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Application of cassava harvest residues (Manihot 
esculenta Crantz) in biochemical and thermochemical 

conversion process for bioenergy purposes: A 
literature review 

 

Alyson L. P. Rodrigues1, Glauber Cruz1,2*, Maria E. P. Souza2 and Wolia C. Gomes1 
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Received 15 November, 2017; Accepted 10 January, 2018 
 

Bioenergy production from biomass and agricultural wastes has gained significant interest due to 
rising fossil fuel prices and their decrease in air pollutant emissions. This review paper evaluates the 
state-of-art for the several applications from cassava harvest residues and their use in bioenergy 
industry, using different thermochemical and biochemical processes. Regarding the great available 
literature for this biomass, several pretreatment techniques, including mechanical, chemical, biological, 
thermal, ultrasonic and wet explosion were observed. The use of cassava harvest residues for the 
biochemical pretreatments, for example, hydrolysis, fermentation and thermochemical processes, such 
as direct combustion, gasification, pyrolysis, fast pyrolysis and oxy-fuel combustion was also 
discussed. Therefore, studies are necessary in order to understand that the use of cassava residues in 
thermal processes can increase the viability of this feedstock for biofuels production and/or in power 
co-firing units. After extensive study, it was observed that informations are still lacking about the use of 
cassava harvest residues in other conversion processes, thus, new studies to discover more on the use 
of this biomass, in order to extend their application in the bioenergy market is encouraged. 
 
Key words: Biomass, cassava, harvest, processes, residues, biochemical, thermochemical. 

 
 
INTRODUCTION 
 
The main issues faced by many developed and 
developing countries around world are actually the future 
energetic security and inadequate use of natural 

resources (Naqvi et al., 2018; Ferreira-Leitão et al., 
2010). The geopolitical, environmental and economic 
scenario requires the urgent  development  of  renewable  
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energy resources and, in particular, bioenergy, for 
example, biomasses (Welfle, 2017). 

Biomasses are found abundantly in nature and can be 
conveniently generated in most non-urban configurations 
(Ozturk et al., 2017). Generally they are classified into 
two types: natural materials and derivatives (Toklu et al., 
2010). Biomass resources are subdivided into some 
categories: agricultural production wastes, energy crops, 
agriculture processing, urban organic, urban pruning-
woods and woods mill (Nansaior et al., 2013; Main-Knorn 
et al., 2013). Conversion of biomass into energy is an 
alternative that will mitigate negative socioenvironmental 
impacts, such as rural unemployment and global warming 
(Mckendry, 2002; Okudoh et al., 2014; Ozturk et al., 
2017; Long et al., 2013). Bioenergy from biomass is a 
clean technology, safe and renewable resource, and is 
considered as a potential alternative to partially replace 
fossil fuels, which will decrease in the future (Ali et al., 
2017). 

Agroindustrial wastes derived from the crop harvest 
and food processing are examples of renewable 
resources and can be used as feedstock for generating 
bioenergy (Simangunsong et al., 2017; Pereira and 
Costa, 2017). In 2011, Food and Agriculture Organization 
(FAO) estimated in their annual report that approximately 
one-third of all food produced for human consumption 
worldwide is discarded, representing about 1.3 billion 
metric tons of wastes per year (Kreuger et al., 2011). 
Despite the large amount of agricultural wastes 
generated worldwide, their use as biofuel is still 
irrelevant, mainly due to limited information on its 
thermochemical characteristics (Ion et al., 2013). 

The traditional use of lignocellulosic biomass was by 
many years limited to burning for cooking and heating, 
which lead to significant negative environmental impacts 
such as land degradation and desertification (Lynd et al., 
2015). By means of thermochemical and/or biochemical 
conversion routes, the lignocellulosic biomass can be 
converted into energy or bioenergy transporters. 
Thermochemical conversion uses thermal and chemical 
processes for producing energy products from biomass, 
including combustion, pyrolysis, oxy-fuel combustion, 
gasification and liquefaction (Goyal et al., 2008; Cruz and 
Crnkovic, 2016; Cai et al., 2017). 

The bioenergy production from biomass or agricultural 
wastes has gained significant interest also due to rising 
fossil fuel prices (Pereira and Costa, 2017). Several 
studies have determined the physicochemical 
characteristics of crop residues, such as corn cobs and 
straws, rice and coffee husks, pine sawdust, olive and 
tucumã seeds, sugarcane bagasse among others 
(Graham et al., 2007; Donaldson et al., 2001; Berndes et 
al., 2003; Ezui et al., 2015; Cruz et al., 2017; Veiga et al., 
2016). However, detailed information on the use of 
cassava harvest residues for the different energetic 
applications is still missing. 

Cassava  is  a  perennial  plant  of  the  genus  Manihot 

 
 
 
 
esculenta Crantz. The main producer countries of 
cassava in the world are Nigerian, Brazil, Thailand and 
Ghana, in that order (Suttibak et al., 2012). Cassava is a 
shrub cultivated extensively as an annual crop in tropical 
and subtropical regions, and their root is an edible 
starchy tube (Edhirej et al., 2017). Their residues are 
available in the fields after harvest (Zhang et al., 2003). 
The roots are collected and transported, while some 
stems are used for crop replating and most of the green 
mass is left in soil, which decompose and some nutrients 
return to the soil (Isahak et al., 2012; Sorapipatana and 
Yoosin, 2011; Liu et al., 2013; Sánchez et al., 2017). 

It was noted that few papers discussed the use of 
cassava residues by thermochemical processes as 
energy source. Pattiya (2011) characterized the cassava 
wastes used as fuel in Thailand and classified the stalks 
and seed stem as residues, characterizing them 
physically and chemically. Wei et al. (2015) discussed the 
possibility of extracting starch from cassava branches for 
producing ethanol and also evaluated aspects such as 
the production origin region. Veiga et al. (2016) sought to 
quantify and characterize cassava harvest residues by 
thermogravimetric analysis in oxidizing and inert 
atmospheres for studying the residues behavior as 
biofuel. 

Due to several factors earlier reported, this review 
paper is justified for allowing compilation of works that 
demonstrate the importance of the characterization from 
cassava harvest residues and the use in bioenergy 
industry. Regarding the available literature, it was 
observed that several pretreatment techniques, including 
mechanical, chemical, biological, thermal, ultrasonic and 
wet explosion can be employed for this biomass. The use 
of cassava harvest residues for thermochemical 
processes was also discussed (direct combustion, 
gasification, pyrolysis, fast pyrolysis and oxy-fuel 
combustion). 
 
 
CHARACTERISTICS OF THE CASSAVA 
 
What is cassava? 
 
Cassava (Manihot esculenta Crantz) is a tubercle, 5 to10 
cm in diameter and 15 to 35 cm in length (Figure 1). It is 
cultived in almost all tropical countries and grows in 
degraded soils, where no other crop can grow (Kuiper, 
2007). Furthermore, cassava can be harvested anytime 
between 8 and 24 months after planting (DAFF, 2010; 
Okudoh et al., 2014). Regarding cassava starch, this has 
several industrial applications and creates a huge global 
business. The raw material is manioc roots. The starch 
content in the cassava roots varies from 20 to 32% and 
depends of the region, climate, soil type and crop, while 
water content in the cassava roots is about 60% 
(Chavalparit and Ongwandee, 2009; Kristensen et al., 
2013). 
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Figure 1. Cassava tubers. (A) Root with stems attached. (B) Root without stems attached  
Source: Okudoh et al. (2014). 

 
 
 

Dry cassava pulp, a residue from starch 
production,contains around 50% of this polysaccharide 
and 43% insoluble dietary fiber (dry weight basis). Such 
pulp when discarded in inappropriate places causes 
damage to the environment and diseases proliferation in 
humans transmitted by animals (Tan et al., 2017). 
Authors reported recovering of the starch via sonication 
or enzymatic hydrolysis of their fibrous content, using a 
multi-enzyme mixture of cellulase and pectinase 
(Agyepong and Barimah, 2017). The pulp, also called 
cassava fibrous wastes or bagasse, contains between 30 
and 50% starch content (dry weight basis) and cellulose 
and hemicellulose levels of 24.99 and 6.67% (w/w), 
respectively (Sriroth et al., 2000). After the removal of the 
tuberous roots, the cassava crop residues and plant 
shoots are estimated from 144 to 257%. Use of cassava 
stems, leaves as forage or addition of roots wastes to 
prepare feed flour is justified, due to their nutritional value 
and high forage yield per hectare (Bose and Martins 
Filho, 1984). Several steps are involved in cassava roots 
processing to obtain industrial products, such as starch 
and cassava flour (tapioca): peeling and washing, 
grating, pressing, disintegration, sifting, drying, milling 
and screening (Tan et al., 2017). 
 
 
Cassava composition 
 
Tubercle of cassava is organically rich in starch and 
carbohydrates, also containing small amounts of protein, 
vitamins and minerals (Lancaster et al., 1982). The 
protein contents of the in natura and dry cassava are 1 
and 1.41%, respectively (Table 1). Soccol (1996) 
reported that in natura cassava tubers has moisture 65%; 
0.9% of ash and 0.03% of phosphorus (P). 

The  main   composition   of   cassava   is   starch   and 

carbohydrates, proteins, vitamins and minerals trace 
(Lancaster et al., 1988). The carbohydrate contents of the 
in natura cassava are estimated at 35% (Kuiper et al., 
2007). Montagnac et al. (2009) assumed the 
carbohydrate content of the whole cassava root, and 
peeled roots as 37.9, 31 and 28.8%, respectively. It also 
contains significant amounts of calcium (Ca), phosphorus 
(P), zinc (Zn), magnesium (Mg), copper (Cu), iron (Fe), 
manganese (Mn), potassium (K) and vitamins, such as 
vitamins C, folates, thiamine, pyridoxine (B6 vitamin), 
ribofin and pantethenic acid. Another important feature of 
this biomass is their high oxygen content, which can be 
higher than 35%, approximately ten times higher than in 
high-grade coal, which is below 4% (Demirel, 2014).  

Torquato et al. (2017) used thermogravimetric analysis 
(TG) to perform the proximate analysis for several 
biomass samples. This method describes the 
determination of moisture, fixed carbon, volatile materials 
and ash. Veiga et al. (2016) also used thermogravimetric 
analysis for samples from three cassava plant parts, that 
is seed stem, coarse and fine stems. 

Veiga et al. (2016) presented results of elemental 
analysis for the different crops and cassava varieties and 
observed that few variations were found between the 
different plant parts, except for nitrogen (N), which 
presented highest amounts, that is 1.7% for thin stems 
and 0.27% for thick stems. In other cassava varieties 
(IAC 14 and IAC 90) the N concentration ranged between 
0.55 and 0.80%, respectively. It was observed that 
knowledge of the N content is necessary for estimating 
the nitrogen oxide (NO) formation through the NO-fuel 
mechanism in wastes combustion processes (Pattyia et 
al., 2011). 

Veiga et al. (2016) presented in their study the amount 
of cellulose, hemicellulose and lignin of parts from 
cassava harvest residues, as shown  in  Table  2.  It  was  
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Table 1. Physical-chemical properties of cassava tubers (100 g). 
 

Composition  Units Fresh weight 
Dry 

weight 
References 

Calories cal 135 335 Okudoh et al. (2014) 

Peel % 10 – 20 n. a. Lancaster et al. (1982) 

Cork layer % 0.5 – 2.0 n. a. Kuiper et al. (2007) 

Edible portion % 80 – 90 n. a. Soccol (1996) 

Moisture % 62 – 66 15 - 19 Lancaster et al. (1982) 

Total solids (TS) % 38 81 Lancaster et al. (1982) 

Volatile solids (VS) % 99 98 Lancaster et al. (1982) 

Protein g 1 1 Lancaster et al. (1982) 

Total nitrogen % 0.22 0.46 Lancaster et al. (1982) 

Lipid g 0.20 0.50 Lancaster et al. (1982) 

Starch g 18 – 32 81 Lancaster et al. (1982) 

Fibre g 1.10 1.20 Lancaster et al. (1982) 

Carbohydrate % 35 n. a. Kuiper et al. (2007) 

Total carbon (TC) % 19 40 Soccol (1996) 

Ash g 0.9 – 1 2 Lancaster et al. (1982) 

Calcium mg 26 96 Lancaster et al. (1982) 

Phosphorus mg 32 81 Lancaster et al. (1982) 

Iron mg 1 8 Lancaster et al. (1982) 

Sodium mg 2 n. a. Lancaster et al. (1982) 

Potassium mg 394 n. a. Lancaster et al. (1982) 

B2 Vitamin mg 0.04 0.06 USDA (2003) 

C Vitamin mg 34 0.00 USDA (2003) 

Niacin mg 0.60 0.80 Lancaster et al. (1982) 

Cyanide % n. a. 2 Lancaster et al. (1982) 
 

n. a. not available. 
 
 
 

Table 2. Amount of cellulose, hemicellulose and lignin of parts from cassava residues (Veiga 
et al., 2016). 
 

Cassava parts Cellulose Hemicellulose Lignin 

Seed stem 39.93 11.73 17.87 

Thin stalk 37.67 11.77 22.60 

Thick stalk 40.73 12.14 20.05 
 
 
 

observed that cellulose amount ranged from 37 to 41%; 
hemicellulose between 11 and 12% and lignin from 17 to 
23%, indicating its has lignocellulosic material 
characteristic. 

Table 3 presents the chemical composition of cassava 
wastes and comparison with other biomasses commonly 
used for biofuel, such as sugarcane bagasse, rice straw, 
yard waste, switch grass, wheat straw and eucalyptus. In 
general, cassava garbage characteristics resemble most 
other biomasses, considering elemental analysis (Veiga 
et al., 2016). 
 
 

Cassava cultivation 
 

Cassava belongs to the family Euphorbiaceae.  This crop  

grows on infertile land with minimal need of chemical 
products, such as fertilizers, herbicides and insecticides; 
making it one of the cheapest and most sustainable agro-
based feedstocks. Cassava is cultived primarily in tropical 
climate, with approximately 70% of their production 
occuring in subtropical and tropical regions. It is mainly 
cultivated by small-scale farmers in Africa, Latin America 
and Asia (Zhang et al., 2016). Cassava is replanted, 
using the cut stem in their harvest. The stems are cut, 
ranging from 20 to 25 cm long and planted in a slanting 
or angular position of 45°, burying them in the soil with 
one-third of their stems above the surface, ensuring that 
lateral buds point towards the sun direction, ensuring that 
the same germinates (Edhirej et al., 2017). 
Conventionally,  it  is  recommended  that  the  stems  are  
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Table 3. Chemical composition of cassava wastes to comparison with other typical biomasses. 
 

