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Biosurfactants are surface active agents with broad range commercial applications in various industries 
and have considerable advantages over their chemical counterparts. In this study, drop collapse assay, 
oil spreading assay, emulsification assay and surface tension measurement were compared for their 
reliability and ease of use to screen biosurfactant producing six extremely halophilic bacteria isolated 
from saline soil of Chott El Hodna-M’sila (Algeria), which is considered as a thalassohaline environment. 
Results from screening methods revealed that, CH2 and CH5 strains are potential candidates for 
biosurfactant production. Among these, there was a very strong negative linear correlation between the 
emulsification index and surface tension (rs= - 0.987) and a strong negative linear correlation between 
the oil spreading technique and surface tension (rs= - 0.971) and a weaker negative correlation between 
the drop collapse method and surface tension (rs= - 0.807), suggesting that strains highly active in any 
one of these methods were active in other three methods. As every method has its advantages and 
disadvantages, a combination of different methods is appropriate for a successful screening. 
 
Key words: Biosurfactant, drop collapse, emulsification stability, extremely halophilic bacteria, oil spreading, 
surface tension. 

 
 
INTRODUCTION 
 
Biosurfactants are natural surface active agents 
produced by bacteria, yeast, and fungi, having very 
different chemical structures and properties (Rone and 
Rosenberg, 2001; Chen et al., 2007). These biosurfac-
tants are amphiphilic molecules consisting of hydrophobic 
and hydrophilic domains that find application in an 

extremely wide variety of industrial processes involving 
emulsification, foaming, detergency, wetting, dispersing 
or solubilization (Rodrigues et al., 2006). 

Nowadays, biosurfactants are used in industries as a 
cosmetic and special chemical substance, food, phar-
maceutics, agriculture, cleansers, enhanced oil recovery
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and bioremediation of oil-contaminated environments and 
can be effectively used in numerous processes, including 
enhanced oil recovery, transportation in pipelines, 
cleaning of oil storage tanks, refining and product 
formulation (Urum and Pekdemir, 2004; Mukherjee et al., 
2006).  

They are potential alternatives of chemically synthe-
sized surfactant in a variety of applications because of 
their advantages such as lower toxicity, higher biode-
gradability, better environmental compatibility, lower 
critical micelle concentration, each of production, ability to 
be synthesized from renewable resources, higher 
foaming, higher selectivity, specific activity at extreme 
temperature, pH and salinity (Chen et al., 2007; 
Nitscheke and Costa, 2007). 

For this reasons a variety of methods for the screening 
of new biosurfactant producing microbes has been 
developed and successfully applied. Since the 1970th 
there have been various trials in this field (Walter et al., 
2010). Hence, for efficient detection of potential biosur-
factant producers, combination of various screening 
methods are required which was evaluated during this 
study.  

Thus, the main goal of this study was to introduce novel 
extremely halophilic bacteria with potential for biosurfac-
tant/bioemulsifier production isolated from saline soils of 
Chott El Hodna-M’sila (Algeria). The potential of these 
isolates in producing biosurfactant was examined by drop 
collapse assay, oil spreading assay, emulsification assay 
and surface tension measurement. 

Finally, this study is considered as a valorization of this 
environment which is a representative type of wetland in 
the Mediterranean by the extent of its size and its 
watershed, its location in the arid zone is another 
advantage to justify the rarity of this type of natural 
environment in one piece having undergone little or no 
significant changes by man.  

Chott El Hodna is a model representative of the 
presence of several types of soil, bioclimates and 
biological species. For this reason, it was classified as 
humid zone of international importance by the RAMSAR 
convention in 2001. It presents a considerable ecological 
interest and accommodates a large number of animals 
and plants species diversifies of interest for biodiversity of 
the region El Hodna (Boumezbeur, 2002). 
 
 
MATERIALS AND METHODS 
 
Area study 
 
Chott El Hodna is a shallow saline lake in Algeria; it is located 
within an endorheic basin in North-Central of Algeria (lat. 
35°18’/35°32’, long. 4°15’/5°05’) (Figure 1). The peripheral zone of 
this Chott is characterized by wadis and oases which surrounds the 
central zone of the sebkha with a complete absence of vegetation. 
The basin of Hodna has an area of 8500 Km2, but what is called the 
Chott has an area of 1100 Km2 and is located about 400 m above 
sea level. It gets water only in winter and dry in summer, salt crusts  
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cover its full extent. Due to the high evaporation, it becomes 
regularly a desert of salt (Boumezbeur, 2002). 
 
 

Sample collection and physicochemical analysis  
 
Water samples (200 ml) were collected at 10 cm depth from the 
water surface with 250 ml sterile flasks. Samples were gathered 
during the winter season (January). A total of five water samples 
were collected from this lake, and dispatched on the day of 
collection in ice box to the laboratory. Physicochemical properties of 
the samples taken from Chott El Hodna were analysed according to 
the methods described by Rodier et al. (1996). Chemical properties 
included compositional estimation of Ca2+ and Mg2+: by a 
complexometric method using ethylene-diamine-tetra-acetic acid 
(EDTA), HCO3 and Cl- by a titremitric method, SO-2

4 by UV/Vis 
spectrophotometry (Beckman/DU, 520), Na+ and K+ by 
spectrophotometry with flame ionisation (Jenwey PEP7) and nitrate 
by the sodium salicylate method. Physical parameters included pH 
and temperature measured in situ using a portable instrument. In 
addition, the colour and odour of the lake water were noted. The 
conductivity was monitored using a conductivity meter (Rodier et al. 
1996). 

 
 
Isolation of extremely halophilic bacteria 
 

Five saline soil samples were collected in sterile plastic bags from 
Chott El Hodna-M’sila (Algeria). Each sample was inoculated for 
enrichment and was streaked on SG medium. This medium 
contained (g/L): NaCl, 250; MgSO4.7H2O, 20; KCl, 2; sodium citrate 
(trisodium salt), 3; casamino acids, 7.5; yeast extract, 1 and 
FeSO4.7H2O, 0.0023. The pH was adjusted to 7.3 with 1 M KOH. 
For solid medium, 20 g agar/L was added. Plates were incubated at 
37°C. After two weeks incubation, representative colonies were 
transferred to fresh SG medium and isolated in pure culture (Ozkan 
et al., 2006). 

 
 
Screening for haloarchaea 
 

Haloarchaeal strains were selected among all isolates by their 
susceptibility to antibiotic and a bile acid. They were streaked on 
the solidified medium containing chloromphenicol at 20 mg/L. The 
cultures were incubated for ten days at 37°C. Strains that grew on 
the plates with chloromphenicol were regarded as Haloarchaea 
(Madalin et al., 2008). 

 
 
Characterisation of isolates 
 

Phenotypic characterisation was carried out in accordance with the 
recommended minimal standards for the description of new taxa in 
the order Halobacteriales (Oren et al., 1997). Cell motility and 
morphology of exponentially growing liquid cultures were examined 
using a microscope equipped with phase contrast optics. Colony 
morphology was observed on agar medium after incubation at 37°C 
for 10 days. Gram strains were carried out as described by 
Dussault (1995). Cytochrome oxidase, catalase, nitrate reduction, 
indol and H2S production, hydrolysis of gelatin and starch were 
determined as explained before (Oren et al., 1997; Ozekan et al., 
2007). The optimum salt concentrations for growth were determined 
in media containing 0-32% NaCl by turbidity measurement, pH from 
2-11 and temperature from 0-60°C. Acid production was carried out 
in a medium with sugars as substrates. Antibiotic susceptibility was 
tested according to the methods described by Stan-Lotter et al. 
(2002). 
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Figure 1. The area study is located in North-Central of Algeria. 
 
 
 

Screening methods 
 

Biosurfactant producing Haloarchaea were screened by using four 
methods. Experiments are done in three replicates. 
 
 
Drop collapsing test 
 
A modified oil collapse method was carried out using 96 well 
microtitre-plates containing 100 µl mineral oil, which was 
equilibrated for an hour at room temperature. 10 µl of supernatant 
of culture broth was added to the surface of a well and the picture 
captured after 1 min using × 10 objective lens of a microscope. 
Biosurfactant production was considered positive when the drop 
diameter was at least 0.5 mm larger than those produced by 
distilled water and also by culture medium as negative controls 
(Plaza et al., 2006; Youssef et al., 2004). The results were 
interpreted as follows « + » to « ++++ » corresponding to partial to 
complete spreading on the oil surface. Those cultures that gave 
rounded drops were scored as negative «-» indicative of the lack of 
biosurfactant production (Loganathan et al., 2010). 
 
 
Oil spreading test 
 
In oil spreading method, 50 ml of sea water synthetic was added to 
the large Petri plate (90 × 15 mm) followed by 20 µl of crude oil 
making a thin layer on the surface of the water. A 10 µl aliquot of 
supernatant was delivered onto the surface of oil (Morikawa et al., 
2000). The triplicate assays from the same sample were 
determined (Rodrigues et al., 2006). 
 
 
Emulsification index 
 
After growing in standard for 7 days in an orbital shaker at 160 rpm 
and 40°C, cells were removed by centrifugation at 12,000 × g for 5 
min at room temperature. 2 ml of the cell-free supernatant was 
mixed with 2 ml gazoil in a test tube (125 × 15 mm). This mixture 

was shaken for 2 min and then left to stand relative emulsion 
volume (EV,%) and emulsion stability (ES,%) were measured in 
intervals up to 24 h using the following Equations: 
 
 

 
 

  
 
Emulsion formed by the isolates were compared to those formed by 
a 1% (w/v) solution of synthetic surfactant sodium dodecyl sulfate in 
deionised water as positive control and with sterile medium as 
negative control (Kebbouche-Gana et al., 2009). A criterion cited for 
emulsion stabilizing capacity is the ability to maintain at least 50% 
of original emulsion volume 24 h after formation (Nasr et al., 2009). 
 
 

Surface tension measurement 
 
The surface tension measurements of cell free supernatant were 
determined in a tensiometer (TD1C LAUDA). The values reported 
are the mean of three measurements. All measurements were 
made on cell-free broth (50 ml) collected at different time intervals 
after centrifugation (10 000×g for 25 min) at room temperature. The 
criterion used for selecting biosurfactant-producing isolates was the 
emulsification and the reduction of the surface tension of the 
medium to below 40 mN m1- (Ainon et al., 2013). 
 
 

Statistical analysis of the correlation between different tests 
 
A general rank correlation test according to Spearman, was 
conducted to determine the correlation between each of the four 
methods. The Spearman rank correlation coefficient, rs ranged

 

                  Emulsion height (mm)× cross-section area(mm
2
) 

EV,% =                                                                                     ×100
 

                      Total liquid volume (mm
3
) 

 

                   EV,% at time t,h 

ES,% =                                       ×100 

                     EV,% at 0h 
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Table 1. Chemical and physical properties of Chott El Hodna Salt Lake compared to other hypersaline and marine 
ecosystems. 
 

Ecosystem 
b
 

Chemical and physical properties 
a
 

pH Na
+
 K

+ 
Mg

2+
 Ca

2+
 Cl

-
 SO

2-
4 HCO

-
3/CO

2-
3 

Chott El Hodna- Algeria 8.2 22.4 0.2 5.1 2.2 34.2 0.3 0.3 

Dead Sea  6.1 40 8 44 17 225 0.5 0.2 

Wadi Natrun (Egypt) 11 142 2.3 ˂ 0.1 ˂ 0.1 155 22.6 67 

Great salt Lake 7.7 105.4 6.7 11.1 0.3 181 27 0.72 

Sea water 8.1 11 0.4 1.3 0.4 19 3 0.1 
 
a
Ions are represented as g per litre. For Chott El Hodna : Conductivity of the brine sample was 108300 µs/cm, ash content was 

73.644 g/L and hardness was 725.60 °F. 
b
Chemical and physical properties of some hypersaline and marine ecosystems 

(Gavrieli, 1997 ; Lmhoff et al., 1979; Post, 1981; Copin-Montégut, 1996). 
 
 
 

between -1 (strong negative correlation) to +1 (strong positive 
correlation). 
 
 

RESULTS AND DISCUSSION 
 

Physicochemical properties of brine sample 
 

Chemical and physical properties of brine sample taken 
from Chott El Hodna were compared to other hypersaline 
and marine ecosystems (Table 1). The results obtained 
indicate that the mineral content, pH and hardness of 
brine are suitable for the growth of haloarchaea. 

