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ABSTRACT

The wide differences in the densities, nature of the agricultural wastes or precursor materials and their carbon content means
that activated charcoal (AC) vyield, and physico-chemical properties could vary considerably among activated charcoals
produced from different agricultural residues necessitating the evaluation of the physical and chemical properties of activated
charcoals produced from different feedstocks. The objective of the present study was therefore to evaluate the physico-
chemical properties of activated charcoal produced from a blend of pig dung, palm kernel shell, and palm fruit fibre for
possible use as feed additives in poultry feed. The physical properties of the produced activated charcoal were activated
charcoal yield, moisture content, pH, bulk density, water-holding capacity, specific gravity, oil adsorption capacity and surface
area with values as 71.0%, 5.37%, 7.67, 0.72, 77.46%, 0.73, 118.47% and 587cm?/g respectively. The chemical properties
comprised of carbon content (79.43%), calcium (6185.11mg/kg), phosphorus (18603.29mg/kg), sodium (1722.47mg/Kg),
potassium (10275.48mg/kg), magnesium (3980.14mg/kg), manganese (721.00mg/Kkg), iron (996.35mg/kg), zinc (95.47mg/kg),
copper (33.69mg/kg),arsenic (13.38mg/kg) and nitrogen (3008.04mg/kg). The values of the physical parameters obtained in

this study were adjudged to be suitable for adsorption purposes in poultry and water treatment operations.
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INTRODUCTION

Activated charcoal is defined as a dark-colored and porous
form of carbon made from plant and/or animal substances by
partial combustion followed by activation (AAFCO, 2012).
They are processed carbon materials that are capable of
adsorbing various substances because of their large pore
structure and surface area (Abdul & Aberuagba, 2005).
Activated charcoal is differentiated from the elemental
carbon by its high surface area and the oxidation of the outer
and inner carbon atoms(Al-Qodah & Shawabkah, 2009;
Khan & Ansari, 2009).The surface chemistry of activated
charcoal confers on it the ability to adsorb and bind gaseous
elements, aqueous solutions, liquids and chemicals rendering
them inert and unavailable for absorption in the body
(Pradham & Sandle, 1999).Activated charcoal is therefore,
one of the best antidotes to poisons such as those from
mushrooms, insects and snakes (Maklad et al., 2012).
Activated charcoal itself is not digested, absorbed, or

metabolized in the body. It is the high adsorption capacity of
AC that makes it suitable in water purification and in the
removal of undesirable odours and impurities from foods
(Burdock, 1997).

Activated charcoal can be produced by the incomplete
combustion of agricultural residues. Agricultural residues are
wastes from the growing, harvesting, and processing of
agricultural products such as crops, fruits, vegetables,
animal, and dairy products (Obi et al., 2016). These are
renewable resources whose utilization has received great
attention due to environmental considerations and the
increasing demand for energy worldwide (Tsai et al., 2007;
Balat et al., 2009).The use of agricultural by-products and
wastes for activated charcoal production is being advocated
due to their carbon content, renewable nature, and the
possibility of mitigating environmental pollution through
such a process (Lima & Marshal, 2004). In addition, they are
relatively less expensive when compared to other activated
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charcoal precursors of industrial and petroleum origin
(Ahmedna et al., 2000). Recently, interests have focused on
the use of agricultural residues such as maize cob, stalk, and
stover, groundnut shell, poultry litter, pig and cow dung, rice
husk, palm kernel shell (PKS), and coconut shell in the
preparation of activated charcoal (Sugumuan et al., 2012).
The carbon content of these by-products though lower when
compared with petroleum residues, wood, coal, peat and
lignite, their low cost of production, and ready availability
makes up for their lower carbon yield (Malik et al., 2006).
The expansion of agricultural production has naturally
resulted in increased quantities of livestock waste,
agricultural crop residues and agro-industrial by-products.
The generation of agricultural wastes will continue to
increase globally as developing countries continue to
intensify their farming systems. It was estimated that about
998 million tonnes of agricultural wastes are generated
globally with organic wastes comprising 80% of the total
solid wastes (BRECG, 1997; Agamuthu, 2009). More so,
research revealed in 2005 that the biomass potential of
Nigeria stood at 13 million hectares of fuel wood, 61 million
tonnes per year of animal waste, and 83 million tonnes of
crop residues (Agba et al., 2010). The annual production of
agricultural biomass is high because about 94% and 68% of
households are respectively engaged in crop and livestock
farming (Akorede et al., 2017). The major agricultural crop
residues with sustainable potential as feedstock for activated
charcoal production in Nigeria are derived from cultivation,
harvesting and processing of millet, yam, cassava, sorghum,
rice, groundnut, oil palm, sugar cane and soya-beans
(Mohammed et al., 2013). For livestock, Akorede et al.
(2017) reported the combined number of cattle, sheep, goats,
horses, pigs and poultry in Nigeria as 245 million, which all
together produce 0.78 million tonnes of animal waste daily.
It is believed that the production and utilization of activated
charcoal in commercial quantities in livestock and poultry
production is an effective management strategy for
agricultural wastes.