Elemental composition% 

(dry basis) 

Cassava  

waste
1 

Sugarcane 
bagasse

2 
Rice 

straw
3 

Yard 
waste

3 
Switch-
grass

3 
Wheat 
straw

4 Eucalyptus
4 

C 44.12 40.34 38.24 41.54 46.68 44.92 50.15 

H 6.44 5.66 5.20 4.79 5.82 5.46 7.45 

O 48.62 47.91 36.26 31.91 37.38 41.77 39.64 

N 0.81 0.58 0.87 0.85 0.77 0.44 0.50 

S <0.2 0.17 0.18 0.24 0.19 0.16 0.02 

Cl <0.3 0.26 0.58 0.30 0.19 0.23 0.55 
 
1
Veiga et al. (2016); 

2
Bizzo et al. (2014); 

3
Jenkins et al. (1998); 

4
Cuiping et al. (2004). 

 
 
 
planted at a spacing of 1 × 1 m on the crest of ridges or 
mounds, which will give a plant population of 10,000 
stands ha

-1
 (Agyepong and Barimah, 2017). 

 
 
MAIN TECHNIQUES OF PRETREATMENTS FOR THE 
CASSAVA BIOMASS - AN OVERVIEW 
 
Agricultural biomasses (focus of this review paper) 
present physical-chemical properties that can be 
considered for thermal engineering applications, such as: 
density, fluxability, grindability, moisture sorption, ash and 
volatile materials content, thermal properties and energy 
content. Therefore, it is necessary for choosing the 
correctly pretreatment techniques (Cai et al., 2017). 
Generally, technologies of pretreatment are sudivided 
into three major groups, that is thermal, chemical and 
biological. Although each method presents some 
advantages, one specific method cannot be applied for all 
biomasses type. Fundamental understanding of various 
technologies of pretreatment, different biomass 
composition, the relationship between feedstock 
composition and pretreatment methods, can match 
significantly the best pretreatment method or 
combinations of this for a specific feedstock. Biomass 
pretreatment for the reduction of their recalcitrance is a 
necessary step for bioethanol production (Himmel, 2007). 
Therefore, the main components of the cassava (bark, 
stem and leaves) need to be pretreated to unlock their 
cellulose and hemicellulose contents, which compose 
more than 50% of their dry weight (Aripin et al., 2013; 
Nanssou et al., 2016). 
 
 
Mechanical pretreatment 
 
Mechanical pretreatment used in some biomasses is 
essential to improve particle distribution and 
densification, enzymatic accessibility and bioconversion 
affectivity (Peltola et al., 2004). According to Barakat et 
al. (2014), such pretreatment also increases porosity and 
bulk density, improves flow properties and generates new 
surface areas, without the production of toxic side 

streams. These pretreatments involve the physical 
dispersion of substrate components, reducing particle 
size and increasing the available surface area (Liau et al., 
2011). For the cassava biomass, this reduction in 
particles size facilitates a faster moisture adsorption and 
makes nutrients readily available to the microorganisms 
that are responsible for anaerobic fermentation and 
therefore, leads to better methane gas production 
(Salomoni et al., 2011). The mechanical breakdown that 
usually occurs in the cassava cell walls can be monitored 
by increasing the oxygen-soluble chemical (COD) content 
of the substrate. 

The mechanical methods need an initial energy to 
disrupt noncovalent forces between the cassava cells 
(Muñoz et al., 2006). Chemical modifications of the 
organic matrix rarely are observed, and when these 
occur, they are not significant (Barakat et al., 2014). 
Peltola et al. (2004) observed an increase of 
approximately 60% in soluble COD content by using 
mechanical pretreatment for samples of municipal solid 
wastes (MSW). However, more researches need to be 
carried out, focusing on the efficiency of this pretreatment 
for cassava residues, as well as the particle size effect of 
this biomass for methane production via anaerobic 
fermentation processes. In addition, this mechanical 
method has been applied to maintain the integrity of plant 
enzymes and improve the digestion of energy crops. For 
cassava biomass, the main problem in the use of this 
method is the energy required for their milling, which can 
compensate the gains obtained in biogas production 
(Buaban et al., 2010). As can be seen, there are some 
advantages and disadvantages for this pretreatment 
technique. For example, using an agitated ball mills, a 
solubilization among 10 and 30% and an increase from 
10 to 20% in the biogas production can be obtained 
(Buaban et al., 2010; Liao et al., 2011). On the other 
hand, main disadvantages for using this technique are 
the capital and operational costs (Salomoni et al., 2011). 
 
 
Chemical pretreatment 
 
Chemical pretreatments such as acid,  alkaline  or  ozone  
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can be used, which enable a solubilization from 30 to 
60% for the insoluble substrates (Silverstein et al., 2007). 
Ozone treatment produced a 41% increase in biogas 
production, while alkaline treatment produced 25 to 100% 
increase in biogas yields, as well as in methane 
production (Edhirej et al., 2017). The main disadvantage 
of chemical treatment lies with the cost for acquiring the 
chemicals. Ozone treatment is highly economical in a 
commercial scale (Mosier et al., 2005). Zhang et al. 
(2011) used this method for cassava treatment and 
reported methane yields of 259.46 ml g

-1
 of volatile 

materials destroyed. 
Hydroxides of sodium (NaOH), potassium (KOH), 

calcium (Ca(OH)2) and ammonium (NH4OH) are the alkali 
pretreatments used more for bioethanol production 
(Rabelo, 2010; Rezende et al., 2011; Cruz et al., 2017). 
The Ca(OH)2 used in this process can be recovered 
using lime kiln technology (Cai et al., 2017). This method 
is also known for causing chemical swelling in the 
cellulose fibrous (Mosier et al., 2005; Cruz et al., 2017), 
in which occurs saponification reactions and salvation, 
leading to the disruption of the cross-links between 
hemicellulose and other components; hence, increasing 
the biomass porosity (Sun and Cheng, 2002; Cruz et al., 
2017). More specifically, cross bonds between ester, 
lignin and xylan are disrupted, producing the 
delignification process. Comparatively, alkaline 
pretreatments are performed at lower temperatures, 
approximately 60°C and do not require complex reactors 
that are appealing to be employed on farms (McIntosh 
and Vancov, 2010). 

Acid pretreatment, in particular, using sulfuric acid 
(H2SO4) is the most employed chemical pretreatment for 
lignocellulosic biomass, where polysaccharides (mainly 
hemicellulose) are hydrolyzed to monosaccharides, 
leading to higher accessibility of cellulose to enzyme 
hydrolysis (Rabelo, 2010; Rezende et al., 2011; Cruz et 
al., 2017). Acid pretreatment can be performed either 
under low acid concentration and high temperature or 
under higher acid concentration and lower temperature 
(Taherzadeh and Karimi, 2008). According to Xu et al. 
(2007), soybean straw samples were soaked in ammonia 
liquor (10% NH4OH) for 24 h at room temperature, and it 
was observed that their hemicellulose and lignin contents 
decreased by 41.45 and 30.16%, respectively. Generally, 
to use concentrated acid is more economical, when the 
process is performed at low temperatures (Girio et al., 
2010; Mood et al., 2013). 

Zhang et al. (2011) investigated cassava residues 
pretreatment by thermally diluted sulfuric acid hydrolysis 
by means of statistically designed experiments. Results 
obtained indicated that the hydrolysis, using dilute sulfuric 
acid, is adequate to predict the ideal pretreatment 
condition, which showed to be effective for cassava 
wastes pretreatment, increasing the methane yield. 
Martín et al. (2017) carried out the chemical 
characterization of cassava stems  from  different  origins  

 
 
 
 
(South China 205-SC205, Xinxuan 048-XX048 and South 
China 5-SC5), where cassava stems were submitted for 
saccharification, including starch hydrolysis, pretreatment 
with sulfuric acid or 1-ethyl-3-methylimidazolium acetate 
and enzymatic hydrolysis of cellulose. Pretreatment with 
OAc resulted in 20% higher glucan conversion than 
pretreatment with acid. 

The use of these chemical pretreatments also presents 
some advantages and disadvantages. For instance, with 
the alkaline method solubilization ranging from 30 to 60% 
can be obtained (Taherzadeh and Karimi, 2008), 
although the increase of non-biodegradability materials is 
the main disadvantage for using this technique. Ozone 
technology can improve the solubilization at 30%, but this 
pretreatment cause destruction of cell structure 
(Mshandete et al., 2008). 
 
 
Biochemical pretreatment 
 
Among pretreatments different for the biomasses 
discussed in this review paper, biochemical 
pretreatments present advantages, such as simplicity in 
experimental operation and low capital investment, which 
makes them more attractive (Mshandete et al., 2005; 
Chen et al., 2010). Biochemical pretreatments commonly 
use microorganisms, such as brown, white and soft rot 
fungi for lignin degradation and hemicellulose from 
lignocellulosic biomasses (Sindhu et al., 2016). Second, 
Sindhu et al. (2016) biochemical pretreatments, using 
white rot fungi that are able to degrade lignin, seems very 
promising, because less energy is consumed and the 
environment is not damaged. Currently, studies are being 
performed for detecting alterations in the structure, 
chemistry composition and enzymatic hydrolysis of 
lignocellulosic biomass after biological pretreatment 
(Chen et al., 2010). Shen et al. (2015) reviewed two 
hybrid processes, including the characteristics of 
fermentative substrates produced in the thermochemical 
stage and microbial utilization of these compounds in the 
fermentation stage. 

Zang et al. (2011) analyzed the cassava residues 
pretreatment with distillery wastewater mixture by 
anaerobic digestion, using a microbial consortium as 
inoculations in batch bioreactors at 55°C. Results showed 
that maximum methane yield of 259.46 ml g

-1
 volatiles 

materials for cassava residues was obtained for 12 h 
pretreatment by a microbial consortium, which was 
96.63% higher than control, i.e. 131.95 ml g

-1
 volatiles 

materials. 
 
 
Biogas production 
 
Biogas is produced from anaerobic digestion (AD) of 
organic materials by microbes. AD is a microbial 
decomposition  process  of  organic  materials  in  oxygen  



 
 
 
 
absence for biogas production. AD occurs in four stages: 
hydrolysis, acidogenesis, acetogenesis and methano-
genesis (Wang et al., 2012). Biogas is constituted mainly 
by methane, carbon dioxide and hydrogen sulphide 
traces, ammonia, hydrogen and nitrogen. Methane is the 
component that provides the high energy value (Balat 
and Balat, 2009). High heating value (HHV) of biogas 
ranges from 5000 to 7000 kcal m

-3
 (depends on methane 

content). In practice, different substrates spectrums are 
combined into AD process. This AD process is called 
anaerobic co-digestion (ACD) process. ACD processes 
are known for biogas synergistic yield, because 
combination yield is higher than sum of AD individual 
yields (Khalid et al., 2011). Adelekan and Bamgboye 
(2009) studied the ACD productivity of several mixture 
ratios of cassava peels with livestock wastes (poultry, 
piggery and cattle) and concluded that for each case, 
ACD produced improvement in the biogas yield. Also it 
was observed that each mixture provided the best yield in 
the 1:1 constituents ratio by mass. For any ratio, ACD 
with piggery wastes presented the best yield, followed by 
cattle and poultry wastes. 
 
 

Thermal pretreatment 
 
According to Ferrer et al. (2004), thermal pretreatment 
can increase the biogas production and methane yield of 
certain substrates, but is not an effective technique in all 
cases. For example, thermal pretreatment of hyacinth 
water at 80°C increased slightly the solubility, with few or 
no effect on the anaerobic digestion (Ferrer et al., 2004). 
Pasteurization process of abattoir wastes at 70°C for 1 h, 
produced a four-fold increase in methane yields, but the 
application of this pretreatment cannot be generalized for 
the different biomasses (Faloye and Kana, 2017). For 
Chandra et al. (2012), temperatures below 100°C are 
used to breakdown plant cells, increase membrane 
fluidity and hydrolyze polymers, resulting in a soluble 
COD release of approximately 35%. This thermal method 
causes modifications in the chemical equilibrium of the 
exopolymers in the lignocellulosic biomasses. 

Thermal pretreatment was applied by Aruwajoye et al. 
(2017) for the optimal release of fermentable sugar from 
cassava husks. The authors used the response surface 
design method to investigate the effect of immersion 
temperature, immersion duration and autoclave, acid 
concentration and solid loading on the sugar yield 
reduction, obtainig optimal pretreatment conditions and 
immersion temperature of 69.62°C. Thermal pretreatment 
may be used for cassava residues, but their cost must be 
weighed against the benefits derived from increased 
biogas production rates (Norberg, 2004). 
 
 
Ultrasonic pretreatment 
 
Pretreatments based on ultrasound  irradiation  has  been  
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employed as isolated technique or combined with other 
technologies. Such combinations include acid 
pretreatments, alkaline, ionic liquid and ozone or with a 
physical technique, for example, microwave irradiation, 
thermal and supercritical carbon dioxide, for the 
pretreatment of lignocellulosic biomasses and wastes for 
improving biofuel production (Saifuddin and Fazlili, 2009; 
Erden and Filibeli, 2010; Tian et al., 2016). Ultrasound 
present a spectrum ranging between 20 and 10 MHz, and 
their tone is above human hearing, which can detect 
sounds up to 16 kHz (Mood et al., 2013). This process 
catalyzes the depolymerization of biopolymers, 
emulsification, and extraction of tanning vegetables oils 
from almond, ginger, and wood seeds (Bundhoo and 
Mohee, 2017). 

Tian et al. (2016) reported that some applications of the 
irradiation processes via ultrasound can be implemented 
on municipal wastewater pretreatment to disrupt flocks, 
production of biodiesel from microalgae and bioethanol 
from cassava chips. Laboratory scale studies using 
ultrasonic pretreatment showed that solubilisation degree 
was between 30 and 90% and increase in the biogas 
production from 5 to 70% (Bundhoo and Mohee, 2017). 
Lehne et al. (2000) reported that use of this technique 
promote a reduction in the average particle size, 
increasing the disintegration degree of the sewage 
sludge samples; however this cannot be suitable for 
energy crops such as cassava.  

Vera et al. (2004) used an ultrasound 20 kHz and the 
power supply of 500 watts to disintegrate sewage sludge 
and, consequently, to increase the fermentation rates, but 
cannot be suitable for lignocellulosic biomass. For the 
cassava biomass, the use of ultrasound pretreatment 
cannot be ideal due to the requirement of a high energy 
for disintegrating of the cell walls (Clarke, 1999; Saifuddin 
and Fazlili, 2009). 
 
 
Wet explosion pretreatment 
 
The wet explosion process was developed as a 
combination of thermal and chemical oxidation to treat 
biomasses with high concentrations of sugars. However, 
biogas production was not significantly increased by this 
technique (Chandra et al., 2012). Wang et al. (2012) 
used wet explosion pretreatment for enhancing methane 
production from energy crops, such as cassava and other 
agricultural residues. The results showed an increase in 
the sugars release after pretreatment, but not implying at 
higher methane yield (Wei et al., 2015).  
 
 

Steam explosion pretreatment 
 
Steam explosion pretreatment is an extensively 
investigated thermomechanical and chemical method, 
involving the structural components breakdown of 
lignocellulosic materials by  steam-heating  and  shearing  
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Table 4. Effects of different pretreatments on the chemical composition and structural of lignocellulosic biomasses and their limitations (Mood et al., 2013). 
 