As there is no previous description about a physical 
and chemical property of Chott El Hodna, these few tests 
was conducted to understand an outline of ecological 
condition where halophilic microbes were thriving. Chott 
El Hodna saline environment was an ideal habitat for 
haloarchaea and other halophiles, which were well 
adapted to gradual changes in Chott El Hodna 
ecosystem and was formed by ecological changes during 
last hundreds of years of evolution. The presence of all 
ions and a relatively high Mg

2+
 ion content (Table 1) 

enhances the natural enrichment of Haloarchaea (Bolhuis 
et al., 2006). But it contains about 73 and 74 g/L salts, 
approximately three times lower than the salinity of the 
Dead Sea, which is a source of extremely halophilic 
archaea. Typically, salt concentrations of 100 to 150 g/L 
are required for structural stability and viability of 
members of the Halobacteriaceae. Exposure to lower 
concentrations, even for short periods, leads to 
denaturation of the cells’ proteins, including the 
glycoprotein cell wall present in most species, and the 
cells lyse. Still, there are reports of the isolation of 
Haobacteriaceae from low-salt environments, and some 
members have a surprising ability to survive exposure to 
low salt for prolonged periods. Isolates affiliated with the 
genera Halococcus, Haladaptatus and Halogeometricum 
obtained from a traditional Japanese salt field survived 
prolonged suspension at 50 g/L salts, and cells of an 
isolate related to Haladaptatus paucihalophilus even 
retained viability after nine days at 30 g/L (Fukushima et 
al., 2007).  

To gain deeper understanding of Chott El Hodna salt 
lake, physicochemical properties of brine sample were 
determined, including pH, conductivity and ion 
composition (Table 1). The results indicate that the 
mineral content is dominated by chlorides (34.2 g/L) 
among the anions and sodium, magnesium and calcium 
among the cations (22.4 g/L, 5.1 g/L, and 2.3 g/L) 
respectively, which explains the slightly alkaline pH (8.2) 
of these lakes. As these environments result from 
evaporation of sea water (Oren, 2006), compared to the 
above, we can deduce that Chott El Hodna part of 
thalassohaline environment. 
 
 

Extremely halophilc strains 
 

In the current study six halophilic strains isolated from 
saline soil samples named CH1, CH2, CH3, CH4, CH5, 
CH6, were phenotypically characterized (Table 2), and 
compared with strains described previously by Oren, 
(2014). The strains studied belong to the family of 
Halobacteriaceae, order Halobacteriales. These strains 
were screened for biosurfactant production and 
emulsification activity. 
 
 

Screening of biosurfactant production 
 

The primary screening of biosurfactant producing 
halophilic archaea was carried out using, drop collapse 
and oil spreading techniques. Selecting of these methods 
was due to their strong advantages including simplicity, 
low cost, quick implantation and use of relatively common 
equipment that is accessible in almost every 
microbiological laboratory. Results obtained from various 
screening protocols are mentioned in Table 3 and Figure 
2 (A, B and C.) 
 
 

Drop collapse method 
 

Jain et al. (1991) suggested the use of the drop collapse 
method as a sensible and easy to perform method which 
requires a small volume (5-10 µl) of culture broth or
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Table 2. Features of the extremely halophilic strains. 
 

Characteristics CH1 CH2 CH3 CH4 CH5 CH6 

Colony morphology 

(shape, relief, 

contour, size, 

and color) 

Round 

Flat 

Regular 

Little 

Cream 

Round 

Cambered 

Regular 

Big 

White 

Round 

Flat 

Regular 

Little 

Orange 

Round 

Cambered 

Regular 

Little 

Orange 

Round 

Cambered 

Regular 

Little 

Translucent 

Round 

Cambered 

Regular 

Big 

Translucent 

Cell morphology Rods Pleomorphic Rods Rods Cocci Cocci 

Gram reaction - - - - - - 

Motility + + - - - - 
       

Physiology       

NaCl tolerance (%) 8-25 10-30 20-25 20-25 10-30 15-25 

pH tolerance 7-9 6-8 7-8 7-9 6-8 7-8 

T° tolerance (°C) 10-45 35-45 25-45 35-45 25-45 35-45 
       

Biochimical tests       

Catalase + + + + + + 

Oxidase + + + + + + 

Test (MR) + - - - + + 

Test (VP) - + - - - - 

Indol production - - - - + + 

Nitrate reduction + + + + - + 

Hydrogen sulfide test - - - - + + 
       

Acid production from       

Mannose - - - - - - 

Lactose - - - + - - 

Fructose - + + + + + 

Galactose - - + - + + 

Xylose + - + + + - 

Arabinose - - - - - - 

mannitol - - - - - - 

Glucose + + + + + + 
       

Hydrolysis of       

Gelatin - - - - + - 

Starch - - ng ng - ng 
       

Sensivity to 
antimicrobial agents 

      

Penicilline R R R R R R 

Ampicilline R R R R R R 

Novobiocine S S S S S S 

Bacitracine S S S S S S 

Rifampicine R R R S S R 

Anisomycine S S S S S S 

Chloromphenicol R R R R R R 
 

CH1, Halomonas elongata; CH2, Natrialba asiatica; CH3, Ntrinema pellirubrum; CH4, Natrinema pallidum; CH5, Haladaptatus paucihalophilus; 
CH6 Haloplanus natans; R, resistance; S , sensible; ng, no growth. 

 
 
 
biosurfactant solution to test the surfactant property. In 
addition, it can be performed in Microplates (Tugrul and 

Cansunar, 2005). This assay has been applied several 
times for screening purposes (Batista et al., 2006; Bodour
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Table 3. Drop-collapse test.  
 

Strain CH1 CH2 CH3 CH4 CH5 CH6 

Motor oil ++ ++++ + +++ ++++ ++ 

Corn oil ++ ++++ + ++ ++++ + 

Olive oil + ++++ + ++ ++++ + 
 

Flat drops with a scoring system ranging from (+) to (++++) corresponding to partial to complete 
spreading on the oil surface, rounded drops were scored as negative (-) indicative of the lack of 
biosurfactant production. Sterilized standard medium used as negative control (-) and a solution of 
1% SDS used as positive control (++++). 

 
 
 

 
 

Figure 2. Oil spreading test, emulsion stability and surface tension of culture media 
without cells and relative volume of emulsions formed between cell culture media and 
diesel oil after growth of bacteria strains in standard medium for 7 days at 40°C and 200 
rpm. Oil dispersion was expressed as mm2 using the sterile standard medium as control 
(A); emulsion stability was as a percentage (B) and surface tension was expressed as mN 
m-1(C). Values reported are average of three replicates. 

 
 
 

et al., 2003; Plaza et al., 2006). The results of our 
experiments indicate that all strains tested positive for 
biosurfactant in the drop-collapse test reduced as shown 

as Table 3. Motor oil proved better to work with than olive 
oil and corn oil. Since, it has caused spreading of the 
sterilized standard medium  used as negative control and 
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produced plates in which drop diameter was most readily 
estimated, an important factor given this test is based on 
visual observation.  

In this experiment, cell free culture broth was used as 
the biosurfactant source. For strains which produce 
extracellular biosurfactant there was a drop collapse 
activity and four strains which do not produce 
biosurfactant the results were negative, which also 
inferred that to check the biosurfactant production of any 
microbial strain, cell free culture broth should be used 
instead of using culture broth with cells. This criterion will 
exclude microbial strains having high cell hydrophobicity 
but no biosurfactant production. Accuracy and reliability 
of results obtained in the drop collapse assay in this 
study were similar to the results reported by Kebbouche-
Gana et al. (2009). The isolates with more than one 
positive response were exposed to comple-mentary 
screening. The latter screening stage included surface 
tension and emulsion activity measurements. 

To further confirm the biosurfactant production of the 
above strains with positive and negative results, cell free 
culture broth from all six archaeal strains was subjected 
to oil spreading, emulsion stability and surface tension 
measurement experiments. 
 
 
Oil spreading assay 
 
Oil spreading assay results were in corroboration with 
drop collapse assay results. Strains found with positive 
drop collapse results were positive for oil spreading 
assay also (Table 3 and Figure 2A). These results 
confirmed the presence (for strains with positive results) 
and absence (for strains with negative results) of surface 
active compounds (biosurfactant) in the cell free culture 
broth. Morikawa et al. (2000), reported that the area of oil 
displacement in an oil spreading assay is directly 
proportional to the concentration of the biosurfactant in 
the solution. However, in this study there was no quanti-
tative study conducted on biosurfactant concentration 
versus oil spreading activity, but a qualitative study to 
check the presence of biosurfactant in the cell free 
culture broth was in concurrence with the above 
mentioned earlier report. Similar results with drop 
collapse and oil spreading assay was reported by 
Youssef et al. (2004), while screening bacteria from 
biosurfactant production and also recommended that 
both drop collapse and oil spreading assay methods as 
reliable techniques for testing biosurfactant production. 
These results suggested that the oil-spreading technique 
is more sensitive than the other methods for biosurfactant 
detection in the supernatant from a culture medium.  
 
 
Emulsification capacity assay 
 
According to  Willumsen and Karlson  (1997),  a  criterion 

 
 
 
 
used for selecting biosurfactant producers is the ability to 
maintain at least 50% of the original emulsion volume 24 
h after formation. The results observed in this study 
(Figure 2B) reveal that from six strains screened, two 
(33.33%) strains showed positive emulsification activity. 
CH2 and CH5 strains showed that the relative emulsion 
stability formed: 80.00 ± 1.0% and 54.39 ± 0.2, 
respectively. Evaluating the emulsification capacity is a 
simple screening method suitable for a first screening of 
biosurfactant producing microbes. It is applied in many 
screenings (Chen et al., 2007), whereas, the Kerosene 
can be replaced with other hydrophobic compounds. In 
this study, gas oil was used as the hydrophobic 
substrate. Consequently, this method gives just an 
indication of the presence of biosurfactants. 
 
 
Surface tension measurement 
 
According to Bodour and Maier (1998), the criterion used 
for selecting biosurfactant producers is the ability to 
reduce the surface tension below 40 mN.m

-1
. Surface 

tension measurement of cell free culture broth revealed 
that out of the six strains screened, two (33.33%) strains 
(CH2 and CH5) showed reduction in surface tension and 
the highest reduction was observed up to 23.7 ± 0.5 

1
 and 

38.1 ± 0.1 mN.m
-1

, respectively (Figure 2C). There was a 
direct correlation found between drop collapse, oil 
spreading, emulsification stability and surface tension 
assays. Strains highly active in any one of these methods 
were active in other three methods. The direct 
measurement of the surface activity of the culture 
supernatant is the most straight forward screening 
methods. This gives a strong indication on biosurfactant 
production (Lin, 1996; Thavasi et al. 2011).  
 
 
A comparison of the four methods using statistical 
analysis 
 
Table 4 shows the coefficient of correlation between the 
four methods that were used to detect biosurfactant 
production. The Spearman rank correlation, (rs = - 0.987) 
showed a strong negative correlation between the 
emulsification index with measurement of emulsion 
stability in intervals up to 24 h and surface tension. A 
weaker negative correlation, (rs = - 0.971) was detected 
between the diameter of clear zone obtained with the oil 
spreading technique and surface tension. However, there 
was a weak negative correlation (rs = - 0.807) between 
drop collapse method and surface tension. Oil spreading 
technique and emulsification stability method were 
strongly correlated with Spearman rank correlation 
coefficient of rs=0.991. However, a weak correlation was 
detected between drop collapse method and oil 
spreading method (rs=0.864) and between drop collapse 
technique and emulsification stability method (rs=0.822).
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Table 4. Statistical correlation between different methods. 
  

Spearman rank correlation 
coefficient ( rs ) 

Drop collapse Oil spreading Emulsification stability Surface tension 

Drop collapse 1    

Oil spreading 0.864 1   

Emulsification stability 0.822 0.991 1  

Surface tension - 0.807 - 0.971 -0.987 1 

 
 
 
Conclusion 
 
Interest in biosurfactants has led to the development of a 
multitude of methods for the screening of biosurfactant 
producer strains. A combination of different methods is 
appropriate for a successful screening. In the present 
study two superior haloarchaea isolates CH2 and CH5 
with biosurfactant-producing ability and the former with 
emulsion capacity were isolated from saline soil of Chott 
El Hodna-M’sila (Algeria). Their ability to reduce surface 
tension and emulsion capacity makes them new potential 
candidates for biosurfactant and bioemulsion production. 
Further studies have been initiated to identify their 
properties and consequently determine the potential of 
their different industrial applications in particular 
enhanced oil recovery application.  
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Pequi (Caryocar Brasiliense Camb.), fruit characteristic of the Brazilian cerrado, has sensory and 
nutritional characteristics, pleasant flavor and aroma and considerable presence of lipids and fiber, 
essential for human consumption. The aim of this study was to assess the post-harvest conservation of 
this fruit by using different sources of biofilms as a means to ensure the maintenance of fruit physical 
and chemical characteristics in order to increase its shelf life. Fruits were submitted to four treatments: 
control (no coating) (T1); 0.5% w/w carnauba wax (T2); 1% w/w cassava starch (T3) and 1.5% w/w 
xanthan gum (T4) stored during 15 days at BOD at 22 ± 0.1°C and submitted every three days to 
analyses of titratable acidity, soluble solid, pH, turgor pressure, vitamin C, weight loss and physical 
structure by scanning electron microscopy. The pH levels and turgor pressure showed expected values 
for control and coated pequi fruits. The vitamin C, titratable acidity, soluble solids contents and weight 
loss showed that coatings did not achieve satisfactory results. However, fruits coated with cassava 
starch showed the best conservation results during the experimental period. 
 
