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ABSTRACT 
Coir pith, an agro industrial residue can be utilised for valuable industrial product development 
and bioenergy generation. Hydrogen peroxide pretreatment with varying concentration of 2,5,10 
and 20 % was performed on coir pith substrate to loosen the lignocellulosic structural binding. 
Comparison of mild and hard oxidative delignification pretreatment efficiency was done 
accordingly. Lignin content was analysed by modified Klason Lignin method. FTIR analysis 
was performed for functional group assessment and structural modification analysis. Effect of 
hydrogen peroxide pretreatment concentration on cellulose crytallinity were analysed by XRD 
method. Hydrogen peroxide pretreatment on the substrate generates Coir pith Black Liquor as 
filtrate from which lignin was recovered by acid precipitation method. Structural characterisation 
of recovered lignin was done by FTIR analysis. Delignification efficiency of 53 % was observed 
for 2 % treatment which varied for higher concentration of hydrogen peroxide treatment. 
Cellulose crystallinity change occurred as the pretreatment strength increases. FTIR analysis 
helps to identify characteristic peaks of lignin and cellulose. Changes in peaks indicate structural 
transformation induced due to hydrogen peroxide pretreatment. Changes in peaks indicate 
structural transformation induced due to hydrogen peroxide pretreatment. 
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INTRODUCTION 

Indonesia, Philippines and India are among 
leading coconut palm cultivators of the world. 
Various industrially and commercially 
valuable products are being developed from 
coconut (Cocus nucifera). Coir and coir 
products are developed from fibers of the outer 
exocarp of coconut known as husk and coir 
pith is a byproduct obtained during the 
defibering process. Coir pith which is usually 
heaped near the coir defibering units is 
resistant for natural degradation due to its high 
lignin content and it induces pollution by 
changing the physio-chemical parameters of 
the receiving waterbody. Polyphenol leaching 
makes it unfit for normal landfill practices 
either and hence sustainable waste 
management strategies need to be adopted       
to tackle    pollution  risks  arising  due  to  this  

lignocellulosic biomass. Several research 
programs are progressing to convert million 
tons of generated waste coir pith into useful 
products such as biomanure1, biochar2, 
briquettes3, etc and also to utilise it for 
applications such as enzyme production4, 
effluent treatment5,6, bioremediation of 
contaminated soils7, etc.  Coir pith has 
lignocellulosic composition which can be 
explored for utilising the substrate for 
bioenergy production. Efficient technologies 
are available for fuel ethanol production from 
lignocellulosic biomass.8 Adoption of suitable 
pretreatment method shall be the primary step 
for achieving the same.9 Hydrogen peroxide 
treatment has been widely accepted as an 
efficient pretreatment method for agricultural 
residues and the mechanism of delignification 
was reported earlier. Pretreat-ment efficiency 
of  mild  hydrogen  peroxide  on  coir  pith and  *Author for correspondence 
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subsequent structural modification of the 
substrate has also been previously reported.10 
Hydrogen peroxide pretreatment solubilises 
lignin component to a greater extent and 
generates highly coloured Coir pith Black 
Liquor’ as filtrate from which lignin component 
can be recovered by acid precipitation method. 
FTIR spectroscopy which has significant 
applications in wood science and technology is 
an efficient tool to characterize the functional 
groups associated with a biomass.11 FTIR 
analysis helps to assess the structural 
transformation of the lignin component.12 
Pretreatment of biomass may also induce 
changes in cellulose crystallinity10,13  which can 
be assessed using XRD method.14 Residual lignin 
of the biomass can be analysed as ‘Klason lignin’ 
and accordingly delignification efficiency of the 
pretreatment can be estimated. Concentration of 
hydrogen peroxide may have impact on 
delignification efficiency15 and hence 
optimisation of pretreatment concentration is of 
significance.  

AIMS  AND  OBJECTIVES 
This paper reports the extent of delignification 
efficiency and cellulose crystallinity index 
change occurred due to varying concentrations 
of hydrogen peroxide pretreatment on coir pith 
substrate.  Structural change modifications 
induced by pretreatment are investigated using 
FTIR and XRD method. This study also 
characterizes the lignin recovered from Coir 
pith Black Liquor using FTIR tool. 

MATERIAL AND METHODS 
Coir pith was collected from a coir defibering 
unit at Alleppey district, Kerala, India. Collected 
coir pith was washed in tapwater, dried and 
stored in air tight containers. Further experiments 
were performed using the stored substrate.  
Oxidative delignification 
3g each of coir pith were pretreated with 
100ml solution of varying H2O2 strengths of 2 
%, 5 %, 10 % and 20 % respectively in 
Erlenmeyer flasks. pH of solutions was 
adjusted initially to 11.5 using NaOH and 
treatment was carried out for a time duration of 
10 hours with slight shaking at regular 

intervals. The residue was filtered and filtrate 
collected as ‘Coir pith Black Liquor’ (CBL) in  
amber coloured bottles. The residue was 
further washed with slightly acidified tap water 
until neutral pH was obtained and dried in a 
hot air oven at 60oC. 
Estimation of delignification efficiency  
Lignin content was measured by modified 
Klason lignin method for 0.5g of Coirpith. The 
delignification efficiency was calculated by the 
following equation 

DE = 
LI – LF x 100 L1 

where DE stands for Delignification 
Efficiency, L1 represents initial lignin content 
of the biomass before treatment, LF represents 
final lignin content of biomass after treatment.  

