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Abstract. Activated carbon was produced from Okpara sub-bituminous coal and Ogwashi brown lignite
coal of Nigeria through steam activation at 900 °C and 960 °C each for 30 min and 60 min. Okpara and
Ogwashi precursor coals had carbon content of 67.41 and 64.47%, respectively, whereas the bulk density
and the ash content were 0.59-0.68 g/mL and 2.56-9.91%, respectively. The former exhibited up to
901.0 mg/g iodine number and Brunauer Emmett Teller (BET) surface area of 604 m2/g while the latter,
iodine number of 998.0 mg/g and 669 m2/g BET surface area. Both showed adequate porosity indicative
of their potential for utilization for commercial production of active carbons.

Keywords: Nigerian coal, activated carbon, steam activation, adsorption capacity

Introduction
The advent of oil exploration in Nigeria as well as
import and operation of heavy trunks and trains with
diesel engines led to total neglect of large deposits of
mineral coals found in the most parts of Nigeria. This
state of affairs gave impetus to investigate the possible
conversion of two Nigerian coals, namely Okpara sub-
bituminous coal and Ogwashi lignite coal to useful
products like activated carbon.

Total recoverable coal reserves around the world have
been estimated to be 930 billion tonnes, about 76% of
which are located in USA (28%), Russia (19%), China
(14%), Australia (9%), India (7%), while the remaining
23% is distributed among other 65 countries (EIA,
2008; USDA, 2008; IEA, 2007). The only African
country is South Africa that produces 5.75 quadrillion
Btu and consumes 3.81 quadrillion Btu, (Coal Association,
2007; EIA, 2005).

Some of these imported coals are utilized by Japan and
China in production of activated carbon. The global
consumption of activated carbon has been put as over
350,000 tonnes per annum and due to its high market
demand and applications related to the environmental
policies worldwide, a projected (7%) annual increase
has been forecasted. Thus, by the year 2020, a total of
600,000 metric tonnes of activated carbon might be
needed globally (EMS Energy Institute, 2001). Activated
carbons are used in industry, medicine, agriculture, and

in almost all areas of human activities. No single active
carbon has universal application. Thus, commercial
active carbons could be classified into four groups on
the basis of their physico-chemical properties, pore
structure and applications (Choudhury et al., 1985;
Hassler, 1963). (i) Decolourizing carbon grade which
are soft, finely powdered with high porosity and large
surface area; (ii) gas/vapour adsorbent grade which
are granular with high density, porosity and strength,
used for industrial gas/vapour adsorption; (iii) metal
adsorbent grade used as catalyst and catalyst support
and (iv) medicinal grade adsorbent.

Active carbon is versatile and indispensable adsorbent
especially in removal of colour, taste and odour from
municipal water, industrial waste water and from food
products. It is also used for recovery of gold in mineral
industries and recovery of toxic organic solvents in
chemical industries. Their use in pharmaceutical
industries and medicine cannot be over emphasized
such as its use in kidney dialysis machine (Lozano-
Castello et al., 2001; Zanzi et al., 2001; Teker et al.,
1999). In gas applications, active carbon acts as gas
filters, in general air conditioning and in storage of
natural gases.

Coal and lignocellulosic materials are two main sources
utilized for commercial production of active carbons.
Low ash content is desirable in commercial active
carbon and is prepared either by acid leaching or by a
suitable selection of precursors (Bansal et al., 1998).*Author for correspondence; E-mail: nwooyef@yahoo.com
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Pleurotus ferulae: Equilibrium, Kinetic and Thermodynamic Studies
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Introduction
Heavy metal pollution in wastewaters is an extremely
important environmental problem. Discharge of heavy
metals from various industrial operations such as mining,
ore processing, smelting and metal plating can easily
cause metal pollution and hazardous effects on humans,
animals as well as environmental imbalance. Due to
metal accumulation through food chain and persistence,
it is necessary to remove such chemical agents from
wastewater before discharging it to the environment.
Cadmium is usually associated with some principal metal
ores widely used in daily life such as zinc, copper,
mercury, iron, lead etc. Cadmium is also a dangerous
pollutant originating from metal plating, metallurgical
alloying, mining, ceramics and other industrial operations.
Chronic exposure to elevated levels of cadmium is known
to cause renal dysfunction (Fanconi syndrome), bone
degeneration (‘Itai–itai’ syndrome), liver damage and
blood damage (ATSDR, 1993). The US Department of
Health and Human Services has determined that cadmium
and cadmium compounds may be carcinogens. Cadmium
has been found in at least 388 of 1300 items of national
priority list identified by the Environmental Protection
Agency (ATSDR, 1993).