Key words: Coatings, shelf life, storage. 

 
 
INTRODUCTION 
 
The Brazilian cerrado has great variety of climate, soil, 
flora and fauna. This biome has many native plant 
species that have been exploited for medical purposes 
and human consumption. In this region, fruits are 
consumed fresh or as products such as juices, liqueurs 
and ice creams (Cardoso et al., 2013). Caryocar 
Brasiliense Camb. (Caryocaraceae) is a tree distributed 
in the Cerrado region that produces pequi, appreciated 

for its sensory characteristics: color, flavor and aroma 
and for its nutritional characteristics: high contents of 
fiber, lipids and total energy (Aguilar et al, 2012; Cardoso 
et al, 2013). It is reported by Rodrigues et al. (2011) that 
pequi fruits showed durability nine to twelve days during 
storage. 

 After harvest, fruits are subject to biological, chemical 
and physical changes that may occur during handling,
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transport, processing and storage (Wu, 2010). Seeking to 
minimize changes in fruit quality, physical and chemical 
factors and gaseous treatments such as applying wax, 
biofilms, atmosphere modification, can be applied to the 
product (Mahajan et al., 2014). 

The use of coating in fresh fruits is a post-harvest 
technology that combined with atmosphere changes or 
temperature control delays the senescence period of 
fruits (Maftoonazad et al., 2007). Edible films and 
coatings are an alternative by reducing the availability of 
oxygen, breathing, water loss and the fruit oxidation 
reaction rate (Kerdchoechuen et al., 2011). 

Coatings are produced from protein molecules, hydro-
colloids, lipids or combinations of these components (Kim 
et al., 2012). Biofilms made with protein raw-materials 
present good results in the maintenance of the physical 
properties of fruits and block gas exchange; however, 
biofilm made with lipids and hydrocolloids are suitable in 
the formation of gels and water retention (Kim et al., 
2012). The thickness of the biofilm layer applied to the 
product must be carefully calculated, because when too 
thin, it does not prevent water loss and when too thick, it 
can lead to the development of unpleasant flavor caused 
by fruit deterioration (Silva et al., 2012). 

Carnauba wax is extracted from the leaves of a native 
plant to Northeastern Brazil (Copernicia prunifera) (Hai et 
al., 2014). This wax assigns brightness, reduces loss of 
material and can be removed with water, if necessary 
(Malgarim et al., 2007).  

Cassava starch is considered the most suitable raw 
material in the manufacture of edible biofilms for forming 
resistant and transparent film, being efficient barrier to 
water loss, providing good appearance and intense 
shine, making fruits and vegetables commercially 
attractive (Bobbio and Bobbio, 1984; Cereda et al., 1992; 
Vila, 2004). Cassava starch is produced in large scale in 
Brazil and is an attractive product due to its low cost 
when compared to other commercial waxes (Oriani et al., 
2014). 

Gums affect mass viscosity, which is an essential 
feature for the quality of a coating (Fiszman and 
Salvador, 2003). Xanthan gum has high viscosity and is 
responsible for forming stable solutions that contribute as 
stabilizer, thickener and emulsifier in food products 
(Mohamed et al., 2013). 

In this context, the aim of this study was to assess the 
post-harvest conservation of this fruit by using different 
sources of biofilms as a means to ensure the main-
tenance of fruit physical and chemical characteristics in 
order to increase the shelf life. 
 
 
MATERIALS AND METHODS 
  
Pequi fruit were manually harvested in January 2013 in a farm 
located in Lagoa Santa, metropolitan region of Belo Horizonte - MG 
(19° 37 '45 "S and 43° 53' 23" W) and carefully transported to the 
Laboratory of Fruits and Vegetables of IF Goiano - Rio Verde 
Campus,  which were  coated using carnauba  wax ® Aruá  BR18%  

 
 
 
 
v/v, cassava starch ® Amafil and xanthan gum ® Primmax Wax 40 
purchased from the local trade. 

In the development of the experiment, fruits were initially selected 
by size, color and absence of mechanical damage and surface 
stains. Subsequently, they were sanitized with chlorinated water 
(100 mg.L-1), and dried, the fruit being immersed in water and the 
water heated to the boiling point, for fifteen minutes. The film 
solutions were prepared as follows: carnauba wax was diluted in 
distilled water up to the desired concentration and homogenized; 
cassava starch and xanthan gum were solubilized in water 
previously heated to 70°C for the gelation of biofilms. 

Subsequently, fruit were immersed for one minute in the 
respective concentrations that correspond to: control (no treatment) 
(T1); 0.5% v/v carnauba wax (T2); 1% v/v cassava starch (T3) and 
1.5% v/v xanthan gum (T4), and these concentrations were 
previously tested. Fruit were removed from filmogenic solutions and 
allowed to dry naturally. 

Fruit from the different treatments were stored in Styrofoam trays 
with measures of 150x150x18 mm. Trays were placed in BOD at 
controlled temperature of 22 ± 0.1°C and evaluated at 0, 3, 6, 9, 12 
and 15 days in three replications of five fruit each. The parameters 
analyzed were: fresh weight loss, turgor pressure, content of 
soluble solids and titratable acidity, ascorbic acid, pH and physical 
structure analysis by scanning electron microscopy (SEM). 

For weight loss, six fruits from each treatment were reserved, 
which allowed evaluating the evolution of this parameter during the 
storage period, always using the same fruits. Weight loss was 
assessed with a digital scale and the results were expressed as a 
percentage in relation to the original weight. 

The turgor pressure was determined by applanation technique 
using a horizontal applanator (Calbo and Nery, 1995) and results 
were expressed as kgf.cm-2. The titratable acidity values were 
obtained by titrating the filtered juice with NaOH solution (0.01 N), 
and results were expressed as % citric acid according to method 
No. 986.13 (AOAC 1992). In determining the content of soluble 
solids, expressed in °Brix, the filtered juice was read in 
refractometer Atago N-2E according to AOAC method No. 983.17 
(1992). The ascorbic acid content was determined by volumetric 
redox titrating of samples with 2,6-dichlorophenol-indophenol 
sodium solution (DCFI), according to AOAC method No. 967.21 
(2000). The pH was determined using potentiometer Bel 
Engineering, model W3B according to AOAC technique No. 981.12 
(1992). 

The analysis of the physical structure of pequi fruit consisted of 
the removal of fruit epicarp, which was dried at 60°C for 12 h and 
stored in desiccator. For analysis of scanning electron microscopy 
(SEM), samples were placed on stabs, coated with a thin layer of 
gold and micrographed. Evaluation was performed at the 
Laboratory of Multiuser High-Resolution Microscopy, Instituto de 
Física- Universidade Federal de Goiás. Scanning Electron 
Microscope, Jeol, JSM -. 6610, equipped with EDS, Thermo 
scientific NSS Spectral Imaging was used. 

The experimental design was completely randomized and the 
analysis of results was performed using 4x6x3 factorial design 
consisting of four treatments, six storage times and three 
replications for each tray analyzed, resulting in nine replicates at 
each treatment and study day. The models were selected according 
to the coefficient of determination and their significance was 
determined through the F test. 

The averages obtained for analyses of total soluble solids, 
titratable acidity, pH, weight loss and turgor pressure were 
compared by the Tukey test at 5% probability, using the SISVAR 
software. 
 
 

RESULTS AND DISCUSSION 
  
Total titratable acidity from control (Table 1) showed a
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Table 1. Mean titratable acidity (%) values of pequi fruits (Caryocar brasiliense Camb.) in control (T1) and coated 
with carnauba wax (T2), cassava starch (T3) and xanthan gum (T4). 
 

Days of storage T1 T2 T3 T4 

0 0.0022bC 0.0040aAB 0.0045aA 0.0037aB 

3 0.0043aAB 0.0040aAB 0.0035aAB 0.0046aAB 

6 0.0029aBC 0.0026aB 0.0023aB 0.0033aB 

9 0.0036bBC 0.0064aA 0.0038bAB 0.0035bB 

12 0.0058aA 0.0036bAB 0.0037bAB 0.0055aA 

15 0.0043aAB 0.0050aAB 0.0040aA 0.0044aAB 
 

Different lowercase letters in line show significant differences between lines and capital letters indicate significant 
differences between columns using the Tukey test at 5% probability. 

 
 
 

Table 2. Average pH values for pequi fruits (Caryocar brasiliense Camb.) in control (T1), coated with carnauba wax 
(T2), cassava starch (T3) and xanthan gum (T4). 
 

Days of storage T1 T2 T3 T4 

0 7.40aA 7.16aA 7.39aA 6.52bB 

3 7.46aA 7.51aA 7.62aA 7.32aA 

6 7.69aA 7.51aA 7.54aA 7.62aA 

9 7.59aA 7.23aA 7.53aA 7.44aA 

12 6.53abB 6.07bB 6.72aB 6.51abB 

15 4.90cC 5.40bC 5.92aC 6.06aB 
 

Different lowercase letters in line show significant differences between lines and capital letters indicate significant 
differences between columns using the Tukey test at 5% probability. 

 
 
 
growing trend in the first three days of storage in relation 
to the other treatment (T1); however, between 3

rd
 and 9

th
 

days, there was fall, and rising again at the end of the 
storage period. For treatment T2, there was a fall only on 
the sixth day and increase at the end of the storage 
period. Fruits coated with cassava starch (T3) decreased 
total acidity up to the sixth day, after this period, the 
values increased up to the end of analyses. 

The lining of the order is to prevent the physical and 
physicochemical changes during ripening of fruits. Table 
1 indicates values for different fruits with and without 
coating during storage. Falls delivered on fruit in some 
analysis of the moments were also found by Agostini et 
al. (2009) for jabuticabas stored in different packaging.   

The ninth and twelfth day of storage showed consi-
derable differences in the titratable acidity levels of pequi 
fruits, occurring at a peak of this parameter for fruits 
coated with carnauba wax (9

th
 day), control and xanthan 

gum (12
th
 day). This peak can be characteristic of the 

occurrence of anaerobic respiration. Anaerobic respire-
tion induces the development of physiological disorders, 
so it is essential to know if biofilms keep the oxygen 
levels in the fruit through their permeability. In biofilms 
with low permeability, fruits obtain energy through 
anaerobic respiration with ethanol and acetaldehyde 
formation, affecting their quality (Steffens et al, 2007; 
Petracek et al., 2002). 

The increase in acidity may be also attributed to the 
release of galacturonic acids from the cell wall that 
increase during fruit ripening by the action of enzymes 
pectin methyl esterase and polygalacturonase (Scalon et 
al., 2012). According to Reis et al. (2006), during the 
respiration process, organic acids are generated and 
volatilize. The treatments probably had an effect in 
delaying or concentrating this volatilization, allowing fruits 
to remain more acidic due to maturation. The degradation 
of the cell wall of the fruit contributes to the loss of 
firmness which can be analyzed by mass of data loss 
during storage.   

Fruits treated with cassava starch showed lower 
titratable acidity values (TA) during the two days of 
storage period, indicating that it is possible that this 
biofilm is the best for the preservation of fruit quality. A 
small decrease in TA values for guava stored at room 
temperature (25 ± 4°C), treated with 2% cassava starch 
was also verified by Oliveira and Cereda (1999). Pequi 
fruits from control and treatments T2 and T3 showed no 
significant differences in pH values (Table 2) up to the 
ninth day of storage. Fruits from treatment T4 had 
similarities with the other treatments between the third 
and ninth days of analysis. After this period, all 
treatments decreased pH values.  

The pH values can be related to the titratable acidity 
levels. On the sixth day, fruits had an increase in pH,
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Table 3. Average turgor pressure values of pequi fruits (Caryocar brasiliense Camb.) in control (T1), coated with 
carnauba wax (T2), cassava starch (T3) and xanthan gum (T4). 
 

Days of storage T1 T2 T3 T4 

0 3.70aA 3.58aA 3.70aA 3.26bB 

3 3.73aA 3.76aA 3.81aA 3.66aA 

6 3.85aA 3.76aA 3.77aA 3.81aA 

9 3.80aA 3.62aA 3.77aA 3.72aA 

12 3.27abB 3.04bB 3.36aB 3.26abB 

15 2.45cC 2.70bC 2.96aC 3.03aB 
 

Different lowercase letters in line show significant differences between lines and capital letters indicate significant 
differences between columns using the Tukey test at 5% probability. 

 
 
 

Table 4. Mean values of soluble solids for pequi fruits (Caryocar brasiliense Camb.) in control (T1), coated with 
carnauba wax (T2), cassava starch (T3) and xanthan gum (T4). 
 

