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Two mulberry varieties, namely, S34 and Tr-10 were selected for cytomorphological studies. Stomatal 
frequency, somatic chromosome number, ploidy level and meiotic behaviour were studied for these 
varieties. S34 is diploid with 2n=28 and Tr-10 is triploid with 2n=42 chromosomes. Meiosis was irregular. 
Various anomalies like univalents, bivalents, trivalents laggards, loose association and unequal 
separation of chromosomes were observed in some pollen mother cells (PMCs) studied. Stomatal 
frequency was found to be lesser in triploid when compared to diploid variety. 
 
Key words: Mulberry (Morus spp.), stomatal frequency, diploid, triploid, mitosis, meiosis. 

 
 
INTRODUCTION 
 
Mulberry is an outstanding bio energy plant of the family 
Moraceae. In addition to being fed to silkworms (Bombyx 
mori L.) mulberry is used in industry, medicine, aqua-
culture, agro-forestry, social forestry and drought prone 
area development programmes (Dandin et al., 1992; 
Munirajappa et al., 1995). In sericulture, the most 
important factor is the cultivation of elite mulberry 
varieties exhibiting desirable agronomical and commer-
cial traits. It is an established fact that about 60% of the 
total cost of silk production is attributed to mulberry 
production alone. Therefore, it is very important to select 
high yielding varieties with better quality leaves. Most of 
the cultivated varieties of mulberry are diploids with 
2n=28 chromosomes, but few are polyploids (Venkatesh, 
2007). For a few Indian species, cytogenetical invest-
tigation was carried out by Kundu and Sharma (1976) 
and Venkatesh et al. (2013). Cytotaxonomy of the genus 

Morus L. clearly indicates the lacunae. Triploids (2n=42) 
are developed through natural or controlled hybridization 
between diploid and tetraploid parents and are 
considered to be superior than diploids and tetraploids in 
leaf yield and nutritive qualities of leaf. In the present 
study, an attempt to understand the stomatal frequency, 
somatic chromosome number and meiotic behaviour of 
two different varieties of mulberry have been discussed. 
 
 
MATERIALS AND METHODS 
 
Mulberry varieties S34 and Tr-10 were used in the present study and 
maintained in the germplasm bank attached to Department of 
Sericulture, Bangalore University, Bangalore. Somatic preparations 
were made from excised root tips of potted plants. Root tips were 
collected at 10.15a.m. and pre-treated with 0.002 M 8- hydroxy 
quinoline for 3 h at 10°C. 
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After thorough washing, root tips were hydrolysed in 1 N HCl for 
seven minutes at 40°C and then stained with 2% aceto-orcein. 
Squash preparations were made in 45% acetic acid. Photographs 
were made on the same day of preparation to ascertain the 
chromosome number and ploidy level. For meiosis, flower buds of 
appropriate stages of development were collected between 9.20 to 
10.30 a. m. during sunny days and fixed in 1:3 acetic-alcohols for 
24 h and preserved in 70% ethanol. Anthers were squashed in 2% 
aceto-carmine stain. Photo-micrographs were taken using labomed 
microscope fitted with Nikon cool fix digital Camera. Stomatal 
frequency was determined by nail polish impression method. 
Stomatal frequency was calculated by using the formula and 
expressed as number of stomata/mm

2
 (Aneja, 2001; Sikdar et al., 

1986). 
 

 

                                                   Number of Stomata 
            Stomatal frequency =                                           x mm2  
                                                Area of microscopic field 
 

 
 
 
RESULTS AND DISCUSSION 
 
Variety S34 
 
Variety S34 evolved through artificial hybridization 
between S30 and C776 at Central Sericultural Research 
and Training Institute, Mysore. This variety is best suited 
for rain fed condition. It has better rooting and sprouting 
abilities and it is capable of thriving well both in temperate 
and tropical climatic conditions. Stem is green to brown in 
colour. Leaves are unlobed ovate and light green in 
colour. The stomatal frequency of this genotype was 
found to be 190.97/mm

2
 (Figure 1a). This genotype 

revealed 2n=28 somatic chromosomes number (Figure 
1b) and it is a diploid genotype. Mitosis was regular with 
equal separation. Meiotic behaviour was also regular. In 
metaphase I majority of the pollen mother cells (PMCs) 
exhibited 14 bivalents are scattered in the cytoplasm 
without any additional association, of which one bivalent 
was larger than the others (Figure 1c). Anaphase I 
showed equal separation of chromosomes were clearly 
discernible to the respective poles (Figure 1d). Telophase 
and prophase II were also observed in Figure 1e and f, 
respectively. Anaphase II was quite abnormal due to the 
presence of laggards, unequal separation and precocious 
movement of chromosomes (Figure 1g). Pollen stain 
ability was found to be 97.23% (Figure 1h). 
 
 

Variety Tr-10 
 
It evolved through ployploid breeding technique. It is 
being cultivated as a perennial bush especially in hilly 
tract. Stem is green to brown in colour. Leaves are 
unlobed ovate and dark green in colour. The Stomatal 
frequency of this genotype was found to be 161.21/mm

2
 

(Figure 2a). This genotype revealed 2n=42 somatic 
chromosomes number (Figure 2b) and it is a triploid 
genotype. Meiosis was irregular. Metaphase I showed 
loose association   and  various  types   of  chromosomal  

 
 
 
 
associations (Figure 2c). Depending on the pairing of 
chromosomes, uni, bi, and trivalents showed different 
configurations. Anaphase I, showed unequal separation 
of chromosomes (Figure 2d). Majority of the PMCs 
showed unequal separation of chromosomes at 
anaphase I. Chances of equal distribution was meagre 
and 22:20 and 23:19 distribution were common among 
the PMCs observed. In this variety, the trivalents 
frequency was high and various types of chromosomal 
configurations („ >-‟ „---‟ and „v‟) were observed. Different 
types of chromosomal configurations found in the present 
study corroborated the findings of Das et al. (1984), 
Basavaiah et al. (1990) and Venkatesh and Munirajappa 
(2012) in triploid mulberry varieties. Telophase I was also 
observed (Figure 2e). Pollen stain ability was found to be 
92.23% (Figure 2f). 

Cultivars S34 and Tr-10 have similarity in their adaptation 
that is, unlobed and light green leaves, good rooting, etc. 
Triploid forms are better rooting, grow more quickly and 
posses larger leaves when compared to diploids and 
tetraploids (Eswar Rao et al., 2000). Stomatal frequency 
is an important parameter in selecting drought resistant 
genotype and also belived to regulate leaf yield. The 
frequency of stomata per unit area is significantly less in 
triploid compared to diploid. Basavaiah and Murthy 
(2001) reported that, moisture retention capacity will be 
higher in those mulberry varieties possessing smaller and 
lower stomatal frequency. The present findings are also 
in agreement with the reports of Vijayan et al. (1998). 
Stomatal frequency also correlated with drought and 
disease resistant (Hatalli et al., 1993; Nautiyal et al., 
1994). Further lesser frequency per unit area is more 
suitable for rain fed conditions. However, reduction in the 
internodal and number of stomata per unit area indicates 
that the increased dosage of genes does not always 
increase in size but may also reduce it (Dwivedi et al., 
1986). 

In the present investigation in the genus Morus 
analyzes the chromosome number, ploidy level, meiotic 
behaviour and stomatal frequency in two different 
mulberry genotypes. Among these, the present study 
recorded the S34 is diploid (2n=28) and Tr-10 is triploid 
(2n=42) chromosome number of the mulberry varieties 
studied. 

In general meiosis in diploid was regular and it was 
clear that the gametic chromosomes number was n=14 
with regular mega chromosomes. There were no 
secondary associations and multivalents in metaphase I.  
Presence of 14 bivalents in most of the PMCs at meta-
phase I confirms the diploid nature of the variant. The 
high frequency of bivalents is suggestive of a fair degree 
of homology between the constituent genomes and allo 
diploid nature of the variety.  One bivalent was found 
bigger in comparison to others as also reported by Gill 
and Gupta (1979) in Morus.  Anaphase I was quite abnor-
mal in triploid variety due to unequal separation of chro-
mosomes, is attributed to irregularities in basic process
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Figure 1. a and b. Stomatal frequency and somatic chromosomes (2n=28) of variety S34, c. 
metaphase I (13 bivalents and one large bivalent scattered in the cytoplasm). d. anaphase I, 
e. telophase I, f. prophase II, g. anaphase II (laggards and unequal separation of  
chromosomes),  h. pollen grains. 

 
 
 
like chromosome pairing and alignment. The presence of 
higher percentages of trivalents in metaphase I is a 
suggestive of fair degree of homology between the 
constituent genomes and auto triploid nature of the 
variety. Meiotic abnormalities such as unequal sepa-
ration, presence of uni, bi and trivalents, loose asso-
ciation and irregular distribution of chromosomes to 
different poles have resulted in the size variation of pollen 
and their low fertility compared to diploids. Reduced 

pollen fertility observed in triploid here is in confirmation 
with the findings of Tikader and Dandin (2007). Reduction 
in pollen fertility in triploid variety can be attributed as 
multivalents association during synopsis and invariably 
results in loss of chromatin materials (Gottschalk, 1978). 
These findings will be much use in establishing a 
phylogenetic relationship, evolution of mulberry and 
selecting mother plants for hybridization on the basis of 
micro morphology, somatic chromosome number and  
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Figure 2a and b. Stomatal frequency and somatic chromosomes (2n=42) of variety Tr-10, c. 
metaphase I (loose association of trivalents), d. anaphase I (unequal separation of 
chromosomes), e. telophase I, f. pollen grains. 

 
 
 
ploidy level of the mulberry varieties. 
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More than 70% of earth’s surface is covered by cold ecosystems and these ecosystems have been 
colonized by a class of extremophilic microorganisms called as psychrophiles. Thus psychrophiles are 
true extremophiles that has the ability to live in extremely low temperature conditions. Psychrophilic 
yeasts are important due to their physiological adaptation at low temperature and they have potential 
application in biotechnology. Psychrophilic yeast produces cold-active enzymes having numerous 
applications in textile, medical and pharmaceuticals, fine chemical synthesis, food industry, domestic 
and environmental applications. Psychrophilic enzymes from yeast have attracted attention of 
researchers to explore the new application of these enzymes because of their high activity at low and 
moderate temperatures. The present review describes various immune biotechnological applications of 
different cold-active enzymes produced by psychrophilic yeast in different industries. 
  
Key words: Extremophilic microorganisms, cold-active enzymes, environmental applications. 

 
 
INTRODUCTION 
 
Microorganisms which are able to grow at low 
temperature have been known for long time (Morita, 
1966; Farrell and Rose, 1967). Psychrophiles are the 
microorganisms that have colonized all permanent cold 
environments. Psychrophilic organisms have been 
classified in two groups:  
 
i) Which are obligate  psychrophiles  with  optimal  growth  

temperature of ≤ 20°C.  
ii) Which are facultative psychrophiles with optimal 
growth temperature of > 20°C (Stokes, 1963). 
 
Cold-adapted microorganisms can grow at 0°C and are 
classified as psychrophilic if their optimum and maximum 
temperatures for growth are ≤15 and ≤ 20°C, 
respectively, or as psychrotolerant (psychrotrophic) if 
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their maximum temperature for growth is above 20°C 
(Robinson, 2001; Gounot, 1986). Psychrotolerant 
microbes have an optimum growth temperature between 
20 and 40°C, but are also capable of growth at 0°C 
(Morita, 1975). As the name suggests, these are cold 
loving microbes that are commonly found in Polar region 
and also in deep sea, mountains, glaciers, fresh and 
marine waters, polar and high alpine soils, all together 
constituting about three-fourth of the biosphere. These 
organisms produce cold evolved enzymes that are 
partially able to cope with the reduction in chemical 
reaction rates induced by low temperatures (D'Amico et 
al., 2002). The mesophilic yeasts grow between 5 to 
35°C. In comparison, the psychrophilic yeasts grow 
below 5°C and exhibit no growth above 20°C (Shivaji and 
Bhaskar, 2008). As a group the mesophilic yeasts are the 
most predominant and constitute the vast majority of the 
yeasts studied so far as compared to psychrophilic and 
thermophilic yeasts. Cold-active enzyme might offer 
novel opportunities for biotechnological exploitation 
based on their high catalytic activity at low temperature, 
low thermo stability and unusual specificities (Russell, 
2000). 

Because of potential biotechnological applications, 
cold-adapted microorganisms have become increasingly 
studied in recent years, of the microorganisms most 
isolated and studied from cold environments, the majority 
are bacteria, while yeasts constitute a minor 
proportion (Margesin and Miteva, 2011). Oceans 
represent 71% of earth‟s surface and 90% by volume, 
which are at 5°C. It has been estimated that more than 
90% (by volume) of the marine water masses are colder 
than 4°C (Morita, 1966). Antarctica is considered the 
coldest and driest terrestrial habitat on Earth. It is 
covered almost totally with ice and snow, and receives 
high levels of solar radiation (Holdgate, 1977). 

The range of species within a particularly cold habitat 
reflects many different parameters (for example, primary 
nutrient, ability to withstand desiccation, pH, salinity) to 
which an organism must adapt (Blaise et al., 2004). 

In this review, we focus on psychrophilic yeast and their 
cold-active enzymes having biotechnological applications 
in different industries like; detergent, medical and 
pharmaceuticals, fine chemical synthesis, food, textile, 
and domestic industries.  
 
 
PSYCHROPHILIC YEASTS AND THEIR HABITATS 
 
Psychrophiles are more likely to be found in permanently 
cold environments such as polar region (Sabri et al., 
2001), marine environment and deep water (D′Amico et 
al., 2006). Psychrophilic yeasts have been isolated from 
marine waters, Arctic and Alpine glaciers, and Antarctic 
ecosystems; their occurrence and abundance in these 
environments have been described (Vishniac, 1999; Díaz  
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and Fell, 2000; Bergauer et al., 2005; Buzzini et al., 
2005). Most of the work particularly on psychrophilic 
yeast and their cold-active enzymes have been reported 
from Antarctica. The first report of Antarctic yeasts was 
published 50 years ago (Menna, 1960) current reports 
have focused on cold-tolerant bacteria and archaea, with 
yeasts receiving less attention. The occurrence of 
psychrophilic yeasts has been reported in glacial melt-
water rivers originating from glaciers of Argentinean 
Patagonia (García et al., 2007). Butinar et al. (2007) 
reported the occurrence of viable yeasts in the different 
ice layers of Arctic glaciers located in the Svalbard 
Islands Norway. 

In these environments, psychrophilic and psychro-
trophic microorganisms are believed to play key roles in 
the biodegradation of organic matter and the cycling of 
essential nutrients (Welander, 2005; Lambo and Patel, 
2006; Ruberto et al., 2005). Psychrophilic yeasts, 
particularly Cryptococcus sp. have been isolated 
repeatedly from soil samples and some researchers have 
described them as the most important life form in 
Antarctic desert soils (Vishniac and Klinger, 1986). 
Yeasts dwelling in Antarctic and Sub-Antarctic maritime 
and terrestrial habitats belong mainly to the 
Cryptococcus, Mrakia,  

Candida and Rhodotorula genera (Buzzini et al., 2012; 
Vaz et al., 2011). The presence of organic carbon and 
nitrogen sources in waters, originated from melting 
glacier ice, have been demonstrated and the occurrence 
of yeast strains degrading a variety of organic 
compounds including polysaccharides, esters, lipids and 
pectin‟s have been observed in the yeasts isolated from 
Alpine glacier environments (Skidmore et al., 2000; 
Margesin et al., 2002). 

Other than Antarctic, psychrophilic yeast C. capitatum 
SPY11 were isolated from the soil of northern region of 
India Kashmir valley; the yeast was able to grow up to 
20°C above which it couldn‟t grow normally (Hamid et al., 
2012). Shivaji and Bhaskar (2008), reported novel 
psychrophilic yeast Rhodotorula Himalayans sp. Nov; 
isolated from a Roopkund lake of Himalayan mountain 
range. 
 
 
BIOTECHNOLOGICAL APPLICATION OF COLD-
ACTIVE ENZYMES 
 
Extremophiles are a potent source of extremozymes, 
which show outmost stability under extreme conditions. 
Consequently, much attention has been given to the 
microorganisms that are able to thrive in extreme 
environments. Thus, biocatalysis using extremophiles as 
well as extremozymes is rapidly being transformed from 
an academic science to an industrially viable technology. 
Each group of the extremophiles has unique features, 
which can be harnessed to provide enzymes with  a  wide 

http://www.ncbi.nlm.nih.gov/pubmed/11279019
http://www.ncbi.nlm.nih.gov/pubmed/16585939
file:///D:\BURHANS%20THESIS\JUST%20IN\iddentified%20yeast%20burhan\New%20YEAST%20isolated%20from%20Antarctic%20soil.htm%23B22%23B22
http://www.ncbi.nlm.nih.gov/pubmed/16775787
file:///D:\BURHANS%20THESIS\JUST%20IN\iddentified%20yeast%20burhan\New%20YEAST%20isolated%20from%20Antarctic%20soil.htm%23B14%23B14


 

 

2190          Afr. J. Biotechnol. 
 
 
 
range of application possibilities (Adams et al., 1995; 
Hough et al., 1999). Microbial enzymes are also more 
stable than their corresponding plant and animal 
enzymes and their production is more convenient and 
safer (Wiseman, 1995). Psychrophiles produce cold-
adapted enzymes that have high specific activities at low 
temperatures (Feller and Gerday, 2003). These enzymes 
have the ability to support transcription and translation at 
low temperatures (Goodchild et al., 2004).  Psychrophilic 
enzymes isolated from psychrophilic yeasts exhibit high 
activity at low and moderate temperatures and thus offer 
potential economic benefits (Allen et al., 2001). 
Kourkoutas et al., (2002) reported that psychrophilic 
yeast can be used in low temperature fermentation. Cold-
active or cold-adaptive enzymes have attracted great 
attention as biocatalysts because they have the ability to 
resist quite unfavorable reaction conditions in industry 
(Deming, 1998; Singh et al., 2012; Sahay et al., 2013). 
Psychrophilic and psychrotolerant microorganisms and 
their unique cold shock and cold-acclimation proteins and 
enzymes (for example, proteases, lipases and cellulases) 
having a host of biotechnology applications (Gounot, 
1991).  Industrially interesting enzymes that are screened 
from yeasts are lipase / esterase, amylase, cellulase and 
β-glucosidases (Middelhoven, 1997; Laitila et al., 2006; 
Kudanga et al., 2007; Strauss et al., 2001; Buzzini and 
Martini, 2002; Rodríguez et al., 2004). 

There are nearly 4000 enzymes known today and of 
these about 200 are in commercial use (Sharma et al., 
2001). As a rule, enzymes produced by microorganisms 
existing in cold environments display higher catalytic 
efficiency at low temperatures and greater thermo 
sensitivity than their mesophilic counterparts (Gerday et 
al., 1997). Psychrophilic yeast has been reported to be 
used in low temperature fermentation (Pfeffer et al., 
2006; Liu et al., 2006; Kourkoutas et al., 2002). The high 
activity of psychrophilic enzymes at low and moderate 
temperatures offers potential economic benefits 
(Cavicchioli et al., 2002). There is an industrial tendency 
to treat foodstuffs under mild conditions in order to avoid 
spoilage, and changes in taste and nutritional value at an 
ambient temperature. Therefore, cold-active enzymes are 
used for processing foods, (Margesin and Schinner, 
1994; Russell and Hamamoto, 1998; Gerday et al., 
2000). Cold-active enzymes with unique molecular 
adaptabilities (Feller and Gerday, 1997) have opened up 
potential newer areas of applications (Singh et al., 2012; 
Sahay et al., 2013). Processes catalyzed by cold-active 
enzymes have two advantages, they have potential to 
economise the processes by saving energy (Deming, 
1998; Cavicchioli et al., 2002), and they protect the 
processes from contamination (Gardey et al., 2000). Over 
91 basidiomycetous yeasts (belonging to the genera 
Cryptococcus, Leucosporidiella, Dioszegia, Mrakia, 
Rhodotorula, Rhodosporidium, Sporobolomyces, 
Sporidiobolus,   Cystofilobasidium   and   Udeniomyces)  

 
 
 
 
have been screened for extra cellular amylolytic, 
protolytic, lepolytic, esteric, pectinolytic, actenolytic 
activities (Brizzio et al., 2007).  These findings suggest 
that cold environments of Patagonia (Argentina) may be 
considered as a potential source of cold adapted yeasts 
producing industrially relevant cold-active enzymes 
(Brizzio et al., 2007).  The majority of the industrial 
enzymes are of microbial origin. Several microbes are 
capable of using these substances as carbon and energy 
sources by producing a vast array of enzymes in different 
environmental niches (Kaur et al., 2004; Antranikian, 
1992). 

The ability to heat-inactivate cold-active enzymes has 
particular relevance to the food industry where it is 
important to prevent any modification of the original heat-
sensitive substrates and product. This is also of benefit in 
sequential processes (example, molecular biology) where 
the actions of an enzyme need to be terminated before 
the next process is undertaken; with cold-adapted 
enzymes this might be accomplished by heat inactivation 
rather than chemical extraction (Russell et al., 1998; 
Gerday et al., 2000). Cold-active enzymes from psychro-
philic yeasts can be applied to the food industry, for 
clarification of fruit juice at low temperature.  

The enzymes from microorganisms are used in various 
industries such as dairy, food, detergents, textile, 
pharmaceutical, cosmetic and biodiesel industries, and in 
synthesis of fine chemicals, agrochemicals and new 
polymeric materials (Saxena et al., 1999; Jaeger and 
Eggert, 2002). Several yeast strains have been explored 
in regards to the biological treatment of industrial and 
domestic waste water (Thanh and Simard, 1973; Ohno et 
al., 1991). Katayam et al. (1997) reported psychrophilic 
yeast Candida sp. which was isolated from water 
samples from Lake Vanda in Antarctica it can be used for 
the treatment of dissolved organic matter at low 
temperatures.  

In recent years, the potential of using microorganisms 
as biotechnological sources of industrially relevant 
enzymes has stimulated interest in the exploration of 
extracellular enzymatic activity in several microorganisms 
(Akpan et al., 1999; Abu et al., 2005). The properties of 
cold-active enzymes provide numerous avenues for 
industrial application; however, specific properties may 
be improved through enzyme engineering. 
 
 
Pectinases 
 
Pectinolytic enzymes or pectinases are a heterogeneous 
group of enzymes that hydrolyze the pectic substances 
present in plants. They include polygalacturonases (PG), 
pectin lyase (PL), and pectin esterase (PE) that hydrolyze 
the glycosidic bonds of pectic substances (Fogarty and 
Kelly, 1983). Psychrophilic yeast strains C. cylindricus 
and M. frigida  have been  isolated  from  soil  of  Abashiri  
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(Nakagawa et al., 2004). The isolated strains can grow 
on pectin as the only carbon at below 5°C and showed 
the activities of several cold-active pectinolytic enzymes 
(Nakagawa et al., 2004).  

Eight cold-adapted polygalactu-ronase producing 
yeasts have been isolated from frozen environmental 
samples of Iceland, which belong to C. larimarini, C. 
capitatum, C. macerans and C. aquaticus (Birgisson et 
al., 2003). It have been demonstrated that yeasts such as 
Kluyveromyces wickerhamii (Moyo et al., 2003) and 
moulds such as Aspergillus niger CH-Y-143 (Aguillar and 
Huitron, 1990), are capable of producing 
polygalacturonases constitutively. 

The cold-active pectinolytic enzymes (Pectin 
methylesterase PME, endo-PG and exo-PG) from the 
newly isolated and identified psychrophilic yeast C. 
capitatum SPY11 and psychrotolerant yeast R. 
mucilaginosa PT1that exhibited 50 to 80% of their 
optimum activity under some major ecological conditions 
pH (3 to 5) and temperatures (6 and 12°C) could be 
applied to wine production and juice clarification at low 
temperature (Sahay et al., 2013). Pectinolytic enzymes 
are used for the degradation of pectin compounds in the 
fruit and vegetable processing industries (Alkorta et al., 
1998). Cold-active pectinolytic enzymes are required in 
wine industries both for extraction and for clarification 
(Merin et al., 2011). Cold-active pectinases in addition 
has potential to maintain nutritional value, taste and 
sensory features (Nakagawa et al., 2002). 

Most studies that involve the screening of yeasts for 
enzyme production target proteinase or pectinase, mainly 
because these are important enzymes used to clarify fruit 
juices (Braga et al., 1998). Earlier cold-active pectinase 
produced by psychrophilic yeast C. capitatum strain PPY-
1 (Nakagawa et al., 2002) had been reported; these 
enzymes may be used for processing foods (Margesin 
and Schinner, 1994; Russell et al., 1998; Gerday et al., 
2000). It have been reported that PPY (Pectinolytic-
psychrophilic yeast) were examined for pectinolytic 
activities at 5°C and strains exhibited pectin esterase 
activities (Nakagawa et al., 2004). Six psychrophilic 
fungal isolates has been reported earlier from the new 
geographical region of Jammu and Kashmir, India as a 
source of cold-active pectinolytic activities of oenological 
grade (Singh et al., 2012).  
 
 
 
Lactases 
 
Lactose is the main part of daily intake carbohydrate. β-
Galactosidase hydrolyzes lactose into glucose and 
galactose, so it‟s commercially called lactase (Shukla and 
Wierzbiciki, 1975). Hamid et al. (2013) reported that 
psychrophilic yeast C. capitatum SPY11 and psychro-
tolerant yeast R. mucilaginosa PT1 strains produce cold- 
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active β-galactosidases that are able to degrade lactose 
at low temperature; β-galactosidase activity of both 
strains was found highest at 4°C, thus reflecting  the 
nature of  cold active enzymes. The β-galactosidase 
enzyme produced by these strains will have potential 
application at low temperature in dairy as well as in 
biotechnological industries.  

Use of cold-active lactase has added advantage to 
catalyze lactose hydrolysis at storage temperature (that is 
4°C) with no extra effort to change place and at the same 
time no risk of contamination which is possible at higher 
temperature. A number of important genes coding for 
cold-active β-galactosidase have been detected in yeast 
(Nakagawa et al., 2006a, b). Therefore, cold-active 
lactases have recently been attracting attention, as there 
is an increasing industrial trend to treat dairy products 
under mild conditions to avoid spoilage and changes in 
the taste and nutritional value, and cold-active lactase 
can be inactivated at a low temperature without heat 
treatment (Margesin, and Schinner, 1994). The 
psychrotrophic yeasts (PPY-1) C. capitatum with β-
galactosidase activity have been isolated (Nakagawa et 
al., 2002). It has been reported that A. psychrolactophilus 
strains B7, D2 and D5 produce cold-active β-
galactosidase (Loveland et al., 1993). Cold-adapted β-
galactosidase with high activity levels at low 
temperatures might prove to be useful for removing 
lactose from refrigerated milk enabling it to be consumed 
by lactose intolerant individuals, and for converting 
lactose in whey into glucose and galactose. K. lactishas 
been used for its industrial potential in the production of 
β-galactosidase enzyme which could be used to reduce 
the lactose content of milk (Suarez et al., 1995). 
 
 
Amylases 
 
Amylases are enzymes that hydrolyze starch molecule to 
give diverse products including dextrin and progressively 
smaller polymers made up of glucose units (Pandey et 
al., 2000; Syed et al., 2009). Amylases have been 
estimated to comprise approximately 30% of the world‟s 
enzyme production (Maarel et al., 2002). These enzymes 
can be divided basically into four groups: endoamylases, 
exoamylases, debranching enzymes and transferases 
(Maarel et al., 2002). Though amylases originates from 
different sources (plants, animals and microorganisms), 
the microbial amylases are the most produced and used 
in industry, due to their productivity and thermo stability 
(Burhan et  al., 2003). Fungi, bacteria and yeasts have 
been reported to produce these enzymes (Salvakumar et 
al., 1996). 

Amylases are one of the most important industrial 
enzymes that have a wide variety of applications ranging 
from conversion of starch to sugar syrups, to the 
production  of   cyclodextrins   for   the    pharmaceutical  
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industry (Maarel et al., 2002; Satyanarayana et al., 2005). 
Processes catalyzed by cold-active enzymes have two 
advantages: they have potential to economise the 
processes by saving energy (Deming, 1998; Cavicchioli 
et al., 2002), and they protect the processes from 
contamination (Gardey et al., 2000). Mould amylases are 
used in alcohol production and brewing industries (Van 
and Smith, 1968). Amylases are significant enzymes for 
their specific use in the industrial starch conversion 
process (Nigam and Singh, 1995). 

Amylases have been found in many yeast species 
(Gupta et al., 2003; De Mot et al., 1984) including 
Lipomyces kononenkoae (Prieto et al., 1995), 
Schwanniomyces alluvius (Wilson and Ingledew, 1982; 
Moranelli et al., 1982), Trichosporon pullulans (De Mot 
and Verachtert,  1986), Candida antarctica (De Mot and 
Verachtert  1987) and C. flavus (Wanderley et al., 2004). 
A cold active α-amylase from Antarctic psychrophile 
Alteromonas haloplanktis was reported to exhibit 
maximum α-amylase production at 4°C (Ramachandran 
et al., 2004; Hayashida and Teramoto, 1986; Moller et al., 
2004). A mutant strain of yeast (S. cerevisiae) has been 
found to secrete amylases (Wang et al., 2001).   
 
 
Proteases 
 
Proteases represent one of the three largest groups of 
industrial enzymes and have traditionally held the 
predominant share of the industrial enzyme market 
accounting for about 60% of total worldwide sale of 
enzymes (Rao et al., 1998). Cold active proteases have 
found their way into many applications like in industries of 
detergents, food, textiles, cosmetics, beverages, 
pharmaceutical, bioremediation and bakery (Hamamoto 
et al., 1994; Baghel et al., 2005; Anwar and 
Saleemuddin, 1998; Gupta et al., 2002). 

Cold-adapted or low temperature tolerant proteases 
suit well in waste management in cold environments, 
where the degradation capabilities of endogenous 
microflora are reduced due to low temperatures. Probably 
the largest application of proteases is in laundry 
detergents, where they help in removing protein based 
stains from clothes (Banerjee et al., 1999). 
Psychrotrophic, dimorphic yeast Candida humicola, 
isolated from Antarctic soil, secretes an acidic protease 
into the medium (Ray et al., 1989). Earlier studies have 
indicated that yeasts belonging to the genera 
Kluyveromyces, Endomycopsis, Cephalosporium, 
Aureobasidium, Saccharomycopsis, Rhodotorula, 
Candida and most sporobolomycetes and trichosporons 
secrete proteolytic enzymes (Ahearn et al., 1986). Many 
of these yeasts are probably also psychrotrophic (Ahearn 
et al., 1986), but the proteolytic enzymes secreted by 
them has been neither purified nor characterized. Cold-
adapted proteases thus can be used  to  optimize present  

 
 
 
 
day industrial processes and for developing future 
technologies with less energy inputs and process cost by 
removing the cost of heat inactivation step (Cavicchioli  et 
al., 2002; Deming,  2002; Margesin et al.,  2002). 
 
 
Phytases 
 
Phytase is an enzyme that releases digestible 
phosphorus, calcium and other nutrients from phytic acid 
(myo-inositol hexakisphosphate) and thereby, help to 
reduce environmental phosphorus pollution (Mllaney et 
al., 2000). Phytases are found naturally in plants and 
microorganisms, particularly fungi (Stanley, 1961; 
Somoilova, 1980; Valikhanov et al., 1981; Wang et al., 
1980). Several yeast species have been screened for 
their extracellular phytase activity and it was also 
reported that yeasts are important source of phytases 
(Nakamura et al., 2000; Vohra and Stayanarayan, 2001; 
Wodzinski and Ullah, 1996). Cold-active phytases from 
psychrophilic yeasts will help in reducing the phosphorus 
pollution in the cold environments. Earlier reports also 
attest the stability of yeast phytate (Quan et al., 2001) 
from C. krusei. 

Phytase is already used as a supplement in diets for 
monogastric animals to improve phosphate utilization 
from phytate, the major storage form of phosphate in 
plant seeds. In recent years, this class of enzymes has 
also been found increasingly interesting for use in 
processing and manufacturing of food for human 
consumption, particularly because the decline in food 
phytate results in an enhancement of mineral 
bioavailability. Different strategies could be applied to 
optimize phytate degradation during food processing and 
digestion in the human alimentary tract such as 
adjustment of more favourable conditions during food 
processing for the phytases naturally occurring in the raw 
material, addition of isolated phytases to the production 
process, use of raw material with a high intrinsic phytate-
degrading activity either naturally present or introduced 
by genetic engineering and the use of recombinant food-
grade microorganisms as carriers for phytate-degrading 
activity in the human gastrointestinal tract (Greiner and 
Konietzny, 2006). Furthermore, phytases may find 
application in the production of functional foods or food 
supplements with health benefits.  
 
 
Lipases 
 
Lipases are a class of enzymes which catalyze the 
hydrolysis of long chain triglycerides and constitute the 
most important group of biocatalysts for biotechnological 
applications (Joseph et al., 2007). Lipases were first 
discovered in 1856 by Claude Bernard when he studied 
the role  of  the  pancreas in fat  digestion  (Peterson  and  



 

 

 
 
 
 
Drablos, 1994). Lipolytic enzymes are grouped into three 
main categories, which are esterases, phospholipases 
and lipases (Arpigny and Jaeger, 1999). Permanently 
cold regions such as glaciers and mountain regions are 
another habitat for psychroplillic lipase producing 
microorganisms (Joseph, 2006). Microbial lipases are 
also more stable than their plant and animal derivatives 
and their production is easier and safer for industrial and 
research applications (Schmidt-Dannert, 1999). 

Although a number of lipase producing sources are 
available, only a few bacteria and yeast were exploited 
for the production of cold adapted lipases (Joseph, 2006). 
Psychrotrophic fungi such as Rhizopus sp., Mucorsp., 
have been reported to produce cold active lipases 
(Coenen, 1997). An extensive research has been carried 
out in the cold active lipase of C. antarctica compared to 
other psychrophilic fungi. Use of lipase B from C. 
antarctica for the preparation of optically active alcohols 
has been reported (Rotticci et al., 2001). Lipase from C. 
antarctica has been evaluated as catalyst in different 
reaction media for hydrolysis of tributyrin as reaction 
model (Salis et al., 2003). C. lipolytica, G. candidum and 
P. roqueforti have been isolated from frozen food 
samples and reported to produce cold active lipases 
(Alford and Pierce, 1961). 

Cold active lypolytic enzymes are currently attracting 
an enormous attention because of their biotechnological 
potential (Benjamin and Pandey, 1998). Psychrophilic 
enzymes are highly approached for different industrial 
applications; it has been reported that alkaline yeast 
lipases are preferred because they can work at lower 
temperatures as compared to bacterial and fungal lipases 
(Ahmed et al., 2007; Saxena et al., 1999). Various 
industrial applications of cold-active microbial lipases in 
the medical and pharmaceuticals, fine chemical 
synthesis, food industry, domestic and environmental 
applications have been reported (Joseph et al., 2007). 
Cold active lipase A and lipase B from Candida 
antarctica have been expressed in C. antarctica and E. 
coli, respectively, for their biotechnological applications 
(Pfeffer et al., 2006; Liu et al., 2006). Research on 
microbial lipases, has increased due to their great 
commercial potential (Silva et al., 2005). Cold-active 
lipases could be a good alternative to mesophillic 
enzymes in brewing industry and wine industries, cheese 
manufacturing, animal feed supplements and so on 
(Collins et al., 2002). 
 
 
Xylanases 
 
Xylan is the major component of hemicellulose consisting 
of β-1, 4-linked D-xylopyranosyl residues. The hydrolysis 
of xylan in plant materials is achieved by the use of a 
mixture of hydrolytic enzymes including endo-β-1, 4-
xylanase  and  β-D-xylosidase  (Polizeli et al., 2005).  The  
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importance of xylanase has tremendously increased due 
to its biotechnological applications for pentose 
production, fruit-juice clarification, improving rumen 
digestion and the bioconversion of lignocellulosic 
agricultural residues to fuels and chemicals (Nigam and 
Pandey, 2009; Srinivasan and Rele, 1995; Garg et al., 
1998). 

Xylanase from an Antarctic yeast C. adeliae that 
exhibits optimal growth at low temperature has been 
reported (Petrescu et al., 2000). The xylanase from C. 
adeliae is less thermostable than its mesophilic homo-
logue when the residual activities are compared, and this 
difference was confirmed by differential scanning calo-
rimetry experiments. In the range 0 to 20°C, the cold-
adapted xylanase displays lower activation energy and a 
higher catalytic efficiency (Petrescu et al., 2000).  

It has been found that yeast, unlike bacteria, can 
perform certain post translational modifications, such as 
glycosy-lation which particularly affects the enzymatic 
activity of recombinant proteins, as demonstrated for the 
xylanase from yeast C. albidus (Runge et al., 1988). 
Scorzetti et al. (2000) isolated a C. adeliensis sp. nov.  
from Terre Adelie, Antarctica, this produced a cold-active 
xylanase. Amoresano et al. (2000) reported that a 
common folding motif might occur within the entire 
xylanase family isolated from psychrophilic yeast. 
Alkaliphilic xylanases would also be required for 
detergent applications where high pHs are typically used 
(Kamal et al., 2004).Cold-adapted family eight xylanase 
is more efficient in baking than a commonly used 
commercial enzyme (Dutron et al., 2004). Xylanase from 
psychrophilic Coprinus psychromorbidus have been 
reported (Inglis et al., 2000). 

 
 
CONCLUSION 

 
There are a lot of industrial processes to which cold 
active enzymes can be applied to improve the quality and 
the yield of final products. It is important to investigate the 
production conditions and physico-chemical charac-
teristics of psychrophilic enzymes produced by psychro-
philic yeasts. Cold-active enzymes having a set of 
biochemical and physical properties can be generated for 
each specific industrial process. These studies can 
provide valuable tools for biotechnologists and microbio-
logists to improve microorganisms and make them able 
to produce efficient cold-active enzymes. More studies 
are required to find out newer venues of applications as 
the field of cold active enzymes is yet at infancy. 
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Persimmon (Diospyros kaki Thunb.) fruit is delicious as well as rich in nutritive and medicinal values. 
The fruit is not available throughout the year and also could not be grown across the world but is liked 
in many countries. Many people have access only to the dried fruits. Therefore, the demand of quality 
dry fruit is very high. This study was carried out to investigate the effect of persimmon-peel extracts in 
maintaining the quality characteristics of dried persimmon. Different treatments applied to the dried 
fruit were assessed on the basis of physicochemical and organoleptic properties. The findings reveal 
that dried persimmon sprayed with 10% persimmon-peel extract exhibited the highest overall 
acceptance value with considerable nutritional and mineral composition as compared to other 
treatments. The results suggest that application of persimmon-peel extracts could rather be effective to 
enhance the overall acceptance of dried persimmon fruit together with maintaining its nutritional quality 
as compared to the commercially available synthetic preservatives. 
 