Pretreatment 
method 

Increase 
specific 
surface 

Hemicellulose 
removal and 
solubilization 

Lignin  

removal 

Inhibitor  

compounds 
formation 

Drawback and disadvantages 

Physical ++ – – – High energy consumption 

Acid ++ ++ + ++ Equipment corrosion, degrading produce sugar 

Alkaline ++ + ++ +/– Neutralization of pretreated slurry 

Ionic liquid ++ + + – High cost of ionic liquid 

Organosolv ++ ++ ++ – Recovery and recycle of solvent by evaporation, high cost 

Steam explosion ++ ++ +/– ++ Incomplete disruption of lignin–carbohydrate matrix, 

CO2 explosion ++ ++ – – High pressure requirement, does not affect on lignin and hemicelloluse 

Biological ++ +/– ++ – 
Low hydrolysis rate, large space requirement, watchful control condition of microorganism 
growth 

 
 
 
mechanical, that is due to sudden decompression, 
moisture evaporation and auto-hydrolysis of 
glycosidic bonds (Mood et al., 2013; Cai et al., 
2017). In this process, biomass particles are 
heated using pressurized steam, with pressure 
between 20 and 50 bar, and temperature ranging 
from 160 to 270°C, during few minutes. After this 
step, the pressure is released to atmospheric 
pressure, condensed moisture evaporates and 
lignocellulosic matrix desegregation takes place 
(Mabee et al., 2006; Mood et al., 2013). Okudoh 
et al. (2014) related that this pretreatment causes 
hemicellulose hydrolysis, lignin transformation due 
to high temperature and increases cellulose 
crystallinity, promoting crystallization of the 
amorphous portions. 

Comparison between the effects of different 
pretreatments on the chemical composition and 
structure of lignocellulosic biomasses and their 
possible limitations are presented in Table 4. 
 
 
THERMOCHEMICAL CONVERSION 
PROCESSES 
 
Current   technologies   available   for    converting  

biomass into fuels can be classified into four 
categories based on their methodologies: 
biochemical, chemical, thermal, and 
thermochemical conversion. Thermochemical 
processes are commonly employed for converting 
biomass into biofuels with high heating value 
(Phillips et al., 1990; Ferreira et al., 2017). 
Biomass thermochemical conversion includes a 
great number of processes, such as direct 
combustion, liquefaction, gasification, pyrolysis 
and oxy-fuel combustion (Bridgewater, 2001; Park 
et al., 2012). From techniques presented, 
pyrolysis is the more usual of the biomass 
thermochemical conversion processes to produce 
solid and liquid fuels, both are easy to handle and 
transport (Van de Velden et al., 2010). Figure 2 
shows the possibilities of converting the stored 
energy within biomass directly into heat via 
combustion/co-firing or transformed into solid 
fuels (charcoal), liquid (bio-oils) or gaseous 
(synthetic gas) with various utilization purposes 
(Bridgewater, 2001). 

One of the disadvantages of using biomass as 
fuel in thermochemical processes is their high 
moisture content (Phillips et al., 1990). Although 
the combustion reactions are exothermic 

processes, the water evaporation is endothermic 
(Park et al., 2012). For maintaining the self-
sustaining combustion process, moisture content 
of biomass fuels cannot exceed 65% (Science 
Daily, 2010). Even with moisture content within 
the acceptable maximum limit, the fuel high 
heating value (HHV) is negatively correlated with 
the amount of water (Quaak et al., 1999). 

Figure 3 shows the negative linear relationship 
between the moisture content and HHV. As the 
moisture content increases, both the HHV and 
Low Heating Value (LHV) decrease (Phillips et al., 
1990). HHV and LHV are used to describe the 
heat production of a unit fuel amount during their 
complete combustion. In determining the HHV 
and LHV of a fuel, liquid and vapor phases from 
water are selected as the reference states, 
respectively (Goyal et al., 2008). As HHV 
incorporates the heat condensation of water vapor 
during combustion, it is noted that the HHV curve 
is always above LHV (Quaak et al., 1999). 
 
 
Direct combustion 
 
Many studies have  been  devoted  to  agricultural
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Figure 2. Thermochemical processes for bioenergy production and their 
corresponding products. 
Source: Bridgewater (2001). 

 
 
 

 
 

Figure 3. Relationship between heating value and moisture content of biomass fuel 
(Quaak et al., 1999). 

 
 
 
wastes combustion in fluidized bed systems with sand 
(Kaynak et al., 2005; Madhiyanon et al., 2010; Pécora et 
al., 2014). These studies focused mainly on fluorinated 
gas emissions, efficiency and ash related problems, such 
as fouling and bed agglomeration (Zhang et al., 2011). 
Combustion performance in terms of efficiency and 
emissions has been reported to depend heavily on fuel 
properties as well as on system design characteristics 
and operating parameters, such as fluid velocity, bed 
temperature, fuel feed rate, etc (Isahak et al., 2012; 
Karan et al., 2011). 

Combustion is a process widely used to convert stored 
chemical energy into biomass then into heat, mechanical 
energy or electricity, using various processes and 
equipments, such as stoves, ovens, boilers, steam 
turbines,  turbo  generators,  etc  (Demirbas,  2000;   IEA, 

2006). This is a known technology, although 
improvements in performance are still possible (Quaak et 
al., 1999). Biomass combustion produces hot gases at 
temperatures between 800 and 1000°C and it is possible 
to burn any biomass type. However, this process is more 
reliable for application with moisture content below 50% 
(McKendry, 2002). 

Fixed or fluidized beds and drag reactors are three 
typical combustion systems, with an increase in the 
velocity of the carrier gas inside the reactor (Laursen and 
Grace, 2002). A higher gas velocity implies an intensive 
mixing of the feedstock, which improves combustion 
efficiency and heat exchange rate (Madhiyanon et al., 
2010). The flushed flow systems are expected to exhibit 
the best performance among these three types of 
combustion systems (Pattiya et al.,  2012).  However,  no 
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study about direct combustion of cassava residues was 
found. 

 
 

Pyrolysis 
 
Pyrolysis is a thermal decomposition process that takes 
place in the absence of oxygen (inert atmosphere) to 
convert biomass into solid charcoal, liquid (bio-oil) and 
gases at elevated temperatures. Pyrolysis is considered 
an industrially realized process for biomass conversion 
(Truman et al., 2004; IITA, 2005). This process can be 
divided into three subclasses, that is slow, flash and fast 
pyrolysis (Karan et al., 2011; Pattiya et al., 2012). 
According Zabaniotou and Ioannidou (2008) the slow 
pyrolysis occurs under a low heating rate, which obtain 
more charcoal yield, while the flash pyrolysis is a rapid 
heating rate process occurring at moderate temperatures 
(400 to 600°C), obtaining maximized volatile products at 
short residence time and occurs at high temperature and 
longer residence times, increasing the biomass 
conversion and returning more gas product. 

For Weerachanchai et al. (2011), the first stage, also 
called pre-pyrolysis, occurs between 120 and 200°C with 
a slight weight loss, where some internal 
rearrangements, as bond breakage, free-radicals 
appearance, and formation of carbonyl groups are 
observed, with a release of small amounts of water 
(H2O), carbon monoxide (CO), and carbon dioxide (CO2). 
The second-stage is itself a pyrolysis process, during 
which solid decomposition occurs, accompanied by a 
significant weight loss from the initially fed biomass 
(Jiménez and Ballester, 2006). Finally, in the last stage 
occurs the continuous char devolatilization caused by the 
further cleavage of C–H and C–O bonds (Maschio et al., 
1992). 

Karan et al. (2011) investigated the pyrolysis process of 
cassava rhizome, utilizing flue gas in the lab-scale metal 
kiln. It was reported that the charcoal yield for the dry 
cassava rhizome ranged from 26 to 35%, depending on 
the pyrolysis temperature and the fast pyrolysis time was 
found from 19 to 38 min. In particular, fast pyrolysis 
favours the formation of liquid products, but inhibits solid 
chars formation (Maschio et al., 1992). Their liquid 
products (bio-oils) are composed of an aqueous phase, 
which contains several organo-oxygen compounds of low 
molecular weight, and a non-aqueous phase (tar), which 
includes a variety of insoluble aromatic organic 
compounds of high molecular weight (Yanik et al., 2009; 
Zhang et al., 2011). 

Some studies on the utilization of cassava residues for 
the bio-oil production by pyrolysis process have been 
reported (Pattiya, 2011; Pattiya et al., 2012). Pattiya and 
co-workers used rhizome and stalk of cassava as 
feedstocks to obtain bio-oil by fast pyrolysis process in 
two reactors: fluidized bed reactor (Pattiya, 2011) and 
free fall reactor (Pattiya et al.,  2012).  Weerachanchai  et  

 
 
 
 
al. (2011) carried out slow pyrolysis from cassava pulp 
residues and palm kernel cake and their formed products, 
included solids, liquids and gases.  

Pattiya et al. (2012) used the fast pyrolysis of 
agricultural residues, i.e. cassava plantations, in free fall 
reactor of laboratory scale to investigate effects of this 
biomass and the pyrolysis conditions, such as reactor 
temperatures, condensation, nitrogen flow rate and 
execution duration in the distribution from pyrolysis 
products. For maximizing the bio-oil yield, optimum 
reactor temperatures were reached between 350 and 
450°C. It was observed that for the reactor temperature 
of 450°C and condensation primary temperature of 10°C, 
about 70% weight bio-oil yield for the cassava stem 
pyrolysis was obtained. It was also verified that the 
minimum nitrogen flow rate for obtaining high bio-oil 
content was 1.5 L min

-1
. 

Suttibak et al. (2012) reported experimental proceeding 
of rapid pyrolysis from cassava rhizome in a fluidized bed 
reactor incorporated with a hot steam filter. Results 
showed that ideal pyrolysis temperature was around 
472°C, which produced a maximum bio-oil yield of 
63.23% on a dry basis. 
 
 
Gasification 
 
According to Couto et al. (2013), gasification is the 
carbon based solid material conversion into gaseous 
fuels at high temperatures, usually from 800 to 900°C, in 
order to optimize gas production. Gas produced with a 
LHV ranging from 4 to 6 MJ Nm

-3
 can be directly burned 

or used as fuel for engines and gas turbines (McKendry, 
2002). Badin and Kirschner (1998) found that high 
efficiencies, approximately 50% are achievable using 
combined cycle gas turbine systems, where the residual 
gases of the turbine are recovered to produce 
superheated steam for using into a steam turbine. Most 
commercial gasifiers are downdraft type, fluidized bed 
systems and upstream type, such classification depends 
on the biomass feed way, which can be from top, bottom 
or side of the gasifier (Rezaiyan and Chereminoff, 2005). 
Another important aspect is the bed type, for example ice 
beds or fixed. One reactor specific type is not necessarily 
suitable for the full power ranges, for example each 
reactor is operated in an adequate range. For example, 
fixed bed (upflow and downdraft) is suitable for smaller 
scales, which ranges from 10 to 10 MW; fluidized bed is 
more suitable for intermediate units from 5 to 100 MW; 
while trailed bed reactors are used for large scale power 
plants higher than 50 MW (Basu, 2010). 

A detailed comparison between biomass gasification 
and combustion was provided by Rezaiyan and 
Chereminoff (2005) and is summarized in Table 5. 
Generally, combustion aims on heat generation, whereas 
the gasification creates valuable gaseous products that 
can be used directly for  combustion  or  stored  for  other 



Rodrigues et al.          47 
 
 
 
Table 5. Comparison between gasification and combustion processes (Rezaiyan and Chereminoff, 2005). 
 

Features Gasification Combustion 

Purpose Creation of valuable, environmental friendly,usable products from waste or lower value material Generation of heat or destruction of waste 

Process type Thermal and chemical conversion using or no limited oxygen Complete combustion using excess oxygen (air) 

Pressure Atmospheric to high Atmospheric 

Raw gas composition (before gas cleanup) H2, CO, H2S, NH3, and particulated materials CO2, H2O, SO2, NOx, and particulate materials 

Solid byproducts/products Char or slag Bottom and fly ashes 

 
 
 
applications (Mok et al., 1992). Fixed bed 
generally produces low heat synergies and is 
suitable for small or medium scales in thermal 
applications (Pattyia, 2011). Since there is no 
mixing within the reactor, reaction uniform 
temperatures are difficult to be achieved (Moster 
et al., 2005). Fixed bed fans include upstream 
(countercurrent), downdraft (concurrent), crossflux 
and gas open (Araque et al., 2008). 
 

 
Oxy-fuel combustion 
 
Peng et al. (2016) discovered that the CO2 
emissions can be reduced by different ways, i.e., 
water absorption at high pressure, combustion in 
the presence of calcium oxide, oxy-fuel 
combustion, and electrical absorption. Among the 
CO2 reduction methods cited, oxy-fuel combustion 
is considered as one of the most important and 
promissing options for CO2 sequestration, due to 
their ability for a significant reduction in the 
operating costs (Taniguchi et al., 2002). It was 
known that oxy-fuel combustion of pulverized 
biomass in O2/CO2 atmosphere can result in an 
increasing of the char conversion amount and 
combustion efficiency (Peng et al., 2016; Cruz 
and Crnkovic, 2016). Taniguchi et al. (2002) 
reported that NOx emissions under O2/CO2 
atmosphere are about 25% those emitted in air 
atmosphere. In addition, coal oxy-fuel combustion 

makes it possible to capture and sequester 
carbon, using technology already available in 
conventional pulverized coal boilers, and to 
capitalize on the enormous quantities of money 
invested in the existing boilers (Riaza et al., 
2012). Some researchers (Sengupta and Basu, 
1991; Stenseng et al., 1995; Iavarone et al., 2017; 
Gaikwad et al., 2017) focused their attentions on 
the development of mathematical models to 
predict coal combustion, gaseous emissions and 
combustion chambers performance. It was 
observed that biomass oxygen emissions are not 
extensively investigated and applications of oxy-
fuel combustion using cassava residues were not 
found. 
 
 
FINAL CONSIDERATIONS 
 
After extended research about the several known 
ways for biochemical and thermoconversion from 
cassava harvest residues and agricultural 
residues in bioenergy or biofuels, it was observed 
that many information and specific applications for 
this biomass are still lacking, which leads the 
researchers to the developing of studies that are 
more applicable to the real situations in each 
Country. In Brazil, for example, cassava harvest 
wastes present a great potential for use as 
bioenergy alternative source, but some care 
should be taken when these are  used  as  biofuel, 

due to the high occurrence of ashes in this 
biomasses, which can cause incrustation in 
thermal systems. Furthermore, because of the 
high moisture content presented at the time of 
harvest, a drying process should be provided 
before the wastes can be used as biofuel. 

Finally, it is understood that correct and 
adequate use of cassava harvest residues in a 
sustainable and environmental friendly way, is an 
important factor for a socio-environmental 
conscience more concerned with the future of the 
Planet. 
 
 

CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of 
interests. 
 