Days of storage T1 T2 T3 T4 

0 6.67aA 5.00aC 7.33aA 6.00aA 

3 8.67aA 10.0aB 8.33aA 9.00aA 

6 8.67bA 16.0aA 7.33bA 8.67bA 

9 7.00aA 7.33aBC 7.00aA 6.67aA 

12 8.67abA 9.17aB 8.67abA 5.67bA 

15 9.67aA 7.00aBC 9.00aA 8.67aA 
 

Different lowercase letters in line show significant differences between lines and capital letters indicate significant 
differences between columns using the Tukey test at 5% probability. 

 
 
 
which characterizes maturation. The increase in pH and 
decrease in acidity are characteristic of the use of organic 
acids by fruit to obtain energy, causing maturation, in 
which there is an increase in respiration rate, synthesis of 
hormones and cell wall degradation (Soares Júnior et al., 
2008). 

At the end of the storage period, control fruits had the 
lowest pH values in relation to the other treatments, as 
discussed by Sánchez et al. (2014) for Castilla mulberry 
fruits with edible coating and Rathore et al. (2009) in 
mango fruits coated with packaging and fungicide, 
ethylene absorbent and agent for preventing ripening. 

The fruits coated with xanthan gum were the only ones 
that were significantly different from control fruits at the 
beginning of storage (Table 3). However, after the first 
day of analysis, all the fruits were not significantly 
different until the ninth day of storage. Between the 
twelfth and fifth day, the fruits began to differ for all 
treatments, with lower values for the start. After the 
analyses, the fruits coated with xanthan gum showed the 
lowest reduction in turgor pressure values 5.7% in 
relation to pressure at the beginning of storage, while 
treatments T1, T2 and T3 showed reductions of 33.8, 
24.6 and 20%, respectively. This behavior may be related 
to the variability of the physical characteristics of native 
pequi fruits (Vera, 2004).  

Untreated  fruits  showed  greater  reduction  in   turgor  

pressure by 33.8%. This result suggests that the great 
water loss of this treatment has contributed to reduction 
in turgor pressure during storage, and weight loss was 
analyzed, in relation to control fruits which showed higher 
weight loss. 

Tessarioli Neto et al. (1998) also observed the drastic 
reduction of this characteristic in untreated fruits beet 
variety "early wonder" during storage. According to Sams 
(1999), changes in physical and chemical characteristics 
are related to changes in pulp firmness, being affected by 
water content, turgor pressure, composition and chemical 
constituents of the cell wall. Turgor pressure is a major 
component related to the firmness of fruits and 
vegetables (Calbo and Nery, 1995) and the monitoring of 
this parameter has shown to be effective in determining 
loss of pulp firmness and shriveling. 

Fruit softening is associated with ripening, which 
involves a series of enzymatic reactions due to climac-
teric fruit respiration and ethylene production (Castricini, 
2009). Loss of firmness during fruit ripening occurs 
through the conversion of insoluble pectins into soluble 
pectins, which causes loss of fruit resistance (Chitarra 
and Chitarra, 2005). 

Table 4 shows that T1, T3 and T4 did not differ 
significantly (p<0.05) for the soluble solids content. 
However, control fruits and those coated with cassava 
starch were more stable against variation of soluble



Plácido et al.         1777 
 
 
 

Table 5. Average vitamin C values of pequi fruits (Caryocar brasiliense Camb.) in control (T1), coated with 
carnauba wax (T2), cassava starch (T3) and xanthan gum (T4). 
 

Days of storage T1 T2 T3 T4 

0 121.65aB 97.61aC 134.41aB 150.45aAB 

3 156.57aB 177.56aABC 143.60aB 168.35aAB 

6 146.72bB 283.09aA 128.77bB 148.45bAB 

9 121.30aB 140.35aBC 123.56aB 120.33aB 

12 203.06abB 248.74aAB 191.95abAB 135.74bAB 

15 402.08aA 240.27bAB 256.84bA 236.33bA 
 

Different lowercase letters in line show significant differences between lines and capital letters indicate significant 
differences between columns using the Tukey test at 5% probability. 

 
 
 
solids compared to treatments with carnauba wax and 
xanthan gum. Stability in the soluble solids content is 
interesting to show that the fruit remained with the same 
initial conditions, indicating lower ripening. 

However, Bashir and Abu-Goukh (2003) reported that 
the increase in sugar content occurs up to the time when 
the fruit reaches the climacteric peak, and after these 
values are reduced. Table 4 shows that fruits with 
carnauba wax had more characteristic climacteric fruit 
indexes, and for the other coatings, this index was lower, 
indicating better preservation of nutritional and sensory 
plant characteristics. 

Fruits coated with carnauba wax showed increased 
soluble solids content after six days of storage, which 
relates to the increase in acidity titratable, characterizing, 
according to Knee and Bartley (1981), fruit ripening due 
to biosynthesis or degradation of polysaccharides. This 
increase in soluble solids can be as a result from the 
transformation also of accumulated reserves in the 
formation and development of solids into soluble sugars 
(Jerônimo and Kanesiro, 2000).  

On the ninth day of analysis, fruits of T2 showed 
decreased soluble solids content, which could be due to 
catalytic reactions that characterize senescence, or to the 
storage atmosphere that reached critical oxygen levels, 
causing anaerobic respiration (Soares Júnior et al., 
2008), as in the titratable acidity in this time of analysis. 
The increase in soluble solids content was also observed 
by Maciel et al. (2004) when biofilms were used in the 
conservation of acerola.   

Coatings affect the vitamin C contents (Table 5), 
showing significant increase over the storage period 
regardless of coating used. The vitamin C content varied 
materially during the storage for uncoated and coated 
fruit. The application of biofilms did not contribute to this 
parameter remained similar during the analysis. 

After the ninth day of storage, vitamin C levels 
increased in all treatments, and this increase was more 
pronounced for uncoated fruits, where there was greater 
weight loss. Although the vitamin C content decreases in 
citrus fruits, other fruits show an increase tendency, 
which can be explained due to the offsetting effect to the 

water loss with advancing maturity, concentrating the fruit 
juice (Carvalho and Manica, 1994; Lee and Kader, 2000). 

Increased vitamin C levels in control fruits indicate that 
biofilms used in coated fruits did not show adequate gas 
permeability for the conservation of this parameter. Dang 
et al. (2010) reported that cherries coated with chitosan 
biofilms showed an increase in vitamin C content during 
storage due to the film permeability, contributing to the 
reduction in the enzyme activity and ascorbic acid 
oxidation in fruits. 

Literature data indicate vitamin C stability according to 
the fruit. Cardello and Cardello (1998) observed 
considerable reduction of this vitamin for 14 ripening days 
of "Haden" mango. Lee and Kader (2000) reported 
increased levels in peach and papaya, and reduction in 
apple and mango with advanced ripening. 

As shown in Figure 1, the equation of development 
over time and and its correlation coefficient for weight 
loss, and control (Yc), carnauba wax (Ycc), cassava 
starch (Yf) and xanthan gum (YGX ) is presented. 

Fruits coated with xanthan gum presented the best 
results for weight loss when compared to the other 
treatments. Antunes et al. (2003) showed that weight loss 
is due to water eliminated by the processes of fruit 
transpiration. 

Weight loss that occurs during storage is a limiting 
factor for the marketing of any fruit. In general, fruits have 
rapid weight loss, causing skin wrinkling, making the fruit 
not visually attractive to consumers, even if internally, the 
fruit has good conservation condition. In the case of 
coatings, the intention of using them in pequi fruits was to 
maintain the visual quality of the fruit, minimizing weight 
loss. 

Hagenmaier and Baker (1994) reported that carnauba 
wax is an interesting biofilm for reducing the loss of fresh 
weight in fruits; however, this behavior was not observed 
in this study. This result may be due to the thickness of 
films used in the coating of pequi fruit. Figures 2, 3, 4 and 
5 show the physical structure by scanning electron 
microscopy (SEM) of fruits without treatment, treated with 
carnauba wax, cassava starch and xanthan gum, 
respectively. 
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Figure 1. Development over time, equation correlation coefficient and its mass loss for fruit pequi 
(Caryocar brasiliense Camb.) in the control (Yc), as carnauba wax (Ycc), tapioca starch (Yf) and 
xanthan gum (YGX).  

 
 
 

 

 

FIGURE G - Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) in control, 

and the top part of the figure shows images of the surface and the bottom of the figure shows 

cross-sectional images. 

 
 

Figure 2. Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) in control, and 
the top part of the figure shows images of the surface and the bottom of the figure shows cross-
sectional images. 

 
 
 

Scanning electron microscopy of pequi fruit in control 
treatment shows a heterogeneous structure with small 
bubbles and pores in the cell wall of fruit indicated by 
arrow in Figure 2. There are circular structures that 
indicate the  presence of unaligned  cell wall constituents.  

The fracture of pequi fruit indicates the rearrangement of 
possible cell structures. 

However, the analysis of the physical structure of pequi 
fruits coated with carnauba wax describes a smoother 
and consistent surface of the fruit cell wall, but it is likely
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FIGURE H - Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) treated 

with carnauba wax, and the top part of the figure shows images of the surface and the bottom of 

the figure shows cross-sectional images. 

 
 

Figure 3. Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) treated with carnauba wax, and 
the top part of the figure shows images of the surface and the bottom of the figure shows cross-sectional images. 

 
 
 
that the thin biofilm layer resulted in the formation of 
bubbles in the fruit and the presence of pores (presence 
of the arrow in Figure 3). These bubbles may have 
influence in the lower quality of fruits receiving this 
coating. The arrow represented in the cross section of the 
fruit pequi coated with carnauba wax indicates the thin 
biofilm layer from the surface of the fruit. 

Through micrographs presented by Gonçalves et al. 
(2010) for peach fruit coated with carnauba wax, the 
formation of heterogeneous biofilm wall in fruits was 
observed, which contributed to the germination of M. 
fructicola and R. stolonifer. Fruit coated with cassava 
starch showed the formation of bubbles with smaller 
proportions and the coating surface remained smooth as 
arrow in Figure 4, which indicates better preservation of 
the quality of fruits coated with this biofilm compared to 
other biofilms analyzed in this work. However, fracture 
showed the presence of a small space between the cell 
wall and biofilm application, as shown in the arrow in 
Figure 4. 

The physical structure of xanthan gum confirms the fact 
that its biofilm does not preserve characteristics such as 
titratable acidity and total soluble solids of fruits during 
storage due to the presence of pores on the surface 

which may have contributed to anaerobic respiration, 
represented by arrow in Figure 5. The surface with 
incidence of pores is convenient for water penetration 
(Liang et al., 2009), which contributes to weight loss of 
stored fruits. 

The arrow in fracture of Figure 5 also indicates distance 
between biofilm application and the fruit cell wall, 
indicating a possible site for biochemical reactions. 
Chaisawang and Suphantharika (2006) reported through 
micrographs that xanthan gum shows the formation of a 
thin layer when used as biofilm. These authors also 
reported that xanthan gum has a tendency to lose 
viscosity, which can cause disruption of starch granules. 
 
 
Conclusions 
  
The best results for the conservation of pequi fruit were 
shown in cassava starch coating. However, due to 
process characteristic of anaerobic respiration, fruit 
showed unsatisfactory results for parameters titratable 
acidity, soluble solids and vitamin C. The best result for 
weight loss maintenance was shown by control fruit. 
Scanning electron microscopy confirmed the validity of
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FIGURE I - Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) treated with 

cassava starch, and the top part of the figure shows images of the surface and the bottom of the 

figure shows cross-sectional images. 

 
 

Figure 4. Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) treated with cassava 
starch, and the top part of the figure shows images of the surface and the bottom of the figure shows 
cross-sectional images. 

 
 
 

 

FIGURE J - Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) treated with 

xantana gum, and the top part of the figure shows images of the surface and the bottom of the 

figure shows cross-sectional images. 

 
 

Figure 5. Physical structure (SEM) of pequi fruits (Caryocar brasiliense Camb.) treated with 
xantana gum, and the top part of the figure shows images of the surface and the bottom of the 
figure shows cross-sectional images. 



