepium stack materials
were harvested at 20 cm above the ground level and chipped to 0.5 cm – 1 cm while C. gigantea was collected at a
specialized Saw-mill (Daramola saw-mill, Ondo Road, Akure. All the samples were screened to remove dust, sand, dirt, and
contaminations and dried at ambient temperature to have uniform moisture content before milled to a 0.25 mm particle
size [20]. The milled samples were stored separately in labeled polyethylene bags for subsequent experiments at room
temperature.
2.2 METHODOLOGY
2.2.1 Determination of moisture content : An empty crucible with its cover was dried in the oven at 105 oC until
constant weight was obtained, cooled in a desiccator, and weighed. Exactly, 2 g plant sample was added to the pre-weighed
crucible, dried for 3 h in an oven at 105 oC, cooled in a desiccator, and weighed. The cooling and weighing were repeating
until constant weight was reached [21]. The experiment was done in triplicate and the moisture content calculated as
follows:
Moisture content (%) =

(

𝑤1 −𝑤2
𝑤1

) × 100

(1)

Where:
w1 = initial weight of the sample (g),
w2 = the weight of the oven-dried sample (g).

2.2.2 Determination of ash content: An empty crucible was ignited in the muffle furnace at 750 ± 25 oC, cool in a
desiccator, and weigh to the nearest 0.1 mg. exactly; 2 g oven-dried sample was weighed into the crucible. The crucible
with its contents was then placed in the muffle furnace and ignited until all the carbon was eliminated. This was then
removed from the furnace and transferred into the desiccator, cooled and weighed. The heating was repeated for 30 min
periods until the weight after cooling was constant to within 0.2 mg. The ash content was calculated on the basis of the
dry weight of the original sample after the sample was ignited at a 750 ± 25oC (Technical Association of the Pulp and Paper
Industry [22] for 6 h. The experiment was done in triplicate. The following formula was used to obtain the ash content:
Ash content (%) =

(2)

Where:
A = weight of ash, g
B = weight of moisture-free test specimen (g)

2.2.3 Determination of silica content: To find the silica content from the ash, the [23] method was used. Ash

obtained from the above method was digested with 5 mL of 6 M HCI and evaporated on a steam bath to dryness. After
evaporation, another 5 mL of 6 M HCI was added and evaporated. The addition of another 5 mL of 6 M HCl to the residue
was followed by heating, and then the solution was diluted with 20 mL of distilled water. Hot distilled water was used to
wash the residue on ashless filter paper. After sufficient washing to remove chloride, the ashless filter paper along with
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residue was placed in the crucible and ignited at 575 o C for 6 h, this was cooled and the silica weight was taken (C). The
experiment was done in triplicate. The following formula was used to obtain:
The silica content:

%=

Where:
𝑪 = weight of the silica (g)
𝑫 = weight of moisture-free, test sample (g)

𝑐
𝐷

× 100

(3)

2.2.4 Determination of water-soluble matter: The water solubility procedure removed a part of extraneous components, such
as inorganic compounds, tannins, gums, sugars, starches, and coloring matter in the sample [24].

2.2.5 Determination of hot water solubility: About 2 g of oven dried plant specimen (𝑤3 ) was transferred to a 250 mL

Erlenmeyer flask, 100 mL of hot distilled water was added. This was reflux for 3 h using water bath. After refluxing, the contents of the
flask was transferred to a tarred filtering crucible which has been previously dried to a constant weight at 105 ± 3 oC, and wash with
200 mL of hot water, dried to constant weight (𝑤4 ) at 105 ± 3.oC. The experiment was done in triplicate [24]. The percentage of matter
soluble in hot water, on oven dried basis was calculated as follows:
Hot-water solubility (%)

＝ (

𝑤3 −𝑤4
𝑤3

) × 100

(4)

Where:
𝒘𝟑 = initial weight of moisture-free test sample (g),
𝒘𝟒 = weight of oven-dry test extracted test sample (g).