FTIR analysis 
Comparison of structural changes of coir pith 
samples before and after oxidative 
delignification was performed by Fourier 
Transformation Infrared (FTIR) analysis. FTIR 
spectrum of the untreated coir pith and coir 
pith treated with varying hydrogen peroxide 
concentrations were taken with a resolution of 
4cm-1 and 32 scans per sample. The absorbance 
spectra were recorded at wave numbers from 
500 – 4000cm-1. 
XRD analysis 
Raw untreated coir pith and coir pith samples 
treated with hydrogen peroxide were used for 
analysis of cellulose crystallinity change. 
Rigaku X – Ray diffractometer was used to 
perform the crystallinity study. The radiation 
used was of Cuα radiation at a wavelength of 
1.5418 Ao. The samples were scanned at a scan 
rate of 1o per minute with scan angle (2θ) from 
7 o to 40o and the sampling rate was 0.02o (2θ). 
The cellulose crystallinity index was calculated 
using the equation  

CrI = I002 – Iam x 100 I002 
where CrI indicates the relative degree of 
crystallinity, I002 is the maximum intensity (in 
arbitrary units) of the 002 lattice diffraction 
and Iam is the intensity of diffraction in the 
same units at 2θ = 180. 



                                                                                                                           J. Environ. Res. Develop. 
Journal of Environmental Research And Development                      Vol. 7 No. 4, April-June 2013 

1335 
 

Lignin recovery 
Aliquot of 0.4ml H2SO4 was added to a test 
tube  containing  20 ml  Coir pith Black Liquor 
(CBL). The solution was centrifuged at 4000 
rpm at 40C in a cooling centrifuge for 15 
minutes. Lignin obtained as residue was dried 
at 600C and used for further FTIR analysis.  

RESULTS  AND  DISCUSSION 
Delignification efficiency 
Klason lignin content of raw untreated coir pith 
was found to be 38.87 %. Hydrogen peroxide 
pretreatment resulted in delignification of coir 
pith substrate. Extent of delignification varied 
with the concentration of hydrogen peroxide.  
Residual lignin content and delignification 
efficiency of varying concentration of hydrogen 
peroxide pretreatment is shown in Table 1. It 
was infered that delignification efficiency of 53 
% was the maximum and was attained in case of 
treatment with 2 % hydrogen peroxide 

concentration. For higher concentrations of 
H2O2 pretreatment delignification efficiency 
was found to be lower. Hydrogen peroxide 
pretreatment was observed to be an exothermic 
reaction with froth formation. Froth formation 
was found to be higher in case of treatment with 
higher concentration of H2O2. In case of 
solutions of higher H2O2 concentration the rate 
of evolution of O2 may be rapid which in turn 
have reduced the oxygen incorporation at lignin 
sites resulting in decreased delignification 
efficiency. Change of brownish colour of 
substrate to whitish colour was observed after 
pretreatment which can be attributed to the 
bleaching property of H2O2. Alkaline hydrogen 
peroxide solution may have reacted with 
coloured carbonyl group structures in lignin 
such as quinones, cinnamaldehyde and ring 
conjugated ketones which gets converted to 
nonchromophoric species resulting in bleaching 
of the coir pith substrate. 

Table 1 : Delignification efficiency of hydrogen peroxide pretreatment on coir pith samples 

Sample 
no. 

Hydrogen peroxide 
concentration in % 

Residual lignin 
content after 

pretreatment in % 

Delignification 
efficiency in % 

1 2 18.23 53.10 

2 5 25.44 34.55 

3 10 20.32 47.72 

4 20 24.14 37.89 

Structural characterisation 
FTIR characterisation of coir pith 
FTIR spectra were plotted with FTIR data of 
untreated coir pith and coir pith treated with 
different concentrations of hydrogen peroxide 
and from the graph peaks were analysed to 
understand the associated functional group. 
FTIR spectrum of untreated coir pith is shown 
in Fig. 1 and FTIR images of untreated and 
treated coir pith samples are shown in Fig. 2 
which helped in the comparative structural 
studies.  Relevant peaks and its associated 
functional groups of untreated coir pith are 
shown in Table 2.  Several peak disappearance 
and   changes  were  observed  which  indicates  

structural changes. Peak shifts were observed 
near 3420 cm-1 suggesting changes in hydroxyl 
groups.   Intensity   of   peak   at  3420cm-1  was 
reduced in case of coir pith treated with 5 % 
H2O2. Peak change at 2930 cm-1 due to C-H 
stretching was also observed. Peak change at 
2340 cm-1 was intense in case of 2 % H2O2 
treated coir pith. Peak disappearance near 1740 
cm-1 was observed in case of treatment with 10% 
and 20 % H2O2. Peak intensity change at 1620 
cm-1 was prominent in case of treatment with 20 
% H2O2. Characteristic lignin peak changes were 
also observed. Peak intensity near 1060 cm-1 was 
observed to be higher in case of 5 % treatment. 
Shift in peaks resulted from the reaction of 
substrate with hydrogen peroxide. 
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Table 2 : FTIR peak assignment for coir pith 