Though much efforts have been significantly put into
curtail the amount of cadmium in the environment,

these have not really yielded the results desired by the
most world related health and environmental standard
regulatory bodies possibly due to inefficient and
uneconomical removal technology used in the past two
to three decades (Roskill Information Services, 1995).
Therefore, the release of Cd into the environment, and
resultant risk of exposure at various trophic levels still
remain substantial. Some of the bases of conventional
technologies for removing metallic ions from wastewater
are solvent extraction, ion exchange, chemical precipita-
tion, adsorption and reverse osmosis techniques (Kapoor
and Viraraghavan, 1995). Chemical precipitation,
especially as metal hydroxide or sulphide, is widely
practiced, being simple employing inexpensive
chemicals. However, it is not effective to reduce toxic
metal concentrations to the level of water quality
standards; also the generation of voluminous toxic waste
sludge is a major problem encountered. Therefore,
during the last few decades, research yielded adsorption
to be one of the attractive techniques for removing
noxious substances and for water purification; it is fast
becoming an alternative to conventional precipitation
and other techniques, especially for wastewaters that
contain low concentrations of metals (Sahu et al., 2010;
Jyotikusum et al., 2009; Wahid, 2009; Sing et al., 2008;
Sheng et al., 2004).

Activated carbon is the most widely used adsorbent in
the wastewater treatment. Owing to high cost and

*Author for correspondence; E-mail: adebayoalbert302@
hotmail.com

Abstract. Equilibrium, kinetics and thermodynamic parameters were evaluated to establish the potential
usefulness of the Pleurotus ferulae biomass for biosorption of cadmium from aqueous solutions. Maximum
biosorption was observed at initial pH of 4.5, temperature of 30 °C and at the initial cadmium concentration
of 100 mg/L. Pseudo- second order rate expression well fitted the experimental data for cadmium when
compared to pseudo-first order kinetic model. Equilibrium analysis using Langmuir and Freundlich models
showed that the biosorption process is Langmuir model. The process was exothermic and ΔGo was negative
showing spontaneity of the process within the studied temperature range. The possible functional groups
on the dried Pleurotus ferulae biomass, responsible for the sorption of Cd (II), are: – OH, – NH, – COO-

and – C– O.

Keywords: biomass, biosorption, cadmium, Pleurotus ferulae

132



��������	
���
�������	�	
����
�������������������������	����

�����������������������	��

��������� ������	��
�����!�����	�"#����	���������	������������
���������

$	����
�"
��������	�����

��������	�
��

���������
�	��������
��
���
������
���
�����
����������
 �!����

"��#�����
���#�
$�
%&$&'
�������
���
��
%&$$'
�##�����
()	�
%$�
%&$$*

���+
,+
�#�+
�	�+
���+
-��+
�.
����+
�#�+
%&$$
%&�"�*
$/&�$/0

�'������(
1��
2���2�
��
�����
�#����
�������2�����
�	�
�����2�
3���
�������	��
�	
���
���	
�	�
�)�#2�
��
1�	!)�
��2�
����
�	
���
3��!��
4����+
5��)2��
���3��
#�)��
���
������
����
&+&%6�&+��&
!7$&&
!'
-8�
������
����
��+&���+9:
��
����2
�����
�#����
����2
)	���)�����
�����
�#���
������
����
/%+��/6+�:�
��8�
��	!��
����
&+&�0�&+$/9+
;	
���
�������2������
�����������2#��2�	�
3��
��!����
�	
4���
���	
�	�
�)�#2��
3���
�����#����
��2)��
��
$%+6
�	�
$�+$
�!7$&&
!+
1��
�����2�
2���2
�	
���
���	
������
4��3��	
�+0���+9/
"�+9&<&+&/*
�!7$&&
!
�	�
�)�#2�
3��
	+�+�&+9�$
�!7$&&
!+
-���2��
���
2�3
2���2�
��
	��
�����
�#���
=/+%&:
"���	*
�	�
&+$/&:
"�)�#2�*>
�	�
	��
�����
�#���
=$+%&:
"���	*
�	�
%+��:
"�)�#2�*>+