Key words: Exogenous application, natural extract, nutritional composition, mineral composition, dried 
persimmon. 

 
 
 
INTRODUCTION 
 
Persimmon (Diospyros kaki Thunb.) is native to China but 
has been cultivated in many countries having cold 
climatic condition. It is a very delicious fruit with different 
nutrients and phytochemicals such as carbohydrates, 
organic acids, vitamins, tannins, polyphenols, dietary 
fiber, carotenoids, etc., which significantly contribute to its 
taste, color, nutritive and medicinal values (Celik and 

Ercisli, 2007; Del Bubba et al., 2009; Ebert and Gross, 
1985; Gorinstein, 1999). This fruit is seasonal so it is not 
available throughout the year and also could not be 
cultivated across the world but is liked in many countries. 
Therefore, dried fruits could be a good option to them 
who are living in those areas where persimmon is not 
produced. 
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A diet fortified with dry persimmon peel is more efficient 
than the same diet fortified with dry persimmon pulp. The 
health-derived benefits are more in the peel due to the 
presence of carotenoids, polyphenols, ascorbic acid, and 
dietary fiber as compared to pulp (Gorinstein et al., 1994; 
1998). Yokozawa et al. (2007) found the potential 
benefits of persimmon peel as a valuable source of 
antioxidant in the diabetic condition which reduced the 
oxidative stress induced by hyperglycemia. The 
protective potential of proanthocyanidin from persimmon 
peel was active against oxidative damage under the 
aging process since the polymerization of 
proanthocyanidin plays an important role in retarding 
aging in a cellular senescence model (Lee et al., 2008).  

Different synthetic chemicals have been used as 
preservative of dried persimmon. To maintain the quality 
in persimmon, sulfur fumigation is often conducted to 
prevent surface browning and fungi attacks (Miller, 1984). 
The hazardous nature of sulfur, however, raises a health 
risk and food safety concerns (Islam and Hoque, 2013). 
Sulfur dioxide remained in food causes asthma or allergic 
reaction to some people. To reduce health risks and 
maintain essential quality of persimmon during drying, the 
present study investigated different potential measures. 
The objective of this research was to develop a safe 
method for preparing dried persimmon by treating it with 
natural extracts to eliminate potential health hazards of 
sulfur. Persimmon fruits were processed with varied 
concentrations of persimmon-peel extracts and persim-
mon wine to determine the effect of natural extracts on 
the quality of the resulting dried fruits. It was expected 
that the success and adoption of this natural treatment 
method could play a significant role in strengthening the 
competitiveness of harmful chemical-free persimmon 
products. 
 
 
MATERIALS AND METHODS 

 
Sample materials and chemicals 

 
Persimmon fruits of cultivar Doongsi, grown at Sangju Persimmon 
Experiment Station, Sangju, Korea, were harvested at commercial 
maturity stage in October 2011. Sulfur powder and prethanol A 
(commercially available 95% ethanol with chemical formula 
C2H5OH) were purchased from Duksan Pure Chemicals Co. Ltd. 
(Korea),  and red wine containing  15% alcohol produced in 2005  

 
 
 
 
(Cabernet Sauvignon, Australia), was obtained from a local 
wholesale market in Korea. Glucose, fructose, and sucrose were 
purchased from Sigma Chemical Co. (St. Louis, Mo, USA). 

 
 
Preparation of persimmon-peel extracts 

 
Persimmon fruits were washed with tap water and peeled off with a 
knife and sliced into about 1 cm size. A 200 g of sliced peel was 
extracted in 1800 ml of 50% prethanol A solution for 24 h. The 
persimmon peel extract was filtered and concentrated by rotary 
evaporation. The final concentration of persimmon peel extract was 
adjusted to 10%. 

 
 
Preparation of dried persimmon sample 

 
The fruits were washed with tap water and peeled off using peeler. 
The pedicels of peeled fruits were tied with string and hanged for 
natural drying. Before kept for drying, the fruits were treated as 
following: T-1, dried persimmon soaked in 70% prethanol A solution 

for 2 min at 20±1°C; T-2, dried persimmon sprayed with 70% 
prethanol A solution; T-3, dried persimmon soaked in Medilox (60 
ppm Hypochlorous acid) for 2 min at 20±1°C; T-4, dried persimmon 
sprayed with Medilox (60 ppm Hypochlorous acid); T-5, dried 
persimmon sprayed with 10% persimmon-peel extract; T-6, control 
sample (dried persimmon containing no added extract); T-7, dried 
persimmon burned with sulfur powder for 10 min at 20±1°C; T-8, 
dried persimmon sprayed with 70% prethanol A followed by 
spraying with 10% persimmon-peel extract; T-9, dried persimmon 

sprayed with Medilox (60 ppm Hypochlorous acid) followed by 
spraying with 10% persimmon-peel extract; and T-10, dried 
persimmon sprayed with wine (Alcohol 15%, Cabernet Sauvignon, 
Australia). 
About seven fruits were tied in 1 m long strings and 2 to 3 strings 
were tied together while hanging for drying. The strings of 
persimmons were hung under the eaves of a roof where they got 
plenty of sun and breeze but were protected from rain. As the fruit 
dried, a white substance of sugar started appearing on the surface. 
How long it takes to dry depends on the size of the fruit and the 
environmental conditions. In this experiment, fruits were dried for 28 
days and physical, chemical, and organoleptic analyses were 
carried out. 

 
 
Proximate analysis 

 
The moisture, crude protein, ash, and crude fiber content of dried 
persimmon were determined according to AOAC (1995) approved 
methods 950.01, 976.05, 955.03, and 962.09, respectively. Three 
replicates of each experiment were conducted to take data with 
three samples in each replication. 
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Color measurement 
 

Color measurement of sample was done by using a Chroma Meter 
CR-300 (Minolta Corp., Japan). Results were recorded using A 
Minolta calibration plate (YCIE= 94.5, XCIE= 0.3160, YCIE= 0.330) 

and a Hunter Lab Standard plate (L
*
= 97.51, a

*
= -0.18, b

*
= +1.67) 

were used to standardize the instrument with D65 illuminant. Color 
values were measured on three places of outer surface of three 
samples and the average was taken. Three independent 
replications were made for data analysis. 

 
 
Water activity and soluble solids content (°Brix) determination 

 
Water activity (aw) was measured at 30°C with a Novasina (Samil 
Ltd., RTD-500, Korea) that allows temperature controlled 
measurements of aw. Samples were analyzed for total soluble 
solids content (SSC) using a digital Refractometer (DR-A1, ATAGO 
Co. Ltd., Japan) equipped with a Thermostatic water bath set at 
20°C. Three replications were made to analyze data with three 
samples in each replication. 

 
 
Texture profile analysis 

 
A universal Texture Analyzer TA.XT2 (Stable Micro Systems Ltd., 
Surrey, England) was used for the texture profile analysis (TPA) 
(Bourne, 1978) with the probe (P/5 probe, 5 mm diameter). The test 
speed was 1.0 mm/s, the post test speed 5.0 mm/s, and the 
distance was 5.0 mm. Samples were tested in triplicates. The 

following TPA parameters were obtained through the XT.RA 
dimension software package (SMS, 1992). The mean of three 
samples was considered for each replication and three replications 
were made for data analysis. The hardness values were corrected 
for the different sample areas and expressed as (kg/cm

2
). 

 
 
Determination of free sugar 

 
Free sugars were analyzed using a method of Genard and Souty 
(1996). A 5 g of each sample was added to 10 ml of distilled water 
and homogenized using a Homogenizer (Ultra-Turrax T-25, IKA-
Labortechnik, Germany), followed by adding 20 ml of distilled water, 
then by centrifugation at 16,000 × g for 30 min. The collected 
supernatant was filtered through a Sep-Pak C18 cartridge 
(WAT023501, Waters, USA) and a Millipore 0.45-syringe filter 
(PVDF, Whatman, Japan). Free sugars were quantified using a high 
performance liquid chromatography (HPLC) (Model 9300, Younglin, 
Korea) consisting of a Refractive Index Detector (Triathlon M730D, 
Younglin, Korea), a column heater set at 85°C, Sugar-Pak (6.5 × 
300 mm Alltech, USA), and the mobile phase of deionized-distilled 
H2O delivered at 0.5 ml/min. Glucose, fructose, sucrose, and 
sorbitol, obtained from Aldrich Chemical Co. Inc. (Milwaukee, WI, 
USA), were used as reference sugars for identification. Manitol was 
used as the internal standard and the free sugars were expressed 

as percentage dry weight. 

 
 
Determination of mineral content 

 
A 0.5 g of sample was mixed with 15 ml of 65% nitric acid (HNO3). 
A solution was diluted with 50 mL of distilled water. Essential 
minerals were determined by Inductively Coupled Plasma (ICP) 

Emission Spectrophotometer (38 Plus, Jobin Yvon, Co., France) 
and heavy metals by Atomic Absorption Spectrometer (Varian 
Spectra, AA-220 FS, Australia) by following Bond et al. (2005). The 
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instrument was calibrated using known standards for each mineral. 
Average values of two replicates were used for data analysis. 
 
 
Sensory properties evaluation 

 
Samples prepared with different treatments were rated for color, 
taste (sweetness, astringency), texture, and overall acceptance, 
respectively, on the following scale: 1 point= very bad, 2 point= bad, 
3 point = moderate, 4 point = good, 5 point = very good. All the 
sensory properties were evaluated by 10 panelists (5 women and 5 
men) randomly selected in Kyungpook National University, Daegu, 
Korea. The results showed are the average values of 10 

evaluations for each sensory property. 
 
 
Statistical analysis 
 

All the data were expressed as mean±standard deviation. The 
statistical analyses were performed using the SPSS software. One-
way analysis of variance (ANOVA) was used to test statistical 
differences between treatments. Duncan's multiple range tests were 
used to examine the differences among treatment means. 
Statistical significance level was considered at p<0.05. 
 
 

RESULTS AND DISCUSSION 
 

Peels are removed during the processing of dried 
persimmon fruit. However, reports indicate that persi-
mmon peel contain high nutritional and medicinal values. 
The 2-methoxy-4-vinylphenol which is a component of 
persimmon peel has high antioxidant activity lost along 
with the peels (Fukai et al., 2009). Son et al. (2013) 
indicate that persimmon peel might possess a potential 
anti-atherogenic effect. Therapeutic properties of persim-
mon peel extract show potential antitumor and multidrug 
resistance-reversing agents (Kawase et al., 2003). 
Results of this study also showed that exogenous 
application of persimmon peel extract not only improves 
the physical and organoleptic properties but also 
enhance the nutritive value. 
 
 

Proximate composition of dried persimmon 
 

Proximate attributes such as crude fiber, protein, 
moisture, and ash of dried persimmons, exposed to 
various treatments, were determined. The results of each 
proximate parameter are given in Table 1. Moisture 
content of T-6 was the lowest (40.9%) while it was the 
highest in T-9 (45.5%). There was not any significant 
difference in the crude protein level among different 
samples (1.16%-1.37%). Crude fiber content ranged from 
1.91 (T-9) to 3.11% (T-5), while the crude ash was found 
highest (1.42%) in T-6 and the lowest (0.8%) in T-4. 
Evaluation of proximate and nutrient compositions of food 
products plays a crucial role in assessing their nutritional 
significance (Kochhar et al., 2006) and devising safer 
ways to preserve the essential ingredients of the produce 
(Pandey et al., 2006). World Health Organization has 
also emphasized on the need and importance of deter-
mining proximate and  micronutrients analysis of various
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Table 1. Proximate composition of dried persimmon prepared with application of different chemicals 
and/or persimmon peel extracts. 
 

Sample
1)

 
Composition (% wet basis) 

Moisture Crude protein Crude fiber Crude ash 

T-1 44.6±0.32
b2)

 1.28±0.12
a
 2.30±0.24

c
 1.08±0.03

d
 

T-2 41.7±0.12
e
 1.37±0.21

a
 2.72±0.16

b
 1.12±0.02

d
 

T-3 43.8±0.13
c
 1.28±0.17

a
 2.41±0.21

bc
 1.00±0.03

e
 

T-4 41.9±0.22
d
 1.29±0.05

a
 2.33±0.19

c
 0.80±0.04

g
 

T-5 42.2±0.31
d
 1.20±0.06

a
 3.11±0.20

a
 1.33±0.02

b
 

T-6 40.9±0.17
f
 1.22±0.11

a
 2.81±0.18

ab
 1.42±0.02

a
 

T-7 42.2±0.19
d
 1.23±0.10

a
 2.16±0.23

cd
 0.91±0.02

f
 

T-8 44.3±0.34
b
 1.16±0.09

a
 2.09±0.31

cd
 1.00±0.03

e
 

T-9 45.5±0.21
a
 1.18±0.11

a
 1.91±0.21

d
 1.11±0.04

d
 

T-10 42.7±0.35
d
 1.24±0.11

a
 2.37±0.11

c
 1.17±0.02

c
 

 

1)
T-1, dried persimmon soaked in 70% prethanol A solution for 2 min at 20±1°C; T-2, dried persimmon 

sprayed with 70% prethanol Asolution; T-3, dried persimmon soaked in Medilox (60 ppm 
Hypochlorous acid) for 2 min at 20±1°C; T-4, dried persimmon sprayed with Medilox (60 ppm 
Hypochlorous acid); T-5, dried persimmon sprayed with 10% persimmon-peel extract; T-6, control 
sample (dried persimmon containing no added extract); T-7, dried persimmon burned with sulfur 
powder for 10 min at 20±1°C; T-8, dried persimmon sprayed with 70% prethanol A followed by 
spraying with 10% persimmon-peel extract; T-9, dried persimmon sprayed with Medilox (60 ppm 
Hypochlorous acid) followed by spraying with 10% persimmon-peel extract; and T-10, dried 
persimmon sprayed with wine (Alcohol 15%, Cabernet Sauvignon, Australia). 

2)
Quoted values are the 

averages of triplicate experiments. 
a-f)

The mean values followed by different superscripts in the same 
column are significantly different (p<0.05). 

 
 
 
processed food products. In present study, the proximate 
parameters were not greatly affected by the various 
treatments as compared to untreated sample. 
 
 
Color measurement 
 
The color of the processed persimmon has been known 
to play an important role in the consumer's acceptability. 
Table 2 reveals the Hunter's color value of the dried 
persimmon prepared under different treatment. The 
control sample (T-6) possessed the highest (43.52) value 
for lightness while T-2 scored the lowest (30.11). 
Regarding the redness value, T-6 sample with the 
highest lightness value showed the lowest (3.28) redness 
value but it was not true in case of the corresponding 
lowest lightness value as T-8 which scored the highest 
(5.68) value for redness.  

The yellowness value was highest (4.69) in T-9 and the 
control sample (T-6) scored the lowest (2.26) yellowness 
value. T-5 sample which was sprayed with persimmon-
peel extract had higher redness and yellowness value 
than that of T-7 (sample treated with sulfur power). These 
factors act as a determinant for quality product and are 
suggested to have a direct impact on the consumer 
acceptability. Since fruit color changes to yellow or red 
according to kind and amount of carotenoid as 
persimmon matures, its dried persimmon surface is more 
red and better than unripe fruit (Kim et al., 1986). 

Water activity and soluble solids content 
 
As shown in Table 3, the soluble solids content (SSC) of 
samples ranged from 51.2 (T-2 and T-3) to 63.2 (T-
5) °Brix. SSC differences among samples were observed 
significant. The results showed that SSC was higher in 
persimmon-peel extract sprayed dried than in control 
sample which might be because of spraying of 
persimmon-peel extracts.  

The water activity (aw) levels among samples were 
varied, which ranged 0.85 to 0.94. Water activity is a 
measure of how efficiently the water present could take 
part in a chemical reaction. Water activity is also a critical 
factor that determines shelf life for foods as most of the 
bacteria do not grow at water activities below 0.91 
(Paster, 1968). Thus samples of T-2 (aw= 0.85), T-3 
(aw=0.90), T-4 (aw=0.86), T-5 (aw=0.91), T-6 (aw=0.87), T-
8 (aw=0.90), T-9 (aw=0.91) and T-10 (aw=0.91) were 
shown to have resistance against microbial attack. 
 
 
Textural properties of dried persimmon 
 
Textural properties of dried persimmon are presented in 
Table 4. Hardness value of T-7 sample (4.21 kg/cm

2
) was 

the highest among different samples. T-5 sample re-
vealed moderate value (1.35 kg/cm

2
) for hardness whereas 

T-3 and T-8 samples had 0.88 kg/cm
2
. Reports show that 

high aw (Kim and Jung, 2011; Chun et al., 2012) and high
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Table 2. Hunter’s color values of dried persimmons prepared with application of different 
chemicals and/or persimmon peel extracts. 
 

Sample
1)

 
Color value

3)
 

L (Lightness) a (Redness) b (Yellowness) 

T-1 32.83±2.10
bcd2)

 5.54±0.06
a
 3.45±0.02

c
 

T-2 30.11±1.09
d
 5.19±0.09

a
 3.42±0.05

c
 

T-3 32.24±0.91
c
 4.90±0.10

b
 3.46±0.04

c
 

T-4 33.04±0.81
c
 4.61±0.19

bc
 3.55±0.09

c
 

T-5 36.24±2.01
b
 4.88±0.21

b
 4.01±0.05

b
 

T-6 43.52±1.51
a
 3.28±0.31

d
 2.26±0.06

d
 

T-7 34.56±1.11
bc

 4.52±0.09
c
 3.69±0.10

c
 

T-8 32.60±1.92
bcd

 5.68±0.51
a
 3.33±0.21

c
 

T-9 33.29±1.81
bc

 5.19±0.67
ab

 4.69±0.31
a
 

T-10 31.47±1.00
cd

 5.52±0.58
ab

 2.30±0.27
d
 

 
1)

Abbreviations are specified in Table 1. 
2)

Quoted values are the averages of triplicate 
experiments; 

3)
L, lightness (100, white; 0, black); a, redness (-, green; +, red); b, 

yellowness (-, blue; +, yellow). 
a-f)

The mean values followed by different superscripts in 
the same column are significantly different (p<0.05). 

 
 
 
Table 3. Water activity (aw) and soluble solids content (SSC) of 

dried persimmon prepared with application of different chemicals 
and/or persimmon peel extracts. 
 

Sample
1)

 
Parameter

3)
 

Aw SSC (°Brix) 

T-1 0.94 ± 0.02
a2)

 57.8 ± 0.2
c
 

T-2 0.85 ± 0.03
c
 51.2 ± 0.1

f
 

T-3 0.90 ± 0.01
b
 51.2 ± 0.2

f
 

T-4 0.86 ± 0.03
bc

 52.3 ± 0.3
e
 

T-5 0.91 ± 0.01
ab

 63.2 ± 0.2
a
 

T-6 0.87 ± 0.02
bc

 55.6 ± 0.3
d
 

T-7 0.92 ± 0.01
ab

 52.0 ± 0.4
e
 

T-8 0.90 ± 0.03
ab

 52.3 ± 0.3
e
 

T-9 0.91 ± 0.03
ab

 60.2 ± 0.2
b
 

T-10 0.91 ± 0.04
ab

 63.0 ± 0.1
a
 

 
1)

 T-1, dried persimmon soaked in 70% prethanol A solution for 2 
min at 20±1°C; T-2, dried persimmon sprayed with 70% prethanol A 
solution; T-3, dried persimmon soaked in Medilox (60 ppm 
Hypochlorous acid) for 2 min at 20±1°C; T-4, dried persimmon 
sprayed with Medilox (60 ppm Hypochlorous acid); T-5, dried 
persimmon sprayed with 10% persimmon-peel extract; T-6, control 

sample (dried persimmon containing no added extract); T-7, dried 
persimmon burned with sulfur powder for 10 min at 20±1°C; T-8, 
dried persimmon sprayed with 70% prethanol A followed by 
spraying with 10% persimmon-peel extract; T-9, dried persimmon 
sprayed with Medilox (60 ppm Hypochlorous acid) followed by 
spraying with 10% persimmon-peel extract; and T-10, dried 
persimmon sprayed with wine (Alcohol 15%, Cabernet Sauvignon, 
Australia). 

2)
Quoted values are the averages of triplicate 

experiments. 
3)

Aw, water activity; SSC, soluble solids content. 
a-f)

The 
mean values followed by different superscripts in the same column 
are significantly different (p<0.05). 

soluble solids content (°Brix) decrease hardness 
(Özdemir et al., 2009). Results of this study also showed 
lower hardness value in T-5 than T-6, which might be due 
to higher aw and SSC in the former sample (Table 3). 
 
 

Effect of treatments on free sugar content of dried 
persimmon 
 

The results of sugar content, as glucose and fructose, of 
dried persimmon after treatments are shown in Table 5. 
The glucose levels ranged between 15.50 to 28.90%. 
The results show that the application of persimmon peel 
extracts increased the glucose content significantly. 
Fructose levels were found to have 26.10% in T-5, 
19.02% in T-6 and the lowest (14.36%) in T-1. Fructose 
content of T-5 sample was the highest among the 
samples.  

Total free sugar content of T-5 sample was higher than 
that of T-6 and showed higher preference by consumers 
to the persimmon peel extract sprayed dried persimmon 
over sample without any treatment. Sucrose was not 
detected in all samples (data not shown). The quantities 
of sugar in fully mature fruit of persimmon can vary 
greatly among different cultivars and also it can be 
affected by the processing methods (Senter et al., 1991). 
 
 

Mineral contents of dried persimmon 
 

Essential minerals contents of dried persimmons treated 
with different chemicals and natural extracts are shown in 



2236          Afr. J. Biotechnol. 
 
 
 

Table 4. Textural properties of dried persimmon prepared with application of 
different chemicals and/or persimmon peel extracts. 
 

Sample
1)

 
Parameter 

Hardness (Kg/cm
2
) Cohesiveness Springiness (%) 

T-1 1.06±0.01
g2)

 85.40±0.03
e
 86.08±0.03

e
 

T-2 1.21±0.02
e
 93.56±0.03

a
 93.33±0.02

b
 

T-3 0.88±0.01
i
 65.79±0.02

i
 70.26±0.04

h
 

T-4 1.12±0.02
f
 58.70±0.02

j
 68.89±0.02

i
 

T-5 1.35±0.02
d
 92.30±0.02

b
 95.11±0.02

a
 

T-6 3.36±0.03
b
 81.41±0.04

h
 83.45±0.03

f
 

T-7 4.21±0.03
a
 84.91±0.02

f
 86.44±0.03

e
 

T-8 0.88±0.01
i
 86.74±0.03

d
 88.84±0.03

c
 

T-9 0.99±0.01
h
 88.38±0.03

c
 88.08±0.02

d
 

T-10 1.43±0.02
c
 82.77±0.02

g
 81.73±0.03

g
 

 
1)

T-1, dried persimmon soaked in 70% prethanol A solution for 2 min at 20±1°C; T-
2, dried persimmon sprayed with 70% prethanol A solution; T-3, dried persimmon 
soaked in Medilox (60 ppm Hypochlorous acid) for 2 min at 20±1°C; T-4, dried 
persimmon sprayed with Medilox (60 ppm Hypochlorous acid); T-5, dried 
persimmon sprayed with 10% persimmon-peel extract; T-6, control sample (dried 
persimmon containing no added extract); T-7, dried persimmon burned with sulfur 
powder for 10 min at 20±1°C; T-8, dried persimmon sprayed with 70% prethanol A 
followed by spraying with 10% persimmon-peel extract; T-9, dried persimmon 

sprayed with Medilox (60 ppm Hypochlorous acid) followed by spraying with 10% 
persimmon-peel extract; and T-10, dried persimmon sprayed with wine (Alcohol 
15%, Cabernet Sauvignon, Australia).

2)
Quoted values are the averages of 

triplicate experiments. 
a-j)

The mean values followed by different superscripts in the 
same column are significantly different (p<0.05). 

 

 
 

Table 5. Free sugar content of dried persimmon treated prepared with application of different 

chemicals and/or persimmon peel extracts. 
 

Sample
1)

 
Free sugars (% weight basis) 

Glucose Fructose 

T-1 17.73±1.31
cd2)

 14.36±1.61
d
 

T-2 22.20±2.00
bc

 25.53±2.38
ab

 

T-3 15.50±1.21
d
 15.46±1.31

d
 

T-4 26.95±2.00
ab

 18.66±0.11
c
 

T-5 28.90±1.09
a
 26.10±1.51

a
 

T-6 20.12±1.51
c
 19.02±1.00

bc
 

T-7 24.83±0.99
b
 21.19±0.92

bc
 

T-8 24.01±1.02
b
 20.12±1.81

bc
 

T-9 20.58±2.12
c
 19.02±1.71

bc
 

T-10 24.01±2.01
bc

 22.29±1.92
b
 

 

1)
 T-1, dried persimmon soaked in 70% prethanol A solution for 2 min at 20±1°C; T-2, dried 

persimmon sprayed with 70% prethanol A solution; T-3, dried persimmon soaked in Medilox (60 
ppm Hypochlorous acid) for 2 min at 20±1°C; T-4, dried persimmon sprayed with Medilox (60 ppm 
Hypochlorous acid); T-5, dried persimmon sprayed with 10% persimmon-peel extract; T-6, control 
sample (dried persimmon containing no added extract); T-7, dried persimmon burned with sulfur 
powder for 10 min at 20±1°C; T-8, dried persimmon sprayed with 70% prethanol A followed by 
spraying with 10% persimmon-peel extract; T-9, dried persimmon sprayed with Medilox (60 ppm 
Hypochlorous acid) followed by spraying with 10% persimmon-peel extract; and T-10, dried 
persimmon sprayed with wine (Alcohol 15%, Cabernet Sauvignon, Australia).

2)
Quoted values are 

the averages of triplicate experiments.
a-d)

The mean values followed by different superscripts in the 
same column are significantly different (p<0.05). 
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Table 6. Mineral contents of dried persimmon prepared with application of different chemicals and/or persimmon peel 
extracts. 
 

Sample
1)

 
Element (mg/kg) 

K Mg Ca Na Fe Zn Mn 

T-1 4479±6
e2)

 495±5
d
 522±5

b
 77±2

a
 61±2

a
 ND ND 

T-2 4487±7
e
 402±4

h
 440±2

e
 52±1

e
 45±1

d
 ND ND 

T-3 4651±6
d
 430±3

f
 367±3

g
 54±1

e
 51±1

c
 ND ND 

T-4 4378±9
g
 473±4

f
 453±4

d
 69±1

c
 53±2

bc
 ND ND 

T-5 4100±8
h
 392±4

g
 418±5

f
 51±2

e
 48±1

d
 ND ND 

T-6 6312±7
a
 709±3

a
 423±7

f
 61±1

d
 46±1

d
 ND ND 

T-7 4414±6
f
 519±2

b
 525±6

b
 71±2

b
 54±1

bc
 ND ND 

T-8 4406±9
f
 476±5

f
 539±3

a
 68±2

c
 55±1

b
 ND ND 

T-9 4832±8
c
 512±2

c
 538±4

a
 78±2

a
 56±1

b
 ND ND 

T-10 4923±8
b
 483±3

e
 471±5

c
 67±1

c
 53±1

bc
 ND ND 

 
1)

Abbreviations are specified in Table 1. 
2)

Quoted values are the average of duplicate experiments. 
3)

ND, not detected. 
a-

h)
Means values followed by different superscripts with a column indicate significant differences (p<0.05).  

 

 
 

Table 6. Heavy metals such as arsenic (As), lead (Pb), 
cadmium (Cd) and mercury (Hg) were not detected in any 
sample (data not shown). Some essential minerals like 
zinc (Zn) and manganese (Mn) were also not detected; 
however, potassium (K), magnesium (Mg), calcium (Ca), 
sodium (Na) and iron (Fe) were found in varying amounts. 
The composition of K (6312 mg/kg) and Mg (709 mg/kg) 
were significantly high in T-6 as compared to other 
samples. Mineral levels of all samples were shown in the 
order of K (4100 to 6312 mg/kg) > Mg (392 to 709 mg/kg) 
> Ca (367 to 539 mg/kg) > Na (51 to 78 mg/kg) > Fe (45 
to 61 mg/kg). These results indicate the mineral levels in 
dried persimmons increase or decrease depending on 
the treatment. Results reveal that high K and Mg could be 
obtained in untreated sample, however, levels of Ca, Na, 
and Fe could be enhanced with application of different 
chemicals and/or persimmon peel extracts. 
 
 
Sensory characteristics of dried persimmon 
 
Sensory characteristics of the dried persimmons were 
determined by color, sweetness, astringency, texture, 
and overall taste (Table 7). Sensory evaluations showed 
that T-5, T-8 and T-9 were the highly preferable samples 
to the consumers. Color score of T-5 sample was the 
highest among others. The highest score for sweetness 
was found to T-10 sample and overall taste to T-5. 
Overall taste of T-5 sample might be enhanced with the 
application of 10% concentrated persimmon-peel extracts. 
Sodium metabisulfite treatment gives the best physical, 
chemical, and microbiological results over the untreated 
dried persimmon, the latter gives the highest sensory 
scores (Bölek and Obuz, 2014). However, results of this 
study shows that use of 10% concentrated persimmon-
peel extracts imparted the best overall taste than that of 
untreated dried persimmon, but beyond 15% extracts, 

overall taste was negatively affected (data not shown). 
Results of higher sensory properties signified that 
application of persimmon-peel extracts on the preparation 
of dried persimmon could be more effective to enhance 
the overall acceptance of dried persimmon. 
 
 

Conclusions 
 

The results of the present study portray beneficial effects 
of various natural extract treatments and conditions on 
the dried persimmons. The findings revealed that dried 
persimmon when sprayed with 10% persimmon-peel 
extract for 2 min at 20±1°C could exhibit higher accep-
tance values as compared to other treatments. The 
impacts of different treatments on the free sugar, color, 
texture and mineral values were interesting as compared 
to control. However, further analysis of phytochemicals 
and other parameters could be useful to understand 
various regulations happening during the fruit develop-
ment and processing. 

It is evident from these results that application of 
persimmon-peel extracts in the preparation of dried 
persimmon could be effective as it avoids the use of 
health hazardous chemical preservatives and also to 
some extent restores the nutritive and medicinal 
properties lost with the peeled out skin before drying. 
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Table 7. Sensory characteristics of dried persimmon prepared with application of different chemicals and/or 
persimmon peel extracts. 
 

Sample
1)

 
Characteristic 

Color Sweetness Astringency Texture Overall acceptance 

T-1 3.1±0.2
b2)

 3.6±0.1
a
 2.1±0.3

a
 3.5±0.1

a
 3.1±0.1

c
 

T-2 3.1±0.1
b
 3.6±0.2

a
 2.1±0.2

a
 3.6±0.3

ab
 3.2±0.2

bc
 

T-3 3.2±0.2
b
 3.7±0.1

a
 2.1±0.2

a
 3.6±0.2

a
 3.2±0.1

bc
 

T-4 3.2±0.2
b
 3.6±0.2

a
 2.2±0.2

a
 3.5±0.1

a
 3.5±0.2

b
 

T-5 4.1±0.1
a
 3.9±0.3

a
 1.3±0.3

b
 3.8±0.2

a
 4.2±0.2

a
 

T-6 2.5±0.3
c
 3.2±0.1

b
 2.2±0.1

a
 3.3±0.3

ab
 2.9±0.3

c
 

T-7 2.9±0.1
bc

 3.1±0.1
b
 2.2±0.3

a
 3.2±0.1

b
 3.0±0.1

c
 

T-8 3.2±0.2
b
 3.9±0.3

a
 1.7±0.4

ab
 3.5±0.2

ab
 4.1±0.1

a
 

T-9 3.3±0.3
b
 3.9±0.2

a
 1.8±0.2

ab
 3.6±0.1

a
 4.1±0.2

a
 

T-10 3.1±0.2
b
 4.3±0.2

a
 1.2±0.3

c
 3.7±0.2

a
 3.9±0.3

ab
 

 
1)

 T-1, dried persimmon soaked in 70% prethanol A solution for 2 min at 20±1°C; T-2, dried persimmon 
sprayed with 70% prethanol A solution; T-3, dried persimmon soaked in Medilox (60 ppm Hypochlorous acid) 
for 2 min at 20±1°C; T-4, dried persimmon sprayed with Medilox (60 ppm Hypochlorous acid); T-5, dried 

persimmon sprayed with 10% persimmon-peel extract; T-6, control sample (dried persimmon containing no 
added extract); T-7, dried persimmon burned with sulfur powder for 10 min at 20±1°C; T-8, dried persimmon 
sprayed with 70% prethanol A followed by spraying with 10% persimmon-peel extract; T-9, dried persimmon 
sprayed with Medilox (60 ppm Hypochlorous acid) followed by spraying with 10% persimmon-peel extract; 
and T-10, dried persimmon sprayed with wine (Alcohol 15%, Cabernet Sauvignon, Australia). 

2)
Quoted 

values are the mean of triplicate determinations, mean of n = 10 based on 5-point scores (very poor, 1; poor, 
2; fair, 3; good, 4; very good, 5). 

a-d)
Mean values followed by different superscripts within a column indicate 

significant differences (p<0.05). 

 
 
 
2011 in the agriculture and fishery fields of 
Gyeongsangbuk-Do province, South Korea. 
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Panicum maximum Jacq. is an important forage grass of African origin largely used in the tropics. The 
genetic breeding of this species is based on the hybridization of sexual and apomictic genotypes and 
selection of apomictic F1 hybrids. The objective of this work was to identify molecular markers linked to 
apomixis in P. maximum to determine easily and at an early stage, the reproductive mode of F1 hybrids, 
so to assist the breeding program. A bulked segregant analysis was performed using 184 random 
amplified polymorphic DNA (RAPD) primers in an F1 population of P. maximum segregating for 
reproductive mode. Four RAPD markers linked to apomixis were identified and mapped in this 
population. These markers showed good selection efficiency, ranging from 77.3 to 88%, with 81.3% 
when analyzed together. Two of these markers were easily transferred to another F1 population of P. 
maximum. In this population, the selection efficiency was also high for both markers; 84.8 and 90%, 
when analyzed together. These markers may be used in the assisted selection for reproductive mode in 
both F1 progenies of P. maximum studied here and in other populations to which they can be 
transferred. 
 
Key words: Guinea grass, apospory, reproduction mode, random amplified polymorphic DNA (RAPD), 
selection efficiency. 

 
 
INTRODUCTION 
 
Pastures play an important role in the national economy 
of most countries in the tropics since livestock production 
depends largely on both quantity and quality of forage 
crops established for ruminants. Only in Brazil, 
approximately 171 million hectares are planted to pastures 

(ABIEC, 2013).The main important cultivated pastures 
are grasses of African origin, which in general, show 
great adaptation to the Brazilian climate and soils. Among 
these grasses, Panicum maximum Jacq. stands out due 
to its good forage quality,high yield, wide
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adaptability and ease of establishment (Jank et al., 
2008). 

Panicum maximum, has both facultative apomixis and 
obligate sexual modes of reproduction (Savidan, 1980, 
1982). Apomixis in P. maximum has been characterized 
as the result of apospory, embryo sac development from 
a somatic cell, followed by parthenogenesis and deve-
lopment of an embryo from the unfertilized egg cell 
(Savidan et al., 1989). Sexuality in this species was first 
discovered by Combes and Pernes (1970) in diploid 
accessions from East Africa. 

For genetic breeding of apomictic species, it is 
necessary to identify sexual plants to use as maternal 
genitors in the crosses with apomictic plants, donors of 
pollen. In general, sexual genotypes in nature are diploid 
being necessary to undergo chromosome duplication 
before or after the crosses (Dall’Agnol and Schifino-
Wittmann, 2005).  

Crosses between sexual tetraploid genotypes of P. 
maximum, obtained from colchicine treatment, and 
apomictic genotypes have been done since 1971 in the 
Ivory Coast (Savidan, 1980). The hybrid progenies 
obtained from these crosses include sexual and 
apomictic hybrids in the Mendelian proportion of 1:1, 
demonstrating that apomixis in P. maximum is dominant 
over sexuality and determined by a single gene, the 
sexual tetraploids being defined as aaaa and the 
apomictic genotypes as Aaaa (Savidan, 1981). 

A large and representative germplasm collection of P. 
maximum was introduced in 1982 through a cooperation-
agreement between the Brazilian Agricultural Research 
Corporation (EMBRAPA) and the French Institute de 
Recherche pour le Développement (IRD - former 
ORSTOM - Office de la Recherche Scientifique et 
Technique d’Outre-Mer) (Jank et al., 2011). Embrapa 
Beef Cattle Center received from ORSTOM 426 
apomictic accessions and 417 sexual genotypes (Jank et 
al., 2008).  

The main thrust of the initial cultivar development 
efforts in Brazil were focused on the selection of useful 
commercial genotypes directly from the collection of 
apomictic accessions and resulted in the release of the 
cultivars Tanzânia, Mombaça and Massai (Jank et al., 
2008).  

A hybridization program was also initiated aiming to 
combine agronomic characteristics of interest and thus 
increase pasture productivity. After the hybridization, in 
order to continue the breeding program, the mode of 
reproduction of these progenies must be identified. 
Currently, the method used is the characterization of the 
anatomy of clarified ovaries analyzed under differential 
interference contrast microscopy. This is a difficult and 
laborious method, because it involves the harvest of 
inflorescences in anthesis in the adult plant, and the 
determination of the anatomical structures can only be 
made after  specific  training  (Jank, 1995). Therefore, the  
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development of alternative methods to access easier and 
more precociously the mode of reproduction in P. 
maximum have become extremely important. 