2.2.6 Determination of cold-water solubility: Exactly 2 g oven-dried sample (𝑤5 ) was placed in a 500 mL beaker and covered

with 300 mL of distilled water. This was kept at a temperature of about 25 oC for 48 h with frequent stirring. At the end of the experimental
time, the sample was filtered, washed with cold distilled water and then dried to a constant weight ( 𝑤6 ) in oven at 105 oC. The experiment
was done in triplicate [24]. The percentage of matter soluble in cold water on oven dry basis was calculated as follows:
Cold-water solubility (%) ＝ (

𝑤5 −𝑤6
𝑤5

) × 100

(5)

Where:
𝒘𝟓 = weight of oven dried sample prior to treatment with cold water (g),
𝑤6 = weight of oven dried sample after extraction with cold water (g).

2.2.7 Determination of 1% sodium hydroxide solubility : Exactly 2 g of oven dried sample (𝑤7 ) was placed in 200 mL

beaker and 100 mL of 1 % sodium hydroxide solution added. The beaker was covered and placed in boiling water bath and the content
stirred at an interval of 10, 15, and 25 min for 1 h, after which the content of the beaker was filtered. The residue was washed with 100
mL of hot water , 50 mL of 10 % acetic acid and then thoroughly with hot water again. The residue was dried in the oven to a constant
weight (𝑤8 ) at 105 oC [25]. The weight percentage of the dry matter soluble in one percent caustic soda solution was calculated as
follows:
𝑤 −𝑤
1% NaOH solubility (%) = ( 7 8 ) × 100
(6)
𝑤7

Where:
𝑤7 = oven-dry weight of test specimen before extraction (g),
𝒘𝟖 = oven-dry weight of test specimen after extraction (g).

2.2.8 Determination of ethanol- Toluene solubility: Soxhlet apparatus was used and a two-gram oven-dried sample was

placed in an extraction thimble and refluxing solvent was 1: 2 solution of ethanol and toluene mixture. The extraction was conducted for
8 h. When the extraction was completed, all of the remaining solutions were transferred to the boiling flask which was heated on a
heating mantle until the solution was evaporated. The flasks were oven-dried at 105 oC, cooled in a desiccator, and weighed repeatedly
until a constant weight was obtained [26]. The experiment was done in triplicate. The following formula was used to obtain the alcoholtoluene solubility content of sample:
𝑤 −𝑤
Alcohol-toluene solubility matter＝ ( 9 10 ) × 100
(7)
Where:
𝒘9 = weight of oven-dry test specimen (g),
𝒘10 = weight of oven-dry extracted residue (g).

𝑤9

2.2.9 Determination of lignin content: The determination of lignin content was carried out using a sample which had
first been extracted with 1:2 (ethanol: toluene), in accordance with TAPPI standard method [27, 28].
2.2.10 Determination of acid-insoluble lignin (“Klason Lignin"): In this method one gram of the ethanol- toluene
extracted sample was placed in 100 mL beaker, 15 ml of 72 % sulphuric acid was added gradually in small increments while
stirring and macerating the sample with a glass rod. After the sample has dispersed, the beaker was covered with a watch
glass and kept in a bath at about 20 oC for 2 h while stirring. At the end of the 2 h, the content was diluted to a total volume
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of 575 ml in a 1-liter flask and then boiled for 4 h at a constant volume by frequent addition of hot water. It was then left
overnight. The insoluble material (lignin) was filtered and the filtrate kept for the determination of acid-soluble lignin. The
acid–insoluble lignin obtained was washed free of acid with hot water and dried to a constant weight at 105 oC in the oven
[28]. The experiment was done in triplicate. The acid-insoluble lignin was calculated as follows:
Klason lignin, (%) =

8

Where:
Y = oven-dry weight of Klason lignin (g),
W = oven-dry weight of initial specimen (g).