)��#��
�*
2����
�����2���
���	�
�)�#2��
��	!)�
��2�
����

 ����
���	��

8���
�	�
����
����
3�2�
�	���2�
���
���
#����
��)�#�
��
�	���2
������	
�	
���
�����
��
���
�)��2
#���)	������
����#��22�
�	
���
��)����	
������
��
 �!����
"���������
$9�%*+
1��
8�?
#�2#)2����	
���
������	�
�		)�2
���
#�����
#�	�)�����	
��
����
�	�
���22����
���
�)��	
�����
 4�
 ��!��	
 �	�
 #�)	���
 "%&&$�%&&0*
 �)�
 ���
�@��#���
��������
���
%&&0
��
%�+�
�!
��
�0+0
��)	��
�	
  �!����
 "��������
 %&&9*+
 A�	#�
 3���
 �	
 ���
�������	����	
��
 ���
#����#�2
#���������	
��
 ����
���)2�
4�
�	
�������	�
����
��
�B)�#)2�)��
������#�+

8���
���
3���2�
��#�!	�C��
��
�
	)������	
��)�#��
�)�
��
�����
��!�
#�	��	�
��
������	��
�������2�����
�	�
��2�)	���)�����
 �����
 �#����
 ��
 3�22
 ��
 ����	���2
��	���2�
"-�����)2���
%&&%*+
;	
�����#)2���
����
���
�	
�������	�
��)�#�
��
����	���2
��2�)	���)�����
�����
�#����
3��#�
#�	���4)��
��
���
���)#���	
��
#��������#)2��
�������
"D����
�������	
�����+�
%&&�*�
 �	�2��������
��������
"1������
�����+�
%&&%*�
#�2�	
#�	#��
"5��	���2�
�����+�
%&&/*�
 �	�
���������
��
 ���
 ���)	�
������
"��22)C��
%&&$*+

-�2�
 ��
 ���
 #����	
 	���
 ���
 �����)�
 ���#���
 ��
�2������+
E�	���22�
������	!�
����
���
���
���4���
��
���
����2�
-�2������
4)�
�)�����
�)�����
���
	���
F��2�G
��
�2��
���2���
��
�����)�
�����
����2��
�2������+
1��
���	
���
��
 ����
�����
3��
 ��
 �	�����!���
 ���
 2����
#���������	
"�����
�#����
�������2�����
�	�
�����2�*
��
1�	!)�
��2�
����
"
�	�!2�������*�
#����	2�
��)	�
�	

���
����
�������
��
 �!����+
1����
����
���
��2�
�����
����	!
�	�
3���
�����
���	
���2��
���
���
�����!��
��	#�
���
���	
�	�
���
�)�#2�
��
���
����
�	
����
��)��
3���
��������2�
���2)�����
��
�������	�
���
����	���2
2���
��
	)������	
����
���
#�	�)�����	
��
����
3����)�
�����
���	+

�����	������
������
�

��������������	�����
����������(
8���
1�	!)�
��2�
����
3���
�)�#�����
����
���
2�#�2
����
������
�	�
4��)!��
��
���
2�4�������'
�22
4�	��
�	�
���#���
3���
#����)22�
�������
�	�
���	������
��
��
H

���
�
�+
1��
#��2��
�����
����2��
3���
�)�����
���������
�	��
���
���	
�	�
�)�#2��
!��)	�
)��	!
������
�	�
����2�
�	��
�
��	�
��3���+
1��
!��)	�
������	�
3���
����
�	
�2����#
�)44���
�	
���
����C��
"�/
H
*
��	��	!
�	�2����+

+�����	���	�������������,�����(
�	
�2�B)��
"&+%�
!*
��
��#�
����
3��
3��!���
�	
�	
�@���#���	
����42�
�	�
%&&
�I
��
�����2�)�
�����
"/&��&
H

4��2�	!
��	!�*
3��
�����+
1��
#������
����)�
����42�
#�	���	�	!
���
����2�
3��
�@���#���
���
�
�
)��	!
�
-�@�2��
�@���#���+
1��
�@���#���	
�2���
3��
�������
����
���
�����	!
��	�2�
3��	
��
3��
�2����
����
��
�����2�)�
������
���	
�����
��
$&�
H