 

ACKNOWLEDGMENTS 
 

The authors gratefully acknowledge FAPEMA and 
CAPES for the financial support, Ceuma 
University and Federal University of Maranhão for 
the technical and professional support. 
 
 
REFERENCES 
 
Adelekan BA, Bamgboye AI (2009). Comparison of biogas 

productivity of cassava peels mixed in selected ratios with 
major livestock waste types. Afr. J. Agric. Res. 4:71-77. 



48          Afr. J. Biotechnol. 
 
 
 
Agyepong JK, Barimah J (2017). Evaluation of crude preparations of 

Saccharomyces cerevisiae (ATCC 52712) pectolytic enzymes in 
cassava starch extraction: Effects of variety on yield and starch 
recovery rates. Afr. J. Biotechnol. 16(42):2031-2042. 

Ali MK, Hiligsmann S, Outili N, Cherfia R, Chaouche NK (2017). Kinetic 
models and parameters estimation study of biomass and ethanol 
production from inulin by Pichia caribbica (KC977491). Afr. J. 
Biotechnol. 16(3):124-131. 

Araque E, Parra C, Freer J, Contreras D, Rodriguez J, Mendonc R, 
Baeza J (2008). Evaluation of organosolv pretreatment for the 
conversion of Pinus radiata D. Don to ethanol. Enzyme Microb. 
Technol. 43:9-14. 

Aripin AM, Kassim AS, Daud Z, Hatta MZ (2013). Cassava peels for 
alternative fibre in pulp and paper industry: chemical properties and 
mor- phology characterization. Int. J. Integr. Eng.16:19-26. 

Aruwajoye GS, Faloye FD, Kana EG (2017). Evariste Gueguim. 
Soaking assisted thermal pretreatment of cassava peels wastes for 
fermentable sugar production: Process modelling and optimization. 
Energy Convers. Manage. 150:558-566. 

Badin J, Kirschner J. (1998). Biomass greens US power production. 
Renew. Energy World 1:40-5. 

Balat M, Balat H (2009). Biogas as a renewable energy source - a 
review. Energy Sources 31(12):80-93. 

Barakat A, Mayer-Laigle C, Solhy A, Arancon RA, De Vries H, Luque R 
(2014). Mechanical pretreatments of lignocellulosic biomass: towards 
facile and environmentally sound technologies for biofuels 
production. RSC Adv. 4(89):48109-48127. 

Basu P (2010). Biomass gasification and pyrolysis: practical design and 
theory. Oxford, UK: Published by Elsevier. 

Berndes G, Hoogwijk M, Van den Broek R (2003). The contribution of 
biomass in the future of global energy supply: a review of 17 studies. 
Biomass Bioenergy 25:1-28.   

Bizzo WA, Lenço PA, Carvalho DJ, Veiga JPS (2014). The generation 
of residual biomass during the production of bio-ethanol from 
sugarcane, its character- ization and its use in energy production, 
Renew. Sustain. Energy Rev. 29:589-603. 

Bose MLV, Martins Filho JCO (1984). Role of agro-industrial waste in 
ruminant feed. Agric. Rep. 10(119):3-7. 

Bridgewater AV (2001). Thermal conversion of biomass and waste: the 
status. Birmingham (UK): Bio-Energy Research Group, Aston 
University. 

Buaban B, Inoue H, Yano S, Tanapongpipat S, Ruanglek V, 
Champreda V, Pichyangkura R, Rengpipat S, Eurwilaichitr L (2010). 
Bioethanol production from ball milled bagasse using an on-site 
produced fungal enzyme cocktail and xylose-fermenting Pichia 
stipitis. J. Biosci. Bioeng.110:18-25. 

Bundhoo ZM, Mohee R (2017). Ultrasound-assisted biological 
conversion of biomass and waste materials to biofuels: A review. 
Ultrason. Sonochem. 40:298-313.  

Cai J, He Y, Yu X, Banks SW, Yang Y, Zhang X, Yu Y, Liu R, 
Bridgwater AV (2017). Review of physicochemical properties and 
analytical characterization of lignocellulosic biomass. Renew. 
Sustain. Energy Rev. 76:309-322. 

Chandra R, Takeuchi H, Hasegawa T, Kumar R (2012) Improving 
biodegradability and biogas production of wheat straw substrates 
using sodium hydroxide and hydrothermal pretreatments. Energy 
43:273-282. 

Chavalparit O, Ongwandee M (2009). Clean technology for the tapioca 
starch industry in Thailand. J. Clean. Prod. 17(2):5-10. 

Chen S, Zhang X, Singh D, Yu H, Yang X (2010). Biological 
pretreatment of lignocellulosics: potential, progress and challenges. 
Biofuels 1:177-199. 

Clarke PB (1999). WS Atkins Report on the effects of ultrasound 
onsludge treatment. Commissioned by Dirk European Holdings. 

Couto N, Rouboa A, Silva V, Monteiro E, Bouziane K (2013). Influence 
of the biomass gasification processes on the final composition of 
syngas. Energy Procedia 36:596-606. 

Cruz G, Monteiro PAS, Braz CEM, Seleghim Jr P, Crnkovic PM. 
(2017).. Investigation into the Physical-Chemical Properties of 
Chemically Pretreated Sugarcane Bagasse. J Therm Anal Calorim – 
article in press. 

Cruz G, Crnkovic PM (2016). Investigation into the kinetic behavior of  

 
 
 
 

biomass combustion under N2/O2 and CO2/O2 atmospheres. J. 
Therm. Anal. Calorim. 123(2):1003-1011. 

Cuiping L, Chuangzhi W, Haitao H (2004). Chemical elemental 
characteristics of biomass fuels in China. Biomass Bioenergy 
27(2):119-130. 

DAFF (SA) (2010). Cassava production guideline. Pretoria, South 
Africa: services of department of agriculture, Forestry and Fisheries. 
pp. 1-24. 

Demirbas A (2000). Mechanisms of liquefaction and pyrolysis reactions 
of biomass. Energy Convers. Manage. 41(6):33-46. 

Demirel B (2014). Major pathway of methane formation from energy 
crops in agricultural biogas digesters. Crit. Rev. Environ. Sci. 
Technol. 44:199-222. 

Donaldson E, Schillinger WF, Dofing SM (2001). Straw production and 
grain yield relationships in winter wheat. Crop Sci. 41:100-106. 

Edhirej A, Sapuan SM, Jawaid M, Zahari NI (2017). Cassava/sugar 
palm fiber reinforced cassava starch hybrid composites: Physical, 
thermal and structural properties. Int. J. Biol. Macromol. 101:75-83. 

Erden G, Filibeli A (2010). Ultrasonic pre-treatment of biological sludge: 
consequences for disintegration, anaerobic biodegradability, and 
filterability. J. Chem. Technol. Biotechnol. 85:145-150.   

Ezui KS, Franke AC, Mando A, Ahiabor BD, Tetteh FM, Sogbedji J, 
Janssen BH, Giller KE (2016). Fertiliser requirements for balanced 
nutrition of cassava across eight locations in West Africa. Field Crops 
Res.185:69-78.  

Ferreira S, Monteiro E, Brito P, Vilarinho C (2017). Biomass resouces in 
Portugal: Current status and prospects. Renew. Sustain. Energy Rev. 
78:1221-1235. 

Ferreira-Leitao V, Gottschalk LM, Ferrara MA, Nepomuceno AL, 
Molinari HB, Bon EP (2010). Biomass Residues in Brazil: Availability 
and Potential Uses. Waste Biomass Valor. 1:65-76. 

Ferrer I, Campas E, Palatsi J, Porras S, Flotats X (2004). Effect of a 
thermal pretreatment and the temperature range on the anaerobic 
digestion of water hyacinth (Eichornia crasipes). Anaerobic Digestion 
10th World Congress. Montreal, Canada, 21:7-9. 

Gaikwad P, Kulkarni H, Sreedhara S (2017). Simplified numerical 
modelling of oxy-fuel combustion of pulverized coal in a swirl burner. 
Appl. Therm. Eng. 124:734-745. 

Girio FM, Fonseca C, Carvalheiro F, Duarte LC, Marques S, Bogel-
Lukasik R (2010) Hemicelluloses for fuel ethanol: a review. 
Bioresour. Technol. 101(4):775-800. 

Goyal H, Seal D, Saxena R (2008). Bio-fuels from thermochemical 
conversion of renewable resources: a review. Renew. Sustain. 
Energy Rev. 12(5):4-17. 

Graham RL, Nelson R, Sheehan J, Perlack RD, Wright LL (2007). 
Current and po- tential U.S. corn stover supplies. Agron. J. 99:1-11. 

Himmel ME, Ding SY, Johnson DK, Adney WS, Nimlos MR, Brady JW, 
Foust TD (2007) Biomass recalcitrance: engineering plants and 
enzymes for biofuels production. Science 80:4-7. 

Homchat K, Sucharitakul T (2011). The Experimental Study on 
Pyrolysis of Cassava Phizome Utilizing Flue Gas. J. Energy Procedia 
13:20-31. 

Iavarone S, Smith ST, Smith PJ, Parente A (2017). Collaborative 
simulations and experiments for a novel yield model of coal 
devolatilization in oxy-coal combustion conditions. Fuel Process. 
Technol. 166:86-95. 

International Energy Agency (IEA) (2006). IEA bioenergy annual report, 
Available at: http://www.energytech.at/pdf/iea_bereport06.pdf. 
[accessed July, 2017]. 

International Institute of Tropical Agriculture (IITA) (2005). Ethanol from 
cassava. Integrated cassava project. Ibadan, Nigeria: International 
Institue of Tropical Agriculture. http://www.iita.org. In Title: Application 
of cassava harvest residues (Manihot esculenta Crantz) in 
biochemical and thermochemical conversion processes for bioenergy 
purposes: A literature review. 

Ion IV, Popescu F, Rolea GG (2013). A biomass pyrolysis model for 
CFD application. J. Therm. Anal. Calorim. 111(3):1811-1815. 

Isahak WN, Hisham MW, Yarmo MA, Hin TY (2012) A review on bio-oil 
production from biomass by using pyrolysis method. Renew. Sustain. 
Energy Rev. 16(8):10-23.  

Jenkins B, Baxter LL, Miles TR (1998). Combustion properties of 
biomass. Fuel Process. Technol. 54:17-46. 



 
 
 
 
Jiménez  S,   Ballester   J   (2006).  Particulate   matter   formation   and 

emission in the combustion of different pulverized biomass fuels. 
Combust. Sci. Technol. 178:65-83. 

Kaynak B, Topal H, Atimtay AT (2005). Peach and apricot stone 
combustion in a bubbling fluidized bed. Fuel Process. Technol. 
86:1175-1193. 

Khalid A, Arshad M, Anjum M, Mahmood T, Dawson T (2011). The 
anaerobic digestion of solid organic waste. Waste Manage. 31:737-
744. 

Kreuger E, Sipos B, Zacchi G, Svensson SE, Björnsson L (2011). 
Bioconversion of industrial hemp to ethanol and methane: The 
benefits of steam pretreatment and co-production. Bioresour. 
Technol. 102:3457-3465. 

Kristensen SB, Birch-Thomsen T, Rasmussen K, Rasmussen LV, 
Traoré O (2014). Cassava as an energy crop: A case study of the 
potential for an expansion of cassava cultivation for bioethanol 
production in Southern Mali. Renew. Energy 66:381-390. 

Kuiper L, Ekmekci B, Hamelinck C, Hettinga W, Meyer S, Koop K 
(2007). Bioethanol from cassava. Ethanol from cassava. Utrecht: 
Ecofys Netherlands BV.13:9-16. 

Lancaster PA, Ingram JS, Lim MY, Coursey DG (1982). Traditional 
cassava-based foods: survey of processing techniques. Econ. Bot. 
36:12-45. 

Laursen K, Grace JR (2002). Some implications of co-combustion of 
biomass and coal in a fluidized bed boiler. Fuel Process. Technol. 
76:77-89. 

Lehne G, Müller A, Schwedes J (2000). Mechanical disintegration of 
sewage sludge. Water Sci. Technol. 43:19-26. 

Liao Z, Huang Z, Hu H, Zhang Y, Tan Y (2011). Microscopic structure 
and properties changes of cassava stillage residue pretreated by 
mechanical activation. Bioresour. Technol. 102:7953-7958. 

Liu B, Wang F, Zhang B, BI J (2013) Energy balance and GHG 
emissions of cassava based fuel ethanol using different planting 
modes in China. Energ Policy 56:10-20. 

Long H, Li X, Wang H, Jia J (2013). Biomass resources and their 
bioenergy potential estimation: A review. Renew. Sustain. Energy 
Rev. 26:344-352.  

Lynd LR, Sow M, Chimphango AF, Cortez LA, Cruz CH, Elmissiry M, 
Laser M, Mayaki IA, Moraes MA, Nogueira LA, Wolfaardt GM (2015). 
Bioenergy and African transformation. Biotechnol. Biofuels 8:10-23. 

Mabee WE, Gregg DJ, Arato C, Berlin A, Bura R, Gilkes N (2006). 
Updates on softwood-to-ethanol process development. Appl. 
Microbiol. Biotechnol. 129:55-70. 

Madhiyanon T, Sathitruangsak P, Soponronnarit S (2010). Combustion 
characteristics of rice-husk in a short-combustion-chamber fluidized-
bed combustor (SFBC). Appl. Therm. Eng. 30:347-353. 

Main-Knorn M, Cohen WB, Kennedy RE, Grodzki W, Pflugmacher D, 
Griffiths P, Hostert P (2013). Monitoring coniferous forest biomass 
change using a Landsat trajectorybased approach. Remote Sens. 
Environ. 139:77-90.  

Martín C, Wei M, Xiong S, Jönsson LJ (2017). Enhancing 
saccharification of cassava stems by starch hydrolysis prior to 
pretreatment. Ind. Crops Prod. 97:21-31. 

Maschio G, Koufopanos C, Lucchesi A. (1992). Pyrolysis, a promising 
route for biomass utilization. Bioresour. Technol. 42:219-31. 

McIntosh S, Vancov T (2010). Enhanced enzyme saccharification of 
Sorghum bicolor straw using dilute alkali pretreatment.  Bioresour. 
Technol. 101:18-27. 

McKendry P (2002). Energy production from biomass: overview of 
biomass. Bioresour. Technol. 83:37-46. 

Mok WS-L, Antal Jr MJ, Szabo P, Varhegyi G, Zelei B (1992). 
Formation of charcoal from biomass in a sealed reactor. Ind. Eng. 
Chem. Res. 31:49-62. 

Montagnac JA, Davis CR, Tanumihardjo SA (2009). Nutritional value of 
cassava for use as a staple food and recent advances for 
improvement. Compr. Rev. Food Sci. Food Saf.13:10-21. 

Mood SH, Golfeshan AH, Tabatabaei M, Jouzani GS, Najafi GH, 
Gholami M, Ardjmand M (2013). Lignocellulosic biomass to 
bioethanol, a comprehensive review with a focus on pretreatment.  
Renew. Sustain. Energy Rev. 27:77-93.   