The wide differences between agricultural wastes in carbon
content, and other physico-chemical properties means that
activated charcoal yield, and physico-chemical properties
could vary considerably among activated charcoals produced
from different agricultural residues necessitating the
evaluation of the physical and chemical properties of
activated charcoals produced from different feedstocks. The
objective of the present study was hence to evaluate the
physico-chemical properties of activated charcoal produced
from a blend of pig dung, palm kernel shell, and palm fruit
fibre for possible use as feed additives in poultry ration.

MATERIALS AND METHODS

LOCATION OF THE STUDY

The study was carried out at the Teaching and Research
Farm of Michael Okpara University of Agriculture Umudike,
Umuahia, Abia State, located within the South East agro-
ecological zone of Nigeria with geographical coordinates of
5.4801° N and 7.5437° E.

COLLECTION AND
AGRICULTURAL WASTES
The palm kernel shell and palm fruit fibre were collected
from a palm oil mill while freshly voided pig dung was
collected from pig farms using plastic container. The
materials were carefully collected to avoid contamination
with sand or other objects. Each material was sun-dried to
constant weight and crushed manually using a wooden pestle
and mortar. The materials were then blended together at a
ratio of 4:3:3 weight for weight for pig dung, palm kernel
shell and palm fruit fibre, respectively and used to produce
the activated charcoal.

PREPARATION OF

PRODUCTION OF ACTIVATED CHARCOAL

The physical method of activated charcoal production
described by Gunamartha & Widana (2018) was employed
in the present study. The blended biomass materials were
weighed using HN 289 digital scale (Omron Co., Ltd, Japan)
and transferred to a clay pot of about 30 litres for
carbonization. In addition to contributing to the carbon yield,
palm kernel shell and palm fruit fibre also served as
combustion accelerants enhancing the pyrolysis of pig dung
(Nwokolo & Ogunyemi, 2008). The pot containing the
precursors was sealed by covering with a metallic lid that
had a small vent which limited the entry of oxygen into the
mixture. The pot was placed on open fire for a combustion
period of 5 hours at which no more smoke was produced
from the vent. At this point, water was introduced quickly to
stop the carbonization of the biomass and achieve activation.
Thereafter, the pot was tightly closed and allowed to cool.
The charcoal product was then harvested, rinsed with cold
water to remove ash and other debris, dried, and weighed.
The dried activated charcoal was transferred to a wooden
mortar and ground with pestle into fine powder and stored in
an air tight polythene container for characterization.

PHYSICO-CHEMICAL CHARACTERIZATION OF
THE ACTIVATED CHARCOAL

The physical properties determined were bulk density, water
holding capacity, specific gravity, moisture content, pH and
oil adsorption capacity while the chemical properties were
carbon, and mineral contents.
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DETERMINATION OF PHYSICAL
CHARACTERISTICS OF ACTIVATED CHARCOAL
Activated charcoal yield was determined as the ratio of the
weight of dried activated charcoal to the weight of precursor
carbonized. Value was expressed in percentage. The bulk
density, water holding capacity and specific gravity of the
activated charcoal was determined according to the
procedure described by Makinde & Sonaiya (2007) and
modified by Omede (2010). The moisture content of the
activated charcoal was determined using oven dry method as
described by American Society for Testing and Materials
(ASTM Method D280-33, 2003) and the percentage
moisture content calculated as recommended by AOAC
(1990).The pH of the activated charcoal was determined with
the aid of a pH meter (HANNA Combo PH Meter, Model:
HI 98129, USA) while oil adsorption capacity was analyzed
according to ASTM F 726-99 (1998). The test was
performed at 23 + 4°C with the oil absorbency measured
three times and an average value taken according to Hussein
et al. (2008).