���
$
��
#��2��
�	
�
����##����
�	�
���
3��!��
��
�����
��2
3��
�������	��+


�������	��������������	
�����������������
�������	�(
�
�&
�!
�2�B)��
��
���
�����
��2
3��
����	�����
���
�
��	
��
9�
H

3���
�+/
�I
��
&+�
�
D?A
�	
���
�����	�2+
1��
��@�)��
3��
	�)���2�C��
4�
&+6
�
A
2
�	�
�
�I
��
$/:
4���	
����2�)����
�	
�����	�2
3��J�)����
���
#�������	��	#�'
�����2.
���������K�����+#��

$/&



���������	
����
�����	��	����	����	��������	
��
�������	���	�
���
������	��
���
���	�����
	������������

 �!�!	����"	#�"����!$���%	&�����	�"�"�
	��!	'����(�	)"��*+

���������	
��

�	�����
���	��	��
����	�����
��
�	�������
�	�������������
��������
 !	"����	��
��

�	�������
�������

���	#	
����	������
�	�������������
��������

$�	�	��	%
&����
�'�
����(
�	���	%
)��	
���
����(
���	"�	%
)���
*�
����+

���,
-,
���,
��%,
�	�,
�	�,
./
"���,
���,
����
,-	$0+
�*'����

1�	
%��	
"���
$�������	
��
�������
2,+
��
�������
#����
��
����
���%
��%
%	�	��
�	#����
��
��	
����%,
.�
"�	�	���
���	
����
����
%���	�	��
���������
��
%��	
"���
��	
�����
 ��
 	3���
 ���
 ��	�
 ��	
����%�
  ��
����
 �
 �	�
��"������
��	�
���	
 		�
	������	%
���
��	��
�#�������
"	��������	
��%
�����
4������,
1�	
�����
��
%��	
"���
��
���"��	%
��
��	���
"	�����"
��%
�		%
��%
��
�	��
�����
��
���"�	
���%,
1�	
�����
��%	�#�	�
�	�	���
����#	�
%����#
�������
 ���#	�
��
#�����
��%
%	�	��"�	��,
!���	�	��
����	��	�
��
%��	�
#�����#
��
�������
�������	�
���	
 		�
���%�	%
���
��	�����
���"�������
��%
�����������
4������
$&������%5��
�
	����
�����
6
 (
7�������
�

����
����(
.��8����
�
	����
�''9(
.�����������
�''�(
������
�
	����
�':0+,

1�	
%��	
��
�����%	�	%
��
��"������
����
���"
��%
�
#��%
�����	
��
���	�#�
	3����#	
	�����#�,
��������
��
��	
������
���#	��
%��	�
"��%����#
�������
��
��	
����%
�����
#����
%���	�	��
����	��	�
��
%��	�,
1����
��������	%
��	�
��
���
��"	�
��
%��	�
��
��	
�������
	3�		%�
9:,�
�������%
�	����	��
�����
"��%��	
��	�
;0�
�������%
���	�
%��	�
��������
$&������%5��
�
	����
�����
6
 (
����������
�
	����
 ����+,
1�	
	��	��
��
#����
 ����%�������
 ��%
�������	��
��%
������	%
"���	����	�	
"�����#
��
��	
4������
��%
��	��
���	
��
���������
%��	�
�	�	
���%�	%
 �

&������%5��
�
	���	$�����+
��%
����������
�
	���
$����+,
1�	�
����%
����
����%������
����	%
�����
����	�
��
��	
�	��	%
"����	�	��
$�������	�
"���	����
�� �	�
��%
����+
��
��������	%
��%
����%���	%
"���	%
���"�	�,
����������

<�����
��%
�������	��
��"���	%
��	
4������
��
!�����
%��	�
��
��������
%����#
���
�������
#�����#
���#	�
����#
��	
%���	�	��
"��������	�����
"���	��	�
$���		�
�
	����
����(
<�����
�
	����
���0+,
=	�	�����
���	���
���"�������
��
 ���������
 %��	�
���
 ����
 �	"���	%
 ����#
 ������
� ���"����
�"	����"�����	���
$&������%5��
�
	����
���� +,
1�	
&����		�
����	��
��
%��	�
#����
��
��������
���	
���
 		�
�� -	��	%
��
	�	�	����
��������
����#
>!?
�"	�����	���
��
���,
1�	
����	��
���%��
��	�	���	�
���
���	%
��
���	����#
��	
�	�	�
��
�������
	�	�	���
"�	�	��
��
��	
%��	
"���
�����
��%
"��,