Mosier N, Wyman C, Dale B, Elander R, Lee YY, Holtzapple M, Ladisch 
M (2005).  Features  of  promising  technologies  for  pretreatment  of 

Rodrigues et al.          49 
 
 
 

lignocellulosic biomass. Bioresour. Technol. 96:73-86. 
Mshandete A, Björnsson L, Kivaisi AK, Rubindamayugi ST, Mattiasson 

B (2005). Enhancement of anaerobic batch digestion of sisal pulp 
waste by mesophilic aerobic pre-treatment. Water Res. 39:1569-
1575. 

Mshandete AM, Bjornsson L, Kivaisi AK, Rubindamayugi MST, 
Mattiasson B (2008). Two-stage anaerobic digestion of aerobic pre-
treated sisal leaf decortications residues: hydrolases activities and 
biogas production profile. Afr. J. Biochem. Res. 2:8-11. 

Munoz R, Guieysse B (2006). Algal–bacterial processes for the 
treatment of hazar dous contaminants: a review. Water Res. 40:799-
815. 

Nansaior A, Patanothai A, Rambo AT, Simaraks S (2013). The 
sustainability of biomass energy acquisition by households in 
urbanizing communities in Northeast Thailand. Biomass Bioenergy 
52:13-21. 

Nanssou PA, Nono YJ, Kapseu C (2016). Pretreatment of cassava 
stems and peelings by thermohydrolysis to enhance hydrolysis yield 
of cellulose in bioethanol production process. Renew. Energy 97:252-
265. 

Naqvi SR, Jamshaid S, Naqvi M, Farooq W, Niazi MB, Aman Z, Zubair 
M, Ali M, Shahbaz M, Inayat A, Afzal W (2018). Potential of biomass 
for bioenergy in Pakistan based on present case and future 
perspectives. Renew. Sustain. Energy Rev. 81:1247-1258   

Norberg A (2004). Upsalla presentation to the California Delegation on 
the Swedish biogas tour. JTI. 

Okudoh V, Trois C, Workneh T, Schmidt S (2014). The potential of 
cassava biomass and applicable technologies for sustainable biogas 
production in South Africa: a review. Renew. Sustain. Energy Rev. 
39:35-52.  

Ozturk M, Saba N, Altay V, Iqbal R, Hakeem KR, Jawaid M, Ibrahim FH 
(2017). Biomass and bioenergy: An overview of the development 
potential in Turkey and Malaysia. Renew. Sustain. Energy Rev. 
79:1285-1302.  

Park YK, Yoo ML, Heo HS, Lee HW, Park SH, Jung SC, Park SS, Seo 
SG (2012). Wild reed of Suncheon Bay: potential bio-energy source. 
Renew. Energy 42:168-172. 

Pattiya A, Sukkasi S, Goodwin V (2012). Fast pyrolysis of sugarcane 
and cassava residues in a free-fall reactor. Energy 44:1067-1077. 

Pattyia A (2011). Thermochemical characterization of agricultural 
wastes from Thai cassava plantations. Energy Sources Part A 
Recover. Util. Environ. Effects 33(8):115-124. 

Pécora AA, Ávila I, Lira CS, Cruz G, Crnkovic PM (2014). Prediction of 
combustion process in fluidized bed based on particles physical-
chemical properties of biomass and their hydrodynamic behaviors. 
Fuel Process. Technol. 124(1):88-97. 

Peltola RJ, Laine VH, Koutola H, Kymalainen MAL. (2004). Impact 
grinding as a pretreatment method for biowaste and sludge. 
Anaerobic Digestion 10

th
 World Congress. Montreal, Canada, 21:29-

32. 
Peng W, Liu Z, Motahari-Nezhad M, Banisaeed M, Shahraki S, 

Beheshti M (2016). A detailed study of oxy-fuel combustion of 
biomass in a circulating fluidized bed (CFB) combustor: Evaluation of 
catalytic performance of metal nanoparticles (Al, Ni) for combustion 
efficiency improvement. Energy 109:1139-1147. 

Pereira S, Costa M (2017). Short rotation coppice for bioenergy: From 
biomass characterization to establishment – A review. Renew. 
Sustain. Energy 74:1170-1180.   

Phillips VD, Kinoshita CM, Neill DR, Takahashi PK. (1990). 
Thermochemical production of methanol from biomass in Hawaii. 
Appl. Energy 35:167-175. 

Quaak P, Knoef H, Stassen H (1999). Energy from biomass, a review of 
combustion and gasification technologies. World bank technical 
paper no. 422. The International Bank for Reconstruction and 
Development, Washington (DC). 

Rabelo SC (2010). Evaluation and optimization of pretreatments and 
enzymatic hydrolysis of the sugarcane bagasse for second 
generation ethanol production. PhD Thesis [in Portuguese]; School of 
Chemical Engineering, University of Campinas, 450p. 

Rezaiyan J, Cheremisinoff NP (2005). Gasification technologies – a 
primer for engineers and scientists. Boca Raton (FL): CRC Press 
Taylor & Francis Groups.12:34-46. 



50          Afr. J. Biotechnol. 
 
 
 
Rezende CA, de Lima MA, Maziero P, Ribeiro deAzevedo E, Garcia W,  

Polikarpov I (2011). Chemical and morphological characterization of 
sugarcane bagasse submitted to a delignification process for 
enhanced enzymatic digestibility. Biotechnol. Biofuels 4:1-18. 

Riaza J, Gil MV, Álvarez L, Pevida C, Pis JJ, Rubiera F (2012). Oxy-fuel 
combustion of coal and biomass blends. Energy 41:429-435. 

Saifuddin N, Fazlili SA (2009). Effect of Microwave and Ultrasonic 
Pretreatments on Biogas Production from Anaerobic Digestion of 
Palm Oil Mill Effluent. Am. J. Eng. Appl. Sci.  11:139-146. 

Salomoni C, Caputo A, Bonoli M, Francioso O, Rodriguez-Estrada MT, 
Palenzona D. (2011). Enhanced methane production in a two-phase 
anaerobic digestion plant, after CO2 capture and addition to organic 
wastes. Bioresour. Technol. 102:3-8. 

Sánchez AS, Silva YL, Kalid RA, Cohim E, Torres EA (2017). Waste 
bio-refineries for the cassava starch industry: New trends and review 
of alternatives. Renew. Sustain. Energy Rev. 73:1265-1275. 

Science Daily (2010). Bioenergy production can expand across Africa 
without displacing food, report finds. 
https://www.sciencedaily.com/releases/2010/07/100723080115.htm 

Sengupta SP, Basu P (1991). A generalized mathematical model for 
circulating fluidized bed boiler furnace. In: Anthony E J, ed. 
Proceedings of the 11th International Conference on Fluidized Bed. 
Combustion, Fairfield, ASME, pp.1295-1302. 

Shen Y, Jarboe L, Brown R, Wen Z (2015). A thermochemical–
biochemical hybrid processing of lignocellulosic biomass for 
producing fuels and chemicals. Biotechnol. Adv. 33:1799-1813. 

Silverstein RA, Chen Y, Sharma-Shivappa RR, Boyette MD, Osborne J. 
(2007). A comparison of chemical pretreatment methods for 
improving saccharification of cotton stalks. Bioresour. Technol. 98:1-
11. 

Simangunsong BC, Sitanggang VJ, Manurung EG, Rahmadi A, Moore 
GA, Aye L, Tambunan AH (2017). Potential forest biomass resource 
as feedstock for bioenergy and its economic value in Indonesia. 
Forest Policy Econ. 81:10-17. 

Sindhu R, Binod P, Pandey A (2017). Biological pretreatment of 
lignocellulosic biomass – An overview. Bioresour. Technol. 199:76-
82. 

Soccol CR (1996). Biotechnology products from cassava root by solid 
state fermen- tation. J. Sci. Ind. Res.55:58-63. 

Sorapipatana C, Yoosin S (2011). Life cycle cost of ethanol production 
from cassava in Thailand. Renew. Sustain. Energy Rev. 15(2):3-9.  

Sriroth K, Chollakup R, Chotineeranat S, Piyachomkwan K, Oates CG 
(2000): Processing of cassava waste for improved biomass 
utilization. Bioresour. Technol. 71:63-69. 

Stenseng M, Lin W, Johnsson J. (1997). Modeling of utilization in 
circulating fluidized bed combustion. In. Preto F DS,ed- Proceedings 
of the 14th International Conference on Fluidized Bed Combustion. 
Vancouver, ASME, 117. 

Sun Y, Cheng J (2002) Hydrolysis of lignocellulosic materials for 
ethanol produc- tion: a review. Bioresour. Technol. 83:1-11. 

Suttibak S, Sriprateep K, Pattiya A (2012). Production of Bio-oil via Fast 
Pyrolysis of Cassava Rhizome in a Fluidised-Bed Reactor. Energy 
Procedia 14:668-673.  

Taherzadeh MJ, Karimi K (2008). Pretreatment of lignocellulosic wastes 
to improve ethanol and biogas production: A review. Int. J. Mol. Sci. 
9:21-51. 

Tan X, Gu B, Li X, Xie C, Chen L, Zhang B (2017). Effect of growth 
period on the multi-scale structure and physicochemical properties of 
cassava starch. Int. J. Biol. Macromol. 101:9-15. 

Taniguchi M, Yamamoto K, Kobayashi H, Kiyama K (2002). A reduced 
NOx reaction model for pulverized coal combustion under fuel-rich 
conditions. Fuel 81:63-71. 

Tian X, Trzcinski AP, Lin LL, Ng WJ (2016). Enhancing sewage sludge 
anaerobic “redigestion” with combinations of ultrasonic, ozone and 
alkaline treatments. J. Environ. Chem. Eng. 4:4801-4807.  

Toklu E, Güney MS, Işık M, Comaklı O, Kaygusuz K (2010). Energy 
production, consumption, policies and recent developments in 
Turkey. Renew. Sustain. Energy Rev. 14(1):72-86. 

 
 
 
 

 
 
 
 
Torquato LD, Crnkovic PM, Ribeiro CA, Crespi MS (2017). New 

approach for proximate analysis by thermogravimetry using CO2 
atmosphere: validation and application to different biomasses. J. 
Therm. Anal. Calorim. 128:1-14. 

Truman PP, Daphne ST, Lateef S, Malachy OA (2004). A cassava 
industrial revolution in Nigeria: the potential for a new industrial crop. 
International Fund for Agricultural Development (IFAD), Food and 
Agriculture Organization of the United Nations. pp. 1-49. 

United States Department of Agriculture (USDA Plant guide) (2003). 
Baton Rouge, Louisiana: United States Department of Agriculture 
(USDA) Pacific Islands West Africa Office, Mongmong, Guam: NRCS 
National Plant Data Centre. 

Van de Velden, M., Baeyens, J., Brems, A., Jannsens, B., Dewil, R. 
(2010). Fundamentals, kinetics and endothermicity of the biomass 
pyrolysis reaction. Renew. Energy 35:232-242. 

Veiga JP, Valle TL, Feltran JC, Bizzo WA (2016). Characterization and 
productivity of cassava waste and its use as an energy source. 
Renew. Energy 93:691-699.   

Vera MA, Nickel K, Neis U (2004) Disintegration of sewage sludge for 
better anaerobic digestion. Anaerobic Digestion 10

th
 World Congress. 

Montreal, Canada, 21:27-8. 
Wang W, Xie L, Luo G, Zhou Q, Qin L (2012). Optimisation of 

biohydrogen and methane recovery within a cassava ethanol 
wastewater/waste integrated management system. Bioresour. 
Technol. 120:65-72. 

Weerachanchai P, Tangsathitkulchai C, Tangsathitkulchai M (2011). 
Characterization of products from slow pyrolysis of palm kernel cake 
and cassava pulp residue. Korean J. Chem. Eng. 28:2262-2274. 

Wei M, Zhu W, Xie G, Lestander TA, Xiong S (2015). Cassava stem 
wastes as potential feedstock for fuel ethanol production: A basic 
parameter study. Renew. Energy 83:970-978.  

Welfle A (2017). Balancing growing global bioenergy resource demands 
- Brazil's biomass potential and the availability of resource for trade. 
Biomass Bioenergy 105:83-95.  

Xu Z, Wang Q, Jiang Z, Yang X-X, Ji Y (2007). Enzymatic hydrolysis of 
pretreated soybean straw. Biomass Bioenerg 15:12-19. 

Yanik J, Kornmayer C, Saglam M, Yüksel M (2007). Fast pyrolysis of 
agricultural wastes: characterization of pyrolysis products. Fuel 
Process. Technol. 88:2-7. 

Zabaniotou A, Ioannidou O (2008). Evaluation of utilization of corn 
stalks for energy and carbon material production by using rapid 
pyrolysis at high temperature. Fuel 87:834-843. 

Zhang C, Han W, Jing X, Pu G, Wang C (2003). Life cycle economic 
analysis of fuel ethanol derived from cassava in southwest China. 
Renew. Sustain. Energy Rev. 7(4):53-66.  

Zhang M, Xie L, Yin Z, Khanal SK, Zhou Q (2016). Biorefinery approach 
for cassava-based industrial wastes: Current status and 
opportunities. Bioresour. Technol. 215:50-62. 

Zhang Q, He J, Tian M, Mao Z, Tang L, Zhang J, Zhang H (2011). 
Enhancement of methane production from cassava residues by 
biological pretreatment using a constructed microbial 
consortium. Bioresour. Technol. 102:8899-8906. 

Zhang Q, Tang L, Zhang J, Mao Z, Jiang L (2011). Optimization of 
thermal-dilute sulfuric acid pretreatment for enhancement of methane 
production from cassava residue. Bioresour. Technol.102:58-65. 

 
 
 
 
 
 
 
 
 
 
 
 

 



 
Vol. 17(3), pp. 51-56, 17 January, 2018 

DOI: 10.5897/AJB2017.16272 

Article Number: 4FE6A4055669 

ISSN 1684-5315 

Copyright © 2018 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJB 

African Journal of Biotechnology 

 
 
 
 

Full Length Research Paper 
 

Effect of Moringa oleifera leaves extract on the 
oxidative stress and gastric mucosal ulcer induced by 

indomethacin in rats 
 

Hessah Mohammed Almuzafar 
 

Department of Chemistry, College of Science, Imam Abdulrahman Bin Faisal University, P. O. Box 1982  
Dammam, Saudi Arabia. 