 
 
 
 
biofilm barrier formed by cassava starch. 
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Yacon tubers have been a distinguished alternative of fructans, drawing the attention of researchers 
and food industries. Since fructans are carbohydrate reserves storage can reduce their contents. 
Additionally, the type of extraction used can provide a higher yield of fructans. Therefore, it was 
necessary to study yacon storage and its influence on the extraction and quantification of fructans. 
Thus, the objective of this study was to evaluate three fructan extractions (water 75°C, water 95°C, 
ethanol 90°C) in yacon with 3 sizes (large, medium, small), stored for 20 days, at room temperature as 
well as to compare two quantification techniques. The three extractions can be used when fructans are 
quantified by high performance liquid chromatography (HPLC). For quantification by spectrometry, the 
best extraction method was ethanol at 90°C. Medium and small-sized tubers presented the highest 
contents of fructans that large tubers, and storage negatively influenced these contents. Fructan 
quantification by HPLC was higher than the spectrophotometric technique. All treatments showed a 
degree of polymerization in the range from 3 to 7, allowing numerous technological applications for 
fructans present in yacon. 
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INTRODUCTION 
 
Functional foods represent one of the latest trends in the 
market. They have compounds which result in benefits to 
physiological and metabolic activities, in addition to 
strengthening the immune system, acting in the 
prevention and reduction of chronic degenerative 
diseases. Thus, the food industry has a growing interest 

in improving the nutritional benefits of products, without 
compromising their technological properties (Delgado et 
al., 2010; Castro et al., 2013). Fructans are a polysac-
charide group which has received great attention in 
recent years, mainly inulin and fructooligosaccharides 
(FOS). Fructans are non-digestible complex carbohy- 
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drates polymers used as functional ingredients, normally 
incorporated in various food products as dietary  fibers. 
These compounds have been assigned with the ability of 
reducing the risk of various diseases, causing 
gastrointestinal benefits, increasing the absorption of 
calcium and magnesium, and reducing the risk of 
developing colon cancer and tumors (Sabater-Molina et 
al., 2009; Delagado et al., 2010; Nair et al., 2010). 
Additionally, due to their ability to form a stable gel-like 
network and mimic some of the textural properties of 
lipids, fructans are used to replace fat in meat products 
(Castro et al., 2013; Benkeblia, 2013). Furthermore, since 
they present fiber characteristics, they do not interfere 
with the sensory properties of the products (Contado, 
2009).  

Yacon roots present beneficial properties, due to their 
content of fructans, including inulin and FOS (Castro et 
al., 2013). The yacon (Smallanthus sonchifolia) is a 
tuberous root that stores large amounts of carbohydrates, 
especially fructans, and has a sweet taste when 
consumed fresh (Contado, 2009). Fructans are produced 
and stored in yacon tubers, when there is a surplus of 
photoassimilates in the plant. However, they are 
degraded when the plant needs energy (Capito, 2001). 
Thus, since fructans are reserve carbohydrates, storage 
can influence their contents. However, the data about 
yacon are still divergent and this may be due to various 
factors, such as harvest time, storage period, ecosystem, 
climate and soil where the plant is grown (Contado, 
2009). The growing interest in plants with a high content 
of fructans, particularly FOS with a low degree of 
polymerization (DP<12), encourages research worldwide. 

However, there is no analytical method able to quantify 
all the content existing dietary fiber in foods, especially if 
FOS and inulin are present in these foods (McCleary, 
2003), thus, enzymatic-gravimetric methods, spectro-
photometric and high-performance liquid chromatography 
have been continuously proposed for this quantitation. 
Additionally, the type of extraction used can provide a 
higher yield of fructans, therefore, several studies have 
sought methods to optimize the fructan extracted, but 
there is no universal methodology, effective and which 
makes high performance for fructan extraction yacon. 
Thus, this study evaluated the content, the degree of 
polymerization and the best fructan extraction method in 
yacon tubers of different sizes, stored for 20 days at room 
temperature. 
 
 
MATERIALS AND METHODS 
 
The experiment was conducted in the Biochemistry Laboratory, 
Chemistry Department, and in the Laboratory of Physiology and 
Genetics of Microorganisms, Biology Department, both at 
Universidade Federal de Lavras. Yacon tubers were acquired on a 
commercial farm, located in the municipality of São Joaquim das 
Bicas, MG, of which 40 kg were washed in running water, with 
manual brushing, dried, weighed and sorted by weight (wt), to 
comprise the  treatments. The 36 tubers selected were divided into  

 
 
 
 
3 groups of 12 tubers each, according to size, which constituted the 
treatments: small tubers (with wt below 200 g), medium tubers 
(weighing between 200 and 499 g) and large tubers (with wt 
exceeding 500 g), which were stored for 20 days at room 
temperature (21°C, 52% RH), and the fructan contents of yacon 
were measured at two times: on the first day of storage (day 1) and 
on the twentieth day of storage (day 20). 
 
 
Experimental and statistical design 
 
A completely randomized design (CRD) was used, in a (3 × 2 × 3) 
factorial scheme, with 3 tuber sizes (small, medium and large), 2 
days of storage (days 1 and 20), 3 extraction methods of fructans 
(water 75°C, water 95°C and ethanol, 90°C), and 3 repetitions of 2 
tubers for each treatment. The results of fructan contents were 
subjected to analysis of variance using the statistical program 
SANEST, and the means were compared by the Tukey test at 5% 
probability (Zonta and Machado, 1991). 
 
 
Extraction I (water at 75ºC) 
 
This extract was prepared according to Van Loo et al. (1995). Thus, 
50 g of yacon were ground in a blender for 1 min; 250 mL of 
deionized water was then added and they was incubated in a water 
bath at 75°C for 1 h. The homogenate was filtered through ordinary 
filter paper, and the filtrate was stored in glass vials at -18 °C, until 
the analyses were performed. 
 
 
Extraction II (water at 95°C) 
 
The preparation of this extract was based on the methodology 
described by Cabello (2005). A sample of 50 g yacon was triturated 
in a blender with 200 mL deionized water at 95°C for 1 min. The 
material was then vacuum filtered with a Bunchner funnel 
containing two quantitative filter papers. After the end of the extract, 
the residue was washed with 100 mL deionized water at 95°C, for 
the leaching of adsorbed carbohydrates in the remaining cells. The 
filtrates were combined, the pH was adjusted to 9.5 to 9.8 with 1 M 
NaOH, and the extracts were placed in a water bath at 95°C for 2 h. 
The solution was filtered again and the filtrate was stored in glass 
vials at -18°C for subsequent analyses. 
 
 

Extraction III (ethanol at 90°C) 
 
The extracts were performed according to Pollock and Jones 
(1979). Yacon tubers were peeled and immersed in water at 80°C 
for 5 min; they were then cooled in water at 20°C. After this 
bleaching, a sample of 50 g was ground in a blender and 
centrifuged at 1400 g for 15 min at room temperature. The 
supernatant was reserved and the sediment was subjected to re-
extraction three times consecutively, by the addition of 100 mL of 
80% ethanol, followed by heating at 90°C for 15 min, and 
centrifugation at 1400 g/15 min. The extracts were combined, 
vacuum filtered with a Buchner funnel and concentrated, in a roto 
vapor, up to 35 mL. This extract was stored at -18°C until the 
analyses were conducted. 
 
 

Spectrophotometric quantification of fructans 
 

The contents of total fructans in the extracts were determined by 
the quantification of fructose, free and combined, using the 
anthrone method, modified by Jermyn (1956), therefore, aliquots 
(0.1 ml) of the test solution were mixed with 1 ml of a 0.02% (w/v)
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Table 1. Contents of yacon fructans (mg g-1 fresh weight) with three sizes (large, medium and small), submitted to different 
types of extraction (water at 75°C, water at 95°C and ethanol at 90°C) evaluated in the first and twenty days storage, at 
room temperature, assayed by spectrophotometry. 
 

 Extraction size Water 75°C Water 95°C Ethanol 90°C Average (size) Average (time) 

T 1 

Large 67.72
Bb

 78.78
Aa

 54.13
Bc

 66.87
A
  

Medium 76.78
Aa

 45.41
Cc

 56.40
Ab

 59.53
B
 61.44

A
 

Small 59.51
Cb

 67.02
Ba

 47.21
Cc

 57.91
C
  

 Average (day 1) 68.00
a
 63.74

b
 52.58

c
   

       

T 20 

Large 53.27
Aa

 45.27
Bb

 53.26
Ca

 50.60
C
  

Medium 44.68
Bc

 45.27
Bb

 95.99
Aa

 60.31
A
 56.74

B
 

Small 36.32
Cc

 55.54
Ab

 86.09
Ba

 59.31
B
  

 Average (day 20) 44.76
c
 48.69

b
 76.78

a
   

       

       

 

Average 

(extraction) 
56.37

b
 56.21

b
 64.68

a
   

 

Means followed by the same uppercase letter in the columns and lowercase in the rows do not differ by the Tukey test at 5% 
probability. T1, First day storage; T20, twentieth day storage. 

 
 
 
solution of anthrone in 70%(v/v) sulphuric acid and heated for 7.5 
min in a boiling water-bath. The absorbance was determined in 625 
nm. The reducing sugars were determined according to Nelson 
(1944), both using fructose as the standard. All analyses were 
performed in triplicate. 

 
 
Quantification of fructans by high performance liquid 
chromatography (HPLC) 
 
Aliquots (1 mL) of the extracts were hydrolysed with 0.5 mL of 0.1 N 
hydrochloric acid at 100°C for 5 min, and cooled in an ice bath until 
25°C. After hydrolysis, 0.5 mL of the extracts were filtered through 
disposable nylon filters (0.45 µm), HPLC standard. Subsequently, 
the extract was eluted in a high performance liquid chromatograph 
(Shimadzu series 10A); using an SCR-101C column (Shimadzu 
Corporation) with deionized water as the eluent, flow rate of 0.8 
mL/min and a refractive index detector. Fructose was used as a 
standard, according to the method described by Cairns and Pollock 
(1988). 
 
 
Degree of polymerization of fructans 
 
Aliquots (0.2 mL) of the extracts were deionized in ion-exchange 
columns containing anionic resin (Dowex 1 x8- 200) and another 
column containing cationic resin (Dowex 50 x8- 200). After the 
elution of the samples in 10 volumes of deionized water, the pH of 
the eluate was adjusted to 7.0 and the volume was reduced to 1.0 
mL, approximately. Fructooligosaccharides were resuspended in 
deionized water and 5 µL were chromatographed on high-resolution 
silica gel plates (CCD Alugran SIL G/UV for TLC/ pour CCM of 
Macherey-Nagel), double developing in butane-2: 2-propanol: water 
at the ratio 3:12:4 (v/v). Free and bound fructose was revealed by 
spraying with a urea-phosphoric acid solution (Wise et al., 1955) 
and GR® Raftiline (Embrafarma) used as the inulin standard. 
 
 

RESULTS AND DISCUSSION 
 

Table 1 shows  the contents of fructans (mg g
-1

)  in yacon  

of three sizes (large, medium and small), submitted to 
different types of extraction (water at 75°C, water at 95°C 
and ethanol at 90°C), during storage for 20 days, 
quantified by spectrophotometry. It was observed that the 
type of solvent used influenced the extraction yield, with a 
higher fructan content (95.99 mg g

-1
) in the extract 

prepared with ethanol at 90°C in medium-sized tubers, at 
20 days of storage. On the other hand, the lowest fructan 
content (36.32 mg g

-1
) was observed in small tubers, 

extracted with water at 75°C, on the twentieth day of 
storage. The best extraction was obtained using ethanol 
at 90°C, and it was not possible to observe a statistically 
significant difference between the extraction with water at 
75°C and water at 95°C, which had 56.37 and 56.21 mg 
fructans g

-1
 yacon, respectively. The contents of fructans 

(mg g
-1

), quantified by high performance liquid 
chromatography, in yacon of three sizes (large, medium 
and small), submitted to different types of extraction 
(water at 75°C, water at 95°C and ethanol at 90°C) during 
storage for 20 days are shown in Table 2. When 
quantified by HPLC, it is possible to observe that there 
was no significant difference between the three 
extractions used, obtaining fructan contents between 
123.21 and 127.57 mg g

-1
. However, small tubers had the 

highest content of fructans in both days of storage. 
Additionally, it was observed that HPLC allowed the most 
efficient quantification of yacon fructans, therefore, 
obtaining higher values (Tables 1 and 2). The amounts of 
fructan in fresh yacon tubers, described in different 
studies, had a great variation, and contents between 24 
and 101.30 mg g

-1
 were observed (Capito, 2001; Campos 

et al., 2012; Castro et al., 2013). In this study, the 
contents of fructans are in accordance with those of the 
above-mentioned authors. The high variation observed in 
the amounts of fructans is probably due to the different
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Table 2. Contents of yacon fructans (mg g-1 fresh weight) with three sizes (large, medium and small), submitted to 
different types of extraction (water at 75°C, water at 95°C and ethanol at 90°C) in the first and twenty days storage, at 
room temperature, assayed by HPLC. 
 