.���#
�������
����������
�	����4�	��
>!?
�"	�����	���
��
��#���
"������	��
���
��	
	�	�	����
������	�
��
���"�	�
��
%��	��	
�����	,
1�	
�	���%
��
����%	��������	
��%
��
���	
�%�����#	���
 ��
������	�	�	�����
��������
��
���"��	%
��
���	�
	3�����#
�	���%��
��
��	
	��	
��
���"�	
"�	"�������
��%
��������
��
 ��
 �	4���	�
��
��	�����
��	���	��
 ��
 �	"�������
��
 ��	
 ���"�	
 ��������	���,
.�����#��
����
�	����4�	
���
 		�
	3�	����	��
��	%
���
	�	�	����
 ������	�
 ��
 ���"�	�
 ��
  ����#����
 ��%
	�������	����
��"������	
$
@���
�
	����	���'(
@���
�
	����
���;+�
���	�	��
��
��	
"�	�	��
���%��
����
��%	��
��%
�����	%
����������
�	����4�	
���
 		�
�""��	%
"�� � ��
���
��	
�����
���	�
��
%	�	����	
��	
	�	�	����
���"�������
��
%��	
"���
�����
��%
"��,

!��	
"���
$&����		�
����	��+
���
����	��	%
����
�
�����
����	�
��
�	�������
���������
��
��	
���	
����
��
����	�	%,
A��
	���
���"�	�
�	�
%��	
"���
������
��%
"���
�	�	
����	��	%
��
"��"	���
��	��	%
"���	����	�	B.�����
���
����	�"��%	��	(
>�����/
�������:*C�����,���

.*
������	��
��	
"�	�	��
���%��
%��	
"���
$�������	
��
�������
2,+
�����%��#
�����
��%
"��
$&����		�
����	��+
���
����	��	%
����
�
�����
����	�
��
�	�������
��������
��%
�����5	%
����#
>!?
�"	�����	���,
1�	
�	�����
����	%
��	
"�	�	��	
��
�������
��"������
	�	�	���
����
��
D�

�
@�

��

��
��
&#�
A	�

�
��%
��
��
%��	
"���
�����
��%
"��,
�������	��
������
��
�3�#	�
$E�*
��,F+
��%
��� ��
$E*�
��,F+
�	�	
%	�	����	%
��
��	
%��	
"����
�����
��
��	
	��%	��	
��
��	
"�	�	��	
��
�������������
	�����	%
��������	���,
����������
��	
���	���
	�	�	���
�����%��#
G��

��
&#�
@�
G��
���

��
A	
��%
&�
�	�	
"�	�	��
��
�������	��
4�������	�,

)��/��!
0	 %��	
 "����
 >!?
 �"	�����	����
 	�	�	����
 ���"��������
 	��	�����
 �����	����
 ��������

�"���	
���(��������

�*'



�������	�
��
��
��������	���	�
�������	������
����

��	
���
�	��
���������������	���

�������������	�����������������������
�� ����
�������	��

���������	�
��

	����	��	���

	��	����	��
�
���
��
��������
�������	
��������
�	�������
��
�� ��

	��	����	��
����!
�
���"�
��������
�������	

#�������$
!������
%&�
'(%()
������$
*����
'+�
'(%%)
�������$

*����
',�
'(%%-

���.
/.
���.
�	$.
���.
0��.
*1
��2�.
���.
'(%%
!"�#3-
%+'�%+4

��������#
*�������$
�����	
 ��
���$���$
����
�������
 ��$
�	$
����	��
�����
�������
��������
���������	�
���	�
����������
���$
�	$
�� 
�����������
�����	�5����	.
���6�����
�	��2���
�	$
����������5����	
��
���
���$���
 ���
������$
���
�	$
7��	����

�����
������
#7
�-
�������
�����
�����
���
��	��	��
��������
��	��	��
�8
�����
�	$
��$�	�
	�����
 ���
$������	�$.
���
���$���
���������������
 ���
 ���
����������
 ���
�����
��
���
�����������2
���������
��������$
�����	.

$�%&����'
 ����
���������
��������$
�����	�
��������
���������	�
�����	�5����	

*�������$
�����	
��	
��
���$���$
����
$������	�
�� 
�����	
�������
����
��
���	����
�����
�����
 ��$�
�� $����
��������
�	$
����	��
������.

