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Abstract 

Biosorption is an economically feasible technology; it has many attractive features including removal of 

metals over a broad range of pH and temperature, rapid kinetics of adsorption and desorption, low capital and 

operation cost. Agriculture wastes are potential biosorbents. They can be obtained easily and this allows 

significant cost savings in comparison to other technologies. In this study, we characterized the physico-

chemical, functional and morphological properties of various locally sourced agricultural wastes i.e., banana 

trunk, coconut husk, rice husk, sago wastes and oil palm empty fruit bunch.  The analyses include moisture, 

ash, pH, conductivity, iodine number, Scanning Electron Microscope (SEM) and Fourier Transform Infrared 

(FTIR). The agricultural wastes were characterised by a pH between 3 and 6.8 with sago hampas and banana 

trunk exhibited a lower pH. In term of ash content, rice husk showed higher amount. The FTIR spectra of 

agricultural wastes were characterised by the presence of lignocellulosic components. PCA demonstrated that 

different wastes are distinguishable. Morphologically, better developed pores were observed on coconut 

husk, banana trunk and sago hampas compared to rice husk and fruit bunch. Nevertheless, no significant 

different was concluded in the iodine number of various biomass. 

Keyword: Agricultural wastes, biosorbent, Scanning Electron Microscope and Fourier Transform Infrared. 

 

Abstrak 

Proses serapan merupakan satu teknologi yang ekonomi. Ia mempunyai ciri-ciri yang menarik seperti 

penyingkiran logam dalam julat pH dan suhu yang lebih luas, kinetik serapan dan nyahserapan yang pesat, 

modal  dan kos operasi yang rendah. Bahan buangan tanaman berpotensi digunakan untuk penyerapan. Ia 

boleh didapati dengan mudah maka adalah lebih ekonomi berbanding dengan teknologi lain. Dalam kajian 

ini, kami menganalisa sifat-sifat fizik kimia, morfologi dan kumpulan berfungsi bahan buangan tanaman  

tempatan iaitu, batang pisang, sekam padi,  tandan buah kelapa sawit, sago hampas dan serabut kelapa. 

Analisa tersebut termasuk kandungan kelembapan, kadungan abu, pH, konduktiviti, nombor iodin, 

Mikroskop Electron Pengimbas (SEM) dan Fourier Transform Infrared (FTIR). Bahan buangan tanaman 

menunjukkan pH antara 3 dan 6.8 dengan sago hampas dan batang pisang menandakan pH yang lebih 

rendah. Dari segi analisis abu, sekam padi menunjukkan kandungan abu yang lebih tinggi. Spektra FTIR 

bahan buangan tanaman membuktikan kehadiran komponen lignocellulosic. PCA menunjukkan bahawa 

bahan buangan yang berlainan boleh dibezakan. Dari segi morfologi, serabut kelapa, batang pisang dan 

sago hampas menunjukkan liang yang lebih jelas berbanding dengan sekam padi dan tandan buah kelapa 

sawit. Namun, tiada perbezaan yang nyata yang dibuktikan dari segi nombor iodin. 

 

Kata kunci: Bahan buangan pertanian, Serapan, Mikroskop Electron Pengimbas dan Fourier Transform 

Infrared.  
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1.0  Introduction 

 

 

Agricultural wastes, both natural (organic) and non-natural, is a general term used 

to describe wastes produced on a farm through various farming activities (Geoffrey & 

Pablo, 2009). These activities include dairy farming, horticulture, seed growing, livestock 

breeding, grazing land, market gardens, nursery plots and etc. The examples of agricultural 

wastes are empty pesticide containers, old silage wrap, out of date medicines and wormers, 

used tyres, surplus milk (Geoffrey & Pablo, 2009). Today, the agricultural and food 

industry constitute a significant proportion of the global productivity. The wastes account 

for over 30 per cent of the productivity (Geoffrey & Pablo, 2009) and the continuously 

expanding production has further increased the quantities of agricultural wastes.  