DETERMINATION OF CARBON AND MINERAL
CONTENTS

The concentration of macro minerals namely nitrogen (N,),
calcium (Ca), magnesium (Mg), potassium (K), phosphorus
(P), and sodium (Na) and micro minerals namely manganese
(Mn), zinc (Zn), copper (Cu) and iron (Fe) in the activated
charcoal were measured using the Atomic Absorption
Spectrophotometer method (Bulk Scientific, 205, India). The
procedure was based on the principle that metallic elements
in a ground form absorb light of the same wavelength which
they emit when excited, with the amount of radiation
absorbed being directly proportional to the concentration of
the element present.

RESULTS

The physical properties of the produced activated charcoal
are presented in Table I. The Table shows that 7.1 kg
activated charcoal was obtained from a total of 10 kg
precursor material representing 71.0 % activated charcoal
yield. Other physical properties were moisture content (5.3
%), pH (7.67), bulk density (0.72), water-holding capacity
(77.46 %), specific gravity (0.73), oil adsorption capacity
(118.47 %), and surface area (587 cm?/g).

DISCUSSION

The observed activated charcoal yield of 71.0 % is less than
the 74.19 % vyield from palm kernel shell alone reported by
Kong et al. (2013). The inclusion of pig dung and palm fruit
fibre in the present study may have been responsible for the
lower activated charcoal yield obtained. Pig dung and palm
fruit fibre are lighter than palm kernel shell and may have
lesser carbon contents. The moisture content of the activated

Table I: Physical properties of activated charcoal

produced from a blend of agricultural waste
materials

Parameter Value

Activated charcoal yield (%) 71.0

Moisture (%) 5.37

pH 7.67

Bulk density (g/cm?) 0.72
Water-holding capacity (%) 77.46
Specific gravity 0.73
Oil adsorption capacity (%) 118.47
Surface area (cm?/g) 587.00

Table II: Chemical properties of activated charcoal
produced from a blend of agricultural waste

materials

Parameter Value
Carbon content (%) 79.43
Calcium (mg/kg) 6185.11
Phosphorus (mg/kg) 18603.29
Sodium (mg/kg) 1722.47
Potassium (mg/kg) 10275.48
Magnesium (mg/kg ) 3980.14
Manganese (mg/kg) 721.00
Iron (mg/kg) 996.35
Zinc (mg/kg) 95.47
Copper (mg/kg) 33.69
Arsenic (mg/kg) 13.38
Nitrogen (mg/kg) 3008.04

charcoal obtained from this study (5.37%) was higher than
the 3.43% and 3.50% reported by Okoroigwe et al. (2013)
and Lima & Marshal (2004), respectively for AC derived
from palm fruit fibre, and poultry litter, respectively. It was
also higher than that of Nwankwo (2018) who recorded
3.50% as moisture content of AC from cow bone sourced
from abattoirs. Kong et al. (2013) investigated the moisture
content of activated charcoal derived from PKS and reported
a lower moisture content of 1.47%. The lower moisture
contents of the AC reported by these researchers could be
attributed to  higher carbonization and activation
temperatures which were over 600°C in each case as against
the 300°C (Prakash et al., 2006) employed in the present
study.