A method that stands out for its speed and accuracy is 
the use of molecular markers that co-segregate with 
apomixis and can be used precociously in the earlier 
stages of plant development, with DNA samples 
extracted from seeds or seedlings (Bhat et al., 2005). 
This technique showed to be efficient in the apomictic 
species Brachiaria sp. (Pessino et al., 1997), Pennisetum 
squamulatum (Ozias-Akins et al., 1998), Poa pratensis 
(Barcaccia et al., 1998), Paspalum simplex (Labombarda 
et al., 2002; Gualtieri et al., 2006), P. maximum (Ebina et 
al., 2005), Cenchrus ciliaris (Gualtieri et al., 2006; Yadav 
et al., 2012), Hypericum perforatum (Barcaccia et al., 
2007; Schallau et al., 2010), and Brachiaria humidicola 
(Zorzatto et al., 2010), among others.  

The main objective of the present work was to identify 
molecular markers linked to apomixis in P. maximum to 
determine, easily and in early stages, the reproductive 
mode of F1 hybrids, so to assist the breeding program. 
 
 
MATERIALS AND METHODS 
 

The experiment was conducted in the Laboratory of Plant 
Biotechnology of Embrapa Beef Cattle, located in Campo Grande, 
Mato Grosso do Sul State, Brazil.  
 
 
Plant material 
 
Two F1 populations, called A and DE, were previously characterized 

for mode of reproduction by the technique of anatomy of clarified 
ovaries observed under differential interference contrast 
microscopy. Population A consisted of 40 apomictic hybrids and 35 
sexual hybrids obtained from crossing P. maximum S10 (tetraploid 
sexual genotype) and cv. Tanzânia (tetraploid apomictic accession 
ORSTOM T58). Population DE consisted of 12 apomictic and 21 
sexual hybrids obtained from crossing S12 (tetraploid sexual 

genotype) and cv. Tanzânia. A Chi-square (
2
) test was performed 

on these progenies to verify whether the genetic segregation 

between apomictic x sexual hybrids fit the expected Mendelian 
model. Thirty-five accessions from the P. maximum germplasm 
collection from Embrapa were also analyzed (13 sexual genotypes 
and 22 apomictic accessions), to verify the presence or absence of 
the linked markers. 
 
 
Molecular analysis 

 

The DNA was extracted from young leaves by the Bonato et al. 
(2002) method. DNA purity and concentrations were estimated 
using a NanoDrop1000 (Thermo) spectrophotometer and on 0.8% 
agarose gel stained with ethidium bromide (5 µg.mL

-1
).  

A bulked segregant analysis (Michelmore et al., 1991) was 
carried out to identify molecular markers linked to apomixis using 
only population A. Two bulks were prepared, an apomictic bulk (AB) 
and a sexual bulk (SB), each one containing equimolar quantities of 

DNA from 10 hybrids characterized by differential interference 
contrast microscopy. A total of 184 RAPD primers were used for 
amplification of the bulks (AB and SB) and parents (S10 and 
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Table 1. Chi-square test (
2
) for population A segregation and the markers segregation (P<0.05). 

 

Parameter 

Observed proportion Chi- square test (
2
 

Mode of reproduction 

Apomitic Sexual Segregation 
2


Anatomical evaluation 40 35 1:1 0.33
 

    

Marker

PM_A01 43 32 1:1 1.61
 

PM_01 31 41 1:1 2.25
 

PM_16 36 39 1:1 0.12
 

PM_U07 27 40 1:1 3.10
 

 
 
 
Tanzânia). Then, the primers potentially linked to apomixis were 

applied to the entire population A. 
The polymerase chain reactions (PCR) were performed with a 

final volume of 25 µL, using, 1xTaq DNA polymerase buffer 
(Invitrogen); 1.5 mM MgCl2 (Invitrogen); 0,2 mM dNTPs 
(Invitrogen); 0.4 µM primer (Operon Thecnologies); 1.0 U de Taq 
DNA polimerase (Invitrogen), 30 ng de DNA and H2O to complete 
the volume. The thermal conditions consisted of 5 min at 94°C, 40 
cycles of 1 min at 94°C, 1 min at 35°C, 2 min at 72°C followed by 7 
min at 72°C. The amplification products were separated on a 2% 

agarose gel, stained with ethidium bromide and photo documented 
using L.Pix Image systems (Loccus Biotechnology).  
 
 
Data analysis  

 
The amplification of the potential markers was analyzed as binary, 
with 1 for presence and 0 for absence of the marker. The binary 

data was used to confirm the segregation 1:1 of the markers by the 

chi-square test (
2
) with 5% probability (p ≥ 0.05). The linkage 

analysis was conducted with the GQMOL 1.0.0 computer software 
(Cruz and Schuster, 2007) using the Kosambi function and a map 
was constructed. The LOD score used was 3 with a maximum 
distance of 30 cm. The selection efficiency (SE) of the markers 
linked to the apomixis locus (Apo locus) was calculated based on 
the comparison between the phenotypic and the genotypic 
(markers) according to Silva et al. (2007). 

The molecular markers linked to apomixis in population A were 
also tested on population DE and in some apomictic accessions 
and sexual genotypes from the germplasm collection, to analyze 
the transferability of these markers. 
 
 

RESULTS 
 

The 
2
 test of the apomictic and sexual hybrids from both 

A (Table 1) and DE (Table 2) populations were not 
significantly different from the 1:1 ratio, according to the 
expected Mendelian model. Of the 184 RAPD primers 
tested on the segregant bulks from population A, 16 did 
not amplify (8.7%). Of the remaining 168 primers, only 14 
(8.3%) amplified polymorphic markers between the bulks. 
Four of these primers (OP-01, OP-16, OP-A01, and OP-
U07) amplified markers that resulted in a good fit 
considering 1:1 segregation ratio (Table 1).  

The linkage analysis revealed that these markers co-
segregated with the Apo locus in this population, and that 
the PM_A01 marker amplified with primer OP-A01, 
showed the smallest distance, and the marker PM_U07 
amplified with primer OP-U07, showed the largest 
distance (Figure 1). 

The selection efficiencies (SE) for PM_A01, PM_01, 
PM_16 and PM_U07 were 88, 80, 81.3 and 77.3%, 
respectively, and the SE of the four markers together was 
81.3%.  After the confirmation of linkage between the four 
markers and the Apo locus, the amplifications with these 
four primers were done on population DE. In this case, 
three markers presented a good fit in the 1:1 segregation 
ratio and one did not, PM_16 marker (Table 2). However, 
only two markers co-segregated with the Apo locus by 
the linkage analysis (PM_A01 and PM_01). For PM_U07 
marker the LOD score was lower than 3.0. The two 
markers were mapped 7.66 and 18.49 cM, respectively 
(Figure 1). 

The SE was also calculated for these two markers in 
population DE. The PM_A01 marker presented the 
highest value (90%) and the PM_01 marker presented 
84.8%. Together, the markers showed 90% selection 
efficiency. 

As for the accessions from the germplasm collection, 
four sexual plants amplified none of the markers, being 
potential genotypes for use in future crosses, where the 
hybrids will inherit the markers only from the apomictic 
parent. Eighteen (18) of the 22 apomictic accessions 
amplified at least one of the markers, which shows that a 
high percentage of apomictic accessions from the 
germplasm collection presents the markers. 
 
 
DISCUSSION 
 
Earlier studies in P. maximum proposed a simplex 
genotype for tetraploid apomicts (Aaaa) and a homo-
zygous recessive genotype for sexual plants, whether 
diploid (aa) or tetraploid (aaaa) (Savidan, 1981). The 
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Table 2. Chi-square test (
2
) for population DE segregation and the markers segregation (P<0.05). 

 

Parameter 

Observed proportion Chi- square test (
2
 

Mode of reproduction 

Apomitic Sexual Segregation 
2
 

Anatomical evaluation 12 21 1:1 2.44
 

    

Marker

PM_A01 15 18 1:1 3.66
 

PM_01 11 22 1:1 1.61
 

PM_16 10 23 1:1 5.12
 

PM_U07 15 18 1:1 0.27
 

 
 
 

 
 
Figure 1. Linkage maps of the two populations of P. 

maximum. On the left is the linkage map of population A and 
on the right is the linkage map of population DE. On each 
linkage map the marker name is shown on the right and the 
estimated map distance is shown on the left. 

 
 
 
results presented here for both reproductive modes and 
molecular markers corroborated this hypothesis, allowing 
the use of the bulked segregant analysis strategy and 
RAPD technique to prospect markers linked to apomixis 
in this species. Four RAPD markers were identified and 
mapped in population A and two of these were 
transferable to population DE, without the need to 
develop Sequenced Characterized Amplified Region 
Marker (SCARs). 

The  fact  that  the other  two markers  have  not  been  

transferred may be due to the small size of population 
DE. According to Sanglard and Melo (2011), the 
segregation distortion is most likely an effect caused by 
the low number of genotypes in the population. One of 
the four markers which was not transferred had a 
segregation distortion. Of the others three markers that 
co-segregated with the apomixis trait in population DE, 
only two showed LOD score equal or higher than 3.0, 
which shows that there is a possibility for a thousand 
times greater of the markers to be linked with the locus of  



2202          Afr. J. Biotechnol. 
 
 
 
interest than an independent segregation. Once more, 
the small size of the DE population may have interfered 
in the results by not containing enough samples of 
meiotic events (Cruz and Schuster, 2007). 

The identification of the region containing the apomictic 
locus in P. maximum was also attempted previously by 
Ebina et al. (2005). In their study, they used AFLP and 
RAPD markers to generate a linkage map and to identify 
molecular markers tightly linked to apomixis. Only AFLP 
markers linked to the apomixes trait, none of the RAPD 
markers linked, however, different RAPD primers were 
used than in our study. 

The SE of the markers (individually or together) in both 
populations of P. maximum studied in this work may be 
considered high, since they can be assessed in the early 
stages of plant development, using small amounts of any 
tissue, and in a large number of individuals. This result 
demonstrated the potential of the use of these markers 
for assisted selection of reproductive mode in P. 
maximum. 
The availability of a molecular marker linked to the Apo 
locus in P. maximum has immediate implications in the 
breeding of this commercially very important grass for it 
provides an efficient tool for rapid, early and reliable 
screening of the progenies for mode of reproduction 
without having to wait until flowering and to execute the 
time-consuming extraction, clarification and examination 
of ovaries.  

In conclusion, this study identified molecular markers 
linked to apomixis in P. maximum. These markers can be 
used for phenotyping the reproductive mode of F1 
hybrids. Each apomictic hybrid derived from crosses 
between sexual x apomictic plants is potentially a unique 
cultivar or a hopeful candidate regardless of the 
heterozigous or homozygous genetic background of the 
parents. The sexual hybrids can be used in new cycles of 
crossing and selection. 
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Changes in the heavy metal content and proximate composition during the 28 day composting of 
cassava peels used in the cultivation of the oyster mushrooms Pleurotus ostreatus strain EM-1 was 
studied. Significant dry weight variations of cellulose, hemicellulose and fat contents were observed 
from day 0 to 12. Decreases from day 12 to 28 had the values of 15.4, 57.6 and 56.12%, respectively, 
while lignin, protein and crude fibre values showed a gradual increase from day 0 to 28, with maximum 
values of 23.73, 49 and 73%, respectively. Cyanide content however showed a reduction from the initial 
3.89 to 2.01 mg/L by day 12 and a marginal increase of 16 by day 28. This was however not detected in 
the mushroom harvested. The levels of heavy metal content in composted cassava peels in decreasing 
order was iron (Fe), manganese (Mn), zinc (Zn), lead (Pb) and copper (Cu) while that for uncomposted 
cassava was Fe, Zn, Pb, Mn and Cu. Levels of Cu, Mn, Pd and Zn in mushroom samples analysed were 
in agreement with reported values in literature. Of all the heavy metals examined, iron accumulated 
excessively, indicating that P. ostreatus strain EM-1 is a good bio-accumulator of Fe. 
 
Key words: Cassava, composting, heavy metals, production. 

 
 
INTRODUCTION 
 
Production of mushrooms has increased over the years 
in several countries from a few metric tons to thousands 
of tons. In China, for example, which is the largest 
producer of various mushrooms in the world, there has 
been a 224.3% increase in production over a ten year 
period (2000-2010) (Li, 2012). These increases in 
production have grown as a result of the fact that 
mushrooms are no longer only consumed for its flavor 
and nutritional benefits but also for functional properties 

they exhibit. These include among others properties such 
as being anti-mutagenic, anti-tumoral and anti-viral 
(Garcia-Lafuente et al., 2011). These functional charac-
teristics are mainly due to their chemical composition 
(Manzi et al., 2001). 

In Ghana, this increase in trend has shown no excep-
tion and mushroom production has grown at a steady 
rate from 120 tons in 2010 to approximately 300 metric 
tons to date. Pleurotus ostreatus mushroom is the main
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species that is produced and is presently cultivated on 
sawdust. There are however other agricultural by-pro-
ducts available that can be used in mushroom production 
in both urban and peri-urban areas of Ghana and the 
subtropics. These include among others, cassava peels, 
plantain leaves and corn cobs. Among these, cassava 
peels is the most abundant and has the greatest potential 
as a substrate for mushroom production. At present, 
cassava by-product such as peels are in large part 
unexploited and often discarded along roads and on 
fields, thus forming a nuisance in the environment. 

Cassava (Manihot esculenta Crantz) is the sixth most 
important food crop produced annually globally 
(FAOSTAT, 2010), and is a staple food for approximately 
800 million people (FAO/IFAD, 2000; Lebot, 2009). The 
annual production of cassava in Ghana is approximately 
14.2 million metric tonnes (MT) (FAO, 2013). The peel is 
a by-product of processing the roots for starch, cassava 
flour and “gari” (a fermented cassava meal product) 
constituting 11% of the root, with approximately 3.6 
million MT of peels and discharged parts and 400,000 MT 
(dry matter basis) of peels produced annually (Baah et 
al., 2011; FAO, 2013 ). 

Cultivation of mushroom in Ghana is carried out on 
composted sawdust of Triplochiton scleroxylon or a 
combination of Triplochiton scleroxylon and Chlorophora 
excelsa. Composting is a controlled self-heating, aerobic 
solid phase biodegradative process of organic materials 
(Ryckeboer et al., 2003). It is a solid-waste fermentation 
process, which exploits the phenomenon of microbial 
degradation and mineralization (Mckinley and Vestal, 
1984).  

The main purpose of composting to a mushroom 
grower is to prepare a substrate in which the growth of 
mushroom is promoted to the practical exclusion of other 
microorganisms. In several successive steps, microbial 
communities consume the more easy degradable organic 
components generating a substrate that is stable and 
increased in the fibrous components, humified forms and 
inorganic products, generating heat as a metabolic waste 
product.  

Heavy metal concentration in mushroom is conside-
rably higher than those in agricultural crop plants, vege-
tables and fruit. This suggests that mushrooms possess a 
very effective mechanism that enables them to readily 
take up some heavy metals from the ecosystem (Zhu et 
al., 2010), due to their dense mycelial system, which 
infiltrates the substrate (Garcia et al., 2005). The 
accumulation of heavy metals in mushrooms has been 
found to be affected by environmental and fungal factors. 
Environmental factors are organic matter content, pH and 
metal concentration in soil and fungal factors such as 
species of mushroom, morphological part of fruit body, 
developmental stages, age of mycelium, intervals 
between fructifications and biochemical composition 
(Radulescu et al., 2010).  

This study was conducted to determine for the first time 
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the changes in the heavy metal content and proximate 
composition during the composting of cassava peels, 
thus making it suitable for mushroom cultivation in Ghana 
and the heavy metal contents of mushrooms produced. 
 

 
MATERIALS AND METHODS 
 
Mushroom culture and spawn preparation  
 

Cultures of P. ostreatus (Jacq.ex.Fr.) Kummer strain EM -1 
originally from Mauritius and maintained on Malt Extract Agar slants 
were used to prepare sorghum grain spawn (Oei, 1991).  
 

 
Cassava substrate preparation 

 
Compost was prepared by the outdoor single-phase solid waste 
fermentation. Freshly milled dried cassava (M. esculenta) peels 
from a mixture of Afisiafi and Bankye Hemaa (local names) 
weighing 193 kg, obtained from the Volta Region of Ghana were 
mixed with rice bran (10% w/w) and lime (0.5% w/w) and 

composted as described by Obodai et al. (2007). The mixture was 
then stacked into a heap of about 0.8 m high and 1.0 m wide at the 
base and left to compost for 28 days with regular turning every 4 
days. Before turning, temperatures were read and samples were 
taken from the core region of the compost with a pair of sterile 
forceps and its chemical and cyanide compositions evaluated. All 
samples were taken in duplicates. 
At 28 days of composting, samples of the compost were adjusted to 

approximately 68 - 70% (Buswell, 1984) and then supplemented 
with rice bran (12%) and lime (0.5%). The mixtures were bagged, 
sterilized, incubated and mushrooms harvested as described by 
Obodai et al. (2007).  
 
 
Chemical analysis  
 

Samples of composting cassava peels taken at four days intervals 

from the central portion of the heap were put into sterile bags and 
quantitative estimation of crude fibre, cellulose, hemicellulose, lignin 
and fat were carried out using the standard methods as described 
by AOAC (2005). Lignin and cellulose were determined by acid 
detergent fibre (ADF) method (AOAC, 2005). Hemicellulose content 
was estimated by neutral detergent solution using 0.5 g of dried 
sample (AOAC, 2005). The difference between the acid detergent 
fibre and neutral detergent fibre gave the value for hemicellulose 
content. Crude fibre values were determined by AOAC (2005) 

method and calculated as: 
  

 

                        Loss in wei ght on ignition (A - B)   
C rude fibre   =                                                           x   100    
                             Initial sample weight    
 

Where, A = Initial weight of sample before ignition, and B = final 
weight of sample after ignition. 
To calculate total nitrogen in the samples, the specimens were 
dried at 60°C and analysed by the Micro kjeldahl Method (AOAC, 
2005). To obtain crude protein value, nitrogen content values were 
multiplied by a factor of 6.25. For cyanide determinations, the 
method was in accordance with Obiri et al. (2007).  
 
 

Heavy metal determination using atomic absorption 
spectrophotometer (AAS) analysis 
 

Samples of dried uncomposted and composted cassava peel at 28 



2210          Afr. J. Biotechnol. 
 
 
 

 

T
e
m

p
e
ra

tu
re

 (
°C

) 

 
 

Figure 1. Tempearture changes during composting of 
cassava peels over a 28 day period. 

 
 
 

 

C
e
ll

u
lo

s
e
 (

%
) 

 
 

Figure 2. Changes in cellulose content during composting of 
cassava peels over a 28 day period. 
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Figure 3. Changes in hemicellulose content during 
composting of cassava peels over a 28 day period. 

 

 
 
days of composting, mycelia from P.  ostreatus on composted 
cassava (PEM) after full spawn run, mycelia from P. ostreatus on 

uncomposted cassava (PEM1) after full spawn run, fresh 
mushroom   from    composted     cassava,    and    mushroom  from  

 
 
 
 
uncomposted cassava were milled using stainless steel laboratory 
blender. The dry ashing method was used for atomic absorption 
spectrophotometer (AAS) analysis (AOAC, 2005). All glasswares 
were washed with 1% nitric acid followed by demineralised water. 
Three grams (3 g) each of the above named samples were weighed 
into platinum crucibles. The crucible and the test portion were 
placed in the Muffle furnace at a temperature of 550°C for 8 h. The 
crucible with ash was put in a desiccator to cool.  Five milliliters (5 
ml) of nitric acid of mass fraction not less than 65%, having a 
density of approximately ρ (HNO3) = 1 400 mg.mL

-1
 was added, 

ensuring that all the ash came in contact with the acid and the 
resultant solution heated on hot plate until the ash dissolved. Ten 
milliliters (10 ml) of 0.1 mol.L

-1
 nitric acid was added and filtered into 

50 ml volumetric flask. The resultant solution was topped up to the 
mark with 0.1 mol.L

-1
 nitric acid. Blank solution was treated the 

same way as the sample. Buck Scientific 210VGP Flame AAS 
(Buck Scientific, Inc. East Norwalk, USA) was used to read the 
absorbance values at appropriate wavelength of the interested 
metal in the sample solution. Cathode lamps used were copper 
(Cu) (wavelength 324.8 nm, lamp current 1.5 mA), iron (Fe) 
(wavelength 248.3 nm, lamp current 7.0 mA), manganese (Mn) 
(wavelength 279.5 nm, lamp current 3.0 mA), lead (Pb) (wavelength 

217.0 nm, lamp current 3.0 mA) and zinc (Zn) (wavelength 213.9 
nm, lamp current 2.0 mA). Air/acetylene gas was used for all the 
analysis. The metal content of the samples were derived from 
calibration curves made up of minimum of three standards. 
 
 
Statistical analysis 

 
The standard deviations on mean values of duplicate samples were 

analysed using Statistical Package for Social Scientist (SPSS, 
2005), version 16.0.  

 
 
RESULTS AND DISCUSSION 
 
During the composting of the cassava peels, various 
changes in the chemical components of the peels were 
observed. Temperatures within the heap became stable 
from day 24 to 28 (Figure 1). Significant increases of 
cellulose, hemicellulose and fat contents were observed 
up to day 12 (10.37, 16.1 and 9.39%, respectively) after 
which there were gradual declines of 15.4, 57.6 and 
56.12%, respectively (Figures 2 to 4). The increase in 
cellulose, hemicellulose and lignin during the first 12 days 
will likely due to the consumption of starch by 
microorganisms. The decrease of these compounds 
(cellulose and hemicelluloses) in subsequent days 
indicate that when starch is removed mostly, 
microorganisms start to degrade also the (hemi) 
cellulose. Lignin, protein and crude fibre values showed a 
gradual increase from day 0 to 28, with a maximum value 
of 23.73, 49 and 73%, respectively (Figures 5, 6 and 7). 
These changes could be due to the type of 
microorganisms present in the substrate. Presumably, 
antibiosis was at play in the composting cassava peel by-
product. The composting process involves microbial 
activity, chemical reactions, aeration, temperature and 
nutritional factors. Previous work carried out by Obodai et 
al. (2011) on decomposing sawdust of Triplochiton 
scleroxylon used in the cultivation of P. ostreatus showed  
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Figure 4. Changes in fat content during composting of cassava 

peels over a 28 day period. 
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Figure 5. Changes in lignin content during composting of 

cassava peels over a 28 day period. 
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Figure 6. Changes in protein content during composting of 

cassava peels over a 28 day period. 
 

 
 

decreasing amounts of cellulose, hemicelluloses and 
crude fibre as compared to lignin with increasing days of 
composting  and attributed it to  these components  being 
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Figure 7. Changes in crude fibre content during composting 

of cassava peels over a 28 day period. 
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Figure 8. Changes in cyanide content during composting 
of cassava peels over a 28 day period. 

 
 
 
easily degradable by fungi and bacteria present as 
compared to lignin a polymer of aromatic compounds 
which is very resistant and relatively difficult for cellu-
lolytic organisms to decompose (Insam and de Bertoldi, 
2003).  

Cyanide however showed a reduction from the initial 
3.89 to 2.01 mg/L by day 12 and a marginal increase of 
16% by day 28 (Figure 8). This marginal increase in 
cyanide can probably be attributed to the microorganism 
at play during that period of composting.  
 
 
Heavy metals 
 
Metals such as iron (Fe), copper (Cu), zinc (Zn) and 
manganese (Mn) are essential metals since they play an 
important role in biological systems, whereas aluminium 
(Al) and lead (Pb) are non-essential metals as they are 
toxic even in traces (Unak et al., 2007). The essential 
metals can also produce toxic effects when the metal 
intake is excessively elevated (Al-Khlaifat and Al- 
Khashman, 2007; Gopalani et al., 2007). Five metals 
namely, Cu, Fe, Mn, Pb and Zn were analysed in P. 
ostreatus mushroom and in the substrates on which they
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Table 1. Heavy metal contents (mgkg
-1

) of cassava peel substrates and mushrooms. 
  

Sample Cu Fe Pb Mn Zn 

Uncomposted cassava 3.7 ± 0.08
a
 380.22 ± 8.84

b
 21.3 ± 2.63

b
 20.24 ± 1.09

a
 24.06 ± 1.09

b
 

Composted cassava 6.96±1.33
a 

592.16±37.97
d 

30.97±1.56
c 

42.46±0.47
b 

38.58±0.92
c
 

PEM + composted cassava only 8.14±0.52
a 

388.39±11.23
b 

11.54±3.81
a 

25.48±0.47
a 

34.07±0.66
c 

PEM on uncomposted cassava  5.44±1.07
a 

496.82±19.40
c 

32.58±4.65
c 

36.16±3.29
b 

23.57±0.53
b 

Mushroom from composted cassava 28.72±4.67
c 

70.50±20.89
a 

8.34±2.17
a 

63.23±7.58
c 

13.68±0.57
a 

Mushroom from uncomposted cassava 17.44±0.20
b 

86.67±2.89
a 

3.75±0.24
a 

45.68±2.23
b 

12.03±0.62
a 

 

Results presented as mean concentrations ± standard deviations. Superscript figures in the same column represent significant or insignificant 
differences at p ≤ 0.05 (ANOVA, Duncan test, p ≤ 0.05). Results are on dry weight basis. Cu = copper; Fe = iron; Pb = lead; Mn = manganese; 
Zn = zinc. 

 
 
 
were grown. Of all the heavy metals examined, Fe 
accumulated more excessively than Cu, Pb, Mn and Zn. 
The mean concentration of Fe was 380±8.84, 
592.16±37.97, 388.39±11.23, 496.82±19.40, 70.50±20.89, 
86.67±2.89 mg/kg (dry weight basis) (Table 1) for uncom-
posted cassava peels, composted cassava peels, P. 
ostreatus mycelium (PEM) on composted cassava peels, 
PEM1 on uncomposted cassava peels, mushroom 
harvested from composted cassava peels and mushroom 
harvested from uncomposted cassava peels, 
respectively.  

The maximum and minimum Fe values determined in 
the mushroom samples were 86.67±2.89 and 
70.50±20.89 mg/kg, respectively which far exceed the 
limit of 15 mg/kg set by WHO (1982). Iron (Fe) deficiency 
anemia for instance affect one third of the worlds 
population. On the other hand, excessive intake of iron is 
associated with an increase risk of colorectal cancer 
(Senesse et al., 2004).  

The high values of Fe recorded in the mushrooms can 
be attributed to the Fe content in the cassava peels 
before and after composting (Table 1). Also it has been 
reported that the part of the mushroom analysed, stipe or 
cap and the age of the mushroom plays a major part in 
the amount of heavy metal content detected (Radulescu 
et al., 2010).  

Statistically, there was no significant difference in the 
level of Fe determined in mushroom from composted and 
uncomposted cassava peels at p≤0.05. Iron levels 
reported in this study were however far lower than those 
reported by other authors. Sesli and Tȕzen (1999) 
reported values such as 31.3-1,190 mg/kg, Isiloǧlu et al. 
(2001) had values such as 180-407 mg/kg and 146-835 
mg/kg was reported by Tȕzen (2003).  

Copper is an essential constituent of some metallo-
enzymes and is required in haemoglobin synthesis and in 
the catalysis of metabolic growth (Silvestre et al., 2000). 
Copper concentrations determined ranged from 3.7±0.08 
to 28.72±4.67 mg/kg which are below the safe limit set by 
World Health Organization (WHO) (40 mg/kg) as copper 
in foods (WHO, 1982). At p ≤ 0.05, there was significant 
difference between the concentrations of Cu in 

mushroom from composted cassava and mushroom from 
uncomposted cassava. Cu levels in mushrooms reported 
in literature are 4.71-51.0 mg/kg (Tȕzen et al., 1998), 
13.4-50.6 mg/kg (Soylak et al., 2005) and 12-181 mg/kg 
(Tȕzen, 2003). 

Lead (Pb) is toxic even at trace levels (Dobaradaren et 
al., 2010) and the impairment related to Pb toxicity in 
humans include abnormal size and haemoglobin content 
of the erythrocytes, hyper stimulation of erythropoisis and 
inhibition of haem synthesis according to Vonugopal and 
Lucky (1975). The maximum and minimum values of Pb 
concentrations determined in the mushrooms were 
8.34±2.17 and 3.75±0.24 mg/kg on composted and 
uncomposted cassava peels, respectively, which were 
below the 10.0 mg/kg limit that has been set by WHO as 
Pb content in raw plant materials (WHO, 1982). However, 
the difference in Pb levels between the mushroom from 
composted cassava and mushroom from uncomposted 
cassava was statistically not significant at p ≤ 0.05. Pb 
levels reported in literature are 0.75-7.77 mg/kg (Tȕzen et 
al., 1998), 0.40-2.80 mg/kg (Svoboda and Kolac, 2003) 
and 1.43-4.17 mg/kg (Tȕzen, 2003).  

According to Unak et al. (2007), Mn is an essential 
metal and it plays an important role in biological systems 
such as its presence in metalloproteins. The highest and 
lowest Mn concentrations determined in both mushrooms 
from composted cassava and mushroom from uncom-
posted cassava were 63.23±7.58 and 45.68±2.23 mg/kg, 
respectively which are far below the toxicity limit between 
400-1000 mg/kg of Mn in plant. However, at p ≤ 0.05, the 
difference in the levels of Mn between mushroom from 
composted cassava peels and mushroom from uncom-
posted cassava peels is significant. Varying ranges of Mn 
values have been reported such as 14.5-63.6 mg/kg 
(Isiloǧlu et al., 2001), 12.9-93.3 mg/kg (Tȕzen, 2003), 
14.2-69.7 mg/kg (Soylak et al., 2005).  

Zinc (Zn) is an essential metal and a component of a 
wide variety of different enzymes in which it is involved in 
catalytic, structural and regulatory roles. It constitutes 
about 33 ppm of adult body weight and is essential as a 
constituent of many enzymes involved in a number of 
physiological  functions, such  as   protein  synthesis  and 



 
 
 
 
energy metabolism (Ma and Betts, 2000). WHO has 
recommended permissible limit of Zn in foods such as 60 
mg/kg (WHO 1982). The maximum and minimum 
concentration of Zn determined in mushroom samples 
were 13.68±0.57 and 12.03±0.62 mg/kg, which are below 
the safe limit of Zn in food set by WHO. There was no 
significant difference in the concentration of Zn in 
mushroom from composted cassava peels and 
mushroom from uncomposted cassava peels at p ≤ 0.05. 
The order of heavy metal accumulation in mushrooms 
harvested from both composted and uncomposted 
cassava peels was Fe>Mn>Cu>Zn>Pb while it was 
Fe>Zn>Pb>Mn>Cu, Fe>Mn>Zn>Pb>Cu, 
Fe>Zn>Mn>Pb>Cu, Fe>Mn>Pb>Zn>Cu for uncomposted 
cassava peels, composted cassava peels, PEM on 
composted cassava peels, PEM1 on uncomposted 
cassava peels, respectively. Of all the heavy metals 
examined, Fe was accumulated excessively than Cu, Pb, 
Mn and Zn indicating that P. ostreatus strain EM-1 is a 
good bio-accumulator of iron. 
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Mushroom substrates are organic materials which mushroom mycelia can digest and which support 
growth, development and fruiting of mushrooms. Without good substrates, satisfactory yields of 
mushrooms will not be obtained. Consequently, finding good substrates on which to grow Ganoderma 
lucidum is of great importance to the medicinal world, and for mushroom farming in Namibia. The 
objective of this research was to determine the possibility of growing G. lucidum mushrooms on corn 
cobs as a substrate base in order to see if corn cobs can replace saw dust as a substrate of Ganoderma 
cultivation in Namibia. The corn cobs and saw dust (control) were sterilized, inoculated under aseptic 
conditions in clear plastic bags and incubated at room temperature. Fruit bodies were observed within 
30 to 50 days, results considerably shorter compared to when using saw dust, which can take up to four 
months before mushrooms are obtained. This study demonstrated that corn cobs can be used as a 
substrate if supplemented with nutrients to support growth of the basidiocarp. 
 
Key words: Ganoderma, corn cobs, substrate, mushrooms, sawdust, basidiocarp. 

 
 
INTRODUCTION 
 
Ganoderma lucidum, a medicinal mushroom, is among 
the most popular herbal medicines in East Africa that has 
been used to modulate immune functions, inhibit tumor 
growth and in the treatment of chronic conditions like 
hypertension and hyperglyceamia (Jan et al., 2011). 
Mushroom cultivation techniques which use methods 
such as submerged culture to obtain mycelium have 
been described during the last 15 to 20 years while solid 
culture is used to obtain fruiting body or basidiocarp on 
several types of substrate and by monitoring important 
growth parameters including temperature, relative 
humidity and pH (Gurung et al., 2012; Erkel, 2009). The 

organic materials which can be digested by mushroom 
mycelia and support growth, development and fruiting of 
mushrooms are called substrate (Kadhila-Muandingi and 
Mubiana (no date)). Hence, without good substrates, 
satisfactory yields of mushrooms will not be obtained. 
Erkel (2009) wrote that for most medicinal mushrooms of 
the basic substrate is hardwood sawdust (75 to 80%) 
from deciduous trees like maple and elm, supplemented 
with wheat bran, although rice bran, rice husks, coconut 
fiber, peanut hulls, corn, sorghum and sugarcane 
bagasse and rice bran, ground corn and ground sorghum 
were found to be good supplements for substrate
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Table 1. The biological efficiency obtained from corn cobs and saw dust. 
 

Parameter Corn cob Sawdust 

Weight of Substrate (kg) 3.80 3.30 

Weight of Mushrooms harvested (kg) 0.202 0.00172 

 

Biological efficiency (BE) in % 

[Weight of mushrooms/ weight of substrate x 100% ] 

5.32 0.05 

 
 
 
mixture. In Nepal, G. lucidum had been cultivated on four 
different substrate mixtures with sawdust 70 to 90% 
supplemented with rice bran 10%, corn meal 20% and 
wheat bran 10% and wheat bran 12% (Gurung et al., 
2012). In another study, corn cobs were used as a 
lignocellulosic substrate for the production of lignin 
peroxidase by G. lucidum (Mehboob et al., 2011). From 
the above examples, it appears that corn cobs have 
successfully been used in the cultivation of Ganoderma, 
but mostly as a supplement to a substrate base of 
sawdust or to grow mycelia instead of cultivating the 
basidiocarp. 

Maize is the major commercial crop produced in 
Namibia (Mushendami et al., 2008). The cultivation of G. 
lucidum on corn cobs, which are an agricultural waste, 
could increase the availability of substrates in Namibia, 
and thus increase its production. Namibia is a dry and 
arid country. Trees that can provide good quality sawdust 
are mostly found in the Kavango region 
(http://www.openafrica.org/route/Kavango-Open-Africa-
Experience), making it expensive to transport sawdust to 
be used in mushroom cultivation. Finding alternate 
substrates on which to grow G. lucidum will help to cut on 
transportation costs and allow people to use corn cobs 
which are more widely available (Philippoussis et al., 
2003). The objective of this research was to determine 
the possibility of growing G. lucidum mushrooms on corn 
cobs as a substrate base in order to see if corn cobs can 
replace saw dust as a substrate of Ganoderma cultivation 
in Namibia. 
 
 
METHODOLOGY 

 
Preparation of culture 
 
Ganoderma lucidum culture was obtained from the ZERI laboratory 

at the University of Namibia and used to multiply more cultures. 
Potato dextrose agar was prepared according to instructions on 
label. The pure culture was multiplied by aseptically cutting small 
blocks and placing them on the fresh potato dextrose agar in Petri 
dishes. The Petri dishes were covered and sealed with Para film to 
prevent contamination. After 6 days, the mycelia had covered most 
of the surface of the agar. 
 
 

Development of spawn 
 
Dry wheat grains weighing 253 g were soaked in water overnight 

before the grains were removed; rinsed and excess water was 
drained. The grains were mixed with 1.5% of lime to alter the pH 
and packed in plastic bottles. The bottles were half-filled and closed 
lightly to autoclave at 121°C for 15 min. The grains were cooled and 
inoculated with 3 to 4 pieces of the pure culture obtained after 
which the bottles were stored in a cardboard box at room 
temperature to allow for mycelia growth. After 2 weeks, the grains 
were fully invaded by mycelia and the spawn was ready for 
substrate inoculation. 

 
 
Substrate preparation 

 
Mushroom substrates are organic materials that support the growth, 
development and fruiting of the mushroom mycelia. The substrates 
used were corn cobs and saw dust (control). The corn cobs and 
saw dust were weighed and soaked in water overnight (Table 1). 
The next day, the water was drained off and a handful of wheat 
bran was mixed with both substrates and substrates were packed 
into autoclavable plastic bags and autoclaved for 15 min at 121°C. 
The prepared substrates were transferred to smaller ‘houtsak’ 
plastic bags after cooling and inoculated with pure Ganoderma 
spawn using aseptic techniques. Finally, the bags were transferred 
to the dark room to allow mycelia growth. This step was replicated 
on four different days. 

 
 
Fruiting phase 

 
Once the bags were fully invaded by mycelium they were taken to 
the fruiting room where temperature and humidity was controlled to 
allow fruiting of the mushrooms. A blade was used to make 
openings on the bags to allow mushroom pinning. Daily watering of 
the fruiting room was necessary to raise the humidity and lower the 

temperature. 
 
 
RESULTS 

 
Pure cultures 

 
A thick white carpet of pure Ganoderma culture was 
obtained after six days (Figure 1). Some plates had to be 
discarded because they showed signs of Trichoderma 
contamination. 
 
 

Development of spawn 

 
Pure spawn was obtained within two weeks of inoculating 
the grains (Figure 2). 



 
 
 
 

 
 
Figure 1. Ganoderma pure culture. 

 
 
 

 
 
Figure 2. Pure spawn. 

 
 
 

Fruiting phase 
 

Fruiting has been observed in corn cobs substrate but 
none in some bags or poor fruiting in other saw dust bags 
(Figures 3 and 4). 
 
 

DISCUSSION 
 

Ganoderma  cultivation at  the  University  of  Namibia  is 
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usually done using hardwood sawdust or woodchips as 
substrate. However, it is a long process which takes up to 
5 months before mushrooms can be obtained. Thus, 
there is a need to find alternative substrate which can 
support the growth of this important mushroom. Saw dust 
was used as a control to compare the growth of 
Ganoderma on corn cobs. The results observed indicated 
that mycelia invasion of the corn cobs was faster than in 
saw dust (Figure 5) and some of the bags produced very 
small mushrooms; according to Kadhila-Muandingi and 
Mubiana (no date), this may occur when a number of 
mushrooms are growing from one bag at the same time 
and there is a lack of nutrients in the substrates. Previous 
studies indicated that corn cobs have been used as 
supplement for growth of G. lucidum in combination with 
other substrates such as rice bran and saw dust 
(Lakshmi, 2013), but has not been used as a base 
substrate on its own.  