 

In Malaysia, agricultural wastes are commonly generated from agricultural 

activities. According to a survey, the total land area in this country is 33 million ha, of 

which 20% of the total area is attributed to agriculture area (MAO, 2006). This large area 

of plantation crops indicates sources of large quantities of agricultural wastes. Table 1 

summarises the major crops planted in Malaysia. Approximately 1.2 million tonnes of 

wastes are disposed into the landfill annually due to the large area of plantation crops. The 

agricultural wastes are fundamentally composed of cellulose, hemicelluloses, lignin and 

protein that contain polar functional groups such as alcohols, aldehydes, ketones, carboxyl 

and phenols. These functional groups serve as the active sites that are readily available for 

adsorption. For this reason, they are commonly used as biosorbents for various applications 

for example removal of contaminants from wastewater. 

 



2 
 

Table 1:  Major commercial crops planted in Malaysia 

 

 

 

 

 

 

 

 

 

Source: Department of Agriculture, 1995 

 

Biosorption is an economically feasible technology; it has many attractive features 

including removal of metals over a broad range of pH and temperature, rapid kinetics of 

adsorption and desorption, low capital and operation cost. These advantages have rendered 

agricultural wastes an attractive option as it allows significant cost savings in comparison 

to other technologies (Ahluwalia & Goyal, 2007). The promising biosorption properties of 

a wide range of agricultural wastes have been reported i.e., orange wastes (Prez-Marin et 

al., 2008), olive stones (Bla'zquez et al., 2005), papaya wood (Asma et al., 2005), grape 

stalk waste, peas, broad bean, and medlar peels (Benaissa, 2006), lemon peels, orange 

peels, grapefruit peels, apple peels, apple kernel, apple core, and grape skins (Schiewer & 

Patil, 2008), coconut shell powder (Pino et al., 2006), coconut copra meal (Augustine & 

Yuh, 2007) and etcs.  

Crop Hectares % of Total Land Use 

Oil Palm  1,858,448 14.05 

Rubber 1,854,744               14.02 

Rice 425,080 3.21 

Cocoa 46,564               0.35 

Mixed Horticulture 289,080               2.19 

Coconut 189,785               1.43 

Orchard 103,261               0.78 

Others 8,462,012 63.97 
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There are many potential agricultural wastes in Malaysia for example coconut husk, 

oil palm and sago wastes. These indigenous agricultural wastes have not been optimally 

used and their potential as biosorbents is scarcely known.  
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2.0 Objective 

 

 

In this study, we attempt to evaluate the characteristics of various locally sourced 

agriculture wastes including coconut husk, banana trunk, sago hampas, oil palm empty 

fruit bunch and rice husk to provide insights into their adsorption potential. The objective 

of this study is to characterize the physico-chemical, morphological and functional 

properties of the locally sourced agricultural wastes.  
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3.0  Literature Review 

 

3.1 Coconut husk 

A healthy coconut tree will produce approximately 120 watermelon-sized husks per 

year each with a coconut imbedded inside. There are three constituents of the coconut that 

can be used for fuel: the husk, the shell and the oil that is found in the white coconut 

“meat” or copra. The coconut tree is an abundant and renewable resource of energy. There 

are approximately 150,000 ha of coconut plantations in Malaysia. As much as 5 tonnes of 

dry husk can be produced per hectare; this would generate nearly 800 million kg of 

coconut husk. The bulk of coconut husk is made up of cellulose and lignin (60%). The 

hydroxyl groups in these two polymeric substances serve as the active sites for adsorption 

of dyes. Studies showed that cationic dyes like Astrazone Red GTLN, Astrazone Pink FG, 

Astrazone Blue BG and methylene blue could be readily adsorbed onto the husk. However, 

neutral dyes like methyl blue orange and phenol red showed no such activity (Low & Lee, 

1990).  
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3.2 Banana trunk 

Banana plants are from the family of Musacease. They are primarily cultivated for 

their fruit. After harvesting the fruit, the matured pseudostems (commonly referred to as 

the banana stem) are generally disposed off to landfill or left to decompose slowly in a 

plantation field. The composition of a typical banana trunk fiber (BTF) obtained by 

elemental analysis, as determined by Bilba et al (2007) is as follows: cellulose (31.27 ± 

3.61 %), hemicellulose (14.98 ± 2.03 %), lignin (15.07 ± 0.66 %), extractives (4.46 ± 0.11 