2.2.11 Determination of acid-soluble lignin: The acid-soluble lignin was determined using a portion of the filtrate
obtained from the determination of acid-insoluble lignin. The determination was from ultraviolet absorbance measured at
205 nm using 3 % tetra-oxo-sulfate acid (VI) (H2SO4) as a reference. The filtrate was first diluted with 3 % H2SO4 in order
to obtain absorbance in the range of 0.2-0.7. The experiment was done in triplicate [27]. The lignin content B in the filtrate
was calculated as follows:
B=

AD

(9)

110

Where:
A = Absorbance
D = Dilution factor of the filtrate
110 = Absorptivity or extinction coefficient
The acid-soluble content in the test sample was determined as follows:
Lignin (%) =

110 × B × V

Where:
B= Lignin content in the filtrate in g /1000 ml
V= Total volume of the filtrate (575 ml)
W= Oven dry weight of the test sample (1g)

100 × W

(10)

2.2.12 Determination of Holocellulose content: Accurately weighed 2 g oven-dried extractive-free sample was
weighed (𝑤12 ) and placed into a 250 mL flask with a small watch glass cover. The sample was then treated with 150 mL of
distilled water, 1 mL of cold glacial acetic acid, and 20 mL 15 % NaClO 2 and then placed in a water bath maintained at 75
o
C. Every I h, for 5 h, 1 mL of cold glacial acetic acid and 20 mL 15 % NaClO 2 was added and stirred constantly. At the
end of 5 h, the flask was placed in an ice water bath until the temperature of the flask reduced to 10 oC. The content of
the flask was filtered into a coarse porosity fritted-glass crucible of known weight. The residue was washed free of ClO 2
with 200 mL ethanol and 25 mL acetone (the residue changed color from yellow to white). The residue was oven-dried at
105 oC, then cooled in a desiccator, and weighed until a constant weight was reached (W2). The experiment was done in
triplicate [29]. The following formula was used to determine the holocellulose content in sample:
Holocellulose content (%) =

𝑤12
𝑤11

× 100

(11)

Where:
𝒘𝟏𝟏 = weight of oven-dried extractive-free sample (g).
𝒘𝟏𝟐 = Weight of holocellulose obtained (g).

2.2.13 Determination of cellulose content: Cellulose content was determined using Kurshner- Hoffer method [30].
Accurately weighed 1 g of oven dried sample was placed in a 250 mL round bottom flask fitted with a reflux condenser. 15
mL of 80 % acetic acid and 1.5 mL of concentrated nitric acid (HNO 3) was added. The mixture was boiled for exactly 20
min. About 20 mL of 95 % cold ethanol was added. The resultant mixture was cooled and filtered. The residue was then
washed successively with hot benzene, hot alcohol, and diethyl ether. The residue was dried overnight to a constant weight
and then ashed in a muffle furnace at about 500 0C for 5 h. The loss in weight upon ignition was taken as a measure of the
cellulose content.

3. RESULT AND DISCUSSIONS
The result of proximate analysis of the lignocellulosic materials Gliricidia sepium and Cola gigantea was presented in Table
1. Cola gigantea biomass recorded higher cellulose value of 43.79 % against 41.44 % of Gliricidia sepium. The samples
could be a promising raw material for pulp and paper manufacturer as a result of higher percentage yield, Nieschlag, (1960)
stated that any plant materials with equal or higher than 34 % cellulose content would be a good pulp and paper industrial
raw material [31]. While Samariha and Khakifirooz (2011), Iqbal, et al., (2011) and Kumar, (2009) recommended
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lignocellulosic feedstocks contain ≥ 40% cellulose for pulp production [32, 33, 34]. Values of 43.79 % and 41.44 % in this
research works was incomparable with those of other authors, Iqbal, et al., (2013) obtained 40-45 % cellulose from
hardwood [35]; 45-50 % for softwood [36]; 44 % found in Carmagnola Hemp according to Gandolfi et al., (2013) [37].
The different in cellulose content of lignocellulose biomass might be as a result of type, species, ages, and source of the
biomass as well as the process used to isolate the cellulose from the lignocellulosic materials [38, 39].
Table 1: Proximate Composition of Gliricidia sepium biomass and Cola gigantea biomass.
Parameter (%)
Cola gigantea
Gliricidia sepium
Cellulose content
43.79 ± 0.28
41.44 ± 0.51
Lignin content
30.75 ± 0.72
27.23 ±0.17
Acid soluble lignin
29.91 ± 0.72
26.51 ± 0.17
Acid insoluble lignin
0.84 ± 0.04
0.69 ± 0.07
Holocellulose content
79.87 ± 0.20
76.75 ± 0.71
Toluene- alcohol extractive content
04.12 ± 0.30
02.21 ± 0.15
NaOH extractive content
20.73 ± 0.29
30.95 ± 0.11
Cld water extractive content
12.89 ± 0.14
12.37 ± 0.03
Hot water extractive content
14.44 ± 0.11
11.07 ± 0.03
Ash content
12.62 ± 0.33
15.39 ± 0.11
Silica content
04.14 ± 0.33
09.35 ± 0.10
Mean values listed of three replicates with ± standard deviation values