In this study, Ganoderma grew on corn cobs with a BE 
of 5.32% while saw dust had a minimal BE of 0.05%. In 
previous studies, Erkel (2009) grew Ganoderma on 
Poplar, Beech and Oak sawdusts and obtained an 
average BE of 15.09% while Azizi et al. (2012) achieved 
a BE of 12.89% on Hornbeam sawdust and a high 
18.68% on Poplar sawdust. Veena and Pandey (2010) 
reported a BE ranging from 4 to 13% when they 
cultivated G. lucidum on locally available saw dust in 
India. The yield of G. lucidum on both saw dust and corn 
cobs obtained in this study was very low, when compared 
to the previous studies. There is therefore need for 
continuous efforts to be made in order to find suitable 
substrate combinations and supplements to increase 
yield of mushrooms from locally available agro-industrial 
substrates in Namibia. The substrates were exposed to 
the same environmental conditions, thus it can be 
assumed that the differences in the yield of mushrooms 
obtained was caused by differences in the substrates. 
Corn cobs have a higher ability to retain moisture 
compared to sawdust which dries out much faster. 
Additionally, substrates which have a high cellulose and 
lower lignin content allow mushrooms to pin faster than 
those which have high lignin and low cellulose. This is 
because high cellulose substrates have carbon available 
for rapid breakdown during mycelia growth whilst lignin 
takes longer to decompose. Corn cobs and wheat straw 
contain higher cellulose, crude proteins and moisture 
content than saw dust and sugar cane bagasse 
(Onyango et al., 2011). In the Namibian context, corn 
cobs is an ideal substrate for Ganoderma mushroom 
cultivation, especially considering that it is a farm produce 
which is inexpensive and widely available (Samuel and 
Eugene, 2012). The quality and yield of mushrooms 
depend on different factors such as the quality of spawn 
used, type of substrate, climatic factors and nutrients 
supplemented to the substrate before and at the time of 
fruiting (Khare et al., no date). It is recommended that 
corn cobs can be used as a substrate if supplemented
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Figure 3. Corncobs (L) and sawdust (R) growing in bags. 

 
 
 

 
 
Figure 4. Ganoderma growing on maize cobs. 

 
 
 

with nutrients to support growth of the basidiocarp. 
It is also recommended that quality assurance tests be 

done on the mushrooms obtained to ensure that their 
bioactive compound content are the same as mushrooms 

cultivated on hardwood sawdust. Additionally, the content 
of lignocellulose on corn cobs and saw dusts should be 
evaluated and, it is advised that materials containing corn 
cobs as supplement should be another control, in order to 
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Figure 5. Graph showing the number of days it took for corn cobs and saw dust to grow. 

 
 
 
indicate the advantage of corn cobs more clearly. 
 
 
Conclusion 
 
The objective of this research was to determine the 
possibility of growing G. lucidum mushrooms on corn 
cobs as a substrate base in order to see if corn cobs can 
replace saw dust as a substrate of Ganoderma cultivation 
in Namibia. In the results obtained, corn cobs had a BE of 
5.32%, which was higher than the saw dust BE of 0.05%. 
It can be concluded that corn cobs have the potential to 
be used as alternate substrate for Ganoderma mushroom 
cultivation in Namibia. 
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Citric acid is an important organic acid, multifunctional with a wide array of uses. The objectives of this 
study were the isolation and selection strains of the genus Aspergillus, investigating the solubilization 
of phosphate of these isolates, verifying the expression rate of genes involved in the identification of 
isolates, and efficiency of citrate synthase in the citric acid production. To verify the mechanisms of the 
microorganisms in solubilizing phosphate into the medium in the citric acid production, Araxá rock 
phosphate was utilized. Further, citric acid was evaluated in two culture media, namely BD and SA. The 
amplification by the polymerase chain reaction was done by using primer ITS region and citrate 
synthase (P1/P2). The isolates of Aspergillus niger were efficient to solubilize phosphate. The isolate A. 
niger 00118 stood out in the solubilization with an increase as high as five times the amount of soluble 
phosphorus when compared with the control treatment. The results of citric acid production highlighted 
better influence conditions of the culture medium Sabouraud (SA) on its production. The P1/P2 primer 
was sensitive in distinguishing the isolates A. niger 00116, A. niger 00104, A. niger 00098 and A. niger 
00118 in the analysis of citrate synthase enzyme genes. 
 
Key words: Biotechnology, enzyme, strains. 

 
 
INTRODUCTION 
 
Citric acid is the leading constituent of citrus fruits, 
currently one of the most important organic acids 
produced by microbial pathway. Because of its 
characteristics, it is widely utilized in food industry 

(acidulants, flavorings, antioxidants), in the pharma-
ceutical industry (buffering, scavenger, chelating) and 
others. Its importance is due to the characteristics (such 
as palatability, low toxicity) that it is easily assimilated by 
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the organism. With the use of microbiological process 
technique, it was possible to obtain acid by reducing the 
obtaining cost and greatly increasing the use in industrial 
scale. 

The metabolic pathway established involved in the citric 
acid biosynthesis includes citrate synthase and this 
enzyme is most time, considered fundamental in the citric 
acid cycle, maybe as the first step of the cycle. The 
enzyme catalyzes the reaction of condensation of acetate 
and acetyl coenzyme A with an oxaloacetate molecule to 
form citrate (Papagianni and Mattey, 2007).  

As the accumulation of citric acid by A. niger is 
accompanied by the action and activation or disap-
pearance and reduction in the activity of some Krebs 
cycle enzymes, the utilization of molecular techniques 
may be an alternative viable for the characterization and 
identification of the gene, which codifies for the citrate 
synthase in lactic acid production by A. niger and with the 
use of species-specific primers of the genus, it is possible 
to improve the detection techniques to the desirable 
extent of performing this operation directly in selected 
isolates, making the process faster. 

From among the molecular techniques which stand out, 
those ground on the DNA sequences amplification by the 
polymerase chain reaction (PCR) are included. The 
polymerase chain reaction is a highly sensitive technique 
by means of which small amounts of unique DNA or RNA 
sequences may be enzymatically amplified till millions of 
copies of the target sequence may be obtained (Gandra 
et al., 2008). 

A number of microorganisms, including both bacteria 
and fungi, possess the capacity of solubilizing inorganic 
phosphates by means of different mechanisms. The 
solubilization of inorganic phosphates takes place 
through the decrease of the pH value caused by the 
microbial production of organic or inorganic acids 
releasing soluble phosphate (Barroso and Nahas, 2005). 
In this context, the objectives of this study were isolation 
and selection of strains of the genus Aspergillus, 
examining the solubilization of phosphate of these 
isolates, verifying the level of expression of genes 
involved in the identification of isolates and efficiency of 
citrate synthase with the citric acid production aiming at 
the selection of superior isolates for industrial production. 
 
 
MATERIALS AND METHODS 
 
Microorganisms 

 
By the direct plating method, samples of soil, fruits, grains and 
breads were utilized for selection of A. niger for further purification. 
The characterization and the identification of the species of the 
genus Aspergillus was conducted on the basis of the taxonomy of 
Pitt and Hocking (1997).  

From these, 12 isolates of A. niger were selected (00098, 00100, 
00102, 00104, 00106, 00107, 00108, 00114, 00116, 00118, 00119, 

00124) with best performance as to the capacity of solubilizing 
phosphate and producing citric acid. 
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Efficient phosphate solubilization and acid citric production 
 
To verify the mechanism of phosphate solubilization of the isolates, 
Araxá rock phosphate was utilized, which was added into dose of 3 
g/100 ml into liquid culture medium GL (glucose, yeast extract). 
Aliquots of 1 ml of suspension of the fungi 10

8
 CFU (cells ml

-1
) were 

transferred, singly, into a 250 ml Erlenmeyer (flasks) containing 100 
ml of liquid culture medium and 3 g of phosphate as a source of 
phosphorus (P). The culture medium plus the phosphate with no 
inoculum was established as controls (Control 1) and the culture 
medium (Control 2). The treatments were inoculated at 28°C under 
stirring of 190 rpm for eight days, three replications being utilized. 
To quantify the soluble phosphorus (P) (deletion, it was earlier), the 

colorimetric method of Murphy and Riley (1962) was used. The pH 
was also determined according to the Association of Official 
Agricultural Chemists (AOAC) technique (1992). 

 
 
Citric acid production  

 
Citric acid was determined in two sorts of culture media, Sabouraud 
(SA) and Potato Dextrose (BD). Components BD medium include 

potato extract (200 g/500 ml), dextrose (20 g) and distilled water 
(1000 ml). SA media components include casein hydrolyzate (5 g), 
peptic hydrolyzate of animal tissue (5 g), glucose (40 g) and 
distilled water (1000 ml). Aliquots of 1 ml of suspension at 10

8
 CFU 

(cells ml
-1

) of each of the 12 isolates of A. niger in the two culture 
media (BD and SA) were inoculated into Erlenmeyer flasks of 125 
ml containing 50 ml of culture medium. The treatments were 
incubated at 28°C under stirring of 140 rpm for 7 days; three 

replications were utilized. After the incubation period, citric acid in 
the medium with the different isolates of A. niger was determined. 

 
 
Statistical analysis 

 
For the soluble phosphorus analysis, the experimental design 
utilized was completely randomized with 14 treatments and three 

replications. For citric acid, the experiment was also conducted 
according to a completely randomized experimental design, 
nevertheless, the treatments were arranged in conformity to a 
factorial scheme 12×2 with 12 isolates of A. niger and two culture 
media (BD and SA) amounting to 24 treatments. The media 
obtained were compared by the Tukey test at 5% of probability, 
utilizing the SISVAR program (Ferreira, 2011). 

 
 
DNA extraction and amplification 

 
For DNA extraction, the samples of the isolates were ground in 
liquid nitrogen and approximately 1 g of each samples/isolate was 
taken, and for each replication used, 0.04 g was weighted for DNA 
extraction. DNA extraction of the samples coming from the 12 
isolates of A. niger was done by means of Wizard

TM
 Genomic DNA 

Purification Kit (Promega, Madison, WI, USA).  

For amplifications by the polymerase chain reaction (PCR), the 
pairs of primers of the sequences Internal Transcriber Spacer 1 and 
4 (ITS 1 and ITS 4) (TCCGTAGGTGAACCT GCGG/ TCC 
TCCGCTTATTGATATGC) reported by Mirhendi et al. (2007) were 
utilized to amplify regions of the rDNA of the 12 isolates of  A. niger 
and for analysis of the citrate synthase gene in the isolates, the 
pairs primer 
(GCGAATTCATGTCTACCGGCAAGGCCAAGTCC/GCCCCGGGT
CATTT ACAGCTTAGCACC), reported by Kirimura et al. (1999) 

were utilized. The gel was stained with red gel and the PCR 
products were observed in an UV transilluminator. 
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Table 1. Efficient solubilization of phosphate Araxá by isolates of Aspergillus niger in liquid 
medium. 
  

Strain Soluble phosphorus (mg/kg) pH 

A. niger 00118 77.23± 0.81
a
 1.87± 0.01

a
 

A. niger 00104 66.41± 0.65
b
 1.91± 0.02

a
 

A. niger 00114 56.84± 0.72
c
 2.01± 0.01

b
 

A. niger 00116 51.12± 0.69
d
 2.11± 0.04

c
 

A. niger 00098 47.66± 0.54
e
 2.27±0.05

d
 

A. niger 00119 42.04± 0.93
f
 2.33± 0.01

e
 

A. niger 00107 35.24± 0.35
g
 2.41± 0.01

f
 

A. niger 00108 33.94±0.65
h
 2.52±0.06

g
 

A. niger 00124 28.54± 0.82
i
 2.97±0.01

i
 

A. niger 00106 26.42± 0.63
j
 3.04± 0.02

i
 

A. niger 00100 25.37± 1.52
l
 2.97± 0.01

h
 

A. niger 00102 19.29±0.25
m
 3.21± 0.03

j
 

Control 1 14.69±0.64
n
 6.85± 0.01

l
 

Control 2 1.13± 0.84
o
 7.02± 0.01

m
 

 

Means followed by the same small letter in the column do not differ from one another by the 
Tukey test at 5% of probability. 

 
 
 
RESULTS AND DISCUSSION  
 
Efficient solubilization of the phosphate 
 
In liquid medium, all the 12 isolates of A. niger presented 
additions in the amount of soluble phosphorus with Araxá 
rock phosphate. The isolates reduced pH of the liquid 
medium in relation to the control with no inoculation. The 
results are shown in Table 1. 

That solubilization of phosphate related with the 
decrease of pH demonstrates the possible solubilization 
mechanism and acid production. The study of Chuang et 
al. (2007) indicated the significant and positive correlation 
between phosphate and acidity. For solubilization to 
exist, there is need of acid production. That same 
mechanism was also related in the report of Vassilev et 
al. (2006), citric acid being considered as a strong 
solubilizing agent.  

According to Barroso and Nahas (2005), increasing 
titrable acidity, decrease in the values of final pH occurs 
which correspond to the increase of the soluble 
phosphate content. In general, isolate A. niger 00118 
stood out from the other treatments with the greatest 
amount of soluble phosphorus and lowest pH, increasing 
on the average about as many as 5 the amount of soluble 
phosphorus in the medium when compared with Control 
1.  

That result can be ascribed to the best adaptation of 
the isolate to the culture medium highlighting an 
increased capacity to produce acidifying metabolites for 
phosphate solubilization. That indicates that the 
solulibizing capacity differs among the different isolates  
and that one can be better than the other. 

Citric acid production 
 
As regards the citric acid production, variation among the 
isolates was found and that of A. niger 00118 was the 
most efficient attaining a concentration of 18.42 g/(100 g) 
of citric acid in SA medium and 8.62 g/(100 g) in BD 
medium; being superior to the production obtained 
among the isolates studied. The results are shown in 
(Table 2). 

In the work of Soccol et al. (2006), the production of 
citric acid by submerged fermentation by utilizing strains 
of A. niger and control of concentration of sugar, metals 
and oxygen obtained concentrations of about 14.98 g/L of 
citric acid. Prado et al. (2005), with the fermentation in 
the solid state of cassava bagasse utilizing also A. niger 
obtained an accumulation of citric acid corresponding to 
26.9 g/(100 g).  

The production of citric acid was greater in the SA 
medium than in BD medium. The results presented 
highlighted the influence of the conditions of the medium 
on citric acid production. The fact can be explained by the 
difference of the sugar and protein concentration present 
in the SA medium as glucose and peptone, making 
greater energy for the isolates available with the best 
sources of carbon and nitrogen. This occurrence is in 
accordance with Soccol et al. (2006), who observed poor 
output of citric acid owing to the fact that the sugar 
concentration is low in the medium. 

The pH values of the 2 media studied had a small 
difference, the lowest being for those of the BD medium 
and the highest values for the ones of the SA medium. 
The results do not implicate in the linking between pH a 
citric acid production. The results are shown in (Table 3).
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Table 2. Citric acid production by isolates of Aspergillus niger in submerged cultivation. 
 

Strain Citric acid  BD medium (g/100 g) Citric acid SA medium  (g/100 g) 

A. niger 00098 7.81± 0.04Ba 12.34± 0.01Eb 

A. niger 00100 1.97± 0.06La 7.56± 0.02Hb 

A. niger 00102 2.02± 0.02La 7.15± 0.04Ib 

A. niger 00104 7.69± 0.02Ca 12.83± 0.06Cb 

A. niger 00106 3.06± 0.03Ia 10.15± 0.06Gb 

A. niger 00107 4.72± 0.02Ga 11.25± 0.08Fb 

A. niger 00108 4.02± 0.06Ha 11.21± 0.03Fb 

A. niger 00114 6.47± 0.08Da 13.63± 0.04Bb 

A. niger 00116 6.33± 0.04Ea 12.82± 0.08Cb 

A. niger 00118 8.62± 0.06Aa 18.42± 0.09Aa 

A. niger 00119 5.25± 0.02Fa 12.47± 0.02Db 

A. niger 00124 2.24± 0.03Ja 6.65± 0.02Jb 
 

Means followed by the same capital letter in the column and small letter in the row do not differ from 
one another by the Tukey test at 5% of probability. 

 
 
 

Table 3. Influence of pH in citric acid production by isolates of Aspergillus niger in 
submerged cultivation. 
 

Strain pH (BD medium) pH (SA medium) 

A. niger 00098 1.99± 0.01Da 2.47± 0.04Gb 

A. niger 00100 2.30± 0.01Ga 2.96± 0.03Ib 

A. niger 00102 2.44± 0.01Ha 3.02± 0.06Jb 

A. niger 00104 1.81± 0.01Ba 2.16± 0.02Db 

A. niger 00106 2.04± 0.02Ea 2.61± 0.04Hb 

A. niger 00107 1.90± 0.01Ca 2.07± 0.02Cb 

A. niger 00108 2.14± 0.02Fa 2.41± 0.01Fb 

A. niger 00114 2.03± 0.01Ea 2.33± 0.02Eb 

A. niger 00116 1.92± 0.02Ca 1.91± 0.02Ba 

A. niger 00118 1.74± 0.04Aa 1.85± 0.02Ab 

A. niger 00119 2.01± 0.02Da 2.45± 0.05Gb 

A. niger 00124 2.32± 0.01Ga 2.97± 0.02Ib 
 

Means followed by the same capital letter in the column and small letter in the row do not 
differ from one another by the Tukey test at 5% of probability. 

 
 
 

The findings of Max et al. (2010) suggest that the 
variations in the pH values do not present significant 
effect for citric acid production with strains of A. niger. In 
the same way, Levinson et al. (2007), in a study with 
Yarrovia lipolytica, also found that pH does not promote 
significant alterations in the accumulated amount of citric 
acid.  

In spite of all the 12 isolates solubilizing phosphate, 
one can realize that a somewhat higher citric acid 
production in the isolates (A. niger 00118, A. niger 00104, 
A. niger 00114, A. niger 00098, A. niger 00116) who 
presented a higher amount of soluble phosphorus and 
the isolates (A niger 00124, A. niger 00102, A. niger 
00100) which had less citric acid showed less efficiency 
in solubilizing phosphate. Those data demonstrate the 

relationship between the efficiency of phosphorus 
solubilization and citric acid production. Therefore, 
greater understanding of the diversity, efficiency and 
capacity of microorganisms of solubilizing phosphate can 
further both the selection and identification of isolates 
potentially useful to produce citric acid. 
 
 
Amplification by polymerase chain reaction (PCR) 
 
The DNA of the isolates were extracted and amplified 
efficiently, nevertheless, the control (line 13) was not 
amplified for the ITS region. The sizes of the amplified 
fragments was of approximately 600 pairs of bases (bp) 
for all the isolates and were viewed at the same position
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Figure 1. Product of PCR amplification of genomic DNA on agarose gel of the isolates of 

Aspergillus niger. Lines 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 represent the amplification of the 
genomic DNA of pure cultures of isolates of A. niger: 00116, 00108, 00107, 00104, 00106, 00114, 
00119, 00100, 00102, 00098, 00118, and 00124, respectively and line 13 represents the control, 
utilizing primer ITS 1/ITS 4; line M is the molecular marker (1 Kb AMRESCO). 

 
 
 
on the agarose gel considered of same size (Figure 1). 

The 12 isolates of A. niger had amplified only 
fragments of the genomic DNA corresponding to ITS 1 
and ITS 4 region with bands of about 600 pairs of base. 
The primers ITS 1 and ITS 4 were utilized also to warrant 
the quality of DNA. According to Barrocas et al. (2012) 
and Phan et al. (2002), the regions of ITS of rDNA have 
been widely utilized to distinguish and detect closely 
related fungal species. According to White et al. (1990), 
the ITS region is easily amplified, since it is compre-
hended between 600 and 800 pairs of base. 

In the work by Menezes (2010) by means of molecular 
methods of DNA analysis, it was possible to distinguish 
species, since they detect the polymorphism existing 
among the sequences of nucleotides of the organisms. 
They exposed also in their results, the idea that the 
identification of species, based upon only morphological 
and cultural characteristics have limitations, since those 
are influenced by environment, altering the phenotype of 
fungal isolates. According to Hinrikson et al. (2005), in 
addition, the morphology tests are generally difficult and 
need staff skilled in mycology. González-Salgado et al. 
(2005), in a distinguishing work of A. niger with other 
species of Aspergillus, determined that their PCR assays 
based on the ITS region were both highly sensitive and 
unique and represent a good tool for the detection of 
species. 

The pair of P1/P2 of citrate synthase was unique to 
distinguish isolates of A. niger in the enzyme activity. 
Only genomic DNA of isolates A. niger 00116, A. niger 
00104, A. niger 00098 and A. niger 00118 were amplified 
with primers P1/P2. The size of the fragments was of 
about 920 pairs of bases and were viewed in the same 
position on the agarose gel considered of same size, the 
control (Line 13) being negative for amplification (Figure 
2). 

There are few works in the literature which define a 
correlation of citrate synthase of A. niger with citric acid 
production. Jaklitsch et al. (1991) in their study with 
enzymes involved in the citrate production by A. niger, 
evaluated citric-acid producing strains and all presented 
citrate synthase activity.  

The tricarboxlic acid cycle plays an important role in the 
citric acid production by A. niger. On the basis of the 
activity of the enzymes present in fungal extract, the 
reaction seems to have enough natural capacity for the 
accumulation of citric acid (Ratledge, 2000) and an 
overexpression of the gene corresponding to citrate 
synthase, therefore, it has no effect upon the citric acid 
accumulation rate (Ruijter et al., 2000). So, the 
alterations in the citrate synthase, which occur along 
fermentation, should not have consequences upon citric 
acid production (Karaffa and Kubicek, 2003).  

All the 12 isolates of A. niger surveyed for the analysis 
of genes of the citrate synthase enzyme, were selected 
for producing citric acid in liquid medium and only 4 of 
those isolates amplified their fragments for citrate 
synthase demonstrating a variation in the presence of the 
enzyme among them, that difference may be related with 
the fact of the isolates consisting of different sources and 
origins. The citrate synthase activity of isolated A. niger 
00116, A. niger 00104, A. niger 00098, A. niger 00118 
can be correlated with the efficient production of citric 
these isolates.  

The citrate synthase activity of the enzyme can be 
considered for the natural production and accumulation of 
citric acid by A. niger, therefore, amplification of DNA is 
positive for the selection of different strains of microor-
ganisms. It is necessary that further studies are deve-
loped using an induction of the production of citric acid 
which is used in methods to quantify the expression of 
citrate synthase with increased production of citric acid.
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Figure 2. Product of PCR amplification of genomic DNA on agarose gel of the isolates of 

Aspergillus niger. Lines 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 represent the amplification of the 
genomic DNA of pure cultures of isolates of A. niger: 00116, 00108, 00107, 00104, 00106, 
00114, 00119, 00100, 00102, 00098, 00118, and 00124, respectively and Line 13 which 
represents the control utilizing the pair of unique primers (P1/P2) of the citrate synthase of  
Aspergillus niger. Line M, Molecular marker (1 Kb AMRESCO).  

 
 
 

As the real-time PCR is molecular specific, sensitive 
and reproducible, it may contribute to the understanding 
of the relationship between the enzymes of the Krebs 
cycle and the production of citric acid by A. niger and 
establish the biochemical mechanism and control of 
enzymes that inhibit or promote the process of 
accumulation of citric acid biosynthesis by enabling the 
optimization of citric acid production on an industrial 
scale.  
 
 
Conclusions 
 
Citric acid was one of the mechanisms of solubilizing 
phosphate by the isolates of A. niger. Isolate A. niger 
00118 was the most efficient in the production for citric 
acid in the two media studied. The base sequencing of 
the ITS region was a simple and fast method to aid in the 
quality of the amplification of the DNA of the isolates of A. 
niger studied. Since the citrate synthase activity of the 
enzyme can be considered for the natural production and 
accumulation of citric acid by A. niger, therefore, 
amplification of DNA is positive for the selection of 
different strains of microorganisms. 
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One norfloxacin-degrading fungi was isolated from soil contaminated by norfloxacin and preliminary 
identified as Penicillium frequentans. Indoor simulative degradation experiments were carried out to 
investigate the biodegradation kinetics of norfloxacin with or without NFX3 in soil. The results indicate 
that the biodegradation of norfloxacin were both in accordance with first-order kinetics equation 
whether the NFX3 existed or not, and the microbial degradation rate constant of norfloxacin with NFX3 
in soil was 0.0121 day

-1
. 
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INTRODUCTION 
 
Quinolones are known as a group of synthetic organic 
antibiotics, and extensively used in agriculture to prevent 
diseases in livestock and treat illness; therefore, soil and 
groundwater body have been badly contaminated (Kay et 
al., 2005). Some measures revealed that the dominant 
veterinary drugs used in China are antimicrobial drugs, 
especially sulfonamides, macrolides and quinolones (Yu 
et al., 2012). Nowadays, systematic studies on the accu-
mulation, transportation, and transformation of veterinary 
drugs in aquatic and terrestrial environment, as well their 
effects on various organisms are still scarce.  

Consequently, it is critical to investigate the environ-
mental behavior of veterinary drugs, which would be 
helpful for accessing the security of veterinary drugs 
utilized in aquatic and terrestrial environment, and modi-
fying the contaminated soil. In predicting the transport of 
quinolones in the environment, and assessing their risk to 
terrestrial and aquatic ecosystems, it is necessary to 

know the biodegradation data of quinolones, but only a 
limited amount of biodegradation data of quinolones have 
been reported in the literature (Baran et al., 2006; Peng 
et al., 2006). In this study, biodegradation for norfloxacin 
in soil was carried out to investigate the biodegradation 
kinetics. 
 
 
MATERIALS AND METHODS 

 
Norfloxacin (NFLX), obtained from Daming Biotechnology Co. Ltd., 
China was further purified by recrystallization from aqueous 
solutions. After filtration and drying, its purity was determined by UV 
spectrometry (type UV-2401PC, Shimadzu Co. Ltd, China), to be 

0.996 in mass fraction. H2SO4 and NaOH used in experiments were 
all analytical reagents.  

The soil sample was collected from Xingyang in China. Its 
physical and chemical properties show that the pH value is 7.82, 
which indicate that it is alkaline and the organic matter content is 
not small (11.0 g/kg). 
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Figure 1. Colony shape feature and microscopic observation (1040 times) on bacteria isolated. 
 
 
 

Isolation and identification of bacteria 
 

Ten grams of the norfloxacin contaminated soil sample was added 
to 90 ml sterile distilled water, and the suspension was shaken 
vigorously at 303.15 K and 120 r/min for 30 min. Serial dilutions (10

-

2
-10

-4
) were prepared using sterilized distilled water, and 0.1 ml 

aliquots were inoculated in Petri dishes that contained potato 
dextrose agar medium (glucose, 20.0 g; potato extract, 200.0 g; 
agar, 20.0 g; distilled water, 1000 ml), beef extract peptone agar 
medium (beef extract, 5.0 g; peptone, 10.0 g; NaCl, 5.0 g; agar, 
20.0 g; distilled water, 1000 ml; pH 7.2-7.4) and Gause I agar 

medium (soluble starch, 20.0 g; KNO3, 1.0 g; NaCl, 0.5 g; 
K2HPO4·3H2O, 0.5 g; MgSO4·7H2O, 0.5 g; FeSO4·7H2O, 0.01 g; 
agar, 20.0 g; distilled water, 1000 ml). The pH of the media was 
adjusted to 7.0-7.2 with 0.1 mol/L HCl prior to sterilization (YXQ-LS-
30S vertical pressure steam sterilizer, Shanghai Boxun Medical 
Equipments Co. Ltd., China) at 394.15 K for 20 min. Each medium 
was supplemented with 10.0 mg/L of norfloxacin to inhibit the 
growth of Gram-negative bacteria and fungi, respectively. 

Following inoculation, the plates were incubated at 303.15 K for up 
to seven days, and colonies were purified without antibiotics by 
streaking onto the respective agar medium from which the colonies 
were isolated, and selected isolates of bacteria were preserved on 
nutrient agar medium at 277.15K for further experiments. Microbial 
selection was based on colony morphology, color and presence of 
diffusible pigments according to Bergey’s manual of systematic 
bacteriology (Malghani et al., 2009). 
The selected strain was transferred to mineral salt medium (MSM)

 

(Herman and Frankenberger, 1999) containing 10.0 mg/L 
norfloxacin in a 250 ml Erlenmeyer flask and incubated on an 
orbital shaker (Shanghai Yuejin Medical Apparatus Factory) at 
303.15 K and 120 r/min for 3-5 days. Then, growth was observed 
and the culture (1 ml) was shifted to fresh MSM containing 20.0 
mg/L norfloxacin. In the same way, the culture was transferred to 
serially increasing concentrations of norfloxacin up to 30.0 mg/L. 
 
 

Degradation experiments 

 
Nearly 4.0 g of each soil sample was added to 250 ml conical flask 

with plug. Following, norfloxacin solution was added up to 50 
mg/kg; 1 ml NFX3 bacterial suspension was added or not; appro-

priate amount of water was reentered up to 60% of maximum water 
holding capacities in field. Then lucifuge degradation experiments 
enclosed in constant temperature incubator (Shanghai Yuejin 
Medical Apparatus Factory) at 298.15K was processed. Thereafter, 
each soil was sampled at intervals (0, 5, 10, 20, 30, 40 and 60 d), 
with 100 ml 0.1 mol/L NaOH extracting solution being affiliated to 
oscillate (140 r/min) and extract at 298.15 K for 24 h. After 
centrifugal separating (4000 r/min; type LD4-2A, Beijing Medical 
Appliance Factory), supernatant liquor was taken to determine the 

norfloxacin concentration using UV spectrophotometry (Diaz-Cruz 
et al., 2003), and residual quantity of norfloxacin in soil was 
calculated. 
 

 
RESULTS AND DISCUSSION 
 
Isolation and identification of bacteria 
 
Five different microorganisms were isolated from the 
norfloxacin-exposed soil samples by the above 
mentioned method. All isolates were fungi and had high 
tolerance to norfloxacin. Among them, strain NFX3 was 
preliminary identified as Penicillium frequentans, and 
further confirmation will be made by sequencing of their  
16 SrRNA gene. The colony shape feature and 
microscopic observation are shown in Figure 1. 
 
 
Degradation of norfloxacin with or without NFX3 in 
soil 
 
Based on the degradation curves of norfloxacin and their 
correlation coefficients (r = 0.95-0.99), its degradation 
process could be described by the first order kinetic 

 
 

observation were shown in Figure 1. 
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Figure 2. Degradation dynamics of norfloxacin with or without NFX3 in soil. c = norfloxacin concentration, t = time (day). 

 
 
 

Table 1. Kinetic parameters of norfloxacin degradation with or without NFX3 in soil at 298.15 K. 
 

Treatment ln(c0/c)=kt r k (day
-1

) t½ (day) 

Without NFX3 ln(c0/c) = 0.0072t 0.9943 0.0072 96.3 

With NFX3 ln(c0/c) = 0.0121t 0.9935 0.0121 57.3 
 

c = norfloxacin concentration; c0 = initial norfloxacin concentration; k = degradation rate constant; t = time (day), t1/2 half-

life (day). 

 

 
 
equation (Zhang et al., 2004). 
 

0ln
c

kt
c
                              (1) 

 

1/ 2

ln 2
t

k
                               (2) 

 
Where, c is the norfloxacin concentration at t, mg/kg, c0 is 
the initial norfloxacin concentration, mg/kg, k is the 
degradation rate constant, day

-1
, t is time, day, t1/2 is the 

half-life, day. 
The degradation dynamics of norfloxacin with or without 
NFX3 in soil at 298.15K is shown in Figure 2 and Table 1. 
It is shown in Table 1 that the biodegradation of 
norfloxacin with or without NFX3 were both in accordance 
with first-order kinetics equation, and the microbial 

degradation rate constant of norfloxacin with NFX3 in soil 
was 0.0121 day

-1
, which is probably dependent on 

stability and bacterial inhibition for norfloxacin in soil (Bel 
et al., 2009). From Figure 2, the degradation efficiency of 
norfloxacin with NFX3 was slightly lower than without 
NFX3 in the first 15 day, which may be that the NFX3 still 
could not meet the new living environment; but 15 days 
later, the former was significantly higher than the latter, 
NFX3 could have been domesticated and adapted to the 
soil environment. Faster degradation of norfloxacin 
occurred after the exponential growth phase, probably 
due to acetate consumption since the presence of such 
easily degradable carbon source allowed the increase in 
the biomass of the degrading strain, accelerating the 
biodegradation process. The degradation efficiency of 
norfloxacin with or without NFX3 in soil at 60 day reached 
51.3 and 34.2%, respectively,  while the initial norfloxacin 
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concentration was 13.0 g/kg. The results showed that 
NFX3 promoted significantly norfloxacin degradation. 
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Antioxidants have been reported to prevent oxidative damage caused by free radicals and can be used 
to ameliorate conditions in cardiovascular and inflammatory diseases. Ethnobotanical study revealed 
that the leaves of Lonchocarpus cyanescens are traditionally used in Africa to treat ulcer and arthritis. 
This study investigates the antioxidant activities of its extract and fractions. Acetone leaf extract of L. 
cyanescens was screened for 2,2-diphenylpicrylhydrazyl (DPPH) free radical scavenging activity, ferric 
reducing power (FRAP), total phenol content and total flavonoid content using catechin as standard 
antioxidant. Bioguided column chromatographic separation was carried out and the resultant fractions 
were screened for antioxidant activities. Preliminary spectroscopic profile of the most active fraction 
was obtained. DPPH and FRAP methods showed that L. cyanescens had antioxidant activity which 
correlated with its phenolic and flavonoid contents. There was a higher correlation of the total 
phenol/flavonoid content to the antioxidant activity by the DPPH method [r2 = 0.9906, 9926 respectively] 
than the FRAP method [0.8635, 8840 respectively]. Bioactivity guided fractionation identified fraction F5 
as the most active. 

1
H and Infrared spectra indicated that the most active fraction contained flavonoids. 

Comprehensive in-vivo studies and toxicity profile of the extract will be required before considerations 
for development as a phyto-drug. 
 
Key words: Lonchocarpus cyanescens, antioxidant, DPPH, FRAP, phenol, flavonoid. 

 
 
INTRODUCTION 
 
Free radicals formed in the body are chemical species 
that possess an unpaired electron in the outer valance 
shell of the molecule. This makes them highly reactive 
and can complex with major macromolecules including 
proteins, lipids, carbohydrates and DNA (Evans and 
Halliwall, 1999). Free radicals may either be oxygen 
derived (reactive oxygen species, ROS) or nitrogen 

derived (RNS, reactive nitrogen species) (Devasagayam 
and Kesavan, 2003). An imbalance between antioxidants 
and ROS results in oxidative stress (Mohammed et al., 
2012). Oxidative stress causes serious cell damage 
leading to a variety of human diseases like Alzheimer’s 
disease, Parkinson’s disease, atherosclerosis, cancer, 
ulcer, arthritis and neurodegenerative disorders



 
 
 
 
 
 
(Peterhans, 1997; Ames et al., 1993).  

Studies on medicinal plants and vegetables strongly 
supported this idea that plant constituents with anti-
oxidant activity are capable of exerting protective effects 
against oxidative stress in biological systems and other 
health related benefits (Mali et al., 2004; Chaudhary et 
al., 2004). Recently, there has been growing interest in 
natural antioxidants of plant origin because they have 
greater application in the food industry for increasing the 
stability and shelf life of food products.  

Lonchocarpus cyanescens (Schumach. and Thonn.) 
Benth is a shrub of twinning habit, belonging to the 
legumes family Fabaceae (Ogungbaro, 2010). Deciduous 
scandent shrub up to 4 m tall (in cultivation usually up to 
2.5 m) or liana up to 20 m long; bark grey to very pale 
brown, slash yellowish; branchlets silky when young. It is 
widespread in Western Africa such as Cameroon, Ivory 
Coast, Sierra Leone, Benin, Nigeria, Togo and Guinea. It 
is also cultivated, particularly in Sierra Leone and Ghana. 
The plant is commonly known as West African indigo. 
The leaves of L. cyanescens is traditionally used for the 
treatment of diseases like arthritis, ulcer, intestinal 
disorder, dysentery, psychosis and leprosy (Ismot et al., 
2013; Mubo et al., 2012; Iwu and Ayanwu, 1982). There 
is scanty scientific data to support the folkloric use of this 
plant in many of these disease states. The current study 
was designed to investigate the antioxidant activities of L. 
cyanescens using in vitro assay models which could 
possibly suggest the pharmacological basis of some of its 
local applications. 
 
 

MATERIALS AND METHODS 
 
General methods 

 
Nuclear magnetic resonance (NMR) data were obtained on a 
Bruker 500 MHZ model using deuterated methanol as solvent and 
tetra-methyl silane [TMS] as internal standard. Infrared data was 

obtained from a Bruker Fourier transform infrared (FT-IR) spectro-
photometer model Vector 22. Silica gel 60 - 120 mesh was used for 
the Bioguided separation of bioactive extract. All Spectral data were 
obtained from the Facilities of Indian Institute of Integrative 
Medicine, Jammu, India. 
 
 

Plant material 

 

Fresh leaves of L. cyanescens were identified and collected from 
the University of Ibadan Botanical Garden by Mr. M. K. Owolabi of 
the Department of Botany (Curator of the Botanical garden of the 
University of  Ibadan). The leaves were  air dried and milled into the  

 

Babatunde et al.          2241 
 
 
 
University of Ibadan). The leaves were air dried and milled into fine 
powders and kept in airtight containers until use. 

 
 
Extraction of plant 

 
Powdered plant material (350 g) was extracted with 3.5 L of 
acetone by cold maceration with intermittent shaking for a period of 
72 h. The extract was filtered through Whatman No.1 filter paper 
and concentrated to a minimum volume of solvent at 45°C with 

rotary evaporator. The extract was finally concentrated under a 
stream of cold air to dryness. The weight of the dried extract was 
determined and then stored in the refrigerator until use. 
 