%), (moisture 9.74 ± 1.42 %) and ashes (8.65 ± 0.10 %). The banana stem has been used to 

prepare weak anion exchanger for removal of arsenic from wastewater (Fernandez et al., 

2012). In recent times, it has used an efficient sorbent for methyl red (MR). Here, we 

describe the use of modified BTF as an efficient sorbent for MR. The effect of pH, amount 

of adsorbent and concentrations of adsorbate were studied using modified BTF. The 

sulphuric acid treated BTF showed the highest adsorption capacity (Kf of 8.74 mg/g) in 

Freundlich isotherm model (Rosemal and Kathiresan, 2010). 

 

3.3 Oil palm empty fruit bunch  

There is a massive amount of oil palm wastes in Malaysia for example empty fruit 

bunch (EFB), palm shell and mesocarp fibre (Law et al., 2007). These wastes are 

unutilized commercially; they are normally used as fuel to generate electricity via mill‟s 

boiler. Although the oil palm mesocarp fibre yields less heat then the shell, it is normally 

the first to be burnt because it can be hazardous when the wind blows. As a result, 

excessive oil palm shells remain; some are used for road surfacing in the mill while some 

often caught fire. The oil palm shell contains fatty products and may be used as adsorbents 

(Lye Hin, 2008). According to Salamatinia et al. (2007), native OPEFB contains about 
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70% cellulose and lignin but they have quite low carboxyl and other functional groups 

compared to what would be most suitable for metal chelating capability. 

 

 

3.4 Sago hampas 

In Sarawak, East Malaysia, the sago industry faces solid and liquid waste disposal 

problems as it has been estimated that 300-1000 m
3
 of wastewater, 80-150 tonnes of bark 

and 50-110 tonnes of hampas are produced daily within the industry in the Sibu division 

itself (Chew and Shim, 1993). Sago hampas, the fibrous pith residue obtained after starch 

extraction from the rasped sago pith, contains about 66% starch, 1 % crude protein and 

15% fibre on a dry weight basis, of which about 25% is made up of lignin (Vikineswary 

and Shim, 1996). With these properties, sago hampas is a potential substrate for microbial 

bioconversion into value-added products such as human food (mushroom), organic 

fertilisers and bulk hydrolytic enzymes such as cellulases, xylanase and laccase. The use of 

„hampas‟ however, has been only as a diet supplement in ruminant feed (Pongsapan et al, 

1984). The sago hampas consists of fibrous residues after the starch has been separated 

from the sago palm pith. Their chemical composition such as (C=O, S=O,-OH) suggests 

that they could have some potential as a biosorbent (Singhal, et al, 2008).  
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3.5 Rice husk  

According to the statistics compiled by the Malaysian Ministry of Agriculture, 

more than 408,000 ton of rice husk and rice straw are produced in Malaysia annually 

(Chuah et al., 2005). Converting these materials into effective adsorbents will have a great 

potential. Rice husk has been reported as a good adsorbent for removal of many metals and 

basic dyes (Kumar & Bandyopadhyay, 2006). Wan Ngah & Hanafiah (2008) suggested 

that pre-treatments of rice husk can remove lignin and hemicelluloses while reducing the 

cellulose crystallinity and increasing the porosity. The modified rice husk was found to 

exhibit higher adsorption capacities than the unmodified rice husk (El-Shafey, 2007). Rice 

husk is a fuel having high ash content, varying from 20 – 25 % of rice husk, the major 

constituent (>90 of ash) being silica (Subbbukrishna et al. 2007). 

 

3.6 Adsorption  

Agricultural wastes are usually composed of lignin and cellulose as major 

constituents and may also include other polar functional groups such as alcohols, 

aldehydes, ketones, carboxylic, phenolic and ether groups. These functional groups have 

the ability to bind heavy metal ions by donation of an electron to form complexes with the 

metal ions in solution (Pagnanelli et al., 2003). The adsorption process is often called 

biosorption due to the passive uptake of metals by the biomaterials (Volesk, 2007). It is 

highly efficient and cost effective (Saikaew et al., 2009).  
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Adsorption methods, which are based on physical and chemical phenomena that 

occur when the adsorbate molecules accumulate on the adsorbent surface, present some 

advantages over other methods, mainly due to low investment cost as well as the 

possibility of using environmentally friendly, natural absorbents for examples biosorbent. 