The Lignin content of lignocellulose biomass for G. sepium recorded 26.51% and C. gigantea 29.91 % while the acid solublelignin was 0.69 % (G. sepium) and 0.84 % (C. gigantea) records The lignin values obtained in this study were higher than
those reported for P. elongota 20.5 % [40], Eucalyptus 23.30% [41], bamboo 24.5% [42], coniferous 25-32 % and bagasse
23-32 % [43]. Notwithstanding, the lignin contents of the two samples under examination are within the satisfactory level
(< 30 %) [44]. The significance of their lignin content is that the plant biomass would require higher temperature and more
bleaching chemicals to achieve the needed cellulose grade and good brightness [45]. The high level of lignin content
reported here show that Gliricidia sepium and Cola gigantea may be a good source of lignin that could be utilized for
industrial purposes [46].
The result presented in Table 2 revealed that holocellulose content was 79.87% Cola gigantea and 76.75% Gliricidia sepium.
The result shows that the two wood samples could compete favourably with another plant as a good source of total
carbohydrate. Other authors have holocellulose of 75.74 % ( P. elongota), 70.50% (bamboo), 77.6% (T. diversifolia stalk
), 75.20 % for pineapple leave and 67.6 % for tobacco stalk [47, 48, 49, 45, 40], The holocellulose content obtained from
this study is an indication that the plant fibers would be able to withstand processing condition and good physical properties
if used for paper since high holocellulose content correlates with a higher pulp yield is desirable for pulp and paper and
other allied industries [50].