T Extraction size 
Water 

75°C 

Water 

95°C 

Ethanol 

90°C 

Average 

(size) 

Average 

(time) 

T 1 

Large 125.96
Bb

 109.01
Cc

 116.43
Bb

 117.13
C
  

Medium 117.99
Cc

 124.17
Ba

 120.51
Cb

 120.89
B
 127.60 

Small 126.07
Ac

 137.83
Ab

 170.48
Aa

 144.79
A
  

 
Average 

(day 1) 
123.34

c
 123.67

b
 135.80

a
   

       

T 20 

Large 109.00
Cc

 136.28
Ba

 130.60
Bb

 125.29
B
  

Medium 124.17
Ba

 123.28
Cb

 91.03
Cc

 112.84
C
 124.93 

Small 137.83
Ab

 138.15
Aa

 134.03
Ac

 136.67
A
  

 
Average 

(day 20) 
123.67

b
 132.57

a
 118.57

c
   

       

 
Average 

(extraction) 
123.50 128.12 127.57   

 

Means followed by the same uppercase letter in the columns and lowercase in the rows do not differ by the Tukey test at 5% 
probability. T1, First day storage; T20, twentieth day storage. 

 
 
 
physiological periods of the tuber at harvest, as well as to 
the cultivar used in the test and the time and type of 
storage to which they were submitted. At 20th day of 
storage, the contents of fructans were significantly lower 
than those found at the beginning of storage, regarding 
both the spectrophotometric quantification and HPLC 
(Tables 1 and 2), which reflects the importance of the 
fructan extraction in early stages after harvest. 

Graefe et al. (2004) found a decrease in the 
concentration of FOS, of about one third of the initial 
concentration in all cultivars, on the 12th day of storage. 
Although, the storage used in this study went higher than 
that reported by Graefe et al. (2004), when comparing the 
average of the 1st and the 20th day of storage, there was 
maintaining of approximately 98 and 92% of the total 
fructan, quantified by HPLC and mass spectrometry, 
respectively. Changes in the contents of fructose, 
glucose, sucrose and oligofructans occur during the 
growth and storage of tuberous yacon roots. A rapid 
changing process in the chemical composition of 
carbohydrates starts in the roots immediately after 
harvest, where polymerized sugars tend to depolymerize, 
that is, FOS tend to be hydrolysed into simple sugars by 
the action of the enzyme fructan hydrolase, which 
converts them into fructose, sucrose and glucose 
(Santana and Cardoso, 2008), suggesting a reduction in 
the contents of fructans at the end of storage, as 
observed in this study. Several factors may influence the 
contents of oligofructans, in which enzyme systems of 
biosynthesis and hydrolysis of FOS may be involved (Van 
Arkel et al., 2012), as well as weather conditions and 
other factors, such as storage conditions (Narai-

Kanayama et al., 2007; Milella et al., 2011; Fernadéz et 
al., 2013). Recent studies suggest that high concen-
trations of FOS can be obtained when yacon roots are 
subjected to steam cooking, in a microwave oven and 
boiled yacons (Miyaguchi et al., 2012). 

Yacon tubers used in the extraction with ethanol at 
90°C were previously subjected to bleaching and, in this 
extract, significantly higher levels of fructans were 
observed, when they were quantified by 
spectrophotometry (Table 1). However, for the 
quantification by HPLC, this difference was not observed 
(Table 2). A recent study evaluating the effects of 
bleaching showed that this treatment is able to reduce 
the activity of polyphenol oxidase and peroxidase by 
84.62 and 83.76%, respectively, besides causing losses 
in staining levels and in the contents of inulin, glucose 
and fructose, of 30.64, 39.40 and 15.82%, respectively 
(Fante et al., 2012), which differs from the behavior 
observed in yacons, subjected to extraction with ethanol 
at 90°C, previously bleached. The degree of 
polymerization of the fructans present in yacon extracts 
was estimated by reversed-phase thin-layer 
chromatography (TLC) (Figures 1 and 2) and is shown in 
Table 3. It is possible to observe, by the technique 
employed that, all extracts showed the ability to extract 
fructans with different degrees of polymerization (DP from 
3 to 7) and that storage time had no effect on their 
hydrolysis. The results found in this study are in 
agreement with Goto et al. (1995) and Fernadéz et al. 
(2013), who reported that yacon tubers have FOS with 
DP <10. There are numerous technological applications 
of FOS with a low DP, including the addition of FOS with
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Figure 1.  Thin-layer chromatography (TLC). I, inulin; 1, yacon extract, water 75°C, small 
size, time 1; 2: yacon extract, ethanol 90°C, medium size, time 1; 3, yacon extract, water 
75°C, small size, time 20; 4, yacon extract, water 95°C, large size, time 20; 5, yacon extract, 
water 75°C, large size, time 1; 6, yacon extract, water 75°C, large size, time 20; 7, yacon 
extract, ethanol 90°C, medium size, time 1; 8, yacon extract, water 95°C, medium size, time 
1. F, fructose; S, sucrose; DP, degree of polymerization. 

 

 
 

 
 
 

 
 
 
 

DP 

 
 

Figure 2.  Thin-layer chromatography (TLC). I, inulin; 9, yacon extract, water 75°C, large 
size, time 1; 10, yacon extract, ethanol 90°C, small size, time 1; 11, yacon extract, 
ethanol 90 ºC, large size, time 1; 12, yacon extract, ethanol 90°C, small size, time 20; 13, 
yacon extract, water 95°C, small size, time 1; 15: yacon extract, water 75°C, medium 
size, time 20; 16, yacon extract, water 95°C, medium size, time 20; 17, yacon extract, 
water 95°C, small size, time 20. FOS, Fructooligosaccharide; F, fructose; S, sucrose; DP, 
degree of polymerization. 
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Table 3. Identification of thin-layer chromatography (TLC) spots for the degree of polymerization of 
yacon fructans with three sizes (large, medium and small), submitted to different types of extraction 
(water at 75 ºC, water at 95 ºC and ethanol at 90 °C), in the first and twenty days storage, at room 
temperature.  
 

T Extraction Water 75°C Water 95°C Ethanol 90°C 

T 1 

 5 13 11 

Large F S 3, 4, 5, 6** F S 3, 4, 5, 6 F S 3, 4, 5 

 - 8 2 

Medium - F S 3, 4, 5, 6, 7 F S 3, 4, 5,6, 7 

 1 14 10 

Small F S 3, 4, 5, 6 F S 3, 4, 5, 6 F S 3, 4, 5, 6 

     

T 20 

 6 4 12 

Large F S 3, 4, 5, 6 F S 3, 4, 5, 6 F S 3, 4, 5 

 15 16 7 

Medium F S 3, 4, 5 F S 3, 4, 5, 6 F S 3, 4, 5, 6, 7 

 3 17 - 

Small F S 3, 4, 5, 6,7 FS 3, 4, 5 - 
 

Bold numbers correspond to the numbering of the extract shown in the TLC plate (Figures 1 and 2). 
**Sequence of the degree of polymerization. T1, First day storage; T20, twentieth day storage. 

 
 
 
DP between 2 and 8. Their addition in milk products, 
such as yogurt, is also emphasized, in order to improve 
their textural properties and sensory acceptance. 
Additionally, the partial replacement of sucrose by 
oligofructans in yogurt formulations is also possible (Yi et 
al., 2010; Castro et al., 2013), which suggests potential 
applications to FOS present in yacon. The size of fructan 
molecules ranges according to the plant species and 
organ studied. Environmental factors and the 
phenological cycle of the plant may also affect the size of 
these molecules, since they interfere with the 
accumulation or use of fructans. However, it is believed 
that the maximum size of fructan molecules is genetically 
determined. Comparing the amount of fructans with the 
degree of polymerization (Tables 1, 2 and 3), it is 
observed that there is no correlation between the amount 
of fructans, degree of polymerization and size of the stain 
obtained on the plate. 
 
 
Conclusions  
 
Medium and small-sized yacon tubers showed higher 
contents of fructans that large tubers and storage 
negatively influenced these contents. The quantification 
by HPLC was more efficient than the colorimetric. 
Extraction with water 75°C, water 95°C or ethanol 90°C 
can be used when fructans are quantified by HPLC; 
however, for spectrophotometric quantification, the best 
extraction is with ethanol 90°C. Yacons from all 
treatments showed a degree of polymerization between 3 
and 7, allowing numerous technological applications for 
fructans present in yacon. 
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Beans contain substantial amount of protein, dietary fibre, B-vitamins, minerals, and anti-nutrients 
which limit their utilisation. Processing reduce the level of antinutrients in plant products but little 
information exist on effects of processing methods on nutrient and antinutrient composition of bean 
products. This study was undertaken to determine the effects of processing methods on nutrient and 
antinutrient composition, and micronutrient potential of bean paste (Ekuru) from two cultivars of beans, 
white (Vigna unguiculata) and red (Vigna angustifoliata) species of beans which were processed into 
white and brown Ekuru using standardised traditional methods. 100 g of raw V. unguiculata and V. 
angustifoliata contained 22.83 and 23.94 g protein, 1.94 and 2.11 g crude lipid, 30 and 29 mg sodium, 
1.110 and 1.124 mg potassium, 390 and 130 mg phosphorus, 10.65 and 10.95 mg iron and 5.87 and 5.95 
mg zinc, respectively. Ekuru products contained between 18.76 and 21.90 g protein, 0.81 and 1.38 g 
crude lipid, 20.00 and 90.00 mg sodium, 870 and 1124 mg potassium, 8.16 and 8.36 mg iron and 4.87 and 
5.21 mg zinc, respectively. Processing decreased the nutrient content of the products compared with 
raw samples, the red bean product was higher in crude protein, crude lipid and ash; while the white 
bean product was higher in crude fibre and moisture content. The bean products were very low in 
antinutrients, with no trypsin inhibitors. Ekuru samples can be good sources of plant protein, non-
haeme iron and zinc, and their consumption should be encouraged. 
 
Key words: Processing methods, nutritive value, antinutrients, Ekuru, Vigna unguiculata, Vigna angustifoliata. 

 
 
INTRODUCTION 
 
Malnutrition is a public health challenge especially in the 
developing countries of the world, and micronutrient 
malnutrition affect majority of people, with its effect being 

more pronounced among the rural poor communities. 
Good nutrition involves consuming foods and 
supplements rich in essential nutrients that provide 
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adequate energy and support growth and body mainte-
nance (Shills et al., 2006). Plant protein plays  significant 
role in human nutrition, and legumes provide a range of 
essential nutrients including protein, low glycemic 
carbohydrates, dietary fibre, minerals and vitamins 
(Munro, 2007). Worldwide, most grown legumes are 
soybean, peanut, cowpea (beans) and chickpeas (Shutler 
et al., 1989). Beans have significant amount of both 
soluble and insoluble fibre (www.ext.colostate.com); its 
soluble fibre helps in lowering blood cholesterol by 
creating more insulin receptor sites 
(www.recipetips.com). The use of locally available foods 
and feedstuffs are being encouraged as a means of 
dietary diversification in combating the menace of 
micronutrient deficiencies. Beans have significant 
antioxidant properties which make it a terrific anti-aging 
food (FAO, 2009).  

However, dry legumes contain several anti-nutritional 
factors such as glucosides, trypsin and chymotrypsin 
inhibitors, phytates and lectins (Vidal-Valverde et al., 
1994), but some simple and inexpensive processing 
techniques such as soaking and cooking are highly 
efficient for the reduction of these anti-nutritional factors 
(Frias et al., 2000). Much information is available in the 
literature on nutrient content and potential contribution of 
different varieties of raw beans, but information on their 
prepared products is scanty. Beans can be prepared to 
local paste (Ekuru) by boiling and consumed with sauce. 
This study was undertaken to determine the effects of 
processing methods on nutrient and antinutrient 
composition and micronutrient retention of ‘Ekuru’ from 
two cultivars of beans, Vigna unguiculata and Vigna 
angustifoliata. 
 
 
MATERIALS AND METHODS 
 
Sample collection and preparation 
 
Samples of white (V. unguiculata) and red (V. angustifoliata) 
varieties of beans were purchased from Bodija market in Ibadan, 
Oyo State, Nigeria. Each of the bean sample was divided into three 
portions – one portion each was used for raw sample analysis 
(Samples 1 and 2), second portion was dehulled (Samples 3 and 
4), and the third portion used for Ekuru preparation. Each of the 
portions for Ekuru preparation was soaked in distilled water until 
soft and then dehulled. To 200 g of dehulled beans was added 50 g 
of onion, ground with a warring blender and stirred into a fluffy 
paste. Each of the paste was divided into two portions, giving a total 
of four Ekuru samples. One portion each from the two varieties of 
beans was prepared to white Ekuru (Samples 5 and 6), while 1 g of 
ground potash was added to each of the second portions to form 
brown Ekuru (Samples 7 and 8). The samples were wrapped with 
leaves and cooked for 40 min. After cooking, the moisture content 
of the four Ekuru samples was determined and the rest samples 
were dried to constant weight at 60°C, wrapped in cellophane nylon 
and refrigerated till when needed.  
 
 
Chemical analyses 
 
The  eight samples  were  analyzed in  triplicate for moisture,  crude 
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protein, crude lipid, crude fibre and ash using standard methods of 
Association of Official Analytical Chemists (AOAC, 2005). The 
carbohydrate content was obtained by difference. 
 