 

Thin layer chromatography (TLC) analysis of extracts 
 
The extracts were analyzed using TLC F254 with the following 
solvent systems: hexane: ethyl acetate (HE) (7:3), chloroform: 

methanol (CM) (9:1) and chloroform: ethyl acetate: formic acid 
(CEF) (5:4:1). Compounds were visualized by spraying with vanillin-
sulphuric acid spray reagent (0.1 g vanillin, 28 ml methanol and 1 
ml sulphuric acid). The plates were heated at 110°C for 5 min to 
view the spots.  
 
 

Antioxidant assays 
 

2, 2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity  
 
Free radical scavenging activity was evaluated using catechin as 
standard antioxidant. The radical scavenging activity was measured 
using the stable radical DPPH according to the method described 
by Hatano et al. (1988). Various concentrations of the extracts were 
added to 4 ml of methanol solution of DPPH (1 mM, 1 ml). The 
mixture was shaken and left for 30 min at room temperature in the 
dark and the absorbance was measured with a spectrophotometer 

at 517 nm. All determinations were performed in triplicate. The 
antioxidant activity was calculated as the percent inhibition caused 
by the hydrogen donor activity of each sample according to the 
following: 
 

 

 

 

                                           A control – A test    
DPPH scavenged (%) =                                  x 100 
                                               A control         

 
         

 
Where, A control = absorbance of control and A test = absorbance 
of test sample. 
 
 
Ferric reducing power (FRAP) assay 
 
This was determined according to the method of Oyaizu (1986). 
The extract or standard (10-1000 µg) in 1 ml of distilled water was 

mixed with phosphate buffer (pH 6.6) and potassium ferricyanide. 
The mixture was incubated at 50°C for 20 min. Trichloroacetic acid 
(10%, 2.5 ml) was added to the mixture. A portion of the resulting 
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Table 1. Antioxidant activity of L. cyanescens extract by DPPH method. 
 

Concentration (μg/ml) 
% Antioxidant activity 

L. cyanescens Catechin 

500 14.83 ± 0.386 17.38 ± 1.655 

750 22.75 ± 0.425 21.01 ± 0.850 

1000 41.87 ± 2.790 45.95 ± 1.874 

1500 63.89 ± 2.730 70.73 ± 3.776 
 

Values are expressed as Mean ± SEM, n=3. Similar activity pattern between L. cyanescens extract and 

catechin was at p>0.05 

 
 
 
mixture was mixed with FeCl3 (0.1%, 0.5 ml) and the absorbance 
was measured at 700 nm ina spectrophotometer. Higher absor-
bance of the reaction mixture indicated reductive potential of the 

extract. 
 

 

Total phenolic content (TPC) 
 
Total phenolic content was determined using the Folin-ciocalteu 
assay, following the method of Singleton and Rossi (1965). In total, 
10 to 1000 µg of the extract (1 mg/ml) was added to 1 ml of Folin 

ciocalteu reagent. It was allowed to stand for 3 min after mixing. 
Saturated Na2CO3 solution (11 ml) was added and the solution was 
made up to 10 ml with distilled water. The final mixture was mixed 
and then incubated for 90 min in the dark at room temperature. A 
reagent blank was prepared using distilled water. The absorbance 
was measured spectrophotometrically at 725 nm. Total phenolic 
values are expressed in terms of catechin equivalents (CE) in 
milligrams per gram plant extract.  

All determinations were made in triplicate. Correlation plots of 
total phenolic content against the antioxidant activities by DPPH 
and FRAP models were obtained.  
 
 

Total flavonoid content (TFC) 
 
The total flavonoid content in extracts was determined according to 
Jia et al. (1999), briefly, to various concentrations of distilled water 
and sample, NaNO2 (75 µl, 5%) was added and left to stand for 5 
min. Hydrated aluminium chloride (10%, 150 µl) was added and left 
to stand for another 6 min. NaOH (500 µl, 1 M) and 275 µl of 
distilled water were added and mixed. The colour intensity was read 
spectrophotometrically at 500 nm. All determinations were 
performed in triplicate.  

Total flavonoid values are expressed in terms of catechin 
equivalents (CE) per gram of plant extract from a standard curve. 
Correlations plots of total flavonoid content against its antioxidant 

activities by DPPH and FRAP models were obtained.  
 
 
Column chromatographic separation of extracts 
 

Dried acetone extract (3 g) was separated into different fractions by 
column chromatographic technique with silica gel as stationary 
phase. A wet column packing was done and the separation was 
carried out with hexane and ethyl acetate in the gradient of 90:10 

(hexane: ethyl acetate) to 100% ethyl acetate and finally washed 
with methanol.  

The pattern of the separation was monitored by thin layer 
chromatographic fingerprint and similar patterns were pooled 
together to obtain six fractions (F1, F2, F3, F4, F5 and F6). 

1
H and 

infrared spectral data were obtained for the most active fraction (F5) 
to determine the nature of compound it contained. 
 
 
Bioassay of fractions 
 
Antioxidant properties of the different fractions were determined by 
measuring the free radical scavenging activity using the stable 

radical (DPPH) according to the method described above. The 
comparative antioxidant activities of the fractions were obtained 
from a statistical plot of their activities at different concentrations.  

 
 
Statistical analysis 

 
The results are given as mean ± standard error of mean (SEM). 
The experiments were done in triplicate. Student t-test was used for 

comparison of two mean values and one-way analysis of variance 
(ANOVA) followed by a post-hoc Tukey’s test was applied in the 
analysis of data with more than 2 mean values. P < 0.05 was taken 
as significant using GraphPad Prism 5 software. 
 
 
RESULTS 
 
350 g of dried L. cyanscens extract yielded 26 g of dried 
extract (7.4%). The mobile system of hexane: ethyl 
acetate (5:5) (H: E) was most appropriate for the study. 
 
 
Antioxidant assay 
 
As shown in Tables 1 and 2, the antioxidant activity of the 
extract was concentration-dependent. Scavenging effects 
of L. cyanescens on DPPH radical increased with 
increase in concentration. At 0.50 mg/ml, scavenging 
effect of L. cyanescens was 14.83% while catechin was 
17.38%. At 1.5 mg/ml, scavenging effect of L. 
cyanescens was 63.89% and that of catechin was 
70.73%. A similar pattern was obtained in the FRAP 
method as shown in Table 2. L. cyanescens extract 
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Table 2. Ferric reducing-antioxidant power (FRAP) capacity of L. cyanescens extract. 

 

Concentration (µg/ml) L. cyanescens Catechin T- test (P value) 

100 0.069 ± 0.003 0.071 ± 0.008 0.188 

500 0.221 ± 0.002 0.314 ± 0.016 0.878 

750 0.340 ± 0.020 0.483 ± 0.036 0.032 

1000 0.435 ± 0.008 0.610 ± 0.011 0.008 
 

Values are expressed as Mean ± SEM, n=3 in each group. Similar activity pattern between L. cyanescens extract and catechin 

was at p>0.05. 
 

 
 

 

 
FIG.1.1 Correlation between antioxidant activity [DPPH] and Total Phenol Content
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Figure 1. Correlation between DPPH and TPC of Lonchocarpus cyanescens benth 

leaves extracts. 

 
 
 

 
Correlation between antioxidant activity [DPPH] and Total Flavonoid content
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Figure 2. Correlation between DPPH and TFC of Lonchocarpus 

cyanescens benth leaves extracts. 
 
 

 

showed comparative antioxidant activity to catechin in 
DPPH and FRAP methods P>0.05.  
 

 

Total phenolic content (TPC) and total flavonoid 
content (TFC) 
 

TPC and TFC of L. cyanescens obtained were correlated  

with the antioxidant activities (DPPH and FRAP). The 
correlations for TPC and TFC with DPPH are shown in 
Figures 1 and 2. We observed a strong correlation 
between antioxidant activity (DPPH method) of the 
extract and phenol and the flavonoid contents (Figures 1 
and 2) with a correlation coefficient of 0.9906 and 0.9926, 
respectively. While the same pattern was observed with 
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(a) 

 
 

 
IR Spectrum  
 

Figure 3a. IR spectra of the most active fraction of L. cyanescens [F5]. 

 
 
 
the FRAP method, there was a lower correlation to the 
total phenol and flavonoid content observed (0.8635 and 
0.8840, respectively) than in the DPPH method. 
 
 
Activity of chromatographic fractions 
 
As shown in Figure 4, the most active fraction was F5. 
There is a significant difference between the activity of F5 
and the other inactive fractions such as F2 and F3 (p < 
0.05). Fraction F6 also showed significant activity. 

1
H 

NMR spectra showed downfield signals between 6 and 8 
ppm, while Infrared spectra indicated the following 
functional groups - OH, C=O and C-O as shown in Figure 
3. These signal patterns are associated with flavonoids.  

DISCUSSION 
 
DPPH free radical method is based on the determination 
of the concentration of 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH) at steady state in solution. After the addition of 
the antioxidant, the concentration of DPPH which 
absorbs at 517 nm is reduced by the antioxidant; while in 
the ferric reducing antioxidant power (FRAP) assay, the 
antioxidant principle is based on the ability of the 
antioxidant to reduce ferric (III) ions to ferrous (II) ions. 
The two methods are fast and sensitive methods that are 
readily applicable in the study of plant extracts for their 
antioxidant activities in the search for bioactive 
compounds against diseases associated with oxidative 
stress (Azizah et al., 2010). The antioxidant activities of 
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(b) 
 

 
 

 
1
H NMR Spectrum  

 
Figure 3b. 

1
HMR spectra of the most active fraction of L. cyanescens [F5]. 

 
 
 
the extract which is comparable to catechin in both 
studies highlighted its potential. This is because catechin 
related compounds have a central place in antioxidant 
and cancer related research (Menon et al., 1999). 

Plant polyphenols which constitute a diverse group of 
compounds (flavonols, flavanol, stilbenes, phenolic acids, 
e.t.c) possess an ideal structure for free radical 
scavenging activity. This family of molecules has a 
remarkable pharmacological importance as therapeutic 
agents. They have been used directly or through some of 
their derivatives in various disease conditions including 
cancer, arthritic condition, among others (Gomes et al., 
2012; Izzi et al., 2012). The fact that they have 
antioxidant activities by acting through several ways is 
central in the explanation of their diverse pharmacological 
actions (Villaño et al., 2007). Very good correlation 
observed between the phenolic/flavonoid contents and 

the antioxidant activity confirmed that the observed 
activity in L. cyanescens extract was majorly due to the 
flavonoid content. The most active fraction as indicated 
from preliminary spectroscopic investigations (IR and 
1
NMR) as shown in Figure 3 contained essentially phyto-

phenolic compounds (flavonoids). Our findings possibly 
account for the use of this plant in the treatment arthritic 
conditions and ulcers (Ismot et al., 2013; Iwu and 
Ayanwu, 1982). 

While there is no report on any characterized flavonoid 
from this specie [L. cyanescens], studies on other 
species of Lonchocarpus genus have led to the isolation 
of some phyto-phenolic compounds. Jean-Robert et al. 
(2001) previously isolated some phenolic compounds 
from Lonchocarpus chiricanus which include chiricanine. 
Cassidy and Setzer (2010) investigated the anti-cancer 
potential of some flavonoids from Lonchocarpus haberi.
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Figure 4. Comparative antioxidant activities of chromatographic fractions by DPPH method. 

 
 
 
Such related compounds isolated from the other species 
in this genus are possibly associated with the antioxidant 
activity we have observed in the extract of L. cyanescens.  

In the correlation studies, a better correlation was 
observed with the DPPH than the FRAP model. The 
mode of action of the two methods are closely related but 
several authors have found their sensitivity slightly 
different, although the difference in the two methods is 
not statistically significant which is similar to what we 
observed in this study (Christina et al., 2011).  

The fact that more than one fraction (fractions 5 and 6) 
showed good activity suggests that the mode of action is 
possibly synergistic. There are possibly several phyto-
phenolic compounds in this extract, since our correlation 
studies showed the antioxidant activities are essentially 
through this class of compounds. Previous studies on the 
bioactivity of Ochna pretoriensis indicated a similar 
synergistic pattern (Makhafola et al., 2012). Comparative 
antioxidant activity of the whole extract and the most 
active fraction of L. cyanescens were 14.83, 41.87, 63.89 
and 33.37, 46.79, 84.80 respectively at 500, 1000 and 
1500 μg/ml. Some extracts are better applied as whole, 
but that does not diminish the importance of isolating 
bioactive compounds from whole extracts because of the 
potential of obtaining lead compounds for the design and 
synthesis of drug candidates with increased activity and 
reduced toxicity.  
 

 

Conclusion 
 

This study shows that L. cyanescens extract have 
significant antioxidant and free radical scavenging 
activities. Antioxidant-rich plant extracts serves as 
sources of neutraceuticals that alleviate oxidative stress 
and therefore prevent or slow down degenerative 
diseases. This possibly explains the basis for the local 

application of this plant in patho-physiological conditions 
associated with oxidative stress which include ulcer, 
arthritis, neurodegenerative disorders, among others. 

1
H 

and Infra-red spectra indicated the presence of flavonoid 
in the most active fraction. Further studies are required 
on the in vivo antioxidant activity and toxicity profile of 
these extract and fractions before its consideration as a 
phyto-drug. 
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Xylanases are hydrolases which depolymerize the xylan components present in plants cell wall. 
Commercial applications for these enzymes include its use in the pulp bleaching, food and animal feed 
industries, among others. Recently, there is a great interest on the exploitation of agro-industrial wastes 
as low-cost raw materials for value-added compounds production, as xylanolytic enzymes for industrial 
applications. This is the first report about the xylanase production using pineapple peel as substrate. 
The xylanase production by Trichoderma viride was optimized and the enzymes produced were 
biochemically characterized. Additionally, the effect of these enzymes on pulp biobleaching process 
was evaluated. High xylanase production was obtained with pineapple peel at 2% concentration, for 
seven days, in stationary cultivation at 28°C, in pH 7.5. Xylanases were more active at 50°C, pH 6.0-6.5 
remaining stable at pH 5.0-5.5. T. viride xylanase was stable at 40°C, showing the half-life (T1/2) value of 
255 min. The enzyme was remarkably stimulated by Mg

2+
 and Zn

2+
, while Pb

3+
 and Hg

2+
 were strong 

inhibitors of the xylanase activity. This work shows the ability of the filamentous fungus T. viride to 
produce high levels of xylanases using pineapple peel as substrate, an inexpensive and abundant agro-
industrial waste. Therefore, the reduction on kappa number achieved in this investigation revealed the 
application potential of these enzymes in biobleaching process. 
 
Key words: Agro-industrial wastes, filamentous fungi, submerged fermentation, pulp pretreatment, xylanolytic 
enzymes. 

 
 
INTRODUCTION 
 
After cellulose, xylan is the most abundant polysaccha-
ride present in wood, agricultural and several agro-
industrial wastes. This complex heteropolysaccharide 
consists of a main chain of 1,4-β-D-xylose monomers 

which is partially acetylated and substituted in different 
degrees by a variety of side chains, mainly single α-D-
glucuronosyl and α-L-arabinosyl units (Collins et al., 
2005; Wakiyama et al., 2008). Due to its structural
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complexity, several hydrolases are required for complete 
degradation of xylan. The main enzymes involved in 
xylan degradation are the endo-β-(1,4)-xylanases. These 

enzymes cleave the internal β-(14) bonds in the xylan 
backbone at non-modified residues, yielding different 
chain length substituted xylooligosacharides (Zhang et 
al., 2007; Sharma and Kumar, 2013). 

Recently, xylanases have been extensively studied due 
to their industrial applications (Buthelezi et al., 2011). An 
example is the bioconversion of lignocellulosic residues 
in their constituent sugars. These enzymes have 
attracted attention due to their role in the production of 
xylose which can be converted into bioethanol and xylitol 
(Laxmi et al., 2008).  

Other industrial applications include the improvement of 
digestibility of animal feedstock, clarification of wines and 
juices and the baking of rye to improve the bread volume 
and crumb structure (Romanowska et al., 2006; 
Khandeparker and Numan, 2008; Gupta and Kar, 2009; 
Albert et al., 2011). In the last years, the use of xylanases 
as bleaching agents of wood kraft pulps has been 
considered the main industrial application of xylanolytic 
enzymes. Many studies have demonstrated that the pulp 
treatment with xylanases promotes the release of lignin 
from the pulp, thereby reducing the chlorine required in 
this process (Khandeparker and Numan, 2008; Gupta 
and Kar, 2009; Albert et al., 2011). 

The agro-industrial residues are composed of 
lignocellulosic material and are generated in large 
quantities in agribusiness, food, wood, pulp and paper 
industries, among others. These wastes contain many 
high-value constituents, such as carbohydrates and 
fibers.  

Also, current trends emphasize that agro-industrial 
wastes have potential for microbial enzymes production. 
However, these potentially valuable materials are often 
disposed in the environment without an adequate 
treatment, increasing environmental damage (Dashtban 
et al., 2009).  

The global market for enzymes is expected to reach 8.0 
billion in 2015 (Li et al., 2012). However, the production 
cost of xylanases is the major factor limiting its use, 
requiring the development of low cost production systems 
(Buthelezi et al., 2011). According to Widjaja et al. (2009)

 

and Ali et al. (2012), the cost of the industrial enzymes 
can be decreased by the establishment of the optimal 
conditions for its production, including the use of agro-
industrial wastes as substrates. 

Pineapple waste is one of the agro-industrial residues 
which represent a serious environmental pollution (Rani 
and Nand, 2004). The peel is rich in cellulose, 
hemicellulose and other carbohydrates with a substrate 
potential generation of methane by anaerobic digestion. 
Brazil is the second largest pineapple producer in the 
world, reaching a volume of 2.318.120 tons (FAOSTAT, 
2013). Thus, a large amount of pineapple peel waste is 
generated over the years. However, the pineapple peel  
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waste has received little attention and its use is limited 
mainly in animal feed (Tran, 2006; Paengkoum et al., 
2013). Trichoderma viride is an excellent biocontrol agent 
(Reena et al., 2013), cellulolytic microorganism (Mojsov, 
2010) and xylanase producer (Goyal et al., 2008; Simões 
et al., 2009).  

The aims of this study were to produce xylanases from 
a T. viride strain on agro-industrial wastes and bio-
chemically characterize these enzymes. Additionally, the 
potential application of T. viride xylanases in pulp 
bleaching process was evaluated. 
 
 
MATERIALS AND METHODS 
 
Fungal strain and culture conditions 

 
T. viride J40 was isolated from the Atlantic forest soil on Ecologic 
Station Juréia-Itatins, located in São Paulo State, Brazil. The strain 
belongs to the culture collection of the Environmental Studies 

Center - CES/UNESP, Brazil.  
The fungus was propagated on Vogel’s solid medium

 
(Vogel, 

1956) containing 1.5% (m/v) glucose and 1.5% (m/v) agar, at 28°C, 
during 7 days for conidia production. After, the strain was 
maintained at 4°C. Submerged fermentation was prepared in 125 
ml flasks containing 25 ml of the Vogel’s medium, pH 6.5, 
supplemented with 1% carbon source and inoculated with 1.0 ml 
conidia suspension (7 × 10

7
 conidia/mL) to each flask. The cultures 

were incubated at different conditions for the xylanase production 
optimization. After incubation, cultures were filtered by vacuum 
through filter paper Whatman number 1. The crude filtrate was 
assayed for extracellular activity and total secreted protein. All 
cultures were carried out in duplicate to verify the reproducibility 
and the results are presented through mean values. 
 
 
Enzyme assay 

 
For xylanase assay, 20 µL of the crude filtrate, 480 µL of the 
McIlvaine buffer pH 6.5 and 750 µL of 1% birchwood (Betula spp.) 
xylan solution prepared in the same buffer were incubated for 5 min 
at 50°C. After pre-determined periods, the reaction was stopped by 
the addition of 250 µL of 3,5-dinitrosalicylic acid. The reducing 
sugars liberated were measured according to Miller (1959), using 
xylose as standard. For this, the sample was heated at 100°C for 5 

min and allowed to cool to room temperature in ice bath. After that, 
2.5 mL of distilled water was added and the absorbance was 
determined in spectrophotometer at 540 nm. One unit of enzyme 
activity was defined as the amount of enzyme capable of releasing 
1 µmol of reducing sugar per min, under assay conditions. Specific 
activities were expressed as enzyme units per milligram of secreted 
protein. All determinations were developed in triplicate and the 
results were presented as mean values. 
 
 
Total protein determination 

 
In order to determine the fungal growth, the intracellular protein was 
measured.  The mycelium was frozen and macerated with sand in 
McIlvaine buffer pH 6.5. The slurry was centrifuged at 3.900 x g and 
the supernatant was used as an intracellular protein source. As 
previously mentioned, the crude filtrate was used as a source of 
extracellular protein. In both cases, the total protein concentration 

was determined by modified Bradford method (Sedmak and 
Grossberg, 1977), using bovine serum albumin (BSA) as standard.  
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For this, the sample appropriately diluted was mixed with the 
Bradford reagent. The samples were then incubated at room 
temperature for 5 min. After that, the absorbance was determined in 
spectrophotometer at 595 nm.  All determinations were developed 
in triplicate and the results were presented as mean values. 
 
 
Culture conditions for xylanase production 
 
Agro-industrial wastes 
 
The agricultural wastes wheat bran (Triticum spp.), apple peel 
(Malus spp.), brewer’s spent grain (Hordeum vulgare), passion fruit 

peel (Passiflora edulis), orange peel (Citrus sinensis), rice peel 
(Oryza sativa), soybean peel (Glycine max) and pineapple peel 
(Ananas comosus) were obtained locally. The residues were 
prepared by exhaustive washing with distilled water, dried at 80°C 
for 24-48 h and milled (35 mesh). 
 
 
Enzyme production on different carbon sources 
 

In order to verify xylanase induction, the Vogel’s liquid medium was 
supplemented with various dried substrates as sole carbon source 
at a concentration of 1% (w/v). The inoculated flasks were 
incubated at 28°C under stationary condition, for five days. 
Xylanase activity was determined as described previously. After the 
selection of the best agro-waste for xylanase production, some 
concentrations of this carbon source were evaluated from 0.5 to 
3.0% (w/v). 
 

 
Effect of incubation period, initial pH and temperature on 
xylanase production 
 
The incubation period influence on xylanase production was 
evaluated in stationary culture for 9 days. The effect of initial pH on 
the enzyme production was evaluated from 3.0 to 9.0 and the 
cultivation temperature influence was verified from 20 to 30°C. The 

initial pH values were adjusted by the addition of 1.0 M sodium 
hydroxide or hydrochloric acid solutions. 
 

 
Enzyme characterization 

 
Optimum pH and temperature xylanase activity 
 
The optimum temperature was determined by measuring the 
activity at temperatures ranging from 25 to 75°C in McIlvaine buffer 
pH 6.5. In order to establish the optimum pH of the enzyme, the 
relative activity was determined in different pH values, using 
McIlvaine buffer pH 3.0-8.0, at the optimum temperature. 
 
 
Xylanase thermostability and pH stability 
 
The thermal stability was measured by incubating the crude filtrate 
for different periods at 40, 45 and 50°C. Following incubation, the 
enzyme solution was frozen and the remaining activity was 
determined. For pH stability assays, the culture filtrate was diluted 
(1:2 v/v) in McIlvaine buffer for pH range from 3.0-8.0. The samples 
were incubated at 4°C for 24 h. After this period, the residual 
xylanase activity was assayed under optimal conditions.  

 
 
Effect of ions and other substances on xylanase activity 
 
The enzymatic activity was measured in presence of different ions  

 
 
 
 
(BaCl2, MgSO4, ZnSO4, NH4Cl, Co(NO3)2, MnSO4, CuSO4, CaCl2, 
sodium citrate, NaCl, Pb(CH3COO)2 and HgCl2 and substances 
[glycerol, sodium dodecyl sulfate (SDS), ethylenediaminetetraacetic 
acid (EDTA) and β-mercaptoethanol] at 2 and 10 mM 
concentrations. The enzyme assay was performed in optimal 
conditions and the relative activities were expressed as a 
percentage against the control. 
 
 
Optimization of kraft pulp pretreatment with T. viride xylanases 

 
Xylanases produced by T. viride under optimized submerged 
fermentation conditions were used for biobleaching of Eucalyptus 
grandis kraft pulp in order to evaluate its potential use in this 
process. The optimization of kraft pulp pretreatment was carried out 
in completely randomized block design with different enzyme 
dosages, temperature, reaction time and pH as individual 
treatments, in triplicate. For this, the oxygen pre-bleached pulp at 
10% (w/v) consistency was pretreated with T. viride crude extract in 
polyethylene bags, with a xylanase dosing of 10 U/g oven dried 
pulp, at 50°C, in pH 6.0, for 60 min, except the variable parameter. 
An untreated pulp sample was also incubated simultaneously under 

these conditions and used as control.  
After the treatment, the cellulose pulps were filtered on a Büchner 

funnel, rinsed with 200 mL of distilled water and used for pulp 
properties determination. The optimum pretreatment conditions 
were determined by measuring kappa number and viscosity 
parameters. These procedures were conducted according to the 
standard methods of Technical Association of the Pulp and Paper 
Industry (TAPPI test methods, 1996). The data were submitted to 
one-way analysis of variance and compared through the Tukey test, 
using the Statistical Analysis Software (SAS). 

 
 

RESULTS AND DISCUSSION 
 

Influence of the carbon source and its concentration 
on the xylanase production 
 
The use of agro-industrial wastes as carbon source in the 
growth medium is an alternative to reduce the costs and 
increase the enzyme production. Thereby, the xylanase 
production by T. viride using different agro-industrial 
wastes was investigated (Table 1). The carbon source 
that induced the highest enzymatic activity and fungal 
growth was pineapple peel, corresponding to 35.12 U/mL 
and 20.38 mg protein, respectively. T. viride was also 
able to produce high levels of xylanase in the presence of 
wheat bran and brewer’s spent grain, corresponding to 
29.39 and 28.64 U/ml. At the present date, only cellulose 
production using pineapple peel as substrate was 
described in the literature (Folakemi et al., 2008; 
Saravanan et al., 2013). Meenakshi et al. (2008) found 
maize straw as the best inducer for xylanase production 
by other T. viride strain, reaching 6.24 U/ml, whereas 
sugarcane bagasse and wheat bran were established as 
the best substrates for xylanase production by distinct 
Trichoderma reesei strains (Irfan and Syed, 2012; Kar et 
al., 2013). 

Rice peel provided minimal fungal growth, with 
intermediate levels of xylanase produced (9.95 U/ml). No 
significant levels of xylanase were observed with orange 
peel when compared to the other lignocellulosic 
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Table 1. Influence of agro-industrial wastes on xylanase production by T. viride. 
 

Carbon source      

  (1% w/v) 

Intracellular protein 
(mg) 

Enzymatic activity 
(U/mL) 

Specific activity  

(U/mg extracellular protein) 

Wheat bran 13.05 ± 0.89 29.39 ± 1.63 31.48 ± 2.78 

Apple peel 22.56 ± 2.52 14.27 ± 1.14 13.51 ± 1.62 

Brewer’s spent grain 8.25 ± 2.15 28.64 ± 2.26 38.13 ± 6.65 

Passion fruit peel 20.04 ± 1.09 11.08 ± 1.14 14.32 ± 0.89 

Orange peel 9.75 ± 0.61 1.53 ± 0.15 2.06 ± 0.21 

Pineapple peel 20.38 ± 1.58 35.12 ± 1.27 24.79 ± 1.32 

Rice peel 1.53 ± 0.02 9.95 ± 0.59 33.52 ± 5.85 

Soybean peel 2.89 ± 0.12 15.21 ± 1.02 12.74 ± 0.85 
 

Average and standard deviation of two cultures. 

 
 
 

Table 2. Effect of pineapple peel concentration on xylanase production by T. viride. 

 

Carbon source 

(% w/v) 

Intracellular protein 

(mg) 

Enzymatic activity 
(U/mL) 

Specific activity 

(U/mg extracellular protein) 

0.5 7.75 ± 0.39 10.68 ± 0.11 21.83 ± 3.04 

1.0 20.38 ± 1.58 35.12 ± 1.27 24.79 ± 1.32 

1.5 19.57 ± 0.64 45.36 ± 1.57 27.88 ± 2.06 

2.0 35.35 ± 1.73 48.05 ± 1.89 23.56 ± 1.2 

2.5 14.27 ± 0.17 36.47 ± 2.71 14.5 ± 0.78 

3.0 8.49 ± 0.89 31.77 ± 1.78 19.01 ± 1.27 
   

Average and standard deviation of two cultures. 

 
 
 
materials, although T. viride has shown a good develop-
ment in this substrate. The differences verified on 
xylanases levels produced with various agro industrial 
wastes are possibly related on distinct composition and 
the accessibility of the substrates. Considering the high 
xylanase production obtained with pineapple peel, this 
waste was selected for the subsequent optimization 
experiments. 

The most efficient concentration of pineapple peel to 
induce T. viride xylanase production and fungal growth 
was 2% (w/v), with 48.05 U/ml and 35.35 mg protein, 
respectively (Table 2). High xylanase levels were 
produced by Trichoderma atroviride when 3.0% (w/v) of 
untreated sugarcane bagasse was used as substrate, 
after 3-4 days of fermentation (Grigorevski-Lima et al., 
2013). Sanghvi et al. (2010) found that an increase in 
concentration of substrate lead to a decrease in xylanase 
activity produced by Trichoderma harzianum. According 
to Gupta et al. (2009), a high substrate concentration let 
to increased viscosity, which influenced medium 
components and oxygen transfer.  
 
 
Effects of culture conditions on xylanase production 
 
Culture conditions are essential for the successful 

production of an enzyme. For this reason, optimization of 
these parameters is important for a process improve-
ment. In stationary culture, with pineapple peel as carbon 
source, the highest extracellular xylanase production as 
units per volume and specific activity were obtained in 7-
day-old cultures, corresponding to 54.15 U/mL and 37.33 
U/mg protein, respectively (Figure 1a). The maximal 
fungal growth measured by the intracellular protein 
concentration was also observed in 7

th
 day, corres-

ponding to 56.85 mg of protein (not shown). Likewise, 
Kar et al.

 
(2006) verified that xylanase production by T. 

reesei SAF3 exhibited a similar increase following the 
biomass peak. In addition, Norazlina et al. (2013) 
achieved a gradual increase of xylanase levels produced 
by Trichoderma sp. from the second day to the sixth day 
of the fermentation process.  

Sanghvi et al.
 

(2010) observed that the xylanase 
production by T. harzianum with wheat straw increases 
up to 12 days of cultivation. Generally, a further increase 
in incubation time resulted in a decrease in enzyme 
production. The decline in xylanase production observed 
in the present study may be due to the susceptible 
portion of xylan molecules that are rapidly digested and 
only the crystalline portions remains (Jing-Min et al., 
1998).  

Temperature and pH are important environmental 



2252          Afr. J. Biotechnol. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 3 4 5 6 7 8 9

0

10

20

30

40

50

60

70

80

0

10

20

30

40

50

60

70

80

S
p

e
c
ific

 a
tiv

ity
 (U

/m
g

 p
ro

te
in

)

a

 

 

X
y
la

n
a

s
e

 a
c
ti
v
it
y
 (

U
/m

l)

Culture age (days)

3 4 5 6 7 8 9

0

10

20

30

40

50

60

70

80

0

10

20

30

40

50

60

70

80

S
p

e
c
ific

 a
tiv

ity
 (U

/m
g

 p
ro

te
in

)

b

 

 

X
y
la

n
a

s
e

 a
c
ti
v
it
y
 (

U
/m

l)

Initial pH  
 

Figure 1. Time-course (a) and initial pH (b) effect on xylanase production by T. viride. (■) xylanase activity (U/mL); (●) specific xylanase activity (U/mg of protein). Culture 
conditions: Vogel medium with pineapple peel 2% (w/v), at 28°C. (a) pH 6.5; (b) stationary condition for seven days.  

 
 
 
parameters that determine growth rates of 
microorganisms and significantly affect the level of 
xylanases produced. The influence of pH on T. 
viride xylanase production is showed in Figure 1b. 
Xylanase production was verified in all pH 
evaluated. The highest activity in units per volume 
was observed in pH from 7.0 to 7.5 (72.15 and 
73.09 U/ml, respectively). Similarly, the maximal 
fungal development was verified in the same pH 
range, corresponding to 59.46 mg protein and 
58.03 mg protein (not shown). The xylanase 
production at neutral pH values has been reported 
previously in T. reesei cultivated on the xylan 
based media (Bailey et al., 1993; Xiong et al., 
2004). On the other hand, the optimum pH value 

for the growth and xylanase production by 
Trichoderma sp. T-1 and T-2 were found to be 5.5 
and 5.7, respectively (Mohan et al., 2011). 
According to Bailey et al. (1993), the optimal pH 
medium for xylanase production depends not only 
on the fungal strain considered, but also on the 
nature of the carbon source in the cultivation 
medium.  

The effect of temperature on xylanase pro-
duction by T. viride is presented in Table 3. The 
maximum value of xylanase production and 
highest specific activity were verified at 28°C, 
corresponding to 73.09 U/mL and 50.78 U/mg 
protein. It is remarkable that the optimum tem-
perature for the fungal growth and xylanase 

production correspond to the environmental 
temperature which the fungus was initially 
isolated. Meenakshi et al. (2008) achieved the 
maximum xylanase production by T. viride at 
25°C, whereas Trichoderma sp. showed 
enhanced xylanase production at 30°C (Pang et 
al., 2006). 

Significantly higher levels of xylanase were 
obtained after optimization in this study, 
corresponding to 73.09 U/mL. The production 
levels of xylanase verified in this work are higher 
than many reported in the literature with other 
agro-industrial wastes. The titers of xylanase 
produced by a T. virde strain was grown in a 
medium containing maize straw corresponding to  
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Table 3. Effect of different temperatures on xylanase production by T. viride. 
 

Temperature 

(°C) 

Intracellular protein 
(mg) 

Enzymatic activity 
(U/mL) 

Specific activity 

 (U/mg extracellular protein) 

20 21.57 ± 0.61 36.62 ± 2.05 14.10 ± 1.09 

25 28.43 ± 0.51 37. 25 ± 2.83 16.85 ± 2.20 

28 58.02 ± 2.35 73.09 ± 2.87 50.78 ±3.25 

30 50.64 ± 3.76 49.46 ± 0.98 31.08 ± 1.24 
 

Average and standard deviation of two cultures. 

 
 
 
4.6 U/mL (Goyal et al., 2008). T. harzianum presented 
maximum xylanase production of 26.5 U/mL, upon 
induction with melon peel (Seyis and Aksoz, 2005). On 
the other hand, when T. atroviride was cultivated in 
sugarcane bagasse, a xylanase titer of 61.3 U/mL

 
was 

observed
 
(Grigorevski-Lima et al., 2013). Pineapple peel 

constitutes a renewable resource and can serve as an 
abundant and inexpensive carbon source. As a result, the 
use of the above-mentioned waste in the production of 
xylanase by T. viride would decrease the cost of 
production in an environmentally sound manner.  

The crude filtrate from T. viride produced with pineapple 
peel obtained under optimized conditions was evaluated 
for the presence of cellulolytic enzymes. It was cellulase-
free as it exhibited negligible cellulase activity, suggesting 
that the production of cellulolytic and xylanolytic enzymes 
is under separate regulators control (Biely et al., 1993). 
Similarly, no detectable cellulase activity was noted 
during whole cultivation period of T. reesei on xylan 
containing enriched medium (Kar et al., 2006) and when 
this fungal specie was cultivated in presence of rice straw 
(Soroor et al., 2013). However, according to Goswami 
and Pathak (2013), fungal xylanases generally are 
associated with cellulases. Thus, the absence of cellulase 
activity in the crude extract of T. viride is an important 
feature, which enables its application in industrial process 
which cellulase activity is undesirable, such as pulp, 
paper and textile industries.   
 
 
Biochemical properties of T. viride xylanase 
 
Xylanase from T. viride showed maximal activity at 50°C 
(Figure 2a). This temperature has been reported as 
optimal for xylanases from many fungal species, 
including Trichoderma spp. (Irfan and Syed, 2012; Lopes 
et al., 2013). Conversely, the optimal temperature for T. 
harzianum xylanases was 60°C (Seyis and Aksoz, 2005; 
Ahmed et al., 2012).  

T. viride xylanase exhibited optimal activity at pH 6.0-
6.5 (Figure 2b). Most xylanases presents optimal activity 
in pH between 5.0 and 7.0 (Madlala et al., 2001) and 
among the acidophilic xylanases, majority of them 
showed high activity only under slight acid conditions, as 
verified in this study. Irfan and Syed

 
(2012) determined 

pH 5.0 as optimal for xylanases produced by T. viride. 
The same was observed for T. harzianum xylanases 
(Ahmed et al., 2012).

 

The enzyme stability remains a critical aspect for its 
biotechnological applications. For this reason, thermal 
and pH stability of xylanase produced by T. viride were 
investigated. The enzymatic preparation was incubated 
without substrate at 40, 45 and 50°C. T. viride xylanase 
was stable at 40°C, showing the half-life (T1/2) value of 
255 min (Figure 3a). This enzyme is more thermostable 
that other fungal xylanases, such as those from 
Trichoderma longibrachiatum strains (Chen et al., 1997; 
Medeiros et al., 2003). 

The xylanase produced by T. viride was stable in acid 
conditions (Figure 3b). High stability (93.88 and 85.25%) 
was observed in pH 5.0 and 5.5, while low residual 
activity (less than 50%) was observed at pH 3.0, 7.5 and 
8.0. In the range of pH 6.5-7.0, around 50% of its initial 
activity was maintained. Usually, microbial xylanases are 
stable over a wide pH range (3-10) (Kulkarni et al., 1999). 
Irfan and Syed (2012)

 
verified that xylanases produced by 

another T. viride strain showed pH stability in the range 
4.0-70, whereas T. reesei xylanase showed stability at pH 
values of 3.0 to 7.5 (Huang et al., 2013). The biochemical 
properties exhibited by T. viride xylanase such as 
optimum activity in slight acid conditions and pH stability 
are attractive for some industrial applications, such as in 
pulp and paper industry, in which optimal activity at pH 
6.0 is required (Polizeli et al., 2005; Ahmed et al., 2012).  