Lignocellulose biomass ethanol-toluene solubility
The result of the ethanol-toluene solubility showed that C. gigantea contained 4.12 % extractive while G. sepium has 2.21
%. The ethanol-toluene solubility is a measure of volatile matter (extractive), mostly, an organic matter from biomass as it
forms condensable vapor (exclusive of water vapor) released from biomass when it is heated. This could be waxes, fats,
resins, oils, tannins, gums and other soluble materials. The factors affecting the ethanol-toluene content of plant material
are; seasoning, drying method, heating conditions (the heating rate, temperature, and residence time) and sampling
method [27] and this might play a major role in the different value recorded for the extractive content. The Gliricidia sepium
was obtained at the onset of dry season and ground with the bark; this could cause its high extractive content. The obtained
result is comparable to 3.76 % for P. elongota [40], 9.5 % for corn stalk [48], while 8.2 % and 12.8% are reported for
mid-rib and pseudostem of M. paradisiacal, 3.0 % and 2.3 % for stalk of M. paradisiaca [51].
Lignocellulose biomass Alkali and water solubility
The alkali-soluble material results revealed that 20.73 % was obtained for C. gigantea and 30.95 % G. sepium, cold water
solubility was 12.89 % C. gigantea and 12.37 % G. sepium, while hot water solubility was 14.44 % and 11.07% for C.
gigantea and G. sepium respectively. C. gigantea (20.73 %) 1 % NaOH obtained was less than 29.5 % recommended as
suitability for fiber materials meant for pulp and paper production. While Gliricidia sepium recorded higher value, this is an
indication that Gliricidia sepium biomass required more drying period and better storage condition to prevent fungus or
microbial decay or degradations by heat and light after harvesting [52]. On the other hand, the 1 % NaOH extractives
values obtained in this research are within the range of values reported for most biomass materials like H. Cannabinus
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(25.8 %), chenopodium album (30.00 %) [53], lemon grass 30.64 % (Harjeet and Dharm, 2013), sunflower 50.00 % [54]
cotton stalks 39.60 % [44] and tobacco stalk 42.00 % ; eucalyptus grandis 17.9 % [55] and Pinus nigra arnold spp 13.0
% [44]. The 1 % NaOH values could be an indication that C. gigantea and Gliricidia sepium could be a good candidate for
ethanol production because they contained a reasonable amount of low-molecular-weight carbohydrates. The cold water
solubility recorded higher value 12.89 % for C. gigantea and Gliricidia sepium 12, 37 %, while the hot water soluble of C.
gigantea was 14.44% and Gliricidia sepium has 11.07 %. The higher hot was solubility of C. gigantea could be attributed
to leaching of some of its soluble sugar or carbohydrate component in the hot water [56].
Physicochemical properties of lignocellulose biomass
The ash content (Table 1) is an inorganic residue remaining after ignition at a high temperature not less than 550 oC and
these represent the inorganic substances such as silicates, sulfates, carbonates, or metal ions [57]. The biomass ash content
was 12.62 % and 15.39 %. The biomass silica content of C gigantea was 4.14 and 9.35 % was for Gliricidia sepium. The
biomass ash content is lower than 16.6 % reported for rice straw biomass [58] but greater than 4.5 % - 9.0 % for wheat,
6. 0 % to 8.0 % for Esparto [59], 6.9 %, 3.44 % and 11.8 % reported for mid-rib, pseudostem and stalk of M. paradisiacal
[51].
The higher ash content found in C gigantea and G. sepium biomass with it corresponding silica content may be a result of
transport system in the plant and photosynthetic mechanism employed which might allow easy transportation of silicic acid
to the plant fiber, it folding and encapsulating nature as well as method of harvesting [60-10], soil composition, age, types
of plants, silica content [61], growth environment, present of several joints and ears. The present of internodes in C.
gigantea and G. sepium could also be responsible for the higher ash and silica content [10].
Density and flowability indices of lignocellulose biomass and cellulose
An important characteristic of biomass materials is their bulk density or volume; both as produced and as-subsequently
processed dictate the transportation pace and store space (Table 2). The Hausner ratio and Carr’s index are both measures
of the flow properties of powders [62, 63]. The bulk density of Cola gigantea was 0.15 gdm-3 and 0.29 gdm-3 was for
Gliricidia sepium, The biomass bulk density values were within the range reported for Sawdust (0.12 g/cm3), hardwood
(0.23 g/cm3) and softwood (0.18-0.19 g/cm3) [64]. The Gliricidia sepium with lower moisture content (5.97 %) had about
double of Cola gigantea bulk density in spite of the duo with same particle size, this might be as a result of differences in
their biomass particle shape, particle density, surface characteristics and the degree of ﬁll tightness [65]. The pore spaces
in bulk samples can be described by the porosity. Cola gigantea powder porosity was 71.19 % and 41.26 % was for Gliricidia
sepium. These show that Porosity or void fraction of the biomass account for the sharp variations that occur between the
two biomass densities. Generally, the bulk density of lignocellulosic biomass is relatively low as observed (0.15 -0.29 g
cm−3) compared with a coal (about 0.9 g cm−3) while hardwood biomasses ranges are 0.28– 0.48 g cm−3. The Cola gigantea
biomass tap density recorded was 0.24 g/cm 3 and Gliricidia sepium had 0.21 g/cm3. Tap density gives information on
consolidation of a powder and the extent of it flowability; the high the value the more resistant to powder flow. Cola
gigantea biomass true density was 0.52 g/cm 3 and Gliricidia sepium was 0.51 g/cm3. The biomass could be classified as
partially packed ﬁll after tapping because the bulk density of for loose ﬁll material ranged from 0.050 to 0.264 g cm −3 and
from 0.068 to 0325 g cm −3 for packed ﬁll after tapping [66].
Table 2: Physicochemical Composition of Gliricidia sepium biomass
and Cola gigantea biomass.
Index
Percentage report for dry matter
Moisture content
8.35 ± 0.01
5.97 ± 0.14
Moisture sorption capacity
10.84 ± 0.15
8.21 ± 0.12
Swelling capacity
28.33 ± 2.89
63.33 ± 5.78
Bulk density (Bd) (g/cm3)
0.15 ± 0.00
0.29 ± 0.01
Tap density (Td) g/cm3
0.21 ± 0.01
0.42 ± 0.00
Hausner indx
1.40 ± 0.01
1.45 ± 0.01
Carr's index %
28.57 ± 1.16
30.95 ± 1.16
True density
0.52 ± 0.01
0.51 ± 0.01
Powder porosity
71.19 ± 0.02
41.26 ± 0.04
Mean values listed of three replicates with ± standard deviation values