Biosorption results from the electrostatic interaction and also from the formation of 

complexes between the metallic ions and functional groups that present in the cell surface 

(Rodrigues, et al., 2006; Sousa et al., 2007; Dahiya et al., 2008; Yan and Viraraghavan, 

2008). 

 

  A successful biosorption process often requires preparation of biosorbent with 

potential characteristics for example pomelo peel was used as biosorbent due to its high 

pectin content (Saikaew et al., 2009). Fruit and phosphate fruit residues have also been 

reported for their high biosorption capacity (Senthilkumaar et al., 2000). In addition to the 

potential characteristics, the biosorption performance may depend on the contact time, 

concentration, temperature, adsorbent doses and pH. In a study, Aksu & Isoglu (2005) 

revealed the highest removal of Cu at pH 4 at 25°C.   
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4.0 Material & Methods 

  4.1 Sample preparation  

In this study, we used the locally sourced agricultural wastes including banana trunk, 

coconut husk, sago hampas, rice husk and oil palm empty fruit bunch. Figure 1 illustrates 

the sample preparation of the agricultural wastes. Briefly, the agricultural wastes were 

washed, chipped and dried in an oven at 105°C for 24 hrs. The dried materials were then 

ground to tea powder for physico-chemical analysis, iodine number analysis, Fourier 

Transform Infrared (FTIR) and Scanning Electron Microscopy (SEM).  

 

 

 

 

 

 

Figure 1: The flowchart of sample preparation  

 

 

 

 

 

 

Collection of agricultural wastes 

Cut into smaller pieces (1-2 cm) and washed 

extensively with running tap water to remove dirt 

and other particulate matter. 

Dry in hot air oven at 105°C for 24 hrs.  



11 
 

4.2 Physico-chemical analyses 

 

4.2.1 Ash content 

The ash content was obtained after burning ± 1.000 g of material in the presence of 

air at 550 ± 25ºC for 4 hrs. The ash content was determined from the weight of materials 

left after burning on a dry basis. The percentage of ash content is determined with the 

equation below: 

               
                    

                       
      

 

4.2.2 Moisture content 

Approximately, 1.000 g of agricultural wastes was placed in a porcelain 

evaporating dish. The sample was left in an oven for 24 hrs at 105°C. The percentage of 

the moisture content is determined as follow. 

                    
                                     

                                        
      

 

4.2.3 pH and Conductivity 

The pH and conductivity were measured using a pH and a conductivity meter. Six 

measurements were taken for each type of agricultural waste.   
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4.3 Iodine number 

The iodine number is defined in terms of the milligrams of iodine adsorbed by 1 g 

of material when the iodine equilibrium concentration is 0.01 M. The normality of the 

standard iodine solution was maintained at a constant value 0.100 ± 0.001 N for all iodine 

number measurements (ASTM).  

 

i. Preparation of 0.100 N of sodium thiosulfate  

Approximately 24.820 g of sodium thiosulfate was dissolved in 75 mL of freshly boiled 

distilled water. 0.10 g of sodium carbonate was then added to minimize bacterial 

decomposition of the thiosulfate solution. The solution was transferred to 1 L volumetric 

flask and diluted with distilled water.   

 

ii. Preparation of 0.100 ± 0.001 N standard iodine solution 

A total of 12.700g of iodine crystal and 19.100g of potassium iodide (KI) were dissolved 

with distilled water in a 1 L volumetric flask.   

 

iii. Preparation of starch solution 

Approximately, 1.0 ± 0.5g of starch was an added 5 to 10 mL of cold water to make a 

paste. An additional 25 ± 5 mL of distilled water was added while stirring. The mixture 

was then diluted to 1L with boiling water and boiled for 4 to 5 min (ASTM).  
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iv. Titration 

For the blank sample: 

A total of 10 mL of iodine solution was titrated with sodium thiosulphate until it becomes 

light yellow. 1 mL of starch solution was added and continued to be titrated with sodium 

thiosulfate until it is colourless. The final reading of the sodium thiosulfate was recorded.  