In order to verify the effect of substances on xylanase 
activity, the crude filtrate was incubated in the presence 
of several metallic ions and chemical reagents, at 2 and 
10 mM concentrations (Table 4). T. viride xylanase was 
remarkably stimulated when incubated with Mg

2+
 and 

Zn
2+

. The ion Mg
2+ 

also activated the xylanase from 
another T. viride strain (Irfan and Syed, 2012), whereas 
Trichoderma sp. xylanase was activated by Zn

2+
 

(Sathiyavathi and Parvatham, 2013). The slight activation 
of T. viride xylanases observed in the presence of Ba

2+
 

and NH4
+
 may be explained by the enzymatic structure 

stabilization by these ions. The requirement of 
monovalent cations for activities of a number of different 
enzymes has been reported in the literature. However, 
NH4

+
 activation is a property not common to all previously 

described Trichoderma spp. xylanases.  
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Figure 2.  Influence of temperature (a) and pH (b) on xylanase activity from T. viride. Culture condition: Vogel medium with 2% pineapple peel (w/v) under stationary condition 
for 7 days, pH 7.5 at 28°C. (a) Xylanase activity was assayed with McIlvaine buffer pH 6.0 and (b) with McIlvaine buffer from pH 3.0 to 8.0, at 50°C.  

 
 
 

T. viride xylanase showed enhanced activity in 
the presence of the reducing agent β-
mercaptoethanol. This fact can be explained by 
preventing the oxidation of sulfidryl groups by this 
thiol group-protecting agent. Medeiros et al. 
(2003), Franco et al. (2004) and Soroor et al. 
(2013) also verified the involvement of cysteine 
residues in the maintenance of enzyme active 
conformation in T. longibrachiatum, T. harzianum 
and T. reesei xylanases, respectively. 

Cu
2+

 and Hg
2+

 were strong inhibitors of xylanase 
activity, while Ca

2+
, sodium citrate, Na

+
, glycerol 

and Pb
3+

 had a moderate inhibitory effect. 
Similarly, T. reesei xylanases were inhibited by 

Cu
2+

 and Hg
2+

 (Soroor et al., 2013). The inhibition 
by Hg

2+
 seems to be a general property of 

xylanases, indicating the presence of thiol groups 
of cysteine residues in enzyme active sites or 
around them. Cu

2+ 
ions are known to catalyze 

auto-oxidation of cysteines, which leads to the 
formation of intramolecular and intermolecular 
disulphide bridges (Vieille and Ziekus, 2001). The 
inhibitory effect of Cu

2+ 
could be explained by the 

presence of sulfhydryl group in the catalytic center 
of these enzymes. 

T. viride xylanase was also inhibited by SDS 
and EDTA, indicating that hydrophobic 
interactions are important for tertiary structure 

maintenance and metals ions are required for its 
action, respectively. Likewise, the xylanases from 
another T. viride strain also were inhibited by 
EDTA, exhibiting 26% of initial xylanase activity at 
10 mM concentration (Irfan and Syed, 2012). In 
contrast, EDTA at a 5 mM concentration has a 
weak inhibitory effect on T. reesei xylanases 
(Soroor et al., 2013). 
 
 
Kraft pulp biobleching using T. viride 
xylanases 
 
In recent years, the use of xylanase in pulp 
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Figure 3. Thermal (a) and pH (b) stability of xylanase activity from T. viride. (a) The enzymatic preparation was incubated at (■) 40, (●) 45 and (▲) 50 without substrate. (b) 

The enzymatic preparation was incubated without substrate with McIlvaine buffer from pH 3.0 to 8.0 at 4°C for 24 h. In both assays, the residual xylanase activity was assayed 
with McIlvaine buffer, pH 6.0 at 50°C. 

 
 
 
pretreatment has been given special attention as 
it may reduce the chlorine compounds con-
sumption by up to 30%, so that a 15-20% 
reduction in organochlorines in the effluents can 
be achieved (Polizeli et al., 2005). For this reason, 
the application of T. viride crude extract in kraft 
pulp biobleaching was investigated and optimized. 
During optimization, the pulp properties kappa 
number and viscosity were determined. A 
decrease in kappa number and viscosity main-
tenance would indicate a better efficiency of the 
xylanase treatment. 

The effect on enzyme dosage on the pre-

treatment process was investigated in pH 6.0, at 
50°C, for 60 min. The data in Table 5 reveal that 
the least mean kappa number was verified with 
enzyme dosage of 10 U/g dried pulp (12.99), 
followed by 15 (13.02) and 20 U/g dried pulp 
(13.01). However, these values are not statically 
different. Similarly, Nagar et al. (2013) did not 
found any differences in kappa number between 
treatments using 10, 12.5 and 15 U/g dried pulp. 
These results are in accordance with several 
studies that established an enzyme dosage of 10 
U/g dried pulp as optimum for pretreatment of 
hardwood kraft pulp (Dhiman et al., 2009; Garg et 

al., 2011). Conversely, the best performance of T. 
longibrachiatum and Trichoderma sp. xylanase 
preparations were obtained with an enzyme 
dosage of 25 and 40 U/g dried pulp, respectively 
(Medeiros et al., 2007; Sathiyavathi and 
Parvatham, 2013).  

The influence of temperature on the pulp 
pretreatment was investigated with enzyme 
dosage of 10 U/g dried pulp, pH 6.0, for 60 min 
(Table 5). The highest decrease in resulting kappa 
number was observed at 50-55°C. Many studies 
have reported temperatures in the range of 50-
60°C as optimum for pulp bleaching (Nagar et al., 
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Table 4. Effect of different substances on xylanase from T. viride. 

 

Substance 

Xylanase activity (%) 

Concentration 

2 mM 10 Mm 

Control 100 100 

CuSO4 90.53 ± 3.31 19.96 ± 1.57 

ZnSO4 104.86 ± 4.39 140.25 ± 1.69 

MnSO4 111.53 ± 3.61 80.03 ± 2.25 

BaCl2 100.44 ± 4.13 108.48 ± 1.89 

CaCl2 77.11 ± 4.17 65.4 ± 2.15 

NH4Cl 103.56 ± 2.25 106.81 ± 4.49 

NaCl 74.52 ± 2.84 70.74 ± 3.61 

SDS 86.07 ± 0.82 65.3 ± 1.25 

MgSO4 133.02 ± 1.38 114.11 ± 2.75 

Sodium citrate 74.35 ± 4.23 69.02 ± 4.88 

Co(NO3)2 106.54 ± 0.78 92.94 ± 2.25 

HgCl2 11.75 ± 0.44 0 

Pb(CH3COO)2 78.34 ± 4.52 58.34 ± 3.21 

EDTA 68.04 ± 2.63 66.16 ± 0 

β-mercaptoethanol 131.74 ± 1.84 148.61 ± 2.78 
 
 

 
Table 5. Pretreatment optimization of kraft pulp with T. viride xylanases. 

 

Enzyme dose (U/g dried pulp) Kappa number CTS (%) 

Control 16.67
a
 19.22

a
 

5 14.60
b
 19.20

a
 

10 12.99
c
 19.19

a
 

15 13.02
c
 19.23

a
 

20 13.01
c
 19.17

a
 

   

Temperature (°C)   

45 14.60
a
 19.22

a
 

50 12.99
c
 19.19

a
 

55 13.27
bc

 19.17
a
 

60 14.16
ab

 19.23
a
 

   

Time (min)   

0 16.63
a
 19.23

a
 

60 12.99
b
 19.19

a
 

120 11.93
c
 19.18

a
 

180 11.91
c
 19.18

a
 

   

pH   

5.5 13.46
a
 19.23

a
 

6.0 12.99
ab

 19.19
a
 

6.5 11.81
c
 19.17

a
 

7.0 12.09
bc

 19.19
a
 

 
 
 

2013; Dhiman et al., 2009; Garg et al., 2011). Savitha et 
al. (2009) reported that 60°C was the optimum 
temperature for attaining maximum kappa number 

reduction of waste paper pulp with the purified xylanase 
from T. harzianum.  

The effect of xylanase pretreatment time is also shown  



 
 
 
 
in Table 5. It was investigated with enzyme dosage of 10 
U/g dried pulp, pH 6.0, at 50°C. The maximum efficiency 
of the xylanases in this process was achieved after 120 
min of incubation, corresponding to a reduction in mean 
kappa number from 16.63 to 11.93. It can also verify that 
a longer period of incubation did not enhance the 
pretreatment efficiency, significantly. Likewise, some 
authors have been determined 120 min as the 
biobleaching optimal incubation time (Sandrim et al., 
2005; Ko et al., 2011). Sathiyavathi and Parvatham 
(2013) verified that the kappa number was reduced 
significantly with increase in reaction time up to 3 h when 
Trichoderma sp. crude extract was used, whereas other 
researcher have verified maximal efficiency after 180 min 
of incubation (Shindu et al., 2006; Kiddinamoorthy et al., 
2008; Kumar et al., 2009).  

The pH influence on pulp treatment was evaluated with 
an enzyme dosage of 10 U/g dried pulp, at 50°C, for 60 
min of incubation (Table 5). Greater bleaching efficiency 
was verified at pH values of 6.5-7.0, corresponding a 
kappa number of 12. These results are in accordance 
with other studies in literature, which related the optimum 
pH in the range of 6.0-8.0 (Sandrim et al., 2005; Ko et al., 
2011; Sangui et al., 2009). 

In addition, it can be observed in all treatments that the 
pulp viscosity was not significantly modified (Table 5), 
indicating the maintenance of pulp integrity, due to 
absence of cellulolytic enzymes in crude filtrate, as 
previously mentioned. This is a crucial aspect to take into 
account in biobleaching process, since cellulases could 
damage the fibers, resulting in loss of strength and 
performance (Terrasan et al., 2013). 

The data obtained revealed that the kraft pulp pre-
treatment was more efficient when conducted at 50°C, in 
pH 6.5, for 120 min, with an enzyme dosage of 10 U/g 
dried pulp. Under these conditions, the kappa number 
was reduced to 10.12 (6.55 points), which corresponds a 
kappa efficiency of 39.29. The results obtained in the 
treatment with T. viride enzymes was higher than those 
achieved with other fungal xylanases, which usually show 
reductions in kappa number between 0.9 and 5.07 units 
(Sandrim et al., 2005; Medeiros et al., 2007; Sangui et 
al., 2009; Terrasan et al., 2013; Guimaraes et al., 2013).  
 
 

Conclusions 
 
T. viride J40 strain was able to produce high levels of 
xylanase using pineapple peel as substrate. The T. viride 
xylanase showed optimal activity at 50°C and pH 6.0-6.5 
and it was able to act and exhibited stability in moderate 
temperatures and acid pH values. The use of pineapple 
peel as carbon source can decrease the costs for the 
enzyme production and avoids environmental problems 
of the inappropriate disposition of this waste. Therefore, 
the reduction on kappa number achieved in this present 
investigation revealed the application potential of T. viride 
xylanases in biobleaching process. 
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The volatile components obtained from the seed extract of Anthonotha Macrophylla were analyzed 
using gas chromatography-mass spectrometry (GC-MS). Prior to GC-MS analysis, Soxhelt extraction 
was carried out from the seeds of A. Macrophylla. Agilent GC-MS system comprising 6890GC model 
coupled with 5973 n mass selective detector was used for analysis. The GC is equipped with Agilent 
7673 autosampler and a 30 m 0.25 id DB-1 MS dimethylpolysiolaxane capillary column. The MS source 
temperature was set at 230C and electron energy at 70V. The ionisation mode was electron ionization 
and the mass range was 50 to 550 while the scan time was 1 scan/min. The different compounds were 
identified by matching their mass spectra with the MS spectra in the NIST library. Various compounds 
were separated and identified but eight of these were at an elevated level. These include: n-
hexadecanoic acid, n-octadecadienoic acid; cis-vaccenic acid; octadecanoic acid; hexadecanoic acid 2-
hydroxy-1-(hydroxymethyl) ethyl ester; campesterol; stigmasterol and gamma-sitosterol. 
 
Key words: Gas chromatography-mass spectrometry, determination, evaluation, composition, Anthonotha 
macrophylla, seed oil. 

 
 

INTRODUCTION 
 
More than 80% of the world's population rely on 
Traditional medicine for their primary healthcare needs 
(Pierangeli, 2009). This is particularly so for the African 
continent (Addae-Mensah, 1992; Cunningham, 1993). 
Unfortunately, most of these herbal remedies have not 
been scientifically explored and exploited. In Africa, 
natural products have proven to be great sources of 
essential oils which combine the function of healthcare 

and nutrition. Essential oils have other uses such as in 
foods, drinks, cosmetics and medicine especially with 
aromatherapy becoming increasingly popular (Reische et 
al., 1998; Lis-Balchin et al., 1999; Ghelardini et al., 1999).  

Nigeria and Africa at large are endowed with seed-
bearing plants, which over the years have served various 
purposes and yet quite a number of them remain 
untapped. One of such underutilised plant is Anthonotha 
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Figure 1. Chemical structure of n-hexadecanoic acid 

 
 
 
macrophylla (AM) P. Beauv; a member of the family 
Leguminosae - Caesalpinioideae. AM is a small tree 
which is common throughout the rain forests, a medium-
sized tree up to 20 m high, tree trunk seldom reaching 50 
cm diameter, often multi-stemmed and low-forked, 
bearing a wide-spreading crown, common in the under 
storey of the rain-forest from Guinea to Western 
Cameroons and Fernando Po, and extending to Zaïre. It 
abounds in Nigeria with common names: (Yoruba: abata; 
Igbo: ububa - ikpa). Several ethnomedicinal claims have 
been attributed to various parts of this plant. The bark 
has been claimed to be useful in the treatment of 
venereal diseases and as vermifuges. The roots are used 
for intestinal related discomfort. Gums extractable from 
the bark have analgesic properties while the leaves could 
be useful as anti-diarrhoea, dysentery, skin infections, as 
antidotes in venomous stings and bites (Keay, 1989; 
Burkill, 1985). The seeds are also useful as general food. 
Previous studies reveal that the oil extracted from the 
milled dry seed gave iodine value of 1.013 ± 0.01%, free 
fatty acid 2.334 ± 0.04%, saponification value 5.394 ± 
0.23%, un-saponifiable matter 8.33 ± 0.01% and 
refractive index of 1.472 ± 0.07% (Durunna, 2006).  

So far, to the best of our knowledge, no data has been 
recorded on the profile of the oils contained in the seeds 
of A. macrophylla. The present work is aimed at 
identifying the fatty acids in the oil of A. macrophylla 
using gas chromatography-mass-spectrometry (GC-MS) 
method thereby laying a good foundation for future 
studies on the medicinal uses of this plant.  
 
 
EXPERIMENTALS 
 
Plant material 
 
The matured seeds of A. macrophylla used for this study were 
collected from the forest in Akatta, Oru-East Local Government 
Area, Imo State of Nigeria. 
 
 
Extraction  
 
The seeds of A. macrophylla were shade-dried until constant weight 
at room temperature and milled in a hammer Mill (Thomas Willey, 
model 4, USA). Extraction was carried out using a standard Soxhlet 
apparatus (Haake FK, Germany). The Soxhlet thimble was charged 
with 500 g milled seeds of mean particle size (0.3 to 0.5 mm), and 
extracted with 1000 ml petroleum spirit (40 to 60

°
C) during each 

complete extraction step. The oil was extracted from the distillate 

using hexane and then dried over anhydrous sodium sulphate. After 
filtration,  the  solvent was  removed  by  distillation  under  reduced 

pressure in a rotary evaporator at 35°C and the pure oil kept in 
sealed glass at 4°C in the dark, until the moment of analysis.  
 
 
Gas chromatography-mass spectrometry analysis (GC/MS) 
conditions 

 
The extracted oil was diluted with n-heptane in the ratio (1:50) and 
subjected to GC-MS. The analysis was carried out on Agilent GC-
MS system comprising 6890 GC model coupled with 5973 n MSD.  
The GC is equipped with agilent 7673 autosampler and a DB-1 MS 
dimethylpolysiolaxane capillary column (30 m × 0.32 mm; film 

thickness 1.00 μm). The instrument operating conditions were: 
Carrier gas was helium at flow rate of 1.0 ml/min and at a constant 
pressure mode of 2.56 psi. Injector temperature was 250°C; injector 
volume was 1 ul in the split mode. The initial temperature was 
120°C for 5 min and ramped up at 3°C/min with Nitrogen as make-
up gas. The final temperature, 350°C was held for 5 min. The run 
time was 62 min. The MS source temperature was 230°C; electron 
energy was 70 V. The ionisation mode was electron ionization and 
the mass range of m/z 50 to 550 while the scan time was 1 

scan/min.  
 
 
Identification of phytocompounds  

 
The interpretation of GC-MS spectra was done using the database 
of the National Institute of Standards and Technology (NIST). The 
spectrum of the unknown components was compared with the 
spectrum of known components stored in the NIST library. The 
nomenclatures, molecular weights and structures of the component 
compounds in the oil of Anthonotha macrophylla were ascertained. 
The different compounds were identified by matching their mass 
spectra with the MS spectra in the NIST02 library.  
 
 
RESULTS AND DISCUSSION 
 
With the help of MS spectra in the NIST library, some of 
the fatty acids separated in the seed extract of A. 
macrophylla were identified. Various compounds were 
separated and identified but eight of these were present 
at elevated levels and future work will focus on these 
compounds. Figures 1 to 8 give the chemical structures 
of these compounds. They include: n-hexadecanoic acid, 
n-octadecadienoic acid, cis-vaccenic acid, octadecanoic 
acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester, cam-
pesterol, stigmasterol and γ-sitosterol. No attempt was 
made at quantifying the fatty acids in the oil. The relative 
abundance of these compounds were: 9,12-
Octadecadienoic acid (33.38%); n-hexadecanoic acid 
(17.33%); γ-sitosterol (14.84%); 9Z- Octadec-9-enoic 
acid (12.85%); Campesterol (4.32%); Stigmasterol 
(3.63%) and Octadecanoic acid (2.97%) (Table 1). Very
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Figure 2. Chemical structure of octadecanoic acid (stearic acid) 

 
 
 

 
 

Figure 3. Chemical structure of cis-veccenic acid 

 
 
 

 
 

Figure 4. Chemical structure of n-octadecadienoic acid (linoleic acid) 

 
 
 

 
 

Figure 5. Chemical structure of octadecanoic acid 

 
 
 

 
 

Figure 6. Chemical structure of stigmasterol 

 
 
 

 
 

Figure 7. Chemical structure of sitosterol 

 
 
Figure 8. Chemical structure of Compesterol 

 
 
 

many other compounds were present in the sample. 
Anthonotha macrophylla oil contains n-Hexadecanoic 

acid (palmitic acid), a fatty acid reported to show anti-
inflammatory properties by Aparna et al., (2012). From 
structural and kinetic studies they concluded that n-hexa-
decanoic acid is a potent inhibitor of phospholipase A2, 
an inflammatory compound. However, a downside of this 
phytocompound is that reported by the WHO (2003) 
technical report, of the convincing evidence that consum-
ption of palmitic acid increases the risk of developing

http://en.wikipedia.org/wiki/File:Stigmasterin.svg
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Table 1. Phytoconstituents identified from the methanolic extract of Anthonotha macrophylla. 
  

Retention time Phytocompound 
Relative Percentage (%) 

composition 

10.04 n-Hexadecanoic acid 17.33 

16.03 Octadecanoic acid (stearic acid) 2.97 

 Cis-Vaccenic acid 12.85 

 hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester 0.61 

47.59 Campesterol 4.32 

 n-Octadecadienoic acid 33.38 

48.61 Stigmasterol 3.63 

50.42 γ - Sitosterol 14.84 

 
 
 
cardiovascular diseases, placing it in the same evidence 
category as trans fatty acids, myristic acid, high sodium 
intake, overweight and high alcohol intake. Also, present 
is the common monoenoic fatty acid of bacterial lipids, 
cis-Vaccenic acid (cis-11-octadecenoic acid). It occurs as 
a minor component of most plant and animal tissues. 
Previous research have shown that cis-Vaccenic acid, 
within the range of the concentrations used, produces a 
proportionate inhibition of growth and respiration of 
Bacillus subtilis, thus suggesting its antibiotic effect with 
the cis- isomer having about twice the activity of the 
trans-isomer. A recent study (Djoussé et al., 2013) 
suggested that higher plasma levels of phospholipid cis-
vaccenic acid are associated with reduced odds of heart 
failure with antecedent coronary heart disease.  

The cholesterol-lowering potential of dietary plant 
sterols has been known for over 50 years (Pollack, 1953). 
Despite the daily consumption of plant sterols in food, the 
amounts are usually not high enough to have significant 
blood cholesterol-lowering effect. The major plant sterols 
are sitosterol (approx. 80%), campesterol and 
stigmasterol (Rao and Janezic, 1992; Ikeda et al., 2006; 
Phuruengrat and Phaisansuthichol, 2006). Our study 
showed A. macrophylla to contain all 3 major phytosterols 
in the oil.  

Plant sterols are similar in structure to cholesterol 
(cholest-5-en-3beta-ol). The structural similarity of plant 
sterols to cholesterol enables them to compete with 
cholesterol for incorporation into the micelles, the 
particles that transport lipids and cholesterol into the 
intestinal mucosa. This competition reduces the 
absorption of dietary and biliary cholesterol in the 
gastrointestinal tract (Clifton, 2002; Lichtenstein, 2002). 
Phytosterols and phytostanols both inhibit the uptake of 
dietary and biliary cholesterol, and thus reduce the levels 
of low density lipoproteins and total serum cholesterol. 
Because the structure of β-sitosterol is similar to that of 
cholesterol, β-sitosterol takes the place of dietary and 
biliary cholesterol in micelles produced in the intestinal 
lumen (Moreau et al., 2002). The structural difference is 
the presence and positioning of methyl or ethyl moieties 
in their side chains.  

Phytosterols possess biological functions, such as 
anticarcinogenic (Li et al., 2001), anti-inflammatory, 
antibacterial and antifungal activities (Padmaja et al., 
1993) and anti-angiogenic activities (Jung-Min et al., 
2007). In the mid 20th century, studies have shown plant 
sterols to be beneficial in lowering low density lipo-
proteins and cholesterol (Farquhar and Sokolow, 1958).

 

Since then, numerous studies have also reported the 
beneficial effects of the dietary intake of phytosterols, 
including campesterol.

 
It is thought that the campesterol 

molecules compete with cholesterol and thus reduces the 
absorption of cholesterol in the human intestine (Heggen 
et al., 2010). There is rising evidence that campesterol 
exhibits chemopreventive effects against many cancers, 
including prostate (McCann et al., 2005), lung (Schabath 
et al., 2005) and breast (Awad et al., 2000) cancers. Our 
study also showed A. macrophylla oil to contain gamma-
sitosterol and stigmasterol. Stigmasterol is reported to 
inhibit cholesterol biosynthesis via inhibition of sterol 
Delta (24)-reductase in human Caco-2 and HL-60 cell 
lines. A study (Batta et al., 2006) carried out on the effect 
of feeding 0.5% stigmasterol on plasma and liver sterols 
and intestinal cholesterol and sitosterol absorption in 12 
wild-type Kyoto (WKY) and 12 Wistar rats showed that 
stigmasterol lowered plasma cholesterol levels, inhibited 
intestinal cholesterol and plant sterol absorption, and 
suppresses hepatic cholesterol and classic bile acid 
synthesis in Wistar as well as WKY rats. Thus, 
stigmasterol reduces plasma cholesterol levels and 
inhibits hepatic synthesis and intestinal absorption in the 
animal study.  

The most extensively studied members of the 
phytosterols, beta and gamma sitosterols, are 
stereoisomers and differ only in the spatial configuration 
of the C-17 side chain. The structural similarity of 
Stigmasterol and β-sitosterol strengthens the hypocholes-
terolemic potential of sitosterol. Matsuoka et al. (2008) in 
their work reported that β-Sitosterol inhibits cholesterol 
absorption in the intestine. The absorbed sterol in the 
intestine is transported by lipoproteins and incorporated 
into the cellular membrane (Awad and Fink, 2000). The 
overall  consequence being reduced cholesterol,  lowered 
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low density lipoproteins (LDL) and fewer incidences of 
artherosclerosis. Sitosterol (though the β-isoform) has 
been reported to be beneficial to urinary and overall 
prostate health (Wilt et al., 1999). The GC-MS analysis of 
A. macrophylla oil of study reveals the presence of these 
phytosterols, suggesting that the plant will definitely find 
place in the scheme of drug development programmes as 
a useful lead. 
 
 
Conclusion 
 
With the aid of GC/MS, eight major chemical constituents 
have been identified from the extract of the seed oil of A. 
macrophylla. The presence of these bioactive 
compounds justifies the ethnomedicinal use of the plant 
for various ailments by traditional practitioners. This study 
has opened up various research opportunities on this 
plant and its plant parts with the aim of maximizing its 
potential as a possible lead in drug discovery. 
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Diabetes is known to involve oxidative stress and changes in antioxidant enzymes. Many plants 
metabolites have been shown to possess antioxidant activities, improving the effects of oxidative stress 
complications in diabetic conditions. This study evaluated the effects of extracts from Newbouldia 
laevis leaves and stem on liver marker enzymes and antioxidant enzymes in rat model. The results 
confirmed that the untreated diabetic rats were subjected to oxidative stress as indicated by 
significantly abnormal activities of their scavenging enzymes (low superoxide dismutase, catalase and 
glutathione activities) to the extent of liver enzymes leakage from the hepatocytes when compared with 
apparently healthy rats. The ethanol extracts of N. laevis leaves and stem possessed antioxidant activity 
as shown by increased activities of superoxide dismutase and catalase, and glutathione levels of the 
diabetic rats after treatment. High levels of alkaline phosphatase (ALP), and alanine aminotransaminase 
(ALT), which are typical of oxidative stress condition were differentially ameliorated after treatment with 
the ethanol extracts of N. laevis leaves and stem in a dose dependent manner. 
  
Key words: Diabetes mellitus, oxidative stress, Newbouldia laevis, liver enzymes, antioxidant enzymes. 

 
 
INTRODUCTION 
 
Oxidative stress is a term used to refer to the shift 
towards the pro-oxidants in the pro-oxidants/antioxidants 
balance that can occur as a result of an increase in 
oxidative metabolism (Manda et al., 2009). Reactive 
oxygen species (ROS) reactions with biomolecules such 
as lipid, protein and DNA, produce different types of 
secondary radicals like lipid radicals, sugar and base 
derived radicals, amino acid radicals depending on the 

nature of the ROS (Niki et al., 2005).These radicals in the 
presence of oxygen are converted to peroxyl radicals. 
Peroxyl radicals are critical in biological systems, as they 
often induce chain reactions. These reactions exert 
oxidative stress on the cells, tissues and organs of the 
body. The biological implications of such reactions 
depend on several factors like site of generation, nature 
of the substrate, activation of repair mechanisms, and 
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redox status among many others (Koppeno, 1993; 
Goldstein et al., 1993). Oxidative stress is increased in 
diabetes mellitus owing to an increase in the production 
of oxygen free radicals and insufficiency in antioxidant 
defense mechanisms (Lawrence et al., 2008; Soliman, 
2008). Alloxan is a toxic glucose analogue, which 
selectively destroys insulin-producing cells in the pan-
creas (that is beta cells) when administered to rodents 
and many other animal species (Szkudelski, 2001). This 
causes an insulin-dependent diabetes mellitus (called 
"Alloxan Diabetes") in these animals, with characteristics 
similar to type 1 diabetes in humans. Alloxan is 
selectively toxic to insulin-producing pancreatic beta cells 
because it preferentially accumulates in beta cells 
through uptake via the GLUT2 (glucose transporter 2) 
(Szkudelski et al., 1998). Alloxan, in the presence of 
intracellular thiols, generates reactive oxygen species 
(ROS) in a cyclic reaction with its reduction product, 
dialuric acid (Stanley and Venugopal, 2001). The beta 
cell toxic action of alloxan is initiated by free radicals 
formed in this redox reaction (Szkudelski, 2001). 

Free radicals are capable of attacking the healthy cells 
of the body, causing them to lose their structure and 
function (Mittler, 2002). Fortunately, free radical formation 
is controlled naturally by various beneficial compounds 
known as antioxidants. It is when the availability of 
antioxidants is limited that this damage can become 
cumulative and debilitating (Cheeseman and Slater, 
1993; Sies, 1997). Antioxidants are our first line of 
defense against oxidative damage, and are critical for 
maintaining optimum health and well-being.  Oxidative 
stress is increased in diabetes mellitus owing to an 
increase in the production of oxygen free radicals, such 
as super oxide (O

2•-
), hydrogen peroxide (H2O2) and 

hydroxide (OH
•-
) radicals which overwhelm the natural 

antioxidant defence mechanisms (Soliman, 2008). 
Antioxidants are capable of stabilizing, or deactivating, 
free radicals before they attack cells. Antioxidants are 
absolutely critical for maintaining optimal cellular and 
systemic health and well-being (Traber and Atkinson, 
2007). To protect the cells, organ and systems of the 
body against reactive oxygen species, humans have 
evolved a highly sophisticated and complex antioxidant 
protection system (Vertuani et al., 2004).  

Newbouldia laevis is widely used in African folk 
medicine for the treatment of malaria and fever, stomach-
ache, coughs, sexually transmitted diseases, tooth ache, 
breast cancer, and constipation (Iwu, 1983). In south 
eastern and part of the Midwestern Nigeria, the plant is 
used for the treatment of septic wounds and eye 
problems (Akerele et al., 2011). In Nigeria, the bark is 
chewed and swallowed for stomach pains, diarrhea and 
toothache (Iwu, 2000). It has also been found useful for 
children’s convulsion (Akunyili, 2000). The antimicrobial 
potential of methanol extract of the leaf (Kutete et al., 
2007; Usman and Osuji, 2007; Ejele et al., 2012)

 
have 

been  reported  in  literature  while  the  anti-inflammatory  

 
 
 
 
(Usman et al., 2008) and anti-malarial (Gbeassor et al., 
2006) activities of the root extract have been 
documented. Sedative effects of the methanol leaf extract 
of N. laevis in mice and rats have also been studied and 
reported (Amos et al., 2002). N. laevis is one of such 
medicinal plants whose medicinal values have stood the 
test of time. Base on these data, the present study aims 
to trace how ethanol extracts of N. laevis stem and 
leaves modulate serum liver marker enzymes and 
antioxidant enzymes activities in alloxan induced 
oxidative stressed rats. 
 
 
MATERIALS AND METHODS 
 
Collection and identification of plant materials 
 

The leaves and stem of N. laevis were used for this study. They 
were collected within University of Nigeria, Nsukka and were 
identified by Mr. Alfred Ozioko of Bioresources Development and 

Conservation Programme (BDCP) Research Centre, Nsukka, 
Enugu State. The fresh leaves and stem of N. laevis were first 
washed with distilled water and subsequently, normal saline to 
remove dirt and possible mycotoxins. The samples were dried 
under shade for several days and then pulverized into fine powder.  
 

 
Extraction of plant materials 

 
A quantity, 500 g of each ground sample was macerated in 1.5 L of 
ethanol for 48 h. The solution was filtered with Whatman no. 4 filter 
paper and the filtrate was concentrated to a semi-solid residue 
using a rotary evaporator. 
 

 
Animals 
 
Forty two (42) adult albino rats of both sexes were used for this 

study. All the animals used were obtained from the Animal house of 
the Department of Zoology, University of Nigeria Nsukka. The rats 
were fed with standard grower’s mash rat pellets (Grand Cereals 
LTD, Enugu) and water. 
 
 

Experimental design and analysis 
 

Forty-two (42) Wistar albino rats of both sexes weighing between 

102 and 240 g were used for the study. They were acclimatized for 
fourteen (14) days with free access to feed and water. After 
acclimatization, they were evenly distributed into seven (7) groups 
of six rats each. The route of administration was by oral intubation 
for a period of twenty one (21) days. The groups and doses 
administered are summarised below: 
 
Group 1: Control (Normal rats) 

Group 2: Positive control (Diabetic untreated rats) 
Group 3: Alloxan induced diabetic rats + 2.5 mg/kg body weight of 
Glibenclamide 
Group 4: Alloxan induced diabetic rats + 200 mg/kg body weight of 
ethanol leaves extract 
Group 5: Alloxan induced diabetic rats + 400 mg/kg body weight of 
ethanol leaves extract 
Group 6: Alloxan induced diabetic rats + 200 mg/kg body weight of 
ethanol stem extract 

Group 7: Alloxan induced diabetic rats + 400 mg/kg body weight of 
ethanol stem extract 

http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Reactive_oxygen_species
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Figure 1. Effect of ethanol extracts of Newbouldia laevis leaves and stems on serum alkaline phosphatase (ALP). Group 1: Control 

(Normal rats), Group 2: Positive control (Diabetic untreated rats), Group 3: Alloxan induced diabetic rats + 2.5 mg/kg body weight of 
Glibenclamide, Group 4: Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol leaves extract, Group 5: Alloxan induced 
diabetic rats + 400 mg/kg body weight of ethanol leaves extract, Group 6: Alloxan induced diabetic rats + 200 mg/kg body weig ht of 
ethanol stem extract, and Group 7: Alloxan induced diabetic rats + 400 mg/kg body weight of ethanol stem extract. 

 

 
 

At the end of the experimental period the rats were starved for 12 h 
and then sacrificed under ether anaesthetized. Blood samples were 

received into clean dry centrifuge tube and left to clot at room 
temperature, then centrifuged for 10 min at 3000 r.p.m to separate 
serum. Serum was carefully separated into dry clean Wassermann 

tubes, using a Pasteur pipette and kept frozen at (-20C) until 
estimation of some biochemical parameters. 
 
 
Statistical analysis 

 
Data were presented as mean of three replicates ± SD. Statistical 
analysis was carried out using Statistical Package for Social 
Sciences (SPSS) version 19. One way analysis of variance was 
adopted for comparison, and the results were subject to post hoc 
test using least square deviation (LSD). The data were expressed 
as mean ± standard deviation. P< 0.05 was considered significant. 
 
 
RESULTS 
 
Effect of ethanol extracts of Newbouldia laevis leaves 
and stems on serum alkaline phosphatase (ALP). 
 
Figure 1 shows that the diabetic untreated group (group 
2) had the highest activity of ALP but the administration 
of the different doses of the extracts resulted in significant 
(p<0.05) decrease in ALP activity. The 200 mg/kg body 
weight of the extracts (groups 4 and 6) in a similar 
manner as the standard drug (glibenclamide) significantly 
and dose dependently reduced the activity of ALP when 
compared with the values obtained from the diabetic 
untreated group (group 2). However, the 400 mg/kg body 
weight of the extracts caused greater reduction in the 
activity of ALP. 

Effect of ethanol extracts of Newbouldia laevis leaves 
and stems on serum alanine aminotransaminase 
(ALT) 

 
Figure 2 shows that the diabetic untreated group (group 
2) had the highest activity of ALT but the administration of 
the different doses of the extracts resulted in significant 
(p<0.05) decrease in ALT activity. The 400 mg/kg body 
weight of the extracts (group 5 and 7) in a similar manner 
as the standard drug (glibenclamide) significantly and 
dose dependently reduced the activity of ALT when 
compared with the values obtained from the diabetic 
untreated group (group 2). However, the 200 mg/kg body 
weight of the extracts caused greater reduction in the 
activity of ALP even more than the standard drug. 

 
 
Effect of ethanol extracts of Newbouldia laevis leaves 
and stem on serum superoxide dismutase (SOD) 
activity 

 
Figure 3 shows that the diabetic untreated group (group 
2) had reduced SOD activity but the administration of the 
different doses of the extracts resulted in significant 
(p<0.05) increase in SOD activity. The extracts stimulated 
SOD activity in diabetic rats treated with the leaves and 
stem. A significant increase (p<0.05) was observed in the 
SOD activity of rats in the test groups when compared 
with the positive control. Significant increases (p<0.05) 
were observed in groups 6 and 7 (stem extract treated) 
when compared with groups 4 and 5 (leave extract 
treated). 
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Figure 2. Effect of ethanol extracts of Newbouldia laevis leaves and stems on serum alanine aminotransaminase (ALT). Group 1: 

Control (Normal rats), Group 2: Positive control (Diabetic untreated rats), Group 3: Alloxan induced diabetic rats + 2.5 mg/kg body 
weight of Glibenclamide, Group 4: Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol leaves extract, Group 5: Alloxan 
induced diabetic rats + 400 mg/kg body weight of ethanol leaves extract, Group 6: Alloxan induced diabetic rats + 200 mg/kg body 
weight of ethanol stem extract, and Group 7: Alloxan induced diabetic rats + 400 mg/kg body weight of ethanol stem extract. 

 
 
 

 
 
Figure 3. Effect of ethanol extracts of Newbouldia laevis leaves and stem on serum superoxide dismutase (SOD) activity of diabetic 

rats. Group 1: Control (Normal rats), Group 2: Positive control (Diabetic untreated rats), Group 3: Alloxan induced diabetic rats + 2.5 
mg/kg body weight of Glibenclamide, Group 4: Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol leaves extract,  Group 

5: Alloxan induced diabetic rats + 400 mg/kg body weight of ethanol leaves extract, Group 6: Alloxan induced diabetic rats + 200 mg/kg 
body weight of ethanol stem extract, and Group 7: Alloxan induced diabetic rats + 400 mg/kg body weight of ethanol stem extract. 

 
 
 
Effect of ethanol extracts of Newbouldia laevis leaves 
and stem on serum catalase activity 
 
Figure 4  shows that the diabetic  untreated  group (group 

2) had reduced catalase activity but the administration of 
the different doses of the extracts resulted in significant 
(p<0.05) increase in catalase activity of diabetic rats 
treated with the leaves and stem extracts of N. laevis. A 



Anaduaka et al.          2269 
 
 
 

 
 
Figure 4. Effect of ethanol extracts of Newbouldia laevis leaves and stem on serum catalase activity. Group 1: Control (Normal rats), 

Group 2: Positive control (Diabetic untreated rats), Group 3: Alloxan induced diabetic rats + 2.5 mg/kg body weight of Glibenclamide, 
Group 4: Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol leaves extract, Group 5: Alloxan induced diabetic r ats + 
400 mg/kg body weight of ethanol leaves extract, Group 6: Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol  stem 
extract, and Group 7: Alloxan induced diabetic rats + 400 mg/kg body weight of ethanol stem extract. 