 
Received 6 October, 2017; Accepted 14 December, 2017 

 

Indomethacin is commonly used as an anti-inflammatory and pain relieving medication; however, it has 
the side effect of gastric ulcer formation which is an actual common gastrointestinal illness that may 
result in dangerous complications and even death. Various diseases have been treated widely by the 
use of oriental herbal medicines, this study aims to evaluate the antiulcerative and antioxidative effect 
of two doses (100 and 50 of Moringa oleifera ethanolic leaf extract; MOELE) on indomethacin plus 
ethanol-induced oxidative gastric mucosal injury in rats. Sixty adult males Wistar rats weighing 170 to 
200 g, were divided into equal six groups. First group of rats were administered saline as a vehicle, 
second group of rats were given indomethacin (15 mg/kg), third and fourth groups of rats were giving 
MOELE 100 and 500 mg, fifth group of rats were given indomethacin+ MOELE 100 mg, and sixth group 
of rats were administered with indomethacin + MOELE (500 mg). To study the effect of MOELE on 
oxidative gastric mucosal injury in rats, two doses were administered 2 h before ulcer induction by 
indomethacin plus ethanol. The administration continued for two weeks. All rats were sacrificed 24 h 
after the last dose. Indomethacin group showed significant increases in lesion index (LI) and increase 
in malondialdehyde (MDA) level, while there was a decrease in superoxide dismutase (SOD), 
glutathione-S-transferase (GST) and glutathione peroxidase (GPx) activities when compared with the 
control group (G1). MOELE with two doses mentioned before (groups 5 and 6) were effective to reduce 
stomach LI and oxidative stress markers (MDA) while increasing significantly the antioxidant 
biomarkers (SOD, GST, and GPx) compared with indomethacin group (G2). A highly significant 
decrease in MDA accompanied by a marked increase in SOD, GST, and GPx were recorded in group 6. 
The results concluded that MOELE has an effective antiulcer and antioxidant activities. It can scavenge 
the free radicals and protect gastric against ulceration. Also, MOELE could ameliorate the ulcerative 
side effect of indomethacin. 
 
Key words: Moringa oleifera, antioxidant enzymes, indomethacin, lesion index, lipid peroxidation. 

 
 
INTRODUCTION 
 
Non-steroidal anti-inflammatory drugs (NSAIDs) as 
indomethacin are the most prescribed group of drugs in 
the world. They are used primarily for pain relief in 
chronic inflammatory joint disease. They are the main 

cause of peptic ulceration and its use has been 
associated with the development of gastrointestinal (GI) 
symptoms ranging from simple dyspepsia to life-
threatening GI bleeds and perforations (Yap et al., 2015).  
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Ulcer development destroys the mucosal barrier exposing 
the underlying stomach tissue to the destructive action of 
acid and pepsin (Vander, 1998). Numerous factors have 
been implicated in the pathogenesis of peptic ulcer 
disease, which may be acquired during life, although 
some of these may have already been determined 
(Ghasi, 2000). 

Gastric hyperacidity and ulcer are very common, 
causing tremendous human suffering nowadays. It is an 
imbalance between damaging factors, within the lumen 
and protective mechanisms within the gastro duodenal 
mucosa. Although prolonged anxiety, emotional stress, 
hemorrhagic surgical shock, burns, and trauma are 
known to cause severe gastric irritation, the mechanism, 
however, is still very poorly understood (Rao et al., 2000). 
The problems of ulcer due to indomethacin could be 
prevented by herbal treatment. One of these promising 
medicinal therapy is Moringa oleifera. The advantage of 
choosing a medicinal plant includes its easy availability, 
low cost and nearly no side effect compared with the 
synthetic medications.  

M. oleifera Lam (syn. M. pterygosperma; commonly 
known as “The Miracle Tree,” as almost every part of it is 
useful for humans).” It has medicinal and nutritional 
value; it is also widely distributed throughout the world in 
Himalayan tracts, India, Pakistan, and Africa. It could be 
found even in the harshest and driest of soils (Luqman et 
al., 2012). Moringa plants are used as a food source with 
valuable properties in humans. Genus moringa contains 
vitamin C, vitamin A, potassium, iron, calcium and the 
protein quality of moringa leaves is claimed to be similar 
to eggs and milk (Fahey, 2005). 

There are 36 anti-inflammatory compounds (phenolic 
derivatives and isothiocyanate) and 46 antioxidants 
(carotenoids, ascorbic acid, phenolic compounds, and 
flavonoids). These compounds naturally occur in the 
moringa plant (Anwar et al., 2007; Goyal et al., 2007; 
Adedapo et al., 2009). The leaves are reported to have 
anti-inflammatory, diuretic, antispasmodic, and 
hypotensive activity (Fayazuddin et al., 2013). The 
antioxidant property of moringa may be due to the 
presence of phenolic compounds (Bharali et al., 2003). 

The existence of reactive oxygen species (ROS) leads 
to oxidative stress. It causes disturbances in the cellular 
metabolism (Breitenbach and Eckl, 2015). Oxygen free 
radicals mediate tissue injury and destroy the integrity of 
biological tissues. Also, it is associated with lipid 
peroxidation, which causes tissue damage by destroying 
cell membranes and releasing some of their intracellular 
components. ROS also can cause mucosal damage 
through the retrogression of the epithelial basement 
membrane components. Indeed, biological system’s 
ability  to  repair  oxidative  damage  or  to  neutralize  the  

 
 
 
 

reactive intermediates including peroxides and free 
radicals (Demir et al., 2003; Suzuki et al., 2012).  

The gastric mucosa plays an important role in the 
physiological function of the stomach. This mucosa acts 
as a gastric barrier, which protects deeper located cells 
against the detrimental action of the gastric secretory 
components. The pathogenesis of gastric mucosal 
damage includes ROS that cause tissue damage, mainly 
due to increased lipid peroxidation (Kwiecien et al., 
2014). 

Antioxidant, anti-inflammatory, and immunomodulatory 
properties of biophenols are abundant in M. oleifera Lam. 
suggesting that they may have beneficial effects on 
inflammatory bowel diseases like gastric ulcers (Mahajan 
et al., 2007; Shaila et al., 2010). 

Recently, Omodanisi et al. (2017) reported that M. 
oleifera has effective phytochemical ingredients that offer 
protection action against diabetic-induced renal damage, 
ROS and inflammation and could, therefore, show a role 
in decreasing diabetic problems, mainly in developing 
nations such as Africa where the majority cannot afford to 
purchase medicines. 

The present study aims to use inexpensive, effective 
and readily accessible medication with a low side effect 
for the ulcer therapy. Therefore, the current study was 
carried out to assess the antioxidant activity of M. oleifera 
ethanolic leaf extract (MOELE) using in vivo acute 
models of ulcer that cause oxidative gastric damage in 
rats. Also, this study aims to scientifically confirm the use 
of M. oleifera leaves in the treatment of gastric ulcer. 
 
 

MATERIALS AND METHODS 

 
Chemicals  
 
Indomethacin was purchased from Chiesi Pharmaceutics SPP, 
Parma, Italy. Ethanol and kits used for measurement of 
malondialdehyde (MDA), glutathione-S-transferase (GST), 
superoxide dismutase (SOD), and glutathione peroxidase (GPx) 
were purchased from Diamond and Sigma Company.  
 
 

Plant material extraction 

 
Air-dried powder (200 g) of M. oliefera leaves were soaked in 70% 
ethanol for 2 days and filtered. The filtrate was distilled using a 
rotary evaporator until dryness. The remaining solid residue was 
dissolved in distilled water, filtered and the filtrate was evaporated 
until dryness (dry mass 10 g). The dried mass was diluted with 
normal saline (100 mg/ml) and used in the experiments. 

 
 
Animals 
 
This study includes sixty adult males Wistar rats weighing 170  to 
200 g. Wire bottomed cages were used for housing  of  the  animals  
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under controlled conditions of temperature (20 to 24°C), humidity 
and12/12 h light/dark periods. Rats were fed with chow pellets and 
tap water was freely accessible. Animals were prevented from food 
overnight before the experiment. The animal experiments were 
approved by the Committee of Scientific Ethics at University of 
Dammam and consistent with its guidelines (IRB-2016-10-155).  

Animals were randomly divided into six groups (10 rats each) as 
follows: Control group, received vehicle (0.5 ml vehicle) for two 
weeks; Group 2 (Indomethacin), rats were given oral administration 
of indomethacin at a concentration of 15 mg/kg-body weight/0.5 ml 
water in addition to 0.5 ml absolute ethanol for induction of gastric 
mucosal haemorrhagic injury (De La Lastra et al., 1999); Group 3 
(100-MOELE), rats were given a single dose of MOELE, 100 
mg/kg-body weight orally three times/week for 2 weeks; Group 4 
(500-MOELE), rats received a single dose of M. oliefera extract, 
500 mg/kg-body weight, orally three times/week for a period of 2 
weeks; Group 5 (100-MOELE+Indomethacin), rats received a single 
dose of MOELE, 100 mg/kg-body weight, 2 h prior to induction of 
gastric mucosal haemorrhagic injury as in group 2; Group 6 (500-
MOELE+Indomethacin), rats received a single dose of MOELE, 500 
mg/kg-body weight, 2 h prior to induction of gastric mucosal 
haemorrhagic injury as in group 2. 

Rats were sacrificed under ether anaesthesia at the end of the 
experimental period (the day after receiving the last dose). 
Abdomens were opened and stomachs were exposed. Then 
stomachs were opened along the greater curvature. The tissue of 
the stomach was washed using normal saline. Examination of 
tissue and mucosal injury can be carried out microscopically using a 
light microscope (Morini and Grandi, 2010). Scores/ratings as 
described by Okabe et al. (1970), was used to determine the ulcer 
index as a marker for the severity of gastric lesions a scoring 
system based on the length and number of hemorrhagic mucosal 
erosions, a lesion index (LI) of gross mucosal injury was performed 
as follows: stomach was dissected out, inflated with 12 ml of 2% 
formalin, placed in 2% formalin to fix both the inner and outer 
layers, and then opened along the mesenteric attachment or along 
the greater curvature. The incidence of animals with lesions was 
noted, and the damaged area (in square millimetres) was measured 
under a dissecting microscope with a square grid. The sum of the 
area of all lesions in gastric for each animal was calculated and 
served as the lesion index. Ulcer index = 10/X, where X = total 
mucosal area/total ulcerated area.  

Gastric mucosa was removed using a skin-scraping spoon and 
then homogenized for biochemical assay. 
 
 

Biochemical analysis 
 

Gastric mucosal preparations were used for measuring the lipid 
peroxidation product as MDA according to Draper and Hadley 
(1990). Activity of GST was assayed using the method of Habig et 
al. (1974), SOD was assayed by Giannopolitis and Ries (1977), and 
GPx was assayed by Rotruck et al. (1973). The enzyme activity 
was expressed as unit/mg of protein.  
 
 

Statistical analysis 
 

Data were analyzed using one-way analysis of variance (ANOVA) 
followed by Tukey-Kramer methods for post-hoc analysis. A value 
of P<0.05 was considered statistically significant. Statistical 
analyses were carried with the aid of a digital computer, using 
STAT and SPSS version 16.0 programs. Data were presented as 
mean ± standard deviation (SD).  
 
 

RESULTS 
 

Generally, an analysis of the results compared the control 
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group with indomethacin to examine its effect as model 
for the LI and oxidative stress, while groups 3 and 4 were 
used to monitor if the MOELE alone has a role or not. So 
compared with (-ve) control groups, no changes were 
observed due to the administration of MOELE alone. 
Meanwhile, the effect of treatment MOELE + 
indomethacin tested in comparison with indomethacin as 
a control +ve group. Observations revealed that there 
were no changes in the control group which suggests that 
handling and surgical procedures had no interference 
with experimental results. 

Administration of indomethacin induced increased in LI 
(Table 1), elevation in MDA while decreasing the 
activities of antioxidant markers of GST, SOD, and GPx, 
indicating rises in the oxidative stress compared with 
control group (Table 2).  

Oral administration of MOELE prior to administration of 
indomethacin plus ethanol highly significantly reduced the 
lesion index (P<0.001) compared with indomethacin 
group (Table 1). In addition, the lesion index was 
significantly reduced with the high doses of MOELE (500 
mg/kg) (Table 1). 

As shown in Table 1, gastric hemorrhagic lesions had 
improved in the groups 5 and 6 which received MOELE 
for 2 h before oral administration of indomethacin and 
ethanol. These lesions were accompanied by a highly 
significant rise in the lipid peroxidation level that 
expressed a high MDA level (P<0.001) and highly 
significant decreases in antioxidant enzymes (P<0.001) in 
group 2 (indomethacin group) when compared with the 
control (Table 2). While, oral administration of MOELE 
prior to administration of indomethacin plus ethanol 
significantly reduced the lesion index of groups 5 and  6 
(P<0.001) (Table 1), as they might have significantly 
decreased the rise in MDA concentration and restored 
the activities of the antioxidant enzymes of GST, SOD 
and GPx in gastric mucosa when compared with 
indomethacin-treated rats (group 2) (Table 2). In addition, 
the administration of M. oliefera leaf extract three 
times/week for 2 weeks (group 6) has more pronounced 
effect. Moreover, the levels of antioxidant enzymes were 
not changed in rats of groups 4 and 3 when compared 
with control due to the administration of MOELE with 
different concentrations (Table 2). 

 
 
DISCUSSION 

 
The peptic ulcer is one of the major gastrointestinal 
disorders; the treatment of peptic ulcer is directed against 
either reduction of the aggressive factors or 
enhancement of defensive mechanism. A number of 
drugs, including proton pump inhibitors and H2 receptor 
antagonists, are available for the treatment of peptic 
ulcer, but the clinical evaluation of these drugs has 
shown the incidence of relapse, side effects and drug 
interactions (Anoop and Jagadeesan, 2003).  
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Table 1. Effects of MOELE on macroscopic ulcer (Lesion index) in various groups in comparison with 
indomethacin-treated and control group. 
 

Group LI* 

Group 1 (Control) - 

Group 2 (Indomethacin) 42.8+4.6
a
* 

Group 3 (100mg-MOELE)  - 

Group 4 (500mg-MOELE) - 

Group 5 (100mg-MOELE+Indomethacin) 19.3+2.47
b
 

Group 6 (500mg-MOELE+Indomethacin) 7.98+1.0
c
 

 

LI*: Lesion index (Bands 4 mm in length was multiplied by 3, where 2-4 mm was multiplied by 2, and bands ˂2 
mm multiplied by 1). Values are given as mean ± standard deviation (SD) for ten animals in each group. 
*Indicated significant differences at P>0.05 among control, indomethacin and groups 3 and 4. The different 
superscript letters (a, b, c) indicated a significant difference at P> 0.05, among groups 5 and 6 compared with 
group 2 (indomethacin). 

 
 
 
Phytomedicinal agents have traditionally been used by 
herbalists and indigenous healers for the prevention and 
treatment of ulcers. The natural drugs were found to be 
the safer alternatives to cure ulcers. In this study the 
antiulcer activity of M. oleifera ethanolic leaf extract was 
evaluated in indomethacin-induced gastric ulcers in rats. 

The results of the present study showed that MOELE 
possesses significant anti-ulcer activity, it showed a 
significant reduction in ulcer index (Table 1) compared to 
control (P<0.01). Indomethacin is known to produce 
erosions and ulcers in the stomach due to inhibition of 
cytoprotective prostaglandins (Vedavyasa, 1999). 