The AC exhibited a slightly alkaline pH value of 7.67 which
was within the preferred range of 6.0-10.0 as reported for
most agricultural residue-derived AC (Chen et al., 2002). It
has also been noted that acidic and slightly alkaline activated
charcoals exhibited greater adsorption capacity and are more
effective adsorbents when compared to those with very high
pH values (Madu & Ladije, 2013). The pH result obtain
from this study was however higher than the 6.1, 6.64, and
6.60 reported by Okoroigwe et al. (2013), Evbuoman et al.
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(2013) and Nwankwo (2018), respectively using agricultural
residues as precursors for pyrolysis. The observed bulk
density of 0.72g/cm® was higher than 0.49g/cm® reported by
Evbuoman et al., (2013) for PKS derived-activated charcoal.
The value of the bulk density is however within the preferred
range of 0.06-1.03g/cm® as recommended by Bryne & Nagle
(1997) for activated charcoal with high adsorption capacity
and micro-porosity. The water-holding capacity of 77.46 %
reported in this experiment was higher than the value of 47.4
% obtained by Kong et al. (2013) for PKS derived activated
charcoal. Mollinedo et al. (2015) demonstrated the use of
AC to improve the water-holding capacity of different soil
samples and discovered that treatment of soil increased water
retention capacity by 25% when compared with untreated
control. The AC produced in this study is suitable for
increasing the water retention capacity of soil considering its
high water-holding capacity. Enhanced soil water retention
will improve plant nutrient availability and uptake; thereby
improving crop yield (Van Zwietan et al., 2010; Zheng et al.,
2013). It will have additional fertilizer value because of its
high concentration of important plant macro nutrients such
as potassium and phosphorus (Steiner, 2008). The use of rice
husk activated charcoal to fertilize rice fields had been a
common practice in Asian countries (Steiner, 2008). The
urban encroachments on poultry facilities have resulted in
increased complaints from local residents (Okoli, 2004;
Nwagwu et al., 2012), due to bad odour and nuisance flies.
In addition, farmers incure huge economic losses associated
with poor litter in poultry farms resulting from foot and leg
problems, respiratory diseases, poor weight gain and inferior
feed conversion (Charles, 2005). The high water holding
capacity of AC could be beneficial in minimizing problems
associated with wet litter in livestock and poultry farms.
Sashikala et al. (2012) compared the odour abatement of
poultry litter using three odour control products (activated
charcoal, silica gel and zeolite) wunder controlled
environmental conditions and reported that activated
charcoal and silica gel exhibited prominent adsorption or
reduction in litter volatiles. Huwig et al. (2001) reported that
activated charcoal is a very effective adsorbent for reducing
the levels of mycotoxins in feed when compared with other
minerals adsorbents such as aluminosilicates and bentonite
while in broilers, Durunna et al. (2018) observed that daily
weight gain was significantly higher in the groups fed diets
supplemented with activated charcoal compared to the
control group.

Specific gravity (SG) otherwise called relative density is the
ratio of the density of substances to the density of water
(Omede, 2010). This physical parameter plays a vital role in
the transit of digesta through the gastrointestinal (GIT) tract
of animals (Bhatti & Firkins, 1995). The value of the specific
gravity obtained in this research 0.730 was lower than the

1.61 reported by Evbuoman et al. (2013) but higher than the
0.64 eported by Okoroigwe et al. (2013) for bamboo and
palm kernel shell-derived activated charcoal, respectively. It
should be recalled that particles with specific gravity of less
than 1.20 were more likely to float in the gastrointestinal
tract of animals thereby increasing their retention time while
those greater than 1.50 sink leading to a reduced retention
time (Kaske et al., 1992; Bhatti & Firkins,1995). The
specific gravity recorded in this study was far higher than the
range of 0.33-0.46 reported by Omede (2010) for
conventional feed ingredients produced in Nigeria and hence
may enhance the specific gravity of feeds when
supplemented in rations.

The oil adsorption capacity (OAC) and surface area (SA)
obtained in this experiment were 118.47% and 587cm?/g,
respectively. The value for surface area is higher than the
range of 248-253cm?/g reported by Lima and Marshal (2004)
for AC derived from poultry litter material. The high surface
area coupled with the slightly alkaline pH of 7.67 could be
responsible for the high oil adsorption capacity of 118.42%
observed. It has been reported that low pH values and high
surface area tend to increase the oil adsorption capacity of
ACs (Madu & Ladije, 2013). With these outstanding
properties, the activated charcoal derived from this study
could be beneficial for gastrointestinal de-contamination
when used as feed additive (Lartey et al., 1999; Chyla et al.,
2005; Tumin et al., 2008; Tabbakh & Barhoun, 2018). It has
also been reported that low cost materials such as palm
kernel shell, palm fruit fibre, and animal wastes are good
precursors for producing AC for use as adsorbents because
of well-developed pore structure and high surface area
responsible for extensive adsorption capacity (Tsai, 2001).
Therefore, the AC produced in this study could be suitable
for use in water remediation in cases of oil spillage in oil
producing  communities  (Tabbakh and  Barhoun,
2018).Activated charcoal produced from readily available
and renewable agricultural residues would be less expensive
and serve as replacement for other more costly adsorbents
imported for this and similar purposes, thereby transforming
waste into wealth (Ahmedna, 2000; Malik, 2006).
Furthermore, natural water sources available to most
communities in developing countries like Nigeria are rivers,
and natural ponds mostly contaminated with heavy metals
and effluents discharged from industries (Tumin et al.,
2008). Studies by Etuk et al. (2014 & 2016) showed that
such heavy metal contaminated water used in animal feeding
have negative effects on performance. Activated charcoal
such as produced in the present study could be suitable for
purifying contaminated water for farm and domestic use by
adsorption of metallic ions and bacterial toxins (Lartey et al.,
1999).