 
 
 

 
 

Figure 5. Effect of ethanol extracts of Newbouldia laevis leaves and stem on serum glutathione. Group 1: Control (Normal rats), 
Group 2: Positive control (Diabetic untreated rats), Group 3: Alloxan induced diabetic rats + 2.5 mg/kg body weight of Glibenclamide, 
Group 4: Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol leaves extract, Group 5: Alloxan induced diabetic r ats + 
400 mg/kg body weight of ethanol leaves extract, Group 6: Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol stem 

extract, and Group 7: Alloxan induced diabetic rats + 400 mg/kg body weight of ethanol stem extract. 

 
 
 
significant increase (p<0.05) was observed in the 
catalase activity of rats in the test groups when compared 
with the control. A significant increases (p<0.05) in the 
serum catalase activity were observed in groups 4 and 5 
(treated with the leave extract) when compared with 
groups 6 and 7 (treated with the stem extract). 

Effect of ethanol extracts of Newbouldia laevis leaves 
and stem on serum glutathione 
 
Figure 5 shows that the diabetic untreated group (group 
2) had decreased glutathione but the administration of 
the different doses of the extracts resulted in significant 
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Figure 6. The effect of ethanol extracts of Newbouldia laevis leaves and stem on serum protein. Group 1. Control (Normal rats), 

Group 2. Positive control (Diabetic untreated rats), Group 3: Alloxan induced diabetic rats + 2.5 mg/kg body weight of 
Glibenclamide, Group 4. Alloxan induced diabetic rats + 200 mg/kg body weight of ethanol leaves extract, Group 5: Alloxan induced 
diabetic rats + 400 mg/kg body weight of ethanol leaves extract, Group 6: Alloxan induced diabetic rats + 200 mg/kg body weight of 
ethanol stem extract, and Group 7: Alloxan induced diabetic rats + 400 mg/kg body weight of ethanol stem extract. 

 
 
 
(p<0.05) increase in glutathione (GSH) level in the 
treatment groups when compared with the positive 
control (group 2). The GSH helps to mop up oxidative 
stress in the test groups as a result of lipid peroxidation. 
A significant increase (p<0.05) was observed in the GSH 
of rats in the test groups, however, no significant 
difference (p>0.05) was observed in the GSH of rats in 
group 4 when compared with the positive control. The 
increase was dose dependent even as the rats treated 
with the stem extracts (groups 6 and 7) expressed higher 
level of GSH at both doses tested when compared with 
groups 4 and 5 (leave extract treated). 
 
 
Effect of ethanol extracts of Newbouldia laevis leaves 
and stem on serum protein 
 
Figure 6 reveals that increase in protein levels in the 
treatment groups as against the controls appears to be 
dose dependent, with group 6 and 7 expressing higher 
increases in protein levels. 
  
 
DISCUSSION 
 
Anti-diabetic properties of N. laevis leaf and stem have 
earlier been reported (Anaduaka et al., 2013).  Increase 
in lipid peroxidation during diabetes may be due to the 
inefficient or overwhelmed antioxidant system due to free 
radical generation prevalent in diabetic conditions. The 
status of lipid peroxidation as well as altered levels of 
certain endogenous radical scavenger is taken as direct 

evidence for oxidative stress (Goldstein et al., 1993). The 
liver is an important insulin dependent tissue which plays 
a pivotal role in glucose and lipid homeostasis and is 
severely affected during diabetes (Seifter and England, 
1982). In this study, alloxan administration to experi-
mental rats caused a marked elevation in the levels of 
serum ALP and ALT which is indicative of hepatocellular 
damage. This might possibly be due to the release of 
these enzymes from the cytoplasm into the blood 
circulation rapidly after rupture of the plasma membrane 
and cellular damage.  

Several studies have reported similar elevation in the 
activities of serum ALP and ALT during alloxan 
administration (Etuk and Muhammed, 2010; Gometi et 
al., 2014). The notable reduction in serum ALP activity 
recorded is suggestive of cellular membrane/-
hepatocellular membrane protective effects of the 
extracts. ALP functions as a biochemical marker enzyme 
for maintaining membrane integrity. Increase in its 
plasma activity indicates peroxidation of cell membrane 
integrity. Treatment with N. laevis leaves and stem 
extracts significantly reduced the activities of these liver 
marker enzymes in alloxan induced oxidative stress as 
presented in this finding. This indicates that the extracts 
tend to prevent liver damage by maintaining the integrity 
of the plasma membrane thereby suppressing the 
leakage of the enzymes through the membrane, exhi-
biting hepatoprotective activity. A number of scientific 
reports indicate that certain flavonoids, terpenoids and 
steroids have protective effect on liver due to their anti-
oxidant properties (Jeruto et al., 2011). Flavonoids have 
been  reported to  possess  antioxidant activity (Jeruto  et 



 
 
 
 
al., 2011) and thus, are capable of protecting cell 
membranes from peroxidative actions of free radicals.   

Free radical scavenging enzymes like superoxide 
dismutase (SOD) and catalase protect the biological 
system from oxidative stress (Conn, 1995; Switala and 
Loewen, 2002: Del-Rio et al., 2005; Waggiallah and 
Alzohairy, 2011). The decrease in the activity of the 
enzymes in the present study could be attributed to the 
excessive utilization of these enzymes in attenuating the 
free radicals generated during the metabolism of alloxan. 
Similar reports have shown an elevation in the status of 
lipid peroxidation in the liver after alloxan induction 
(Szkudelski et al., 1998; Gometi et al., 2013)

 
and our 

findings are in accordance with these reports. Restoration 
in the levels of the antioxidant enzymes as shown in the 
above results after 21 days of treatment could be related 
to its ability to scavenge reactive oxygen species, thus 
preventing further damage to membrane lipids. There-
fore, the antioxidant properties of the extracts may have 
resulted in the recoupment in the activities of the enzymic 
antioxidants (SOD and catalase).  

Non-enzymic antioxi-dants acts synergistically to 
scavenge the free radicals formed in the biological 
system. After 21 days of treatment, the extracts 
effectively restored the depleted level of this non-enzymic 
antioxidant caused by alloxan induction.  

Increase in GSH level in turn contributes to the 
recycling of other antioxidants such as vitamin C and E 
(Exner et al., 2000). This may suggest that the extracts 
maintain the level of antioxidant vitamins by maintaining 
GSH homeostasis thereby protecting the cells from 
further oxidative damage.  

There was no significant difference (p>0.05) in serum 
protein as shown in Figure 6 when compared to the 
controls (group 1 and 2). This might be as a result of 
some proteins forming intra-chains or inter-chains disul-
fide bridges between cysteine residues.  

The cross-links in this way help to protect the native 
conformation of the protein molecule from the intensity of 
oxidative stress (David and Cox, 2005; Biswas et al., 
2006). 
 
 
Conclusion 
 
The experiment evidence obtained in the present 
laboratory animal study indicates that the ethanol extracts 
of the leaves and stem of N. laevis possess 
hepatoprotective properties for curbing oxidative stress 
complications. The efficacy of the extracts can be attri-
buted to the presence of biologically active components 
which may be worth further investigation and elucidation. 

 
 
Conflict of Interests 
 
The author(s) have not declared any conflict of interests. 

Anaduaka et al.          2271 
 
 
 
REFERENCES 
 

Akerele JO, Ayinde BA, Ngiagah J (2011). Phytochemical and 
antibacterial evaluations of the stem bark of Newbouldia laevis 

against isolates from infected wounds and eyes. Trop. J. Pharm. Res. 

10(2): 211-218.  
Akunyili DN (2000). Anticonvulsant activity of the ethanol extract of 

Newbouldia laevis. 2
nd

 NAAP Scientific Conference. 155-158.   

Amos S, Binda L, Vongtau H, Chindo B, Abbah J, Sambo N, Odin EM, 
Okwute SR, Arah P, Wambebe C, Gamaniel K (2002). Sedative 
effects of the methanolic leaf extract of Newbouldia laevis in nice and 

rats. Boll. Chim. Farm. 141(6): 471 -475. 
Anaduaka EG, Ogugua VN, Egba S, Apeh VO (2013). Comparative 

anti-diabetic effects of ethanol extracts of Newbouldia laevis leaves 

and stem on serum lipid profile and lipid peroxidation status in alloxan 
induced diabetic rats. World J. Pharm.  Pharma. Sci. 2(3): 833-845.  

Biswas S, Chida AS, Rahman I (2006). Redox modifications of protein-

thiols: emerging roles in cell signaling. Biochem. Pharmacol. 71: 551-
564. 

Cheeseman KH, Slater TF (1993). An introduction to free radical 

biochemistry. Br. Med. Bull. 49: 481-493. 
Conn E (1995). Lipid peroxidation and cellular damage in toxic liver 

injury. Lab. Invest. 53(6): 599-623.  

David LN, Cox MM (2005). Lehinger Principles of Biochemistry (4
th
 

Edn). W.H Freeman and Company, New York.  p. 1065. 
Del Rio D, Stewart AJ, Pellegrini N (2005).  A review of recent studies 

on malondialdehyde as toxic molecule and biological marker of 
oxidative stress. Nutr. Metab. Cardiovasc. Dis. 15(4): 316 - 328.  

Ejele AE, Duru IA, Ogukwe CE, Iwu IC (2012). Phytochemistry and 
antimicrobial potential of basic metabolities of Piper umbellatum, 
Piper guineense, Ocimum gratissimium and Newbouldia laevis 

extracts. J. Emerg. Trends Eng. Appl. Sci. 3(2): 309 -314.  

Etuk EU, Muhammed BJ (2010). Evidence based of chemical method of 
induction of diabetes mellitus in experimental animals. Asian J. Exp. 
Biol. Sci. 1(2): 331-336. 

Exner R, Wessner B, Manhart N, Roth E (2000). Therapeutic potential 
of glutathione. Wien. Klin. Wochenschr. 112: 610-616. 

Gbeassor M, Kedjagni AY, Koumagba K, De Souza C, Agbo K, 

Aklikokou K, Amego KA (2006). In vitro antimalarial activity of six 
medicinal plants. Phytother. Res. 4(3): 115 -117.  

Goldstein S, Meyerstein D, Czapski G (1993). The Fenton reagents. 

Free Rad. Biol. Med. 15: 435-445.  
Gometi SA, Ogugua VN, Odo CE, Joshua PE (2014). Effects of some 

anti-diabetic plants on hepatic marker enzymes of diabetic rats. Afr. 

J. Biotechnol. 13(7): 905-909. 
Gometi SA, Ogugua VN, Odo CE, Joshua PE, Nduka OF (2013). 

Synergic effects of some medicinal plants on antioxidant status and 

lipid peroxidation in diabetic rats. Afr. J. Pharm. Pharmacol. 7(47): 
3011-3018. 

Iwu MM (1983). Traditional Igbo Medicine.” Institute of African Studies, 

University of Nigeria, Nsukka. pp. 122-144.  
Iwu MM (2000). Handbook of Africa Medicinal Plants CRC Press, Inc. 

London. p. 19.  

Jeruto P, Mutai C, Catherine L, Ouma G (2011). Phytochemical 
constituents of some medicinal plants used by the Nandis of South 
Nandi district, Kenya. J. Anim. Plant Sci. 9(3): 1201- 1210. 

Koppeno WH (1993). The centennial of the fenton. Free Rad. Biol. Med. 
15: 645 -651.  

Kutete V, Eyong KO, Folefoc GN, Beng VP. Hussaian, H., Krohn, K, 

Nkengfack AE (2007). Antimicrobial activity of the methanolic extract 
and of the chemical constitutents isolated from Newbouldia laevis. 

Pharmazie 62(7): 552 -556.  

Lawrence JM, Contraras R, Chen W, Sacks DA (2008). Trends in the 
prevalence of pre-existing diabetes and gestational diabetes mellitus 
among a racially / ethnically diverse population of pregnant women, 

1999 - 2005. Diabetes Care 31(5): 899 - 904.  
Manda G, Nechifor MT, Neagu TM (2009). Reactive oxygen species, 

cancer, and anti-cancer therapies. Curr. Chem. Biol. 3: 342 -366. 

Mittler R (2002). Oxidative stress, antioxidants and stress tolerance. 
Trends Plant Sci. 7(9): 405-410. 

Niki E, Yoshida Y, Saito Y, Noguchi N (2005). Lipid peroxidation: 

Mechanisms,  inhibition  and   biological   effects.  Biochem.  Biophys. 



2272          Afr. J. Biotechnol. 
 
 
 

Res. Comm. 338(1):668-676. 
Seifter S, England S (1982). Energy Metabolism, In: Arias, I., Popper H. 

and Schacter, D. (Eds.) The Liver: Biology and Pathology, New York 

Raven Press. 219-249. 
Sies H (1997). Oxidative stress: oxidants and antioxidants. Exp. 

Physiol. 82(2): 291-295. 

Soliman GZA (2008). Blood lipid peroxidation (superoxide dismutase, 
malondialdehyde, glutathione levels in Egyptian type 2 diabetic 
patients. Singapore Med. J. 49(2):129-136. 

Stanley MP, Venugopal MP (2001). Antioxidant action of Tinospora 
cordifolia root extract in alloxan induced diabetic rats. Phytother. Res. 

15: 213-218.  

Switala J, Loewen PC (2002). Diversity of properties among catalases. 
Arch. Biochem. Biophys. 401(2):145-54. 

Szkudelski T (2001). The mechanism of alloxan and streptozocin action 

in S-cell of the rats pancreas. Physiol. Res. 50:536-546. 
Szkudelski T, Kandulska K, Okulicz M (1998). Alloxan in vivo does not 

only exert deleterious effects on pancreatic B cells. Physiol. Res. 

47(5):343-346. 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

 

 
 
 
 
Traber MG, Atkinson J (2007). Vitamine E, antioxidant and nothing 

more. Free Rad. Biol. Med. 43(1):4-15. 
Usman H, Yaro, AH, Garba MM (2008). Anagesic and anti-inflammatory 

screening of Newbouldia laevis flower in rodents. Trends Med. Res. 

3:10-15. 
Usman H, Osuji JC (2007). Phytochemical and in vitro antimicrobial 

assay of the leaf extract of Newbouldia laevis. Afr. J. Tradit. 

Complement. Altern. Med. 4(4): 476-480.  
Vertuani S, Angusti A, Manfredini S (2004). The antioxidants and pro-

antioxidants network: An overview. Curr. Pharm. Des. 10(14): 1677-
1694. 

Waggiallah H, Alzohairy M (2011). The effect of oxidative stress on 

human red cells glutathione peroxidase, glutathione reductase level, 
and prevalence of anemia among diabetics. N. Am. J. Med. Sci. 3: 
344-347. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
Vol. 13(22), pp. 2273-2281, 28 May, 2014  

DOI: 10.5897/AJB2014.13667 

Article Number: 14656F744909  

ISSN 1684-5315  

Copyright © 2014 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJB 

African Journal of Biotechnology 

 
 
 

Full Length Research Paper 
 

Effects of extract of leaves of Newbouldia laevis on the 
activities of some enzymes of hepatic glucose 

metabolism in diabetic rats 
 

Oyetunji Timothy Kolawole1* and Musbau Adewumi Akanji2 
 

1
Department of Pharmacology and Therapeutics, Ladoke Akintola University of Technology, Ogbomoso, Nigeria. 

2
Department of Biochemistry, University of Ilorin, Ilorin, Nigeria. 

 
Received 27 January, 2014; Accepted 16 May, 2014 

 

In diabetes mellitus and insulin resistance, the activity of the enzymes involved in hepatic glucose 
homeostasis is disturbed. Promoting the physiologic functions of these enzymes and restoring 
homeostatic control by medicinal plants could be beneficial in the management of diabetes. This study 
investigates the effects of extract of leaves of Newbouldia laevis on some key enzymes of hepatic 
glucose metabolism in streptozotocin-induced diabetic rats. Diabetes was induced in rats by 
intravenous injection of streptozotocin. Diabetic rats were treated orally with N. laevis extract for four 
weeks. At the end of the treatment, the activities of hepatic glucokinase and glucose 6-phosphatase 
were evaluated. Effect of N. laevis extract on glucose 6-phosphatase activity was also assessed in vitro 
using enzyme obtained from rabbit liver. The levels of hepatic glycogen, pancreatic insulin and serum 
insulin were also determined. Treatment of diabetic rats with N. laevis extract resulted in a significant 
increase (P < 0.05) in the activity of hepatic glucokinase when compared with diabetic control. Extract of 
N. laevis showed significant inhibitory effect against the activity of glucose 6-phosphatase in both in 
vivo and in vitro studies. The level of hepatic glycogen in treated rats significantly increased (P < 0.05) 
compared to untreated diabetic rats. Although there was a slight increase in serum and pancreatic 
insulin levels of treated diabetic rats, the difference was not significant (P > 0.05) when compared to 
diabetic control. Based on the results of this study, we conclude that N. laevis leaf extract stimulates the 
activity of hepatic glucokinase and inhibits the activity of glucose 6-phosphatase in streptozotocin-
induced diabetic rats. It could serve as a good alternative remedy in the management of diabetes 
mellitus. 
 
Key words: Liver, glucokinase, glucose 6-phosphatase, diabetes mellitus, Newbouldia laevis, glucose. 

 
 
INTRODUCTION 
 
Liver, in synergy with peripheral tissues, plays an 
important role in the regulation of blood glucose levels. It 
is estimated that liver absorbs one third of the 
postprandial glucose and effectively convert glucose into 

glycogen for storage through the process of glycogenesis 
(Moore et al., 2012). Liver maintains stable blood glucose 
levels in the fasting state by producing glucose through 
the processes of glycogenolysis and gluconeogenesis.  
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The key enzymes that play prominent roles in hepatic 
glucose homeostasis include glucokinase and glycogen 
synthase which catalyze the process of glycogenesis; 
and the major enzymes responsible for the regulation of 
gluconeogenesis are glucose 6-phosphatase, pyruvate 
carboxylase, phosphoenolpyruvate carboxykinase and 
fructose 1, 6-bisphosphatase (Eid et al., 2006). Hepatic 
glucose homeostatic control is also influenced at the 
hormonal level. The key hormones involved in glucose 
homeostasis are insulin and glucagon. When there is an 
increase in blood glucose concentration, insulin release is 
increased and glucagon release is suppressed. As a 
result, glucokinase is stimulated, glycogen synthase is 
activated and glycogen phosphorylase is inhibited leading 
to enhanced glycogen synthesis. On the other hand, 
glucose 6-phosphatase catalyzes the dephosphorylation 
of glucose 6-phosphate to glucose as the terminal step in 
gluconeogenesis and glycogenolysis (Dentin et al., 
2007). In type 2 diabetes and insulin resistance, the 
control of hepatic glucose metabolism is disturbed and 
this leads to increased hepatic glucose output and 
hyperglycemia. Therefore targeting the pathways of these 
hepatic enzymes could lead to significant reduction of 
blood glucose level in type 2 diabetic patients (Tahrani et 
al., 2011; Agius, 2007). One way through which this could 
be achieved is to investigate the effects of medicinal 
plants on these pathways.  

For centuries, medicinal plants have been employed in 
the management of diabetes mellitus and are well 
recognized as important source of new drugs. Therefore, 
in the search for novel anti-diabetic drugs, the potentials 
of medicinal plants should be diligently explored 
(Newman and Cragg, 2007).  Such efforts have yielded 
positive results in the past. For instance, metformin is an 
anti-diabetic drug derived from Galega officinalis, a plant 
prescribed in medieval times to relieve the symptoms of 
diabetes (Andrade-Cetto, 2012). Metformin lowers blood 
glucose levels without causing overt hypoglycemia or 
stimulating insulin secretion. It reduces fasting plasma 
glucose by 25% by suppressing hepatic gluconeogenesis 
from substrates such as pyruvate, lactate, glycerol and 
amino acids. It also modulates mitochondrial respiration 
by increasing intramitochondrial level of calcium ions 
(Jaya et al., 2010).  There are other plants that are used 
in the treatment of diabetes which may contain principles 
that have similar or even better therapeutic effects than 
metformin. Many of these plants, including Newbouldia 
laevis, have not been subjected to proper scientific 
investigation. N. laevis is an angiosperm which belongs 
to the Bignoniaceae family. Its common names are 
‘Fertility tree’ and ‘African border tree’. The extract of the 
leaves has been reported to lower blood glucose level in 
diabetic rats (Owolabi et al., 2011). It was also shown to 
attenuate glycation of hemoglobin and lipid peroxidation 
in diabetic rats (Kolawole et al., 2013a). In the present 
study, we investigated the effects of extract of the leaves 
of  N.  laevis  on  insulin  secretion   and  the  activities  of  

 
 
 
 
glucokinase and glucose 6-phosphatase in streptozo-
tocin-induced diabetic rats. 
 

 
MATERIALS AND METHODS 

 
Preparation of plant extract  
 

Leaves of N. laevis were collected from the premises of 
Government House Annex, Osogbo, Nigeria. The leaves were 
identified and authenticated by Mr. Odewo of Forest Research 
Institute of Nigeria (FRIN) and a voucher specimen was deposited 
in the herbarium of the institute (voucher specimen no: FHI 
107753). After the leaves have been thoroughly washed with clean 
distilled water, they were air-dried under shade in the laboratory for 
5 days and then pulverized using an electric grinding machine. The 
powder sample (400 g) was extracted with 80% ethanol at 70°C by 
continuous hot percolation using a Soxhlet apparatus. The 
extraction was carried out for 24 h and the resulting ethanol extract 
(NLet) was concentrated at 40°C in a rotary evaporator. The solid 
sample obtained weighed 40.2 g (yield = 10 %). The crude ethanol 
extract was kept in an air-tight container and stored in a refrigerator 

at 4°C until the time of use. 
 
 

Experimental animals 
 

Male Wistar rats weighing 150 to 180 g were obtained from the 
Animal Holding Unit of the Department of Pharmacology and 
Therapeutics, Ladoke Akintola University of Technology 
(LAUTECH), Nigeria. The animals were housed in polypropylene 

cages in a well-ventilated area in the laboratory complex. The 
animals were maintained under standard laboratory conditions of 
temperature (22 ± 2°C), relative humidity (55-65%) and 12 h 
light/dark cycle. They were allowed to acclimatize for two weeks 
before the experiment. During the experimental period, animals 
were fed with a standard balanced commercial pellet diet (Ladokun 
Feeds Ltd. Ibadan, Nigeria) and potable tap water ad libitum.  
 
 

Ethical consideration 

 
All experimental procedures were conducted in accordance with 
National Institute of Health Guide for the Care and Use of 
Laboratory Animals (NIH, 1985) as well as Ethical Guidelines for 
the Use of Laboratory Animals in LAUTECH, Nigeria. 
 

 

Induction of diabetes mellitus 
 

Experimental diabetes was induced in rats which had fasted for 12 
h by a single intravenous injection of a freshly prepared solution of 
streptozotocin (STZ) (60 mg/kg body weight) dissolved in 0.1 M 
cold citrate buffer, pH 4.5 (Chen et al., 2005). The rats were 
allowed to drink 5% glucose solution overnight to overcome drug-
induced hypoglycemia. Estimation of fasting blood glucose (FBG) 
was done 72 h after injection of STZ to confirm induction of 
diabetes and then on the 7th day to ensure a stable diabetic 

condition. Fasting blood glucose was estimated by One Touch
®
 

glucometer (Lifescan, Inc. 1995 Milpas, California, USA). Blood 
sample for the FBG determination was obtained from the tail vein of 
the rats and those with blood glucose value ≥ 200 mg/dl were 
selected for the study. 
 

 

Treatment of experimental animals 
 

Rats were divided into a group of non-diabetic and three groups of 
STZ - diabetic rats. Each of the four groups consisted of six rats. The 



 
 
 
 
grouping was as follows: Group I = non-diabetic control; Group II = 
diabetic control; Group III = diabetic rats treated with NLet (500 
mg/kg); Group IV = diabetic rats treated with metformin (200 mg/kg) 
or glibenclamide (5 mg/kg). The drugs were administered orally 
everyday for 28 days using a sterile syringe fitted with a sterile 
cannula. Rats in groups I and II were treated orally with distilled 
water for the four weeks. On Day 29, the rats were euthanized 
under chloroform vapor. The jugular vein was exposed and cut with 
a sterile scalpel blade, and the rats were bled into specimen bottles. 
Blood samples were transferred to sterilized centrifuge tubes and 
allowed to clot at room temperature. The blood samples were 
centrifuged for 10 min at 1500 rpm. The serum obtained was used 
for serum insulin assay.  

 
 
Tissue preparation 
 
After 28 day treatment with the plant extract (NLet) and the 
reference drugs, the rats were sacrificed by cervical dislocation. 
Segments of the liver and pancreas tissues were excised 
separately from rats in all the experimental groups. The tissues 
were washed with phosphate buffered saline (pH 7.4) containing 

0.16 mg/ml of heparin to remove any red blood cells (erythrocytes) 
and clots (Prasad et al., 1992). Liver and pancreas homogenates 
were prepared and stored at -20°C for the assays. Liver 
homogenate was used for glucokinase, in vivo glucose 6-
phosphatase and hepatic glycogen assays while pancreas 
homogenate was used for the pancreatic insulin assay. 
 
 
Glucokinase assay 

 
Glucokinase activity was measured as previously described (Zhang 
et al., 2009; Davidson and Arion, 1987). About 100 mg liver tissue 
was homogenized in 1 ml ice-cold homogenization buffer containing 
100 mM KCl, 25 mM HEPES, 7.5 mM MgCl2, 4 mM dithiothreitol 
(pH 7.4), and then lysed overnight at 4°C. Supernatant of the tissue 
extract was obtained after centrifugation at 3000 rpm for 10 min at 
4°C, and then supplemented with 1 mM NAD, 4 mM ATP, and 100 

or 0.5 mM glucose at pH 7.4. The enzymatic reaction was started 
by the addition of 0.2 unit of glucose 6-phosphate dehydrogenase 
and incubated for 10 min at 30°C. NADH generated by glucokinase 
was measured by a spectrophotometer at 340 nm. The enzymatic 
activity of glucokinase was calculated as the difference between 
activities calculated at 100 and 0.5 mM glucose. Hexokinase 
activities were calculated as mU/mg protein. Protein concentration 
in liver extract was measured by Lowry method (Lowry et al., 1951).  
 
 
In vivo glucose 6-phosphatase assay 

 
Glucose 6-phosphatase (G6Pase) activity was assayed according 
to the method of Baginsky et al. (1974) by estimation of inorganic 
phosphate (Pi) liberated from glucose 6-phosphate (G6P). The 
ultracentrifugation method of Pari and Satheesh (2006) was used to 
prepare liver microsomal fractions. For this assay, 1 g of frozen liver 
tissue was homogenized in ice-cold sucrose solution with a 
Polytron homogenizer. The homogenate was centrifuged 
sequentially at 11,000 g for 30 min, then at 105,000 g for 1 h using 
an ultracentrifuge (Beckman Inc., CA, USA). The solid pellet was 
re-suspended in ice cold sucrose/EDTA solution and used as the 
source of the enzyme. Tubes were divided into samples, blanks 
and standard. To each were added 0.1 mL of sucrose/EDTA buffer 
(0.25 mM, pH 7.0), 0.1 mL of G6P (100 mM), and cacodylate buffer 
solution. This was followed by the addition of 0.1 mL of sample to 

the sample tube, 0.1 mL of sucrose/EDTA solution to the blank and 
0.1 mL of different concentration of K2HPO4 (0.5, 1, 1.5 and 2 mM) 
to the  standard tube. All  tubes  were incubated  at 37°C for 15 min  
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and the enzyme activity was then terminated by adding 2 mL 
TCA/ascorbate (10%/2%). The tubes were centrifuged at 3000 g for 
10 min. To 1.0 mL of this clean supernatant were added 0.5 mL 
ammonium molybdate (1%) and 1 mL of Na-arsenite/Na-citrate 
(2%/2%). The tubes were then allowed to stand for 15 min at room 
temperature and absorbance was read at 840 nm.  The amount of 
inorganic phosphate liberated by the enzyme was calculated by 
comparing with absorbance values of the standard. G6Pase activity 
was expressed as units/mg of protein. One unit of glucose-6-
phosphatase activity is defined as the amount of Pi liberated/min at 
37°C under the assay conditions.    
 
 
In vitro glucose 6-phosphatase assay 

 
The effect of NLet on glucose 6-phosphatase activity was 
performed using glucose 6- phosphatase from rabbit liver (Sigma, 
USA). The method of Baginsky et al. (1974) was adapted. Fifty 
microlitres (50 μL) of each concentration of the plant extract, 
sodium orthovanadate or metformin were transferred into separate 
test tubes followed by 100 μL of enzyme solution (glucose 6-
phosphatase in 0. 25 M sodium acetate buffer, pH 6.7). The mixture 

was then pre-incubated in a water bath at 37°C for 20 min 
Thereafter 100 μL of the substrate solution (glucose 6-phosphate in 
0. 25 M sodium acetate buffer pH 6. 7) was added into each of the 
test tube to start the reaction. The mixture was again incubated at 
37°C for 15 min When the reaction was complete, 500 μL of 
Molybdate reagent (2.5 g of (NH4)6Mo7.4H2O in 2. 45 M H2SO4 w/v) 
and 500 μL of reducing agent (1.0% Elon (p-methyl aminophenol 
sulphate) in 3.0% sodium bisulphite (NaHSO3), w/v) were added. 
The intensity of the blue solution was measured with a spectro-

photometer at 660 nm. Glucose 6-phosphatase inhibitory activity 
was expressed as percentage inhibition. The graph of percentage 
inhibition was plotted against extract concentration.  
 
 
Hepatic glycogen assay 

 
Hepatic glycogen content was measured according to the method 

of Postle and Bloxham (1980). Frozen tissue (100 mg) was placed 
in chilled citrate buffer (0.1 M, pH 4.5) and extracted with 1.5 mL of 
6% (w/v) perchloric acid (HClO4). This was then centrifuged at 2000 
g for 15 min and the supernatant (0.5 mL) was neutralized with 10% 
(w/v) KOH. The glycogen in the supernatant was hydrolyzed by α-
amyloglucosidase (50 U/mL; Sigma, USA) in sodium acetate buffer 
(50 mM/L; pH 4.8) overnight at room temperature. Glucose 
released from glycogen was estimated by glucose assay kit (Sigma, 
USA). The glycogen content of the liver samples was calculated as 
the difference between the glucose level with and without 
amyloglucosidase incubation. Glycogen content was expressed as 
mg/g wet tissue.  
 
 
Insulin assay 

 
Serum insulin level was measured by an enzyme-linked 
immunosorbent assay (ELISA) procedure using rat insulin ELISA kit 
(Mercodia, USA). Briefly, the solid phase two-site enzyme 
immunoassay is based on the direct sandwich technique in which 
two monoclonal antibodies are directed against separate antigenic 
determinants on the insulin molecule. During incubation, insulin in 
the sample reacts with peroxidase-conjugated anti-insulin anti-
bodies and anti-insulin antibodies bound to the microtitration well. 
After washing three times, unbound enzyme labeled antibody was 
removed. The bound conjugated insulin was detected by reacting 

with 3, 3’, 5, 5’-tetramethylbenzidine. The reaction was stopped by 
adding acid to give a colorimetric end-point and optical density was 
measured with a microplate autoreader at a wavelength of 450 nm. 
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Figure 1. Effect of N. laevis extract on hepatic glucokinase activity in diabetic rats. Values are mean ± SEM (n = 6). *P < 0.05 

compared with non-diabetic control rats; †P < 0.05 compared with diabetic control.  
 

 
 

The serum insulin was expressed as μg/L. The same procedure 
was followed for pancreatic insulin assay using supernatant of 
pancreas homogenate as sample. The results were expressed as 
ng/g wet weight of tissue.  
 
 
Phytochemical analysis 
 
Tests were carried out on the extract using standard procedures to 

identify its phytoconstituents as described by Trease and Evans 
(2002), Harborne (1984), and Sofowora (1993). The extract was 
tested for alkaloids, flavonoids, tannins, terpenoids, saponin, 
phenolic compounds and cardiac glycosides. 

 
 
Statistical analysis 

 

Data obtained from the experiments are expressed as mean ± 
standard error of mean (SEM). For statistical analysis, data were 
subjected to one-way analysis of variance (ANOVA) followed by 
Student’s t- test. A level of P < 0.05 was taken as significant. 
GraphPad Prism version 5.0 for windows was used for these 
statistical analyses (GraphPad software, San Diego California 
USA). 

 
 
RESULTS 
 
Hepatic enzymes 
 
The activity of glucokinase was significantly reduced in 
STZ-diabetic rats compared to nondiabetic control. 
Treatment of diabetic rats with NLet and metformin 
resulted in a significant increase (P < 0.05) in the activity 
of hepatic glucokinase when compared with diabetic 

control as shown in Figure 1. In vivo, G6Pase activity of 
STZ-diabetic rats was significantly increased (P < 0.05) 
compared to that of non-diabetic control.  Treatment of 
diabetic rats with NLet and metformin for 28 days caused 
significant decrease (P < 0.05) in the activity of G6Pase 
compared to diabetic control (Figure 2). In vitro study also 
demonstrated that NLet has inhibitory effect against the 
activity of glucose 6-phosphatase in rabbit liver (Figure 
3). The inhibitory activity of NLet (IC50 = 752.8 µg/ml) was 
about half that of sodium orthovanadate (IC50 = 355.4 
µg/ml). Metformin failed to inhibit rabbit glucose 6-
phosphatase in vitro.  
 
 
Hepatic glycogen content 
 
Hepatic glycogen level was significantly decreased (P < 
0.05) in diabetic rats compared to non-diabetic control. 
After treating the animals with NLet (500 mg/kg) and 
metformin (200 mg/kg) for 28 days, the level of hepatic 
glycogen in both NLet-treated and metformin-treated 
groups significantly increased (P < 0.05) compared to 
diabetic control (Figure 4). However there was a 
significant difference (P < 0.05) between NLet-treated 
and metformin-treated groups. 
 
 
Serum and pancreatic insulin levels 
 
Serum and pancreatic insulin levels were significantly 
decreased (P < 0.05) in diabetic control rats compared to 
the non-diabetic group. Although there was a slight 
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Figure 2. In vivo effect of N. laevis extract on rat liver Glucose 6-phosphatase activity. Values are mean ± SEM (n = 6). *P < 

0.05 compared with diabetic control rats; †P < 0.05 compared with non-diabetic control. NDC = Non-diabetic control; DC = 
Diabetic control; TD = Treated diabetic rats  
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Figure 3. In vitro effect of N. laevis extract on rabbit liver glucose 6-phosphatase activity. Values represent mean ± SEM of three 

replicates. 
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Figure 4. Effect of N. laevis extract on hepatic glycogen of diabetic rats. Values represent mean ± SEM (n = 6); 

†
P < 0.05 

compared with non-diabetic control, 
*
P < 0.05 compared with diabetic control. 
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Figure 5. Effect of N. laevis leaf extract on serum insulin of diabetic rats. Values represent mean ± SEM (n = 6); 

†
P < 0.05 

compared with non-diabetic control, 
*
P < 0.05 compared with diabetic control. 

 
 
increase in both serum and pancreatic insulin levels of 
NLet –treated diabetic rats, the difference was not 
significant (P > 0.05) when compared to diabetic control 
as shown in Figures 5 and 6, respectively. 

Phytochemical screening 
 
The results of the analysis show that the crude ethanolic 
extract  of  N. laevis  leaves    contain    tannins,  saponin,
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Figure 6. Effect of N. laevis leaf extract on pancreatic insulin of diabetic rats. Values represent mean ± SEM (n = 6); 

†
P < 0.05 

compared with non-diabetic control, P < 0.05 compared with diabetic control. 
 
 
 

Table 1. Phytoconstituents of the leaf extract of Newbouldia laevis. 
 

Compound tested            Test Observation Inference  

Alkaloids  

Dragendorff  (-) Absent  

Mayer  (-) Absent  

Wagner (-) Absent  

    

Flavonoids  

Shinoda  (+) Present  

Lead acetate  (+) Present  

Ammonia (+) Present  

    

Saponin  Frothing  (+) Present  

Tannins  Prussian blue  (+) Present  

Phenolic compounds  Ferric chloride  (+) Present  

Cardiac glycosides  Keller-Killani  (-) Absent  

Terpenoids  Salkowski’s  (+) Present  
 

(+) = positive; (-) = negative. 
 

 
 

flavonoids, terpenoids and phenolic compounds. Cardiac 
glycosides and alkaloids were not detected. The results 
of the analysis are presented below (Table 1). 
 
 
DISCUSSION 
 
Glucokinase is one the enzymes that play key role in 
hepatic glucose homeostasis. It catalyzes the rate limiting 

step of glycolysis by phosphorylating glucose leading to 
the synthesis of glucose -6-phosphate (Postic et al., 
2004). In pancreatic β-cells, glucokinase acts as a 
glucose sensor, ensuring that insulin release is 
appropriate to the plasma glucose concentration. In the 
liver, glucokinase is essential for this tissue to carry out 
its unique metabolic functions (Agius, 2008). Under basal 
glucose concentrations (< 5.5 mM), hepatic glucokinase 
is bound to the glucokinase regulatory protein (GKRP) in  
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the nucleus (Zimmet et al., 2005). However, when 
subjected to high glucose concentration (10-30 mM), 
glucokinase is released from the GKRP into the 
cytoplasm where it exists in the unbound active form 
(Alberti et al., 2005).  Impairment of glucokinase activity 
plays a major role in precipitating glucose intolerance and 
the development of diabetes mellitus. Glucokinase gene 
mutation has been associated with a form of diabetes 
known as maturity onset diabetes of the young (Zhang et 
al., 2009).  

In the present study, the activity of glucokinase 
significantly decreased in STZ-diabetic rats. In the NLet-
treated diabetic rats, there was an increase in the activity 
of this enzyme which was significant (P < 0.05) when 
compared with the diabetic control. This is probably a 
reflection of the slight increase in plasma insulin 
concentration following treatment with NLet. Glucokinase 
activity is impaired in pancreas and liver following the 
damage caused by free radicals that are generated by 
streptozotocin in diabetic rats (Zhang et al., 2009; 
Srinivasan and Ramarao, 2007). Therefore the observed 
effects of the extract could also be due to direct activation 
of glucokinase. Activators of glucokinase have been 
reported to enhance the activity of the enzyme in drug-
induced diabetic animals (Priyadarsini et al., 2012).   