Although, many products are used for the treatment of 
gastric ulcers, e.g. antacids and antihistamines; most of 
these drugs, however, produce several adverse 
reactions, like arrhythmias, impotence, gynecomastia and 
hematopoietic changes. Extracts of many herbal plants 
have been shown to produce promising results for the 
treatment of gastric ulcer (Verma et al., 2012). 

MOELE was effective as a gastric cytoprotective agent; 
it may be due to its direct action on the mucus secretion 
or by increasing prostaglandins, thus protecting the 
stomach from indomethacin injury. It may be altering the 
antioxidant factors like total tissue sulfhydryl group 
(glutathione) suggesting that the healing of ulcers or 
prevention of the development of gastric ulcers in the 
model organisms, rats, is due to its antioxidant action. 

The cytoprotective and antioxidant effects of MOELE  
may be contributed to the presence of some active 
phytochemical compounds such as alkaloids, sterols, 
glycosides, flavonoids, and terpenoids (Mahajan et al., 
2008). Also, its leaves are rich in benzyl isothiocyanate 
which has anti-inflammatory activity (Lee et al., 2009). 

In the present study, the antioxidant property, of 2 
doses of M. oleifera leaf extracts exert its action via 
alteration in SOD, GPx, and MDA levels in rat gastric 
mucosa. During the ulcer condition, there is an increase 
in gastric mucosal SOD and lipid peroxidation (LPO) 
activities. This indicated that the generation of ROS 
during stress might be the causative factor for the 

inactivation of gastric peroxidase. M. oleifera leaf extracts 
exert their antioxidant defense mechanism probably by 
metabolizing lipid peroxides and scavenging endogenous 
H2O2 (Bhattacharya et al., 2000). 

The superoxide anion (O2
-
), H2O2 and hydroxyl radical 

(OH
-
) are the major ROS which induce cell degeneration 

by increasing lipid peroxidation of cell membrane lipids. 
The toxic end products of peroxidation induce damage of 
the structural and functional integrity of cell membranes, 
break DNA strands and denature cellular proteins. The 
natural cellular antioxidant enzyme includes SOD, which 
scavenges superoxide radicals by speeding up their 
dismutation.  
Detoxification of the superoxide anion is not a terminating 
step in free radical scavenging, since the enzyme-
catalysed dismutation results in the production of H2O2 
which ultimately accumulates in the mitochondria and 
cytosol.  

The results of the present study are similar to the 
finding of Mizui et al. (1986) which showed that the 
necrotizing substance like ethanol-induced gastric 
damage could be due to the formation of oxygen-derived 
free radicals resulting in lipid peroxidation and damage of 
cellular membrane with the release of intracellular 
component like lysosomal enzymes leading to further 
damage of leaves extract. M. oleifera was found to 
possess ulcer protective. Moreover, Moringa leaves 
contain isothiocyanate, which has anti-inflammatory as 
well as immune-modulatory activities (Shaila et al., 2010; 
Matsuda et al., 2007).  

Biswas et al. (2012) reported that the presence of 
flavonoids in MOELE decreases the gut ulceration by 
improving microcirculation and increasing capillary 
resistance, so that the cells become more able to resist to 
the inflammatory factors.   

LPO in the biological system has been demonstrated to 
be very important in mammalian physiology and 
pathophysiology. Increasing the rate of lipid peroxidation 
indicates the initiation of oxidative stress, which leads to 
various   tissue   injuries   and   cell   death   causing   the  



Almuzafar          55 
 
 
 
Table 2. Effects of Moringa oleifera ethanolic leaf extract (MOELE) on antioxidant levels in various groups in comparison with indomethacin-
treated and control group. 
 

Parameter/Group  
MDA (nmol/100 mg 

protein) 
GST (U/mg 

protein) 
SOD (U/mg 

protein) 
GPx (U/mg 

protein) 

Group 1 (Control) 2.56+0.76 1.02+0.7 25.4 +1.34 20.1+1.5 

Group 2 (Indomethacin) 6.6+1.12a* 0.43+0.01
a*

 12.6+1.4 
a*

 9.6+0.73 
a
* 

Group 3 (100 mg-MOELE) 2.01+0.32 0.95+0.05 22.4+1.62 24.2+1.4 

Group 4 (500 mg-MOELE) 1.99+0.09 1.87+0.14 31.2+1.97 28.6+1.8 

Group 5 (100 mg-MOELE+Indomethacin) 4.01+1.05
b
 1.99+0.39

b
 17.3+1.05

b
 14.7+1.1

b
 

Group 6 (500 mg-MOELE+Indomethacin) 3.03+0.81
b
 3.10+0.03

c
 26.4+1.09

c
 16.8+0.98

b
 

 

Values are given as mean ±SD for ten animals in each group. *Indicated significant differences at P> 0.05 among control, indomethacin and groups 3 
and 4. The different superscript letters (a, b, c) indicated a significant difference at P> 0.05, among groups 5 and 6 compared with group 2 
(indomethacin). 
 
 
 
progression of many acute and chronic diseases. The 
products of LPO such as malondialdehyde (MDA) are 
more cytotoxic to cells and have an effect on the 
membrane structure and function (Basu, 2003).

 
 

The results of the present study had shown that 
MOELE can restore the antioxidant activities of GST, 
GPx, and SOD and decrease the LPO which is induced 
by oral administration of indomethacin. Also, there was a 
notable decrease in gastric lesions. It is interesting to 
note that M. oliefera leaf extracts when given to healthy 
animals enhanced the level of antioxidants. The results 
could be explained by Sreelatha and Padma (2009)

 
who 

conclude that, the leaves extract of moringa prevents 
oxidative damage to major biomolecules by scavenging 
the free radicals, so it can protect the biological cells 
against oxidative damage. Also, the presence of both 
vitamin C and A, can increase the efficiency of this plant 
in preventing the oxidative damage to the cell membrane 
of the biological cells (Bharali et al., 2003). 

The current results are also in agreement with Devaraj 
et al. (2007) who observed that M. oliefera leaf extracts 
when given to normal animals enhanced the level of 
antioxidant condition. Verma et al. (2009)

 
reported that 

the scavenging and antioxidant activities of Moringa 
leaves extract are due to the hydrogen proton donation of 
that compound. 

The overall results of the present study are in 
consensus with the earlier observation of Bello and 
Balaraba (2012) who demonstrated that in stressed rats, 
M. oliefera leaves extract significantly attenuated the 
stress-induced gastric ulcerogenesis. Moreover, the 
leaves have quercetin, a flavonoid compound that is 
suggested to have a gastric cytoprotective effect and 
considered as antiulcer agents (Casa et al., 2000; 
Choudhary et al., 2013). In conclusion, the findings 
suggest a useful therapeutic activity for MOELE as an 
antioxidant and anti-ulcerative medicinal plant for gastric 
ulcer treatment. Oral administration of MOELE, even with 
low doses, blocks and disrupted free radical metabolism. 
The extract of M. oleifera ameliorated the ulcer lesion and 
SOD, catalase (CAT), and MDA levels in rat gastric 

mucosa due to an antioxidant property of MOELE. The 
antioxidant defense mechanism of the extract was 
probably due to metabolizing lipid peroxides and 
scavenging H2O2. More studies required to distinguish 
the exact mechanism and isolation and characterization 
of active ingredients from crude extract.  
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The present research aimed to evaluate the free and immobilized cell of Candida tropicalis NPD1401 for 
phenol degradation. Immobilized cell of C. tropicalis degraded efficiently up to 98% at a concentration 
of 1000 mg/l of phenol whereas free cells degraded up to 63% of the same concentration under 9 days 
of incubation. Stored immobilized beads were reused after 15 days and found to have successfully 
degraded 62.1% of phenol in the mineral salt medium (MSM). Growth of C. tropicalis was observed in 
the phenol containing medium by measuring the dry weight of biomass (0.89 g/l at concentration 1000 
mg/l) and the degradation was monitored using analytical techniques. Liquid chromatography-mass 
spectroscopy (LC-MS) analysis confirmed that phenol was degraded by ortho-pathways by the finding 
of metabolite cis, cis-muconic acid, phenyl phosphate and catechol. Next, isolated strain was identified 
on the basis of PCR amplification of sequence D2 region of the large subunit of 28S rDNA and it was 
confirmed as C. tropicalis. By observing the efficiency of the isolate it may be used for the further 
bioremediation purpose of the phenol contaminated site in the environments. 
 
Key words: Candida tropicalis, phenol, ortho-pathway, Cis-cis-muconic acid, immobilized cell. 

 
 
INTRODUCTION 
 
Phenol is one of the major toxic aromatic compound 
discharges from industry and enters into the natural 
ecosystem. Phenol and phenol derivatives are released 
from petrochemical, chemical, pharmaceuticals, wood 
processing plants, paper and pulp, coke manufacturing 
and pesticide industries. Phenol is included as one of the 
most hazardous pollutants in the list of Environmental 
Protection Agency (EPA) (Pishgar et al., 2011). Phenol is 
also known as carbonic acid, phenic acid, phenylic acid, 

phenyl hydroxide and or oxybenzene (Nair et al., 2008). 
Inhalation and dermal exposure of phenol cause irritation, 
anorexia, progressive weight loss, diarrhea, vertigo, 
salivation, and a dark coloration of the urine (EPA, 2002). 
Repeated phenol exposure also causes renal damage, 
cardiovascular diseases and fatal for adult and children 
(ASTDR, 2014). 

Considering the toxicity of phenol, it must be removed 
or its load must be reduced considerably from waste
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before its disposal in the environment. Treatment of 
waste containing phenol includes both physico-chemical 
and biological methods. Physico-chemical methods 
include adsorption, solvent extraction and chemical 
oxidation by ozone and chlorination (Molva, 2004). 
Nowadays, biological method is preferable compared to 
physico-chemical methods due to its expensiveness, and 
also generates toxic and non-biodegradable intermediate 
compounds. Microbial treatment of organic recalcitrant 
compounds is widely studied due to its potential of 
mineralization of toxic organic compounds. Various 
studied are carried out to degrade or metabolize the 
phenol and its derivatives into non-toxic, biodegradable 
compounds by using microorganisms such as bacteria, 
fungi and algae (Lika and Papadakis, 2009). 
Microorganisms have been isolated and studied for 
phenol and chlorophenols degradation capability such as 
Acinetobacter, Alcaligenes, Corynebacterium 
glutamicum, Pseudomonas sp., Bacillus sp., Kocuria sp., 
Enterobacter sp. and Vibrio sp. (Field and Sierra-Alvarez, 
2008; Karn et al., 2010a,b, 2011, 2017, Karn and 
Geetanjali, 2014). Fungi are effective in degrading a wide 
range of organic molecules due to their release of extra-
cellular enzymes and high biomass formation. Earlier, 
Chang et al. (1998) isolated and observed Candida 
tropicalis for the degradation of high concentration of 
phenolic and chlorinated derivatives compounds. Lika 
and Papadakis (2009) and Basha et al. (2010) also 
reported yeast sp. such as C. tropicalis, Trichosporon 
and Rhodotorula species; and mycelia as Aspergillus 
niger, Phaenarochaetes chrysoporium were used for the 
bioremediation of phenol. To achieve the successful 
remediation of particular compounds, selection of fungal 
species is important for degradation of phenol 
(Matsubara et al., 2006). Both aerobic and anaerobic 
processes were used to degrade phenol and its 
derivative, but aerobic process and microorganisms were 
found to be more effective in the treatment of phenolic 
pollutants (Al-Khalid and El-Naas, 2012). 

In the last two decades, there have been exhaustive 
researches on the use of immobilized microbial cells as 
biocatalysts, Bacterial cells immobilized on various 
matrices have been used extensively for degradation of 
various toxic (Qi et al., 2012; Mulla et al., 2013). One of 
the limiting factors for phenol biodegradation is the 
concentration of phenol. Moreover, enzymes are 
accompanied by many other enzymes in microorganisms, 
sometimes with activities against the same substrate. A 
particular enzyme may be specific and selective, but if 
the contaminant enzymes have opposite (or just different) 
properties, this may reduce the apparent performance of 
the prepared biocatalyst (Palomo et al., 2002). To 
overcome this substrate limitation and increase the 
sustainability and reuse of microorganisms, 
immobilization of phenol degrading microorganisms was 
carried out in different immobilizing materials. 
Immobilization   microorganism  and  enzymes  are  usual 

 
 
 
 
requirements for their large scale use (Santos et al., 
2015). Considering these factors, the present work 
focused on the screening of efficient organism for phenol 
degradation by using free and immobilized culture to 
reduce the phenol concentration effectively. 
 
 

MATERIALS AND METHODS 
 

Isolation and screening of phenol degrading microorganism 
 

Isolation of organism was done by enrichment method of the sludge 
sample collected from industrial waste site of Punjab Chemical, 

Lalru, Punjab, India (30.79
。
N 75.85

。
E), in the mineral salt medium. 

Next, 3 g of industrial sludge was taken and dissolved in 100 ml of 
mineral salt medium supplemented with phenol up to 1200 mg/l. 
The mineral salt medium contained the following components at the 
specified concentrations (in g/l): K2HPO4, 0.4; KH2PO4,0.2; 
MgSO4.7H2O, 0.2; FeCl3 ,0.01; CaCl2.2H2O, 0.01; MnSO4.H2O, 
0.01; Na2MoO4, 0.01; NaCl,0.1; glucose, 0.5; (NH4)2SO4, 0.5. 
Further organism was isolated by using dilution plate techniques 
from dilution 10

-5
 to 10

-7 
on solid mineral salt medium plates were 

prepared by adding 15 g/l bacteriological grade agar and incubated 
at 28°C. Further, resistant organism was selected by successive 
culturing up to five generations.  

Synthetic chlorophenol was purchased from Sigma Aldrich 
chemicals (USA) and other chemical reagents purchased were of 
analytical grade from Hi-Media, (India). All solutions were prepared 
in sterile Milli-Q water (Millipore direct Q3, Bangalore) India. 
 
 

Growth, resistance and phenol degradation 
 

The growth and phenol transformation response were conducted in 
500-ml flasks, sealed with cotton stoppers, containing 100 ml of 
mineral salt medium (MSM) and inoculated with selected strains of 
C. tropicalis and were screened for their tolerance to phenol. 
Phenol was filter sterilized and added to the medium after 
autoclaving. One week old mycelia discs (2 x 5 mm inoculum) 
fungus disc cut from the actively growing mycelia were inoculated 
containing different concentrations (100, 200, 400, 800, 1000 mg/l) 
of phenol and incubated at 30°C with 120 RPM shaking. Control 
experiments using non-inoculated, sterile media with the same 
concentration and same conditions were also conducted. Phenol 
transformation was monitored at 10 days of incubation by collecting 
the 5 ml of sample. Growth was observed by means of biomass 
formation which was also harvested at 10 days of incubation, 
harvested biomass washed with distilled water, oven dried and the 
biomass was measured. 
 