For the samples: 

About 0.2 g of the raw material was added to 40 mL iodine solution. The mixture was 

shaked for 4 min and filtered. A 10 mL of the filtrate was titrated with the sodium 

thiosulfate standard according to the procedure described for the blank sample.  

The iodine number is calculated with the following formula: 

                 Iodine value: (                            

Conversion factor: 
                                              

                               
 

                 C = B – burette reading (A) 

  

4.4 Scanning Electron Microscopy (SEM) 

The microstructure of agriculture biomass was analyzed using the scanning electron 

microscope (SEM). Before analysis, the samples were coated with platinum to render them 

electrically conductive. The scanning electron microscopy (SEM) measures the surface 

morphology of conducting and non-conducting materials by analyzing back scattered 

electrons and secondary electrons. SEM technique was employed to observe the surface 

morphology of agriculture biomass.   
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4.5 Fourier Transform Infrared Spectroscopy (FTIR) 

The functional properties of agriculture biomass were studied with a Fourier 

transform infrared spectrophotometer (FTIR). Approximately 2 mg of raw material was 

encapsulated in 100 mg of KBr for FTIR. A translucent disc was made by pressing the 

mixed material with a hydraulic pellet press for 1 to 2 min. The spectra were recorded in a 

FTIR within the range of 4000 to 400 cm
-1

. Six replicates were scanned for each 

agriculture biomass. 

In this study, the peak areas of various FTIR bands corresponding to different 

functional groups are transformed into a peak table with rows representing samples and 

columns denoting variables (wavenumber, cm
-1

) according to Sim & Ting (2012). The 

peak table was standardised and subjected to Principal Component Analysis (PCA) using 

Microsoft Excel with the add-in tool developed by the Chemometrics group in the 

University of Bristol. Standardization ensures each variable has a similar influence so that 

variables of low intensity assume equal significance to those of high intensity. 

 

4.6 Principle Component Analysis (PCA) 

Principal component analysis (PCA) is a multivariate technique that analyzes a data 

table in which observations are described by several inter-correlated quantitative dependent 

variables (Abdi & Williams, 2010). Its goal is to extract the important information from the 

table to represent it as a set of new orthogonal variables called principal components and to 

display the pattern of similarity of the observations and of the variables as points in maps. 

The benefits of this dimensionality reduction include providing a simpler representation of 

the data, reduction in memory and faster classification.  
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4.6.1 T-test 

The student‟s t-test determines whether the paired differences between two sets of 

paired data have a population mean of zero. It is a more sensitive test of equality for two 

means than the two-sample t-test. This test does not assume that the variances of the two 

populations are equal (Stephen & Stanley, 2006). T-test is used to determine whether there 

is any different between the iodine numbers of agricultural waste at 95% significant level. 
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5.0  Results and Discussion 

 

5.1 Physico-chemical properties 

 

Table 2 summarises the physico-chemical properties of various agricultural wastes. 

The pH of the biomass ranges between 3 and 8 with banana trunk and sago hampas 

characterised by a lower pH. According to studies, pH is one of the most important 

parameter that influences the biosorption performance. It affects the solution chemistry of 

metals, the activity of functional groups and the competition of metallic ions (Galun et al., 

1987). At a lower pH, the active surface functional groups such as carboxyl would retain 

their protons reducing the probability of binding to any positively charged ions. The 

average moisture and ash content of the agriculture biomass are 6.92% and 5.57%, 

respectively with the rice husk characterised by higher ash content of 15.16%. Rice husk 

has been reported with high ash content elsewhere varying from 20-25% with > 90% of the 

ash being silica (Subbukrishma et al., 2007). 

 

 

Table 2: The physico-chemical properties of agriculture biomass  

Samples pH Conductivity (µS) Ash contents (%) Moisture contents (%) 

Coconut husk    5.42 

 

466.33 2.67 3.92 

Banana trunk     3.31     2726.67 6.81 3.27 

Sago hampas    3.54 115.42 2.00 14.08 

Empty fruit bunch    7.31 347.33   1.21 3.83 

Rice husk    6.52    596.17 15.16 9.54 

 

 