Glucose 6-phosphatase (G6Pase) catalyzes the final 
step in both glycogenolytic and gluconeogenic pathways, 
cleaving phosphate from glucose 6-phosphate to liberate 
free glucose into the circulation (Smith et al, 2005). It is 
thus uniquely situated to regulate both circulating 
concentrations of glucose and the storage of excess 
glucose as glycogen. In diabetic condition, glucose 6-
phosphatase activity is elevated and the symptoms 
associated with hyperglycemia are exacerbated. In this 
study, in vivo activity of G6Pase in the rat liver was 
significantly reduced (P < 0.05) in both NLet- and 
metformin-treated groups when compared to diabetic 
control group. The hypoglycemic activity of NLet reported 
by Owolabi et al. (2011) could be due to the suppression 
of G6Pase activity as reported for other hypoglycemic 
agents such as vanadate compounds (Mosseri et al., 
2000). Normalization of serum blood glucose concen-
tration in diabetes with insulin usually results in 
decreased G6pase gene expression and activity 
(Massillon et al., 1996). However, the same report also 
indicated that correction of hyperglycemia in diabetic rats 
leads to normalization of hepatic gene expression of 
G6Pase regardless of the circulating insulin 
concentration. This indicates that in vivo gene expression 
of G6Pase in the diabetic liver is regulated by glucose 
independent of insulin. Therefore the reduction in 
G6Pase activity in rat liver observed in this study after 
treatment with NLet may be attributed to the 
hypoglycemic effect due to insulin or other mechanisms 
independent of insulin. In vitro study also confirmed the 
inhibitory activity of NLet against G6Pase. The inhibitory 
activity of  NLet was about half  that of sodium orthovana-  

 
 
 
 
date. This result is promising especially when one takes 
into consideration the toxicity of sodium orthovanadate. It 
was earlier reported that NLet has low toxicity profile with 
LD50 > 5g/kg body weight in mice (Kolawole et al., 
2013b). Metformin is a well known inhibitor of G6pase in 
vivo (Jung et al., 2006). However the results of this study 
showed that metformin failed to inhibit the activity of 
hepatic G6Pase in vitro. Enzyme inhibitors are known to 
act via different mechanisms (Lieberman and Marks, 
2009). Some inhibitors induce conformational changes in 
the structure of an enzyme; such inhibitors could be 
expected to inhibit enzymes in vitro. Other enzyme 
inhibitors influence the activity of enzymes by 
suppressing the synthesis of enzymes at the genetic 
level, and as such will show no inhibitory effect in vitro. 
The result of this study suggests that metformin belongs 
to the latter group of inhibitors.  

The results of this study indicate that hepatic glycogen 
level was significantly decreased in diabetic rats 
compared to non-diabetic control. After the 28-day 
treatment with NLet and metformin, the level of hepatic 
glycogen in both NLet-treated and metformin-treated 
groups significantly increased compared to diabetic 
control. A significant difference was also observed 
between NLet-treated and metformin-treated groups. This 
may be a reflection of insulin level in each experimental 
group. Newbouldia laevis extract appears to have very 
little insulinotropic effect and the stimulation of glycogen 
synthase activity in the NLet-treated group was not as 
pronounced as in the group treated with metformin. 
Metformin on the other hand appears to have stimulated 
the activities of glycogen synthase and glucokinase better 
than NLet. The slight increase in serum and pancreatic 
insulin levels observed in diabetic rats following treatment 
with NLet could be due to the protection of the functional 
β-cells from further deterioration so that they remain 
active and produce insulin. Studies have shown that the 
presence of phytochemicals such as flavonoids, phenols, 
saponins, tannins and terpenoids in plants are 
responsible for their anti-diabetic properties (Narender et 
al., 2011; Momoh et al., 2011). Phytochemical analysis of 
NLet revealed the presence of tannins, flavonoids, 
saponins, terpenoids and phenolic compounds, while 
cardiac glycosides and alkaloids were not detected. The 
active ingredients responsible for antidiabetic activities of 
NLet probably reside in one or more of these 
phytochemicals. 
 
 
Conclusion 
 
Our data indicate that extract of the leaves of N. laevis 
promotes good hepatic glucose homeostasis in 
streptozotocin-induced diabetic rats by enhancing the 
activity of hepatic glucokinase and inhibiting the activity of 
glucose 6-phosphatase. It could serve as a good alter-
native medicine  in the management  of diabetes mellitus. 



 
 
 
 
Structural elucidation of the active components of the 
plant could also provide a lead molecule for the 
development of novel antidiabetic drug. 
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This study aimed to partially characterize the antigenic fractions of human dentin extract, and to 
evaluate the anti-dentin antibodies levels in patients undergoing orthodontic treatment. Two dentin 
extract fractions (FI and FIIa) were used to analyze the saliva samples from three groups of subjects. 
One group had 13 subjects who presented radiographic signs of mild to moderate root resorption 12 
months after starting orthodontic treatment (T12); saliva samples taken prior to treatment served as 
controls (T0). The other groups had 10 subjects with radiographic signs of mild to severe root 
resorption up to 48 months after orthodontic therapy (PT); 10 individuals not undergoing orthodontic 
treatment were selected as controls (ST). Western blot analysis revealed the presence of dentinal 
fractions of approximately 35 to 70 kDa in (T12) and (PT) but not in the control samples. In 
immunoenzymatic assays, the anti-FI salivary IgG levels were significantly higher in T12 and PT groups 
than in the controls (P< 0.05). Our results demonstrate that dentinal fractions may be presented to the 
immune system and detected by salivary IgG. The levels of anti-dentin antibodies may remain elevated 
even years after finishing of orthodontic therapy. 
 
Key words: Root resorption, dentinal antigens, humoral response, enzyme-linked immunosorbent assay 
(ELISA), Western blot. 

 
 
INTRODUCTION 
 
External apical root resorption (EARR) is an 
immunopathological manifestation of inflammatory origin 
that presents high prevalence (39 to 99%) in patients 
undergoing orthodontic treatment (Apajalahti and Peltola, 

2007; Dudic et al., 2008). This process has consequence 
the irreversible shortening from apex root. Although in 
most cases the root resorption is mild and minor clinical 
importance, moderate (lesser than 2 mm) to severe 

  
*Corresponding author. E-mail: itanoeiko@hotmail.com. 
 
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 
International License 

http://www.academicjournals.org/AJB
mailto:itanoeiko@hotmail.com
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 
 
 
 

(greater than 2 mm) root resorption has been reported to 
occur at a frequency of 10 to 20% (Brin et al., 2003; 
Marques et al., 2010), representing a serious problem for 
orthodontists. The combination of several mechanical 
and biological risk factors, reported in the literature as: 
extensive tooth movement, movement type, orthodontic 
force magnitude, duration and type of force, individual 
susceptibility, anatomical factors, genetic influence, 
systemic factors (Sameshima and Sinclair, 2001; Al-
Qawasmi et al., 2003; Segal et al., 2004; Artun et al., 
2009), may predispose EARR. However, the destruction 
of the cementoblastic layer, that protect the tooth root, is 
the local factor required for the initiation of (Consolaro, 
2005). Although the mechanisms of induction and 
regulation of this pathology are not yet completely 
understood, some results have indicated the potential of 
dentin to induce inflammatory and immune response in 
the root resorption process. Dentin contains numerous 
non-collagenous proteins (NCP) and signaling molecules 
usually hidden, trapped in their mineralized matrix. These 
dentin constituents, that seem to be multifunctional, can 
be exposed and released in consequence of local injury 
as from orthodontic movement (Butler et al, 1998; Silva et 
al., 2004).  

The exposure of the dentin in vivo is, fre-quently, 
accompanied by inflammatory cell infiltration on 
periodontal tissues and by signals and cytokines 
production, for activation and differentiation of clasts, 
responsible by resorption of root surface (Bassaran et al., 
2006). It is possible that clasts dissolve the mineralized 
matrix, endocytose, transport and continuously release 
dentin molecules in the tooth/periodontium microen-
vironment during the resorption process (Nesbitt 1997). 

These components may act as chemotactic factor 
(Ogata et al., 1997) and activation factor of inflammatory 
cells (Lara et al., 2003) and resorptive cells (Nakagawa et 
al., 2000). Additionally, previous studies already have 
established the immunogenic potential of dentin and 
confirmed the presence of anti-dentin antibodies 
(autoantibodies), by using a model of root resorption in 
dogs and mice (King and Courts, 1989; NG et al., 1990; 
Wheeler and Stroup, 1993). Subsequent studies 
investigated the cellular response in root resorption 
process (Lara et al., 2003) and the presence of serum 
IgG and IgM levels was shown in patients with apical root 
resorption resulting in dental trauma (Hidalgo et al., 
2005). And more recently, Ramos et al. (2011), used 
saliva samples to determine the levels of secretory IgA 
anti-human dentin extract. Because there are few studies 
in literature about the antigenic components of the dentin 
in EARR, the present research, described here, aimed to 
partially characterize human dentin antigenic fractions 
detected through the saliva and additionally to evaluate 
the anti-dentin antibodies profile in patients undergoing 
orthodontic treatment. The subjects in this study had mild 
to severe root resorption and were evaluated during or 
post-treatment. This analysis could help in further studies 
to  obtain  early  diagnosis,  development  of  preventive  
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methods and understanding of the immunopathological 
mechanisms involved in root resorption. 
 

 
METHODOLOGY 

 
All procedures involving human were performed after consent given 
by the subjects or by a parent/legal guardian and were approved by 
the Human Ethics Committee at State University of Londrina. 
 
 
Subjects’ selection 

 

This study had three different groups (A, B, C). The A study group 
had 13 subjects (mean age 16 ± 4 years old) with nine females and 
four males. This group was analyzed over two phases: 12 months 
following the beginning of the fixed appliance therapy, at which time 
the patients presented with radiographic signs of mild to moderate 
root resorption (T12); these subjects taken prior to treatment served 
as controls (T0). The B study group had 10 subjects (mean age 21 
± 2 years old) with five females and five males. This group was 
analyzed approximately 48 months following orthodontic treatment, 
at which time they presented with radiographic signs of mild to 
severe root resorption (PT). The C study group had ten volunteers 
matched by gender and age without treatment and no radiographic 
evidence of root resorption were used as controls (ST). Inclusion 
criteria were: no previous orthodontic treatment and no radiographic 
evidence of root resorption. Exclusion criteria were: trauma to the 
primary or permanent dentition, autoimmune disease, chronic 
inflammatory disease, periodontal disease, periapical lesions, 

asthma, active caries or oral mucosa lesions, use steroidal or non-
steroidal anti-inflammatory drugs for at least one month before 
sampling occurred. 
 
 
Saliva samples 

 
Saliva samples were collected at T0, T12, ST and PT. These 
samples were obtained between 10:00 and 16:00 to avoid the effect 

of cardian circle in salivary IgG secretion into saliva. Unstimulated 
whole saliva samples (2 ml) were collected by expectoration into 
sterilized vials after the subjects had rinsed their mouth twice with 
water. Saliva samples were centrifuged at 12000 rpm for 10 min, 
and the supernatants were then stored at -20°C until use.  
 
 
Antigen preparation 

 
Extract of human dentin containing NCP from the dentin matrix was 
used as the antigen. Powder dentin was obtained using a modified 
technique described by Wheeler and Stroup (1993); the third 
molars were donated by patients for whom extraction was 
indicated. The dentin was removed using a drill with a high-speed 
bit. The powder obtained was diluted at demineralizing solution 
(guanidine-HCl 5 M, 10%, ethylenediamine tetraacetic acid pH 5.0 
and 1 µM phenylmethylsulfonylfluoride) for 14 days at 4°C and then 
centrifuged two times at 3.218 rpm for 20 min. The supernatant was 
collected. The protein content was assessed by the Lowry method 
(1951).  Dentin extract was stored at -80°C until use.  
 
 
Radiographs 

 
Periapical radiographs were obtained from subjects at T0, T12, ST 
and PT (70 kV, 10 mA, exposure time 0.7 s). The radiographs of 

the upper central incisors were taken by using the long cone 
paralleling technique. Kappa values for the intra-examiner variation 
ranged from 0.85 to 0.9. The most resorbed incisor was considered 
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Figure 1. Chart of Gel filtration chromatography - Human dentin extract. (A) Fraction FI (tubes 3, 4 and 5) and fraction FII (tubes 6, 7 and 8) 
were fractioned in a Sephadex G-25 column. (B) Fraction FII was refractionated in a Sephadex G-100 column, yielding fraction FIIa (tubes 
6, 7 and 8) and fraction FIIb (tubes 16, 17, 18 and 19). Only fractions FI and FIIa were used in these experiments.  

 
 

 

for analysis. Tooth length was measured from the incisal edge to 
the apex. The measurements were made with a pachymeter (0.02 
mm precision; Mitutoyo Sul Americana, São Paulo, Brasil) placed 
parallel to the pulp canal. Image distortion was determined by 
comparing the image length of a radiopaque object (metal clips) 
placed on the film. Image distortion between T0 and T12 
radiographs was determined by comparing crown length. The 
maximum acceptable distortion was 5%. For analysis of degree of 

resorption, upper central incisor was selected, in subjects after 
treatment with orthodontic appliances. The degree of root 
resorption was classified by using criteria described by Levander 
and Malmgren (1988): mild resorption or degree I- with irregular 
apical root contour; moderate resorption or degree II- lesser 2 mm, 
severe resorption or degree III- 2 mm to one-third of the original 
root length. The patients presented Class I or Class II malocclusion.  
 
 
Gel filtration chromatography on Sephadex G-25 and 
Sephadex G-100  

 
To desalinate the extract, crude dentin extract was fractionated in a 
Sephadex G-25 gel filtration column (Sigma, St. Louis, USA). The 
automatic fraction collector (FC 203B; Gilson, Middleton, USA) was 
maintained at 4°C. Only one fraction was concentrated and 
refractionated on a Sephadex G-100 column (Sigma, St. Louis, 

USA). The eluted fractions in phosphate buffered saline (PBS) were 
read in a spectrophotometer at 280 nm (Pharmacia Biotech, 
Sweden). The total protein content of each fraction was assessed 
by the Lowry method (1951). 
 
 
ELISA for the detection of anti-dentin salivary IgG  

 

ELISA immunoplates (Techno Plastic Products, Zurich, 
Switzerland) were sensitized with 30 µg/mL FI or FIIa fractions in 
carbonate-bicarbonate buffer (Na2CO3 1.59 g, NaHCO3 2.93 g, 
distilled water, qsp 1000 ml, pH 9.6), incubated for 1 h at 37ºC and 
overnight at 4°C. The plate was washed four times with phosphate-
buffered saline pH 7.2 (PBS), containing 0.05% Tween 20, and 
0.5% skimmed milk. Then, the plates were blocked with PBS 
containing 0.5% Tween 20 and 5% skimmed milk for 1 h at room 
temperature. After washing, undiluted saliva samples were 
incubated at 37°C for 90 min. After washing, the conjugated goat-
anti-human IgG-peroxidase (A8775; Sigma–Aldrich, St. Louis, USA) 
was added at 1:4000 dilution, and incubated for 90 min at 37°C. It 

was added after washing the O-phenylenediamine substrate 

solution. The reaction was stopped after 15 min using 50 L/well of 
4NH2SO4. Absorbances were read at 492 nm in a Multiskan EX 
reader (Lab Systems, Helsinki, Finland). Antibody levels were 
expressed as absorbance in optical density units (O.D.). 
 
 
SDS-PAGE electrophoresis and Western blot 

 
FI and FIIa were subjected to SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) on 5-15% gradient acrylamide gels 
and were transferred to nitrocellulose membranes (NCM). The NCM 
was blocked with PBS containing 0.5% Tween 20 and 5% skimmed 
milk for 60 min h at room temperature. The NCM were cut into 
individual strips containing fractions F or FIIa and a molecular 
weight standard. Each strip was incubated with pools of undiluted 

saliva samples (T0, T12, ST or PT) with 10 samples from each 
group, followed by the addition of 1: 1000 conjugated goat-anti-
human IgG-peroxidase (A8775; Sigma-Aldrich, St. Louis, USA) 90 
min at 37°C and overnight at 4°C. After washing tetramethyl 
benzidine (00-2019; Invitrogen, San Francisco, USA) was added. 
The reaction was stopped with distilled water. The controls were 
saliva samples from the T0 and ST subjects. 
 
 
Data analysis 
 
The following non-parametric tests were used: the Wilcoxon test for 
paired groups (T0 and T12) and the Mann-Whitney test for unpaired 
group (ST and PT). These tests were used to detect differences in 
the ELISA absorbances (antibody levels expressed as O.D.). The 
results were considered statistically significant when P<0.05. The 
Lilliefors and Shapiro-Wilks normality tests were used. 

 
 
RESULTS 
 
Gel filtration chromatography  
 
Chromatography of dentin extract on a Sephadex G-25 
column resulted in one main peak of light absorption at 
280 nm. From this peak, two fractions were obtained: FI 
and FII (chart demonstrated in Figure 1A). The FII
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Figure 2. Analysis of the levels of salivary IgG against FI or FIIa fractions of human dentin extract using ELISA assays. Statistically  

significant differences (P < 0.05) are marked with asterisks. (A) Salivary IgG against FI fraction of human dentin extract in T0 or T12. (B) 
Salivary IgG against FIIa fraction of human dentin extract in T0 or T12. (C) Salivary IgG against FI fraction of human dentin extract in 
patients PT or ST. (D) Salivary IgG against FIIa fraction of human dentin extract in patients in PT or ST.  

 
 
 
fraction was concentrated by lyophilization and was 
refractionated on a Sephadex G-100 column, resulting in 
a 280 nm spectrophotometric profile containing two 
peaks. Fractions corresponding to each peak were 
mixed, resulting in pool FIIa and FIIb (chart demonstrated 
in Figure 1B). Only fractions FI and FIIa were used in the 
following experiments. 
 

 

Anti-FI and anti-FIIa salivary IgG levels detected by 
ELISA pre-treatment (T0) and after 12 months of 
orthodontic treatment (T12)  
 

The anti-FI salivary IgG levels was higher at T12 than at 
T0 (P <0.05, Wilcoxon test), as is shown in Figure 2A. No 
statistically significant differences were observed in anti-

FIIa salivary IgG levels between T0 and T12 (P>0.05, 
(Wilcoxon test), as is demonstrated in Figure 2B. 

 
 
Anti-FI and anti-FIIa salivary IgG levels detected by 
ELISA in control donors (ST) and in patients 
approximately 48 months after orthodontic treatment 
(PT)  

 
The anti-FI salivary IgG levels were higher in the PT 
group than in the ST group (P <0.05, Mann-Whitney 
test; Figure 2C), but no statistically significant 
differences in the anti-FIIa IgG levels were observed 
between these groups (P >0.05, Mann-Whitney test), as 
shown in Figure 2D. 
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Figure 3. Western blot results of fractions FI or FIIa using pooled saliva samples from 

patients. (A) T0 or T12, (B) PT or ST. 
 
 
 

FI and FIIa fraction analysis by Western blot  
 
Western blot results show that the salivary IgG of the T12 
or PT groups (but not the T0 or St groups) detected 
dentin antigens in the FI fraction (approximately 50 to 
70kDa) and the FIIa fraction (approximately 35 kDa and 
40 kDa). These data are shown in Figure 3A and 3B. 
 
 
DISCUSSION 
 
Based on the evidence that anti-dentin antibodies can be 
detected in animal experimental models and in patients 
with root resorption (King and Courts, 1989; Ng et al., 
1990; Wheeler and Stroup, 1993; Hidalgo et al., 2005; 
Ramos et al., 2011), it has been hypothesized that 
pathological root resorption may be associated with 
autoimmune responses against dentinal components. 
The development of autoimune disorders could be bound 
to the presence of autoreactive T lymphocytes in the 
thymus that have not been deleted (Weiner et al., 1995). 
An effective mechanism to prevent self-reactivity is the 
compartmentalization of certain self-antigen under normal 
conditions (Kindt et al., 2008). And the exposure of some 
hidden antigens, released after injury, makes them 
accessible to specific receptors of antigen-presenting 
cells (APCs) and adaptive immune cells, which can result 
in the production of autoantibodies (Janeway, 2007). The 
presence of anti-dentin autoantibodies in the saliva of 
control groups could be explained by the indexes of 
dental resorption described in the general population 
(Massler and Malone, 1954). However, the high level of 
specific autoantibodies observed in this study in T12 may 
be due to the release of dentinal antigens as 
consequence of orthodontic movement, compared to 
control, without treatment. When dentin antigen-IgG 

complexes are internalized by APCs (macrophages, 
dendritic cells) and presented to autoreactive effector T 
cells, an inflammatory response will occur. Then, the 
antigen is eliminated, the ratio of IgG to antigen 
increases, decreasing immune responses and reducing 
tissue damage, with a slope of the response towards 
tolerance (De Groot et al., 2008). Natural regulatory T cell 
(nTreg) CD4

+
CD25HiFoxP3

+
, is an important mechanism 

of effector T cell regulation, and may represent one of the 
critical forms of autoregulatory response to self-antigens. 
On the other hand, the course of resorption will depend 
on a complex interaction of secreted molecules, inflam-
matory and bone cells within the tooth surrounding 
tissues (Ne et al., 1999).  

The results shown, also indicated a significantly higher 
level of anti-FI fraction salivary IgG in (PT) than subjects 
(ST). This fact could be due to the persistence of the 
stimulus and the high half-life of the memory cells that 
produce antibodies anti-dentinal components (Schittek 
and Rajewsky, 1990; Slifka, 1998). Thus, the induction of 
inflammatory events by dentin molecules released into 
microenviroment may contribute to the maintenance of 
this process (Silva et al., 2004). Western blot analysis of 
the FI fraction also detected another high molecular 
weight band that occurred in all the samples, including 
the control groups (data not shown). No significant 
difference in the FIIa fraction was observed between the 
groups and its control using an ELISA. However, western 
blot analysis detected dentinal antigens of approximately 
35 and 40 kDa by saliva of the T12 and PT groups but 
not in the control groups. The concentration of FIIa 
fraction by lyophilization was necessary to detection in 
western blot, by salivary IgG. The results often 
contradictory in the literature about in vivo and in vitro 
dentin studies can be explained by the use of different 
extraction methods, source of dentin and methods of cell 



 
 
 
 
treatment. Based on data of this study, we hypothesized 
that not all dentinal proteins may be immunogenic and 
some of them may be tolerogenic. It is possible that in the 
case of EARR, specially, mild or moderate, anti-dentin 
natural autoantibodies have a homeostatic function in 
mediating removal of dentinal components released 
within periodontal ligament microenvironment (HANS et 
al., 2007). In conclusion, our results suggest that 
antigenic fractions of approximately 35 to 70 kDa may be 
released from dentin, presented to the immune system 
and detected by salivary IgG in orthodontic patients with 
mild to severe root resorption. The high levels of salivary 
IgG to fraction of human dentin following orthodontic 
treatment may remain elevated even years after 
completion of therapy. The use of saliva samples provide 
great advantages of adherence by patients and may be a 
route of choice for the development of preventive 
methods, early diagnosis and understanding of the 
immunopathological mechanisms involved in the root 
resorption process. Further studies, with a larger number 
of patients, should be performed to confirm these results. 
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Discharge of textile wastewater containing toxic dyes can adversely affect aquatic organisms and 
human health. The objective of the study was to investigate the potential of immobilized marine 
microalgae (Chlorella marina, Isochrysis galbana, Tetraselmis sp. Dunaliella salina and 
Nannochloropsis sp.) and freshwater microalga (Chlorella sp.) in removing dye from textile wastewater 
(TW). The present study incorporated the use of 2% sodium alginate matrixes for decoloration. Among 
the algal species tested, the highest colour removal was noticed in Isochrysis galbana (55%) followed 
by freshwater Chlorella sp. (43%). The present method is easy to use, cost effective and devoid of 
technical problems.  
 
Key words: Marine microalga, immobilization, textile wastewater, Chlorella marina, Isochrysis galbana, 
Dunaliella salina, biosorption, bioremediation. 

 
 
INTRODUCTION 
 
Biosorption is one of the most innovative technologies to 
remove contaminants from the aqueous solution and 
wastewaters. Textile industrial wastewaters are charac-
terized with high amount of biochemical oxygen demand 
(BOD), total suspended solid (TSS), chemical oxygen 
demand (COD), alkalinity and total dissolved solids 
(Kaushik and Malik, 2009). Therefore, degradation of 
wastes from these industrial discharges becomes difficult 
(Fewson, 1998). These dyes cause problems to human 

health, because they have toxic, carcinogenic and even 
mutagenic compounds that pose a serious hazard to 
aquatic organisms (Ozer et al., 2005).  Dyes can be 
segregated as anionic (direct, acid and reactive dyes); 
cationic (basic dyes); and nonionic (disperse dyes). The 
chromophores in anionic and nonionic dyes mostly 
consist of azo groups or anthraquinone types. 

Anthraquinone based dyes are more resistant to 
degradation due to their fused aromatic structures. The 
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metal complex dyes are mostly based on chromium. Dye 
wastewater is usually treated by physical or chemical 
treatment processes. These include flocculation 
combined with flotation, electro flocculation, membrane 
filtration, electro kinetic coagulation, electrochemical 
destruction, ion-exchange, irradiation, precipitation, 
ozonation, and katox treatment method involving the use 
of activated carbon and air mixtures. However, these 
technologies are generally ineffective in color removal, 
expensive and less adaptable to a wide range of dye 
wastewaters (Banat et al., 1996). Adsorption, especially 
immobilization has been observed to be an effective 
process for color removal from dye wastewater because, 
immobilization of the biomass overcomes many of these 
problems. Amongst the various immobilization methods, 
encapsulation (whereby the biomasses are enclosed 
within a polymeric matrix) is one of the most commonly 
used methods. In addition to that, the immobilization 
matrix is suitable for practical use in biosorption; it must 
be mechanically strong and chemically stable to with-
stand actual process conditions. Mass transfer consi-
derations are also of paramount importance: the matrix 
must be sufficiently porous to enable diffusion of the 
sorbate to the sorbent surface. The ability of the gel 
matrix to facilitate diffusion of sorbate is also influenced 
by the size and shape of the immobilization gels (Jen et 
al., 1996). Microalgae have been shown to be capable of 
removing colour from various dyes through mechanisms 
such as biosorption, bioconversion and bioagulation 
(Khalaf, 2008), microalgae can be a better choice for 
bioremediation compared to other microorganisms owing 
to their photosynthetic capabilities, thereby absorbing 
CO2 from atmosphere and converting solar energy into 
useful biomasses and incorporating nutrients and other 
pollutants. 

Several workers have reported dye removal potential of 
freshwater algae (Acuner and Dilek, 2004; Dhaneshwar 
et al., 2007; Khalaf, 2008). However, very few attempts 
have been made by some workers using marine algae for 
dye removal (Mubarak et al., 2011; Soumya, 2012; 
Henciya et al., 2013). The objective of the present 
attempt was to investigate the efficiency of some marine 
(Chlorella marina, Isochrysis galbana, Tetraselmis sp., 
Nannochloropsis sp. and Dunaliella salina) and 
freshwater microalgal cells (Chlorella sp.) in dye removal 
from the textile effluent. This is the first report for dye 
removal by these marine microalgal cells.  
 
 
MATERIALS AND METHODS 

 
Microalgal culture 

 
Marine microalgae C. marina, I. galbana, Tetraselmis sp., D. salina, 
and Nannochloropsis sp. strains were obtained from the Central 
Institute of Brackishwater Aquaculture, Chennai, India. Freshwater 
microalgae Chlorella sp. was isolated from pond located at 
Bharathidasan University campus, using agar plating technique. 
Indoor algal stock culture was maintained  according  to  Perumal et  
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al. (2012).  
 

 
Immobilization of microalgae 
 

The microalgal beads were prepared by the method described by 
Santos et al. (2002) with minor modifications in respect to alginate 
and cation solution concentrations. To prepare 100 ml of alginate 
solution with the required alginate concentration, the alginate was 
first carefully dissolved by slow stirring in 70 ml of distilled water.  A 
1.3% (w/v) solution of sodium alginate (Himedia, MB114-100G, 
Mumbai, India) was prepared with warm (room temperature) 
distilled water, autoclaved (for 15 min at 120°C), cooled to room 
temperature, and mixed in a magnetic stirrer until the sodium 

alginate was completely dissolved. In the remaining 30 ml of 
distilled water, 3.5 g sodium chloride (Himedia, RM853-500G) was 
dissolved to obtain 35 g L

-1
 salinity. Cation solutions were prepared 

in nanopure water. Beads were formed by adding the alginate 
solution drop wise by means of a 20 ml syringe (0.8 × 40 mm 
needle; Braun, Melsungen, Germany), into the cation solution, from 
a height of approximately 15 cm and at a rate of approximately one 
drop per second. Beads were kept stirring in the cation solution for 
45 min to allow complete hardening of the alginate, and washed 
several times with filtered (0.45 m) natural seawater to eliminate the 
remaining cation. 
 
 
Characteristics of dye wastewater 

 
The textile wastewater was collected from local dyeing industry 
located in Karur, Tamil Nadu, India. To understand the TW before 

treatment, physico-chemical parameters were determined (Table 1) 
using standard methods (Jenkins and Medsken, 1964; Strickland 
and Parsons, 1979; APHA, 1998) prior to experiment.  
 
 
Spectrophotometer analysis 

 
Scanning was performed between 300 and 1000 nm by using UV- 

vis spectrophotometer (1800 Shimadzu UV) to determine the 
maximum absorbance (λ max) wavelength of the diluted (1:10) 
untreated textile effluent (Khalaf, 2008). This dye wastewater 
showed (λ max) maximum absorbance at 350 nm (Figure 1). The 
absorbance (350 nm) was used for further analyses of dye. 
 
 
Experimental setup 
 

The first set of experiment deliberated on the effect of sample 
conditions (Shaking and Stable). Each conical flask (250 ml round 
bottom erlenmeyer flasks) was inoculated with 50 numbers of 
microalgal beads. The alginate beads (without microalgae) were 
used as control. The flasks with algal beads were kept at 37°C in 
metabolic shakers (RIVOTEK, SELEC RC5100, India) at 200 rpm 
for shaking condition and without shaking (static condition). The 
samples were withdrawn at defined time intervals (12 and 24 h) and 
suspended particles from the sample were removed by 

centrifugation at 7,000 rpm for 20 min using centrifuge (REMI, R8C, 
G-Force value- 8232 RCF). Decolorization was monitored by 
measuring the absorbance (according to λ max) of the supernatant 
at 350 nm using UV- Spectrophotometer. Second set of experiment 
were studied to the effect of different algal species for dye removal. 
The sodium alginate beads were prepared using five marine 
microalgal species (C. marina, I. galbana, Tetraselmis sp., D. salina 

and Nannochloropsis sp.) and one fresh water microalgal species 
(Chlorella sp.) with same number of beads added to conical flasks. 
The samples were collected at 12 and 24 h time interval and 
stopped when maximum decolorization was achieved. The
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Figure 1. Spectrophotometer analyses for untreated textile wastewater. 

 
 
 

Table 1. The physico-chemical characteristics of untreated textile 
wastewater  
 

Parameter  Value 

pH 10.6 

Colour Pink 

Conductivity (μS) 2,228 

Salinity (ppt) 8 

Dissolved oxygen (mg L
-1

) 5.9 

Temperature (°C) 23.5 

Total suspended solid (mg L
-1

) 0.109 

COD (mg L
-1
) 30.15 

Phosphate (µmol/l) 7.88 

Nitrate (µmol/l) 2.94 

Ammonia (µmol/l) 17.42 

Silicate (µmol/l) 42.27 

Nitrite (µmol/l) 17.89 

 
 
 
absorbance was noted according to Telke et al. (2010). The 
decolorization rate was calculated as follows: 
    

 

 

decolorization rate was calculated as follows: 

 

        (Initial absorbance) – (Observed absorbance) 
  Decolorization (%) =           × 100 

                 Initial absorbance 
 
 

RESULTS AND DISCUSSION 

 

 
 
 
RESULTS AND DISCUSSION 
 
Characteristics of untreated textile wastewater 
 
The textile wastewater temperature was 23.5°C, was 
highly colored and had alkaline condition with strong and 
objectionable odour that presents significant disposal or 
treatment  problem.  Physico-chemical   characteristics of  

wastewater are given in Table 1.  
 
 
Effect of treatment method 
 
Two set of triplicates samples were studied for the 
discoloration of wastewater (one set at shaker + one set 
at static condition). The maximum colour reduction (13.66 
± 0.2%) noticed in shaker condition was recorded at 120 
min in incubation, whereas at the static condition it was 
recorded as 21.77 ± 0.4% at 120 min. The results show 
that the decolorization of dyes was increased with time 
up to 120 min. However, the rate of dye decolorization 
was quite slow after 120 min which may be probably due 
to products inhibition. This observation suggested that 
initial two hour was significant for dyes decolorization and  
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Figure 2. Decoloration of dye wastewater using immobilized microalgal beads with reference to 
treatment methods. 

 
  
 
results were agreed by earlier workers (Khan and Husain, 
2007; Arabaci and Usluoglu, 2014). In both (Static and 
Shaking) condition, experiments were performed until 
120 min beyond which the removal rate of the microalgae 
decreased. The beads used in static condition proved to 
be more efficient on colour removal (Figure 2). Earlier 
studies also revealed the high colour removal from textile 
wastewater in more static condition than that shaking 
condition using various biological biomasses like fungi, 
bacteria, enzymes etc (Sugiura et al., 1999; Jang et al., 
2007; Dhanve et al., 2009). The microaerophilic (Static) 
conditions which resulted in higher colour removal may 
be due to the presence of oxygen that would normally 
inhibit the activity of decolorization, resulting in less 
efficiency of color removal capacity in aerophilic condition 
by the same organisms (Meiying et al., 2007).  
 
 
Effect different algal species 
 
Algae have been found to be potential biosorbents 
because of their availability in both fresh and saltwater. 
The biosorption capacity of algae is attributed to their 
relatively high surface area and high binding affinity 
(Donmez and Aksu, 2002). Cell wall properties of algae 
play a major role in biosorption; electrostatic attraction 
and complexation are known to take part during algal 
biosorption (Satiroglu et al., 2002). Previous reports have 
suggested that level of discoloration of dye wastewater 
using algae can change based on their growing water 
salinity (Liu et al., 2013). The time dependent experiment 
showed that the colour removal increased with increasing 

time as agreed by previous worker (Saraswathi and 
Balakumar, 2009). They stated that the maximum time is 
(not exceeding seven days) an ideal way to reduce the 
colour from the dye wastewater. The percentage of 
colour reduction using immobilized beads were in the 
order of I. galbana (55.75%), fresh water Chlorella sp. 
(43.77%), Tetraselmis sp. (41.93%), C. marina (36.75%), 
Nannochloropsis sp. (32.87%) and D. salina (29.54%), 
respectively (Figure 3). The present results have proved 
that I. galbana posesses efficient colour removal ability 
as agreed by Ang (2008). He proved that the I. galbana 
being suitable for bioremediation and removing pollutants 
from various effluents compared to Chaetoceros sp and 
Tetraselmis sp. Higher decolourization capacity of I. 
galbana can be attributed to size of the cells (Kishore et 
al., 2006). Wolfe et al. (1998) described that the I. 
galbana play a role in the fate of dispersed oil, it is 
important to understand how dispersants may influence 
the bioavailability of pollutants like metals, dye 
compositions in primary tropic levels of marine food 
chains. The decolorization of present study (I. galbana; 
55.75%) were quietly high compared to other workers 
(Henciya et al., 2013) has been dealt with marine species   
(Lyngbya sp.; 46.34%).  

The colour removal capacity, especially by using algae, 
may be attributed to the accumulation of dye ions on the 
surface of algal biopolymers and further to the diffusion of 
the dye molecules from aqueous phase onto the solid 
phase of the biopolymer (Ozer et al., 2006). Extracellular 
polymers consist of surface functional groups, which 
enhance sorption of the dye molecules onto the surface 
of the polymer (floc) during dye removal process. The 

http://www.hindawi.com/45430609/
http://www.hindawi.com/63984963/
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Figure 3. Effect of incubation time on dye removal efficiency (%) of six microalgal species.  
 

 
 

 
 

Figure 4. Box-Whisker plot shows the decoloration of dye wastewater using 

different immobilized microalgal beads. 
 

 
 

released metabolic intermediates (long chain biopo-
lymers) which have excellent coagulation capacity along 
with the dye remaining in the aqueous phase tend to 
adsorb onto the surface of the polymers and settle 
(biocoagulation) (Mohan et al., 2002).  

Many authors reported that microalgae is a common 
and effective species for the immobilization and adsor-
ption purposes (Tam et al., 1994; Lau et al., 1998; Abdel 
Hameed, 2002; Dinesh et al., 2013) (Figure 4). Alginate 
is the most frequent polymer used for algal immobilization. 



 
 
 
 
Studies have adequately verified cell viability in the 
alginate matrix (Vilchez et al., 2001). In a freely 
suspended algal treatment system, the removal efficiency 
is often directly related to the cell mass. Increasing the 
algal biomass would improve the removal efficiency and 
shorten the retention time (Lau et al., 1995). On the 
contrary, the super-concentrated cell stocking in the 
beads, posed a serious leakage problem (Lau et al., 
1997) and affects the treatment efficiency by the number 
of beads in dye wastewater (algal bead concentration).  
 
 
Conclusion 
 
Microalgae I. galbana can be considered as an important 
candidate among the six (five marine and one fresh 
water) microalgae studied, applicable to efficient removal 
of synthetic dyes from textile effluents. Similar studies on 
physiology and biochemical aspects of microalgal farming 
and fresh methods of immobilization together with co-
immobilization of various capable species are necessary 
to develop a good decolorization method. Immobilized 
microalgae in alginate will be useful for final polishing of 
DW after undergoing crucial treatment before discharge. 
Cartridges of immobilized algae will be the optional 
system for such purpose as this will take up less land 
space compared to suspension cultures in raceway 
ponds. In addition, the effects of pH, contact time and 
temperature need to be optimized before commer-
cialization. 
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