 

Immobilization of Candida tropicalis  
 

2% (w/v) of the sodium alginate solution was dissolved in 25 mM 
Tris–acetate buffer (pH 7.5). The solution was stirred for 2 h at 
room temperature (25±2°C).The culture was centrifuged and the 
pellet was mixed into sodium alginate solution. The drops of this 
mixture were poured with the syringe into 100 ml of 3% (w/v) CaCl2 
solution which initiated the formation of beads. The solution was 
stirred for 90 min during calcium alginate bead formation. The 
collected beads were washed with 25 mM Tris-acetate buffer (pH 
7.5) to remove excess Ca

2+
 and stored in the same buffer at 4ºC 

(Sivasubramanian and Namasivayam, 2014). Biodegradation of 
phenol by immobilized and free cells was studied at 1000 mg/l 
concentration of phenol. Reusability of immobilized cells was also 
evaluated after 15 days. Beads were stored at 4°C Tris-acetate 
buffer. 



 
 
 
 
Phenol estimation by analytical methods and LC-MS analysis 
 
Further analytical methods used for phenol estimation by 4-amino 
antipyrine were used as substrate for quantitative estimation of 
phenol by the spectroscopic method. Absorbance was measured at 
510 nm (EPA, 2007) and it was further confirmed by liquid 
chromatography analysis and metabolic product was analyzed by 
LC-MS details described. LC-MS analysis of the sample was done 
by using a Waters Micromass Q-Tof Micro (the mass spectrometer 
is coupled with Waters 2795 HPLC). Sample culture was 
centrifuged at 5000 rpm for 20 min. Supernatant has been taken in 
fresh vial. Separation was achieved with an LC column Waters X-
Terra C18 column, eluted with a gradient of acetonitrile in water 
containing acetic acid (0.1% v/v); from 0 to 40% acetonitrile, using 
the following parameters- ionization: electro spray positive (ES+), 

low 
rate: 0.15 ml/min. For mass spectrometer, the following parameters 
were used: desolvation gas: 550 L/h; cone gas: 30 L/h; desolvation 
temperature: 250°C; source temperature: 110˚C; capillary voltage: 
3000 V; cone voltage: 30 V; collision energy: 4 eV; nebulize gas: 
nitrogen 30 ml/min; collision gas: argon 0.5 µl /min (Comte et al., 
2013; and Glish and Vachet, 2003). 
 
 
Identification of phenol degrading strain 
 
Fungal gDNA Miniprep Kit (XcelGen, Gujarat, India) was used for 
the isolation of genomic DNA. The quality of DNA was evaluated by 
electrophoresis on 1.2% agarose gel. A fragment of D2 region of 
28S rDNA gene was amplified by PCR from the isolated genomic 
DNA. Reaction mixture for the PCR contained 1X PCR buffer; 200 
µM of dNTPs; 1.5 mM MgCl2, 0.1 µM of each primer and 2.5 units 
of Taq DNA polymerase (Invitrogen, USA) in a final volume of 100 
µl sterile MQ water. The PCR was performed with initial 
denaturation carried out at 95°C for 4 min, followed by 30 cycles of 
denaturation at 95°C for 30 s, annealing at 55°C and extension at 
72°C for 30 s. The thermal cycler was terminated by a final 
extension for 5 min at 72°C. The sequence for DF/DR primer was 
as follows: DF: 5’-ACCCGCTGAACTTAAGC-3’, and DR: 5’-
GGTCCGTGTTTCAAGACGG-3’ (Fell, 1993). The PCR amplicon 
was purified and further processed for the sequencing. Forward and 
reverse DNA sequencing reaction of PCR amplicon was carried out 
with DF and DR primers using BDT v3.1 Cycle sequencing kit on 
ABI 3730xlgenetic analyzer. The D2 region of 28S rDNA gene 
sequence was used to carry out BLAST with the nr-database of 
NCBI Genbank database. Based on maximum identity score, 15 
sequences were selected and the phylogenetic tree was 
constructed using MEGA 7. 
 
 
Data analysis 
 
Data were statistically analyzed by analysis of variance (ANOVA) 
and the mean differences were compared by Tukey-Kramer 
Multiple Comparison Test at p < 0.05. All the experiment was 
conducted with three replicates and the analyses were performed 
using GraphPad Prism (v 4.03) software. 
 
 
RESULTS AND DISCUSSION 
 
Isolation, screening and identification of phenol 
degrading microorganism 
 
Resistant fungal strains was screened; out of seven 
isolates just only one isolate (NPD1401) was able to grow  
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Figure 1. 1.2% Agarose gel showing single 700 
bp D2 region of 28S rDNA amplicon band. Lane 
1, DNA marker (1kb ladder); lane 2, D2 region of 
28S rDNA amplicon band of Candida tropicalis. 

 
 
 
at 1200 mg/l of phenol on minimal salt agar plate 
therefore, this strain was selected for further study. The 
selected strain was identified by molecular technique, by 
D2 region of 28S rDNA gene using PCR. A single band of 
700 bp of D2 region of large subunit 28S rDNA has been 
obtained as shown in Figure 1 and sequenced. 
Consensus sequence of 638 bp of D2 region of LSU 
gene was generated from forward and reverse sequence 
data using MultAlin Program 
(http://bioinfo.genotoul.fr/multalin/multalin.html) and 
alignment was manually corrected. Furthermore, based 
on the BLAST search analysis, strain NPD1401 showed 
99% similarity with C. tropicalis. The obtained sequence 
of C. tropicalis was submitted to GenBank (NCBI) with 
accession number KT380847. 

The evolutionary relationship was inferred using the 
Neighbor-Joining method. The bootstrap consensus tree 
was inferred from 1000 replicates (Kimura, 1980). The 
evolutionary distances were computed using the Kimura 
2-parameter method and are in the units of the number of 
base substitutions per site. The analysis involved 16 
nucleotide sequences. Codon positions included were 
1st+2nd+3rd+Noncoding. All positions containing gaps 
and missing data were eliminated. There were a total of 
583 positions in the final data-set. Further phylogenetic 
were constructed using MEGA7 software (Kumar et al., 
2016) and shown in Figure 2. Recently, Karn et al. (2017) 
also isolated pentachlorophenol (PCP) degrading straion 
SK1 by enrichment method and identified by same 
method discussed in the current study. 
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Figure 2. N-J tree based on 28S rRNA sequence of current study Candida tropicalis (KT380847) along with 
sequences available in GenBank database which shows close similarity with Candida tropicalis. 

 
 
 

Table 1. Growth observed in terms of dry weight (g/l) and degradation (in %) by Candida tropicalis at different concentration of 
phenol. 
 

Time (Days) Dry wt. observed in (g/l) of Candida tropicalis at different concentration of phenol by free cell 

Concentration 0.00 100 200 400 800 1000 

Time(10 Days) 0.00 1.57±0.02
A
 1.51±0.06

A
 1.33±0.06

B
 1.29±0.03

B
 0.89±0.05

C
 

  

Time (Days) Degradation observed at different concentration of phenol by free cell in % 

Concentration 0.00 100 200 400 800 1000 

Time (10 Days) 0.00 99±2%
A
 98±4.2%

A
 81±1.5%

B
 72±2.7%

C
 63±1.7%

D
 

 

*Value sharing common uppercase letter within row are not significant at p < 0.05 value. Data are mean and standard deviation of 
triplicate. 

 
 
 
Biodegradation of phenol by free and immobilized 
cells 
 
During degradation the well grown biomass in the MSM 
was observed and after completion of 9 days the dry 
weight given in Table 1 was observed. C. tropicalis has 
shown effective degradation up to 200 mg/l degradation 
was about 99%, at 400 mg/l it was 81%, at 800 it was 
about 72%, and 1000 mg/l it was about 63% using the 
free cell within ninth day of incubation (Table 1). By 
observing the efficiency of this isolate, we directly used 
1000 mg/l for immobilized and the fresh immobilized cells 
degraded 98.01% of phenol within 8 days. The 
immobilized beads of isolates were stored on 25 mM 
Tris-acetate buffer at 4°C for 15 days. Further, it was re-
used and an observed 62.3% of phenol was degraded by 
stored immobilized cells within 9 days of incubation 
(Figure 3). C. tropicalis NPD 1401 strain was shown as 
efficient phenol degrading strain. Previously, Rocha et al. 
(2007) isolated C. tropicalis, C. rugosa, and Pichia 
membranaefaciens strain; of these three strains, only C. 
tropicalis was capable of growing at higher phenol 

concentration, that is, 1000 mg/l in the minimal medium. 
Zhou et al. (2011) designed statistical experiment and 
used optimized process of phenol degradation by C. 
tropicalis Z-04. The predicted results showed that the 
maximum removal efficiency of phenol (99.10%) could be 
obtained under the optimum conditions of yeast extract 
0.41 g/l, phenol 1.03 g/l, inoculum size 1.43% (V/V) and 
temperature 30.04°C. These predicted values were 
further verified by validation experiments. Wang et al. 
(2012) used C. tropicalis W1 isolated from the sludge in 
the Yantai River of China by selective enrichment with 
phenol and investigated degraded phenol concentration 
of 900 mg/l in 30 h, but had no marked degradation 
activity in 4-chlorophenol. Sivasubramanian and 
Namasivayam (2014) also observed bioremediation of 
phenol using C. tropicalis SSK01 immobilized cells 
isolated from petroleum contaminated soil and observed 
maximum phenol degradation was 95.2% degradation at 
34.20°C and pH 6.86 with a concentration of 610 mg/l. 
Due to the efficiency towards the degradation of C. 
tropicalis, various researchers focused on this species. 
By comparing the previous isolates for phenol
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Figure 3. Comparative biodegradation of phenol by Candida tropicalis NPD1401. FIBC, Fresh 
immobilized bead cells; RIC, reused immobilized cells; FFC, fresh free cells. 

 
 
 
degradation, it was observed that the current strain is a 
more efficient and degraded higher concentration of 
phenol. Among the various species of yeast, C. tropicalis 
is the most studied yeast species for its potential for 
phenol degradation (Yan et al., 2005; Adav et al., 2007; 
Zhou et al., 2011; Ahmad et al., 2013; Basak et al., 
2014a; Long et al., 2014). Besides C. tropicalis, other 
yeast such as C. lipolytica, Candida utilis, Candida 
albicans, Trichosporon montevideense, and Trichosporon 
cutaneum were also used to degrade the phenol and its 
derivatives (Chen et al., 2002; Vilimkova et al., 2008; Liu 
et al., 2011; Gerginovaa et al., 2014). Compared with free 
cells, immobilized cell was found more efficient for phenol 
degradation. Previously, polyacrylamide (PAA) gel beads, 
calcium alginate beads, sugarcane bagasse, agar-
entrapment by Ramírez et al. (2001), Basak et al. 
(2014b) and Adav et al. (2007) were used to immobilize 
C. tropicalis and degrade different concentration of 
phenol. Aerobic granules of C. tropicalis were sufficient 
enough to degrade the phenol up to 1000 mg/l. The 
highest concentration of phenol (>1000 mg/l) was 
inhibitory for C. tropicalis present in the aerobic granule 
(Adav et al., 2007). Vilimkova et al. (2008) found NADPH-
dependent phenol hydroxylase and catechol-1, 2-
dioxygenase from C. tropicalis which helps in the 
degradation of phenol. The present strain successfully 
degraded phenolin both free as well as immobilized cell. 

Radovich (1985) demonstrated mass transfer 
limitations caused by the transport resistance within the 
immobilization matrix affect the activity of the immobilized 
cells. A concentration gradient within the immobilized cell 

matrix (ICM) is established at steady state. Assuming that 
the distribution of cells is such that the fermentation 
reaction occurs throughout the ICM, the process must be 
modeled as simultaneous reaction and diffusion. The 
internal mass transfer effects are also traditionally 
accounted for by an effectiveness factor, which is defined 
as the ratio of the actual reaction rate to the reaction rate 
which would occur if all the interior of the biocatalyst 
particle was exposed to the same reactant concentration 
as the exterior of the particle. These mass transfer 
limitations may bring about an inhomogeneous 
distribution of viable cells within the immobilizing matrix, a 
change in the cell's growth kinetics or the cell's enzyme 
kinetics, and a change in the operational stability of the 
cells. Homaei et al. (2013) suggested that the 
heterogeneity of the immobilized enzyme systems allows 
an easy recovery of both enzymes and products, multiple 
re-use of enzymes, continuous operation of enzymatic 
processes, rapid termination of reactions, and greater 
variety of bioreactor designs. 
 
 
LC-MS analysis 
 
After LC-MS analysis, we determined that possibly 
phenol degradation is initiated in the presence of 
molecular oxygen and the aromatic ring is further 
hydrolyzed by the phenol hydroxylase into catechol. The 
aromatic ring of phenol breakdown by the ortho or meta- 
oxidation pathways was described previously by Jiang et 
al. (2006), and Lika and Papadakis (2009). Catechol 1, 2-
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Figure 4a. LC-MS analysis of phenol. a) Cis,cis-muconic acid as metabolite. b) Phenyl phosphate and catechol. 

 
 
 
dioxygenase and catechol 2, 3 dioxygenase are the 
enzymes involved in the breakdown of aromatic ring 
present in the phenol by ortho and meta pathway 
respectively, with the cleavage sites for both enzymes 
different (An et al., 2001; Cai et al., 2007; Nair et al., 
2008; Agarry et al., 2008). Wang et al. (2007) reported on 
the Acinetobacter sp. PD12 metabolized phenol in the o-
pathway and detected the presence of catechol 1, 2-
dioxygenase. In the result, we found featured peak 
(Figure 4a) having m/z 143.42 which showed the 
presence of cis, cis - muconic acid. During phenol 
degradation cis, cis -muconic acid was prominently 
detected using LC-MS analysis (LC-MS of the sample 
was analyzed and outsourced at SAIF, Punjab University, 
Chandigarh, India). The cis,cis muconic acid belongs to 
aerobic degradation ortho-pathways for phenol 
biodegrdation. Due to the presence of cis, cis - muconic 
acid it has been predicted that C. tropicalis used ortho-
metabolic pathway for phenol degradation. Presence of 
cis, cis-muconic acid indicates the isolated yeast strain 
and follows ortho-metabolic pathway for biodegradation 
of phenol. The present result was supported by the 
finding of Tuah (2006) who also confirmed that C. 
tropicalis strain follows ortho - metabolic pathway for 
phenol degradation. The enzymes involved in metabolic 
pathways are specific for substrate used. Other 
intermediate metabolite of degraded phenol like phenol 
pyrophosphate and catechol (Figure 4b) which provide 
evidence of the ability of Candida tropicalis for phenol 

degradation was also observed. Thus, we can clearly say 
that the present strain are efficient for phenol degradation 
and can be applied to the contaminated site in the 
environment. 

 
 
Conclusion 

 
The present research comes up with efficient strain which 
degraded phenol 98% by immobilized culture and free 
cell 63% effectively at high concentration in 9 days 
incubation period. Further, LC-MS finding revealed its 
metabolite cis-cis muconic acid and catechol clearly 
evidenced for the degradation of phenol. Further 
application of this strain for phenol remediation in real 
contaminated environment is underway. 
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