Peaks in cm-1 Functional groups 
3420 Hydroxyl (O-H) groups in phenolic and aliphatic structure  
2930 C-H Stretching in aromatic methoxyl groups, Aliphatic C-H Stretching group 
1730 Carbonyl stretching group (C=O) in the lignin structure 
1620 C=C stretching associated with aromatic skeletal vibrations, C=O, C-O, OH 

groups, Water associated with lignin. 
1550 Conjugated hydrogen bonded carboxyl group  
1510 C=C stretching, Lignin content  
1450 Methoxy group (0-CH3) of lignin structure, Carboxylic acid group 
1370 0-H deformation arising from phenolic group 
1250 0-H deformation arising from phenolic group, C-OH stretching 
1060 C-O stretching in the secondary alcohol, C-C, stretching and C-OH bending in 

polysaccharides 

 

 

 

 

 

 

 

 
 

 

Fig. 1 : FTIR spectra of untreated coir pith 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Comparison of FTIR spectra of treated and untreated coir pith 

FTIR characterisation of recovered lignin 
FTIR spectrum of the lignin recovered from 
coir  pith  black  liquor  was  plotted  and peaks  

were identified accordingly. Characteristic 
lignin peaks were observed and functional 
groups of prominent peaks were studied. The 
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band at 3440 cm-1 represents aromatic and 
aliphatic O-H groups or phenolic compounds. 
Peaks at 2920 cm-1 and 2860 cm-1 can be 
assigned for C-H stretching vibrations of 
methyl (CH2) group. Peak at 1720 cm-1 
indicates conjugated carbonyl stretching. 1630 
cm-1 peak attributes to aromatic ring vibrations 
of phenyl propane skelton. Aromatic ring 
vibration was observed at peak 1510 cm-1. 

Peak at 1110 cm-1 assigned to ether stretching 
corresponds to syringyl unit of lignin 
molecule. 1030 cm-1 peak attributed to 
guaiaxyl unit of lignin molecule represents 
primary alcohol and deformation of aromatic 
C-H. The peak at 620 cm-1 was formed due to 
sulfuric acid reaction during precipitation and 
attributes to C-S stretching. FTIR spectrum of 
recovered lignin is shown in Fig. 3.  

 
 
 
 
 
 
 
 

 

 

 

 

Fig. 3 : FTIR spectrum of recovered lignin 

XRD analysis 
XRD analysis helped to identify the cellulose 
crystallinity index change occurred due to the 
hydrogen peroxide treatment. Cellulose 
crystallinity reduction occurred in case of 2 % 
H2O2 treatment. However sharp increase in 
crystallinity index were observed in case of 
treatment with 5 %, 10 % and 20 % H2O2. This 
indicates that in higher H2O2 concentration 

cleavage of cellulose molecular chains within 
the amorphous region happens followed by 
recrystallisation resulting in increase of 
crystallinity. Fig .4 shows the XRD graph of 
raw untreated coir pith. Similarly XRD graphs 
were plotted for treated coir piths for 
crystallinity index calculation. Calculated 
values of crystallinity index of untreated and 
treated coir pith samples are shown in Table 3.  

 

 

 

 

 

 

 

 

 
 

Fig. 4 : XRD graph of untreated coir pith 
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Table 3 : Crystallinity index of coir pith samples 

Sample I002 Iam Crystallinity index 
values (CrI) 

Raw Coir Pith 622 379 39.06 
2 % H2O2 Treated Coir pith 515 348 32.42 
5 % H2O2 Treated Coir pith 292 13.7 95.30 
10 % H2O2 Treated Coir pith 430 25 94.18 
20 % H2O2 Treated Coir pith 702 86.7 87.64 

CONCLUSION 
Mild hydrogen peroxide pretreatment was found 
to be more effective than hard pretreatment 
method. 2 % hydrogen peroxide was found to be 
the optimum concentration for effective 
pretreatment of coir pith substrate by which 
delignification efficiency of 53 % and reduction 
in cellulose crystallinity index were achieved. In 
case of hydrogen peroxide treatment with higher 
concentration, decrease in delignification 
efficiency and increase in cellulose crystallinity 
index were infered.  With bioethanol production 
perspective reduction in cellulose crystallinity 
shall favours the substrate more susceptible for 
enzymatic access. However for applications such 
as nano composite reinforcements increased 
cellulose crystallinity shall be a desirable 
property. Acid precipitation method is effective 
in recovering solubilised lignin from coir pith 
black liquor and FTIR serves as a significant tool 
in characterizing the recovered lignin. 
Characteristic lignin peaks were identified during 
FTIR analysis.  
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If all mankind were to disappear, the world would 
regenerate back to the rich state of equilibrium that 
existed ten thousand years ago. If insects were to vanish, 
the environment would collapse into chaos. 

Edward O. Wilson 

 