������
�����������
�����5�$
�����2����
����
#���	����
�	$
������	��
'((,-�
���6
�����
#9�������
�����.�
'((:-�
$���
���	�
#8������
�	$

������
'((;-�
���$ ��$
#<���
�����.�
'((4-�
����	$
������
����	
�����
#7�	��$�
�����.�
'((3-
�	$
����
#=����2�	
�����.�
%&&'-
��
���������
���
���$�����	
��
��������$
�����	.
�������
��	2
������$
���$����
�����
��
������
�	��������	
���������
�	
���
����������	
��

��������$
�����	
���	�
�������
 ��$
��
���
���������.

�	
���	������
���
�����$�
���
�������	�
��������$
�����	
��	
��
$���$�$
�	��
� �
����������1
��2�����
���������	
�	$
��������
���������	
#�������5
�	$
�������=���	��
'((&-.
�	
���
��2�����
���������	�
���
�� 
��������
��
�����
 �����	�5�$
 �	$
 ���	
 ��������$
 �2
 �����
 ��
�����	
$��6�$��
���
��
�����
��6����.
���
�����	�5����	
�����������
��	���
��� ��	
4((
�	$
,+(
>"�
�	$
���
�����
 �����
���	�
���������
%(((
>"�
 ������
 ���
���������	
�����������
��	���
��� ��	
;((
�	$
&((
>".
�	
���
��������
���������	
�����$�
���
�� 
��������
��
������	���$
 ���
�	
��������	�
���	�
�	$
���	
�����
������$
�	$��
�	���
����������.
���
�����	�5����	
����
�	$
���������	
����
���
������$
���
�������	�����2
�	
���
��������
���������	
��������
 ���
���
���������
���	�
 ��6�$
  ���
 ��������
 ��������	�
 ���	��
 ��
$��2$����	�
 ���	��
 �	$
 �6�$�	��
 #9���	������/?	
�����.�
'(%(-.
 �	����������	�
����
���	
�6��	�����2
��	$����$
��
�����$���
���
�����	���
��
����������
���$
���������	
#*��@�����
�	$
*���A�����
'(%()
<��
�����.�
'(%(-.
�	
���
�����	�
���$2�
��������$
�����	
 ��

���$���$
����
������2
���������
 ����
���������
�.�.�
����	��
�����
�	$
�������
 ��$
 �������
��������
���������	
�����$.
���
���$���
 ��
����������5�$
�	$
���������������
 ���
�������$
 ���
���
��������$
�����	
�����������2
���������
�	
���
������.

�	������2�
�� 
�������
 ���
 ����$
 ���
���
���
 ����
#+(�;(
 >"-�
$���$
 �	
���	
�	$
 ���	
�����$
 �	
3(B
����������
���$
#83�!4-
����	����
#0�����
�����.�
'(%()
9����$����C����	�
'((,-.
<����
���
�������
 ���
����	
$���$
�	
���	�
�����$
�	
�����
�2��	$���
�	$
�����$
�	
���	���
���
4+
��	.
���
�������	�
��������
 ��
�����$�
 ����$
 ���
���
 ����
��
	�������5��
$���$
�	
���	
�	$
�����$
�	
���������
�������
���
�������
����������5����	.

"���������5����	
  ��
 ������$
 ���
 �	
 ���
 �����
 ��
��������
���������6�$
�����	�
�����
���
��	��	�
#*0�9
�',;;�&4-�
��������
��	��	�
#*0�9
�4&33�&&-�
�8
�����
#*0�9
�3,3,�(+-
�	$
��$�	�
	�����
#*0�9
�4;(:�&4-.
0������
����
��
���
��������$
�����	
 ��
����������5�$
�2
�
��2�����
����	�D��
�	�����	�
	������	
�$�������	
��
%&+.;
>"�
7��	����

�����
������
#7
�-
�������
����.

C������
��
���
���6�����
�	��2���
��
����
���
�2���
��
��������$
�����	
���
�����	��$
�	
�����
%�
 ����
��� 
����
 ����������
 ��
 ����
 ���
 ����������
 ���
 �����
�������$
�����������2
��
�	���	����	��
�����
#E�� �	�
'(%(-.