 
Proximate composition 
 
The moisture content of the samples was determined by air oven 
method (Gallenkamp, Model OV - 440, England) at 105°C. The 
crude protein was determined by micro-Kjeldahl method through 
digestion of 5 g of sample with conc. H2SO4 and Kjeldahl catalyst in 
Kjeldahl flask for 3 h. The digest was made up to 100 and 5 ml 
portion was pipetted to Kjeldahl apparatus and 5 ml of 40% (w/v) 
NaOH solution was added. The mixture was steam distilled, and the 
liberated ammonia was collected in 10 ml of 2% boric acid, and 
titrated against 0.01 M HCl solution. The amount of crude protein 
was then calculated by multiplying percentage nitrogen in the digest 
by 6.25. Crude lipid was determined by weighing 5 g of dried 
sample into fat free extraction thimble and plugging lightly with 
cotton wool. The thimble was placed in the Soxhlet extractor fitted 
up with reflux condenser. The dried sample (at 60°C) was then 
extracted with petroleum ether and the crude lipid estimated as 
g/100 g dry weight of sample, and then converted to g/100 g fresh 
sample weight. The ash content was determined by weighing 5 g of 
sample in triplicate and heated in a muffle furnace at 550°C for 4 h, 
cooled to about 100°C in the furnace and then transferred into a 
dessicator to cool to room temperature, weighed, and ash was 
calculated as g/100 g original fresh sample. Crude fibre was 
determined using the method of Saura-Calixto et al. (1983). The 
carbohydrate content was obtained by difference. Gross energy of 
the samples was determined using ballistic bomb calorimeter 
(Manufacturer: Cal 2k – Eco, TUV Rheinland Quality Services (Pty) 
Limited, South Africa). 
 
 
Mineral analysis 
 
Potassium and sodium were determined by digesting the ash of the 
samples with perchloric acid and nitric acid, and then taking the 
readings on Jenway digital flame photometer/spectronic 20 (Bonire 
et al., 1990). Phosphorus was determined by vanado-molybdate 
colorimetric method (Ologhobo and Fetuga, 1983). Calcium, 
magnesium, iron, zinc, manganese, copper and selenium were 
determined spectrophotometrically by using Buck 200 atomic 
absorption spectrophotometer (Buck Scientific, Norwalk) (Essien et 
al., 1992) and their absorption compared with absorption of 
standards of these minerals. 
 
 
Antinutrient analysis 
 
Oxalate was determined by extraction with water for about 3 h and 
standard solutions of oxalic acid prepared and read on 
spectrophotometer (Spectronic 20) at 420 nm. The absorbance of 
the sample extracts were also read and amount of oxalate was 
estimated. Phytate was determined by titration with ferric chloride 
solution (Sudarmadji and Markakis, 1977); while trypsin inhibitory 
activity was determined on casein and comparing the absorbance 
with that of trypsin standard solutions read at 280 nm (Makkar and 
Becker, 1996). The tannin content was determined by extracting the 
samples with a mixture of acetone and acetic acid for 5 h, 
measured their absorbance and compared the absorbance of the 
extracts with the absorbance of standard solutions of tannic acid at 
500 nm on spectronic 20 (Griffiths and Jones, 1977). Saponin was 
also determined by comparing the absorbance of the extracts with 
the standard at 380 nm (Makkar and Becker, 1996). Chi square test 
was performed on the results obtained and level of significance set 
at p<0.05. 
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Table 1. Proximate composition of whole, dehulled and processed bean varieties (g/100 g)*. 
 

Sample Moisture Protein Fat Fibre Ash Carbohydrate 

Sample 1 13.7±0.03 22.8±0.32 1.9±0.03 4.5±0.03 3.7±0.02 53.4±0.03 

Sample 2 12.2±0.20 23.9±0.80 2.1±0.02 4.3±0.03 3.7±0.03 53.7±0.03 

Sample 3 16.4±0.03 20.8±0.14 1.6±0.03 1.4±0.02 2.0±0.02 57.8±0.10 

Sample 4 15.3±0.03 21.8±0.01 1.6±0.03 1.4±0.02 2.0±0.02 57.9±0.07 

Sample 5 69.7±0.04 21.2±0.40 0.8±0.03 0.8±0.03 1.0±0.01 7.5±0.20 

Sample 6 67.9±0.03 21.9±0.06 1.0±0.02 0.7±0.02 1.1±0.02 7.4±0.08 

Sample 7 65.2±0.08 18.8±0.12 1.3±0.03 0.7±0.03 1.2±0.02 12.9±0.20 

Sample 8 64.9±0.08 19.8±0.10 1.4±0.03 0.6±0.03 1.3±0.02 12.0±0.06 
 

Values are means±SD of triplicate determinations. Sample 1 = raw white bean; Sample 2 = raw red bean; Sample 3 = dehulled white bean; 
Sample 4 = dehulled red bean; Sample 5 = processed white bean Ekuru; Sample 6 = processed red bean Ekuru; Sample 7 = processed white 
bean ‘coloured Ekuru’; Sample 8 = processed red bean ‘coloured Ekuru’. 

 
 
 

Table 2a. Mineral composition of raw and dehulled white and red beans (mg/100 g)*. 
 

Parameter 
Sample 

1 2 3 4 

Sodium 30.00±8.00 29.00±2.00 20.00±0.00 30.00±1.00 

Potassium 1110.00±60.00 1124.00±20.00 1110.00±10.00 1120.00±10.00 

Calcium 60.00±10.00 80.00±4.00 60.00±0.00 70.00±5.00 

Magnesium 240.00±2.00 270.00±20.00 150.00±3.00 210.00±30.00 

Phosphorus 390.00±2.00 130.00±20.00 300.00±3.00 100.00±20.00 

Iron 10.65±0.03 10.95±0.07 9.28±0.03 9.70±0.02 

Zinc 5.87±0.02 5.95±0.02 5.45±0.03 5.70±0.03 

Manganese 1.84±0.03 2.00±0.03 1.59±0.03 1.74±0.03 

Copper 0.65±0.03 0.70±0.03 0.52±0.03 0.60±0.02 
 

Values are means±SD of triplicate determinations. Sample 1 = raw white bean; Sample 2 = raw red bean; Sample 3 = 
dehulled white bean; Sample 4 = dehulled red bean; Sample 5 = processed white bean Ekuru; Sample 6 = processed red 
bean Ekuru; Sample 7 = processed white bean ‘coloured Ekuru’; Sample 8 = processed red bean ‘coloured Ekuru’. 

 
 
 
RESULTS  
 
The results of proximate nutrient composition of the raw, 
dehulled and processed V.  unguiculata and V. 
angustifoliata are shown in Table 1. The two varieties of 
beans were high in protein and carbohydrates, moderate 
in ash and crude fibre but low in moisture and fat content. 
V. unguiculata [Sample 1 (white beans)] had higher value 
of moisture and crude fibre, while V. angustifoliata 
(Sample 2 (red beans)) was higher in crude protein, 
crude fat and carbohydrate content with no significant 
difference in all the nutrient values (p>0.05). The two 
varieties of beans had the same value of ash. Soaking 
and dehulling led to slight but significant increase in the 
moisture and carbohydrate content of the samples 
(Samples 3 and 4), with significant reduction in their 
crude protein, fat, fibre and ash content. Processing the 
beans to Ekuru led to significant increase in moisture 
content (p<0.05) and insignificant increase in protein, 
compared with the dehulled samples (Samples 5 and 6). 
However, processing significantly reduced the carbohy-

drate, crude fat, fibre and ash content of the products 
compared with the raw and dehulled samples (p<0.05). 
Brown Ekuru samples (Samples 7 and 8) had signifi-
cantly lower value of crude protein and fibre compared 
with white Ekuru, but significantly higher value of fat, ash 
and carbohydrate content (p<0.05).  

The mineral composition of the two varieties of beans 
and their Ekuru products are as shown in Tables 2a and 
2b. The two bean varieties were very high in potassium 
and phosphorus, high in magnesium and iron but low in 
copper and very low in sodium and calcium. Dehulling 
resulted in significant reduction in sodium, magnesium, 
phosphorus, iron, copper (p<0.05), with slight insignificant 
reduction in potassium and zinc content of the beans. 
Processing the beans to Ekuru led to significant increase 
in sodium, calcium, and phosphorus content of the 
products, with significant reduction in potassium, iron and 
zinc content compared with the raw and dehulled 
samples. Addition of potash significantly increased the 
mineral content of red coloured Ekuru (Samples 7 and 8) 
of the two bean varieties compared with the white
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Table 2b. Mineral composition of white and red bean products (mg/100 g)*. 
 

Parameter 
Sample 

5 6 7 8 

Sodium 30.00±0.00 20.00±1.00 90.00±3.00 20.00±1.00 

Potassium 900.00±20.00 870.00±10.00 970.00±10.00 920.00±10.00 

Calcium 700.00±20.00 670.00±9.00 800.00±30.00 750.00±10.00 

Magnesium 260.00±2.00 200.00±20.00 300.00±1.00 260.00±30.00 

Phosphorus 380.00±6.00 340.00±10.00 450.00±2.00 420.00±30.00 

Iron 8.21±0.02 8.16±0.02 8.36±0.02 8.30±0.03 

Zinc 4.94±0.02 4.87±0.04 5.21±0.03 5.21±0.02 

Manganese 1.32±0.01 1.27±0.02 1.42±0.03 1.40±0.03 

Copper 0.66±0.03 0.56±0.03 0.75±0.03 0.71±0.04 
 

Values are means±SD of triplicate determinations. Sample 1 = Raw white bean; Sample 2 = Raw red bean; Sample 3 = 
Dehulled white bean; Sample 4 = dehulled red bean; Sample 5 = Processed white bean Ekuru; Sample 6 = Processed red 
bean Ekuru; Sample 7 = Processed white bean ‘coloured Ekuru’; Sample 8 = Processed red bean ‘coloured Ekuru’. 

 
 
 

Table 3. Antinutrient composition of whole, dehulled and white and red bean products (mg/100 g)*. 
 
 

 

Values are means±SD of triplicate determinations. Sample 1 = raw white bean; Sample 2 = raw red bean; Sample 3 = dehulled 
white bean; Sample 4 = dehulled red bean; Sample 5 = processed white bean Ekuru; Sample 6 = processed red bean Ekuru; 
Sample 7 = processed white bean ‘coloured Ekuru’; Sample 8 = processed red bean ‘coloured Ekuru’. 

 
 
 
coloured ones (Samples 5 and 6), (p<0.05). The level of 
antinutrients in the raw and processed bean samples are 
shown in Table 3. The raw white and red beans were low 
in antinutrients, except for the trypsin inhibitors whose 
values were on the high side. The two varieties had the 
same level of oxalates, white bean had higher phytate 
value, while the red bean was higher in tannins and 
trypsin inhibitors values. Dehulling and boiling led to 
significant reduction in the levels of all the antinutrients 
(p<0.05), while boiling completely eliminated the trypsin 
inhibitors in all the Ekuru products.   
 
 
DISCUSSION  
 
The result of proximate composition of two raw cowpea 
varieties (Samples 1 and 2) are as shown in Table 1. The 
values obtained for the raw samples were in agreement 
with the values reported for some varieties of cowpea in 
the literature (Chel-Guerrero et al., 2002; Adeparusi and 
Olute, 2010; Ajayi et al., 2010). The moisture content of 

the raw beans was low, and this underscores its long 
shelf life and less susceptibility to microbial attack. The 
two varieties of beans were high in protein content and 
can be good sources of plant protein. This justifies their 
use as source of protein in Nigeria, especially among the 
rural populace living the traditional lifestyle with low 
consumption of animal products due to poverty (Adewale, 
2005). The raw beans were low in fat but high in crude 
fibre and ash. This finding is in agreement with that of 
Oshodi and Aletor (1993) (4.3% fibre), and Adeparusi 
and Olute (2010) (4.11 g fibre and 4.27 g ash /100 g) on 
Lima bean. Legumes generally contain low fat content in 
the range 1.0 to 2.0 g/100 g sample, except for chickpea 
(6.7 g/100 g, Costa et al., 2006); soybean and peanut (21 
g and 49 g/100 g sample, respectively, Augustin and 
Klein, 1989). Dehulling and processing by boiling of the 
bean varieties resulted in significant reduction in all the 
nutrient values, the cooked samples (Samples 5 to 8) 
recording higher reduction in values of fat, crude fibre 
and ash. The observed reduction in nutrient values is 
believed to be due to increase  in moisture content  of the  

Sample Phytate Oxalate Tannin Trypsin inhibitors (TIU/mg) 

Sample 1 0.32±0.01 0.07±0.00 0.43±0.02 20.60±0.02 

Sample 2 0.26±0.03 0.07±0.00 0.46±0.02 21.40±0.02 

Sample 3 0.28±0.00 0.06±0.00 0.33±0.02 11.30±0.20 

Sample 4 0.21±0.02 0.06±0.00 0.38±0.02 12.70±0.12 

Sample 5 0.03±0.00 0.02±0.00 0.01±0.00 0.00±0.00 

Sample 6 0.02±0.01 0.02±0.00 0.01±0.00 0.00±0.00 

Sample 7 0.07±0.02 0.02±0.00 0.01±0.07 0.00±0.00 

Sample 8 0.02±0.00 0.01±0.00 0.01±0.00 0.00±0.00 



1794         Afr. J. Biotechnol. 
 
 
 
cooked products. Raw and processed samples of V. 
angustifoliata (Samples 2, 6 and 8) were insignificantly 
higher in crude protein, fat and ash content than V. 
unguiculata samples (Samples 1, 5, and 7), while the 
latter was higher in crude fibre and carbohydrate content 
(p>0.05). Traditional treatment methods of cowpeas such 
as dehulling, soaking, cooking, fermentation and 
germination have been used to improve the nutritional 
quality of food legumes to various extents (Chi-Fai et al., 
1997; Mubarak, 2005). Dehulled beans, white and 
coloured Ekuru samples (Samples 3 to 8) contained 
lower fibre content than raw beans, implying that the 
seed coat is comprised mainly of fibre, while the protein 
and fat are concentrated in the cotyledon (Mungudi et al., 
2010). Addition of potash to Ekuru samples (Samples 7 
and 8) led to significant reduction in crude protein and 
fibre content of the products compared with Ekuru white 
(Samples 5 and 6). This observation confirms the report 
that potash has an adverse effect on protein content of 
foods (Isikwenu et al., 2013). However, addition of potash 
slightly increased the crude fat, ash and carbohydrate 
content of the products.   