The biomass flow indexes (Table 2) which play an important role in the transportation, storage, handling and biomass
conversion [67, 68, 69] showed that Cola gigantea has Hausner index of 1.40 and Gliricidia sepium has 1.45, Carr’s index
was 28.57 and 30.95 for Cola gigantea and Gliricidia sepium,. Hausner index greater than 1.25 and Carr index greater than
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25% are pointer to poor flowability, whereas Carrs’ index and below 15 signifies good flowability [70, 71]. The poor
flowability recorded might be as a result of the biomass moisture sorption [72, 73] and intraparticle forces exist as a result
of particles below 1 mm in size [74].
Swelling capacity and moisture sorption content
The study on the moisture sorption of biomass is important for biomass harvest, handling, transport, and storage. Therefore,
proper drying and storage operations are required to preserve the quality of biomass feedstocks. The Gliricidia sepium gave
a higher swelling capacity of 63.33% while Cola gigantea gave 28.33 %. The moisture sorption capacities recorded are
10.84 % and 8.21 % for Cola gigantea and Gliricidia sepium. The moisture sorption recorded in this study suggested that
the biomass could not be easily attacked by microbe and could not be easily degraded, because moisture sorption of 5 to
11 % have been suggested as good for storage of biomass without degradation [75]. The swelling capacity and moisture
sorption capacity could have been influenced by their moisture content, Gliricidia sepium with lower moisture content has
the higher swelling capacity but lower moisture sorption capacity which could be an indication for its moisture attractiveness
thus seems to absorb moisture faster than Cola gigantea. It also depends on the humidly of the environment [76].
Fourier Transform Infra-Red analysis of biomass
The FT-IR spectra of Gliricidia sepium and Cola gigantea are presented in Fig 1 and Fig 2. Absorption at 3347 cm-1 and
3358cm-1 for Cola gigantea and Gliricidia sepium biomass could be attributed to O-H stretching vibration [77, 78]. The
absorbance at 2917 and 2919cm-1 was attributed to –C–H symmetric and asymmetric stretching of CH2 and CH3 groups for
Cola gigantea and Gliricidia sepium biomass, [78], The biomass CH2 bend absorption peak was recorded at 1424 cm-1 and
at 1421 cm-1 against Cola gigantea and Gliricidia sepium biomass respectively. The presence of peaks between 1620–1595
shows the present of C=C stretching of the aromatic ring (lignin), while the presence of the absorption peak at around
1420 cm-1 assigned to aromatic C–O–CH3 stretching mode in the plane symmetrical stretching vibration of the aromatic
ring of lignin [79].

Figure 1: The figure presents the Fourier transform infrared spectra of C. gigantea biomass
showing functional group peak.
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Figure 2: The figure presents the Fourier transform infrared spectra of Gliricidia sepium biomass
showing functional group peak.

3. CONCLUSION
Lignocellulosic biomass from Gliricidia sepium and Cola gigantea offers many possibilities as feedstock for the energy sector
through it high holocellulose content. Also, Chemical industry stand to benefit due to its chemical composition; the high
cellulose content in Gliricidia sepium and Cola gigantea are suitable for pulp and paper industries, Carboxymethyl cellulose
and microcrystalline cellulose syntheses, this are useful in food, drug and cosmetic industries. The Lignin content of Gliricidia
sepium and Cola gigantea could be use in wood adhesives and aromatic chemicals industries.
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