��������2�
�� 
������
��
��������
��	��	�
�	$
��������
������
�	$����
���
���$
D�����2
��
���
���$���$
��������$
�����	.
���
�������
��
���
���$���
������	�
��
7
�
�������
�����
��$�	�
	������
��������
��	��	��
���
��	��	�
�	$
�8
�����
�	$
�2�����
������
��
�� $���$
��������$
�����	
#�*"-
�	$
���	����
��������$
�����	
#F*"-
���
����
��� 	
�	
�����
%
�	$
���
�������$
 ���
���
���������������
��
��������$
�����	
�������$
�	G*�����
���
��������	$�	��)

�����1
�H��H������I2����.���

������
����
	���	�


%+'



Morphological, Hydrolytic and Thermal Properties of
Legume Starches

Adeleke Omodunbi Ashogbona*, Isaac Ayodele Ololadea,  Yekini Deboh Aliub and
Adebowale Sayo Abitogunc

aDepartment of Chemistry and Industrial Chemistry, Adekunle Ajasin University,
Akungba-Akoko, Nigeria

bDepartment of Chemistry, University of Ibadan, Ibadan, Nigeria
cScience Laboratory Technology Department, Rufus Giwa Polytechnic, Owo, Nigeria

(received June 3, 2010; revised May 31, 2011; accepted June 7, 2011)

Pak. j. sci. ind. res. Ser. A: phys. sci. 2011 54 (3) 155-174

Introduction
The legume fruit is formed from a single carpel, which
splits along the dorsal and the ventral sutures, and
usually contains a row of seeds borne on the inner side
of the ventral suture. Grain legumes are dicotyledonous
seeds of plants that belong to the family Leguminosae
having 16,000-19,000 species in approximately 750
genera (Allen and Allen, 1981). They rank fifth in terms
of annual world grain production (171 million metric
tons) after wheat, rice, corn and barley (FAO, 2003;
Deshpande and Damodaran,1990). Approximately 12
species of the Leguminosae, which is the third largest
family of flowering plants, are widely used as food
(Chavan et al., 1999). Examples include lima bean,
garbanzo bean, lentil bean, mung bean, pinto bean,
adzuki bean, red kidney bean, smooth pea, wrinkled
pea, and the two oilseed legumes, soybean and
groundnut. The food legumes are rich in starch, protein,
dietary fibre, minerals and water-soluble vitamins.
Legumes constitute an important source of carbohydrates
for a large part of human population, mainly in the

developing world. India is the largest producer and
consumer of legumes in the world (Singh et al.,2008).
The total carbohydrate contents of food legumes vary
from 24% (winged bean) to 68% (cowpea) (Ratnayake
et al., 2001). Starch is the most abundant carbohydrate
in the seed (22-45%; Hoover and Sosulski, 1991).
Legumes are used as food and feed (Leon et al., 1991)
as the seed is a good source of both starch and protein,
36.7-50% (Leon et al., 1989; Duke, 1981) and 29.7%
(Clemente et al., 2000; Menkov, 2000; Kessler, 1985),
respectively. But lentil seeds contain more protein than
other legume seeds, the protein content ranges from
24.3% to 30.2% for different cultivars (Wang and Daun,
2006). Variations in the values for the starch and protein
contents of legumes reported in the literature may be
attributed, in part, to differences in the methods of
analyses.

A major factor which has an adverse effect on the
widespread utilization of legume starches in the food
industry is their relatively high amylose contents (Hoover
and Sosulski, 1985). The association between amylose
molecules and the outer branches of amylopectin in*Author for correspondence; E-mail: ashogbonwale @yahoo.com

Abstract. Legumes are an excellent source of carbohydrate and provide an inexpensive source of protein.
With the exception of beach pea (12.3%), the percentage yields of extracted legume starches fall within
the range of 18.0-45.0% on a whole seed basis. The total lipid contents of legume starches range from
0.01-0.87%. Legume starches have variable granule diameters, generally between 4 and 80 µm. Granule
shape may be oval, spherical, elliptical or irregular, depending on the source. Legume starches exhibit a
two-stage solubilization pattern; the rates of hydrolysis for the first and second stages are identical in some
legume starches but differ in others. Most legume starches exhibit C-type X-ray diffraction patterns. The
degrees of crystallinity of most legume starches are similar to, or slightly lower than, those of cereal
starches. Most legume starches exhibit nearly identical gelatinization transition temperatures and enthalpies.
However, their gelatinization temperature ranges (Tc – To) differ. Legume starches easily retrograde due
to their relatively high amylose contents, although long term retrogradation is attributed to short chains
of amylopectin.

Keywords: legume, starch, granule morphology, hydrolysis, gelatinization, retrogradation, thermal
properties, granule crystallinity
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