The value of the carbon content was 79.43% which is higher
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than the 65.4 % reported by Kong et al. (2013).1t is also
higher than that of wood-derived activated charcoal (AC)
(71.40%) and coconut shell-derived AC (60.07%) as
reported by Widowati & Asnah (2014) but lower than the
85.0, and 88.4 % reported by Hidayu & Muda (2016), and
Okoroigwe et al. (2013), respectively using palm kernel shell
and oil palm fibre as precursor materials. Lima & Marshal
(2004) pyrolysed poultry litter and recorded a carbon content
of 29% which was far below the carbon content obtained in
this study. The value obtained in the present experiment was
however within the preferred range of 62.20 - 92.40%
recommended by Domingues et al. (2017) for activated
charcoal with high degree of micro-porosity and adsorption
capacity. More so, the carbon content value obtained in this
study can be adjudged to be high when compared to the
International Biochar Initiative (IBI) standard which requires
10% minimum organic carbon in activated charcoal
(European Biochar Certificate, 2012). The European Biochar
Foundation also recommended that for any residue left after
pyrolysis to qualify as activated charcoal, the carbon content
should not be less than 10% (International Biochar Initiative,
2017). Several studies have shown that the most important
factors that affect carbon yield and carbon content of AC are
density and nature of the carbonized material or precursor
(Verheijen et al., 2010). This could be the reason why
different agricultural residues exhibit different physico-
chemical characteristics even with the same method of
treatment or activation. Martinez et al. (2006) observed that
the texture, carbon yield and carbon content as well as
development of pores of AC were strongly affected by the
physical and chemical characteristics of the starting material
or precursor. The concentration of minerals evaluated in the
present study were calcium (6185.11mg/kg), phosphorus
(18603.29mg/kg),sodium (1722.47mg/kg), potassium
(10275.48mg/kg), magnesium (3980.14mg/kg), manganese
(721.00mg/kg), iron (996.35mg/kg), zinc (95.47mg/kg),
copper (33.69mg/kg), arsenic (13.38mg/kg), and nitrogen
(3008.04mg/kg). These mineral concentrations were much
higher than the values reported by Okoroigwe et al. (2013)
and that of Gunamartha & Widana (2018) for PKS and cow
dung-derived activated charcoals, respectively. These
variations could be attributed to the nature of the starting
material ~ (precursor) which influences the mineral
composition and concentration of the resulting activated
charcoal (Cagnon et al., 2009, Camphell et al., 2012, Abechi
et al., 2013). More so, the properties of the AC and its
elemental composition can be influenced by the method of
activation, duration of activation, and carbonization
temperature (Centinkaya et al., 2003; Hirupraditkoon et al.,
2011). The high concentration of potassium in the activated
charcoal produced in this experiment could be attributed to
the inclusion of palm fruit fibre as one of the precursors.

Activated charcoal rich in potassium could serve as
fertilizers to enrich soils for enhanced crop yield (Udoetok,
2012). The heavy metals for example arsenic and the micro
mineral (zinc) were within the allowable threshold for these
elements in activated charcoals namely lead < 150mg/kg,
copper < 30mg/kg, zinc < 400mg/kg and arsenic <
30mg/kg(European Biochar Certificate, 2012).

CONCLUSION

The study showed that the activated charcoal produced using
these agricultural residues (pig dung, palm fruit fibre and
PKS) was of high physico-chemical properties within the
range of most activated charcoals produced for

gastrointestinal decontamination, water treatment and
environmental remediation.
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