The results obtained for the two varieties of beans in 
Table 2a are in agreement with report of the literature 
(Adegunwa et al., 2012). The two varieties of beans 
(Samples 1 and 2) are good sources of potassium, 
magnesium, phosphorus, iron and zinc (Table 2a). Raw 
white beans was significantly higher in phosphorus 
content, while red beans was significantly higher in 
potassium, calcium, magnesium, iron and zinc content. 
The very low sodium and very high potassium content of 
the raw bean varieties (Table 2a, Samples 1 and 2) is 
advantageous and make them suitable for consumption 
by the hypertensives that require low sodium and high 
potassium for intra and extracellular electrolyte balance. 
Dehulling led to significant reduction in the mineral 
content of dehulled samples (Samples 3 and 4). This was 
an indication that removal of the seed coat exposed the 
minerals to leaching into the soaking water. Dehulling of 
seeds has been reported to cause loss of minerals 
through leaching during soaking and cooking of legumes 
(Augustine and Klein, 1989; Mungudi et al., 2010). 
Processing the two varieties of beans to Ekuru (Samples 
5 and 6, Table 2b) led to significant reduction in 
potassium, zinc, manganese and copper content, while it 
significantly increased the calcium, magnesium and 
phosphorus content of the products (p<0.05). Addition of 
potash to red Ekuru (Samples 7 and 8, Table 2b) 
significantly increased mineral content of the samples in 
comparison with white Ekuru (Samples 5 and 6). 

The phytate, oxalate and tannin content of the two 
varieties of beans (Samples 1 and 2) were very low and 
cannot constitute any significant hindrance to nutrient 
digestibility or absorption. However, the trypsin inhibitors 
level was high in the two samples. High level of trypsin 
inhibitors in legumes has always been the limiting factor 
for  their effective  and  efficient utilization  (Leiner, 1996).  

 
 
 
 
Dehulling led to significant reduction in the levels of all 
the antinutrients studied (p<0.05), and the reduction was 
much pronounced in the trypsin inhibitor levels. The 
reduction in the antinutrient levels was attributable to the 
removal of the seed coat, indicating that the coat 
contained significant amount of these antinutritents, 
especially trypsin inhibitors. The trypsin inhibitor values of 
dehulled samples were lower than what was reported for 
pigeon pea (Oloyo, 2004). Processing the beans to Ekuru 
led to significant reduction in phytates, oxalates and 
tannin content of the products compared with the raw and 
dehulled samples (p<0.05), while it completely destroyed 
the trypsin inhibitors in all the Ekuru samples (Samples 5 
to 8). Addition of potash to the two varieties of beans did 
not increase the level of antinutrients significantly 
(p>0.05). 
 
 
Conclusion 
 
Generally, proximate composition of V. unguiculata and 
V. angustifoliata compared well with other types of 
legumes. However, different processing methods and the 
length of cooking time significantly decrease crude 
protein, fibre, ash and anti-nutritional contents. The 
decrease in the amounts of anti-nutrients is a major 
beneficial effect of cooking beans because the nutrients 
will be more digestible and bioavailable. Processing 
beans to Ekuru improves its nutrient content, and 
consumption of Ekuru should be popularized and 
promoted among all and sundry, especially among the 
elites as a means to combat macro and micronutrient 
malnutrition. 
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The aim of this study was to determine the effect of a sub-acute 4-week exposure to methidathion (MD) 
on the hematological system and hepatic integrity of rats. We also assessed whether co-administration 
of micronutrients such as selenium (Se) and zinc (Zn) prevented MD-induced hepatic damage. Rats 
were randomly divided into four groups of six each: the first group served as a control which received 
standard diet, the second group received both Se (0.5mg/kg of diet) and Zn (0.227 g/l drinking water), 
the third group received only MD (5 mg/kg b.w. by gavage using corn oil as a vehicle), and the fourth 
group received MD and combined selenium and zinc. After four weeks, exposure to MD induced a 
significant increase in plasmatic activities of AST, ALT, ALP, LDH, and liver malondialdehyde level. In 
contrast, reduced glutathione level (GSH), and the activities of catalase (CAT), superoxide dismutase 
(SOD), and the glutathione peroxidase (GPx) content of hepatic tissue decreased significantly. 
Moreover, treatment with Se and Zn in MD-treated rats maintained all the biochemical parameters cited 
above. In conclusion, the obtained results indicate the ability of Se and Zn to attenuate the MD-induced 
liver and erythrocytes oxidative damage. 
 
Key words: Biochemical studies, liver, methidathion, oxidative stress, rat, selenium, zinc. 

 
 
INTRODUCTION  
 
Organophosphate insecticides (OPIs) are widely used in 
agriculture, in order to enhance food production against 

insects and micro-organisms throughout the world. The 
predominant action of OPIs is to cause inhibition of acetyl
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Figure 1. Chemical structure of methidathion. 

 
 
 

cholinesterase (AChE) activity in the target tissues 
leading to the accumulation of acetylcholine substance. 
The latter represent the chemical mediator of nervous 
system, and it is responsible for the transmission of 
nervous function by binding to post synaptic acetylcholine 
receptors, resulting in muscle contraction or glands 
secretions (Lauwerys and Lisson, 2007; Abou-Donia, 
2010). Chronic and subchronic exposure of OPIs may 
induce oxidative stress leading to the generation of free 
radicals and alteration in antioxidants or reactive oxygen 
species (ROS) scavenging enzymes (Attia et al., 2012). 
Methidathion (ultracide, GS 13005) S-[(2, 3-dihydro-5-
methoxy-2-oxo-1, 3, 4-thiadiazol 3(2H)-yl) methyl] O,O 
dimethyl phosphorodithioate) (Figure 1) is one of the 
most widely used OPIs for agriculture and public health 
programmes (Yavuz et al., 2004). It has been reported 
that the major route of methidathion metabolism in rat 
liver was through glutathione-S-transferase and that the 
predominant metabolite was desmethyl methidathion 
(Beauvais, 2005). Some previous studies showed the in 
vivo and in vitro effect of MD on lipid peroxidation (LPO), 
and antioxidant enzyme in which a single dose of MD 
caused elevation in erythrocytes LPO (Altuntas et al., 
2002a). In addition, the sub chronic administration of MD 
may induce biochemical and histopathological changes in 
different tissues such as liver, kidney and heart. 
However, the supplementation of antioxidants can be 
useful to constrain the oxidative damage. The interest in 
selenium pharmacology and biochemistry has increased 
since it possesses biological and antioxidant properties 
as those of vitamin C and D and some micronutrients 
(Altuntas et al., 2002b; Gokalp et al., 2003; Sulak et al., 
2005; Guney et al., 2007a). Also, antioxidant enzymes, 
that is, superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx), operate in concert together 
with several other non-enzymatic molecules to contrast 
the ROS actions and to avoid oxidative damage. 

SOD catalyzes the reduction of superoxide anion into 
hydrogen peroxide, which is subsequently detoxified by 
CAT and GPx at both intra and extra-cellular levels 
(Ghalehkandi et al., 2013). In particular, an isoform of 
SOD has been identified and shown to include Se and Zn 
at its catalytic site. Consequently, Zn and Se are 
considered essential for the correct functioning of an 
organism. Additionally to being a co-factor of SOD, Zn is 
required,  as a  functional  component,  in more than  200  
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enzymes and transcription factors (Sfar et al., 2009). Zinc 
is a structural constituent of many proteins, hormones 
and hormone receptors, which plays a fundamental role 
in a wide range of biochemical processes, and it is an 
important modulator in the mammalian central nervous 
system (CNS). In addition, zinc exhibits both neurotoxic 
and neuroprotective effect (Nowak, 2000). Zn also 
functions as an antioxidant; it is a constituent of the 
antioxidant enzyme superoxide dismutase (Shankar and 
Prasad, 1998) and maintains the physiological roles of 
metallothioneins. Furthermore, Zn prevents the reactions 
between thiols and iron, which give rise to free radicals, 
and is also an essential constituent of the nucleic acid-
repairing enzymes and a membrane stabilizing factor 
(Savarino et al., 2001). Selenium is also an essential 
trace element, which plays an antioxidant role, as a 
selenocysteine residue. The best known biochemical role 
of Se is to be a part of the glutathione peroxidase active 
site (Kralj and Gorup, 2004). Selenium was demonstrated 
to be a modulator of oxidative stress response, where its 
supplementation could prevent chronic degenerative 
diseases (Rayman, 2002). 

Furthermore, some investigators confirms that the 
interactions between zinc and selenium are not really 
apparent, and the mode of interaction could be by the 
competition for a common ligand or transport sites, so, 
one element may be involved in the metabolism of the 
other (House and Welch, 2014). However, it has been 
established that the co administration of Se and Zn 
together exercise a synergistic effect against the 
oxidative stress induced by cadmium (El Heni et al., 
2009). Most previous reports in the field of pesticides and 
oxidative stress were performed by using single 
intoxication on animal models. For this reason, the 
present study was undertaken to evaluate the effect of a 
sub-chronic exposure of methidathion not only 
administered alone, but also in combination of two 
micronutrients Se and Zn to male rats. Therefore, the aim 
of this study was to (i) evaluate the effect of methidathion 
on biochemistry, lipid peroxidation and enzyme activities 
and to (ii) investigate the combined administration of 
selenium and zinc in alleviating the methidathion induced 
toxicity. 
 
 
MATERIALS AND METHODS 
 
Chemicals and reagents 
 
A commercial formulation of methidathion, named ‘Supracide®, 
Syngenta Crop Protection Pty Limited)’ was used in the 
experiments.  All other chemicals used in this study were purchased 
from Sigma Chemical Co. (St. Louis, Missouri, USA). 
 
 

Animals and treatment 
 
Twenty eight (28) male Wistar rats (weighing 270 to 290g) were 
obtained from the Pasteur Institute (Algiers, Algeria). Animals were 
acclimated for  two weeks under the  same laboratory conditions  of  

http://www.ncbi.nlm.nih.gov/pubmed?term=Shankar%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=9701160
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photoperiod, relative humidity (40%) and temperature (24±2°C). A 
standard diet, supplied by the ‘‘ONAB, El-Harrouch’’, Algeria and 
water ad libitum were provided. Rats were randomly divided into 
four groups of seven individuals each as follows. The first group 
was served as a control. The second group (Se+Zn) was given 
daily selenium as sodium selenite (Na2SeO3) at a dose of 1.5 mg/kg 
diet, and Zinc (ZnSO4.7H2O) at a dose of 0.227 g/l water. The third 
group (MD) was administered at a dose of 5 mg/kg b.w.by gavage 
using corn oil as a vehicle. Rats in the fourth group (MD+Se+Zn) 
were treated with MD, Se and Zn. Only corn oil was given in the 
same way to the control group. The dose of MD used in this study 
represents 1/15 of LD50 (5 mg/kg bw) which has been used 
previously by other investigators since it is toxic but not lethal to rats 
(Sutcu et al., 2006; Güney et al., 2007). The doses of Na2SeO3 and 
ZnSO4 were selected based on the clinical application and on 
results from previous experiments in human and experimental 
animals against heavy pesticide poisoning (Goel et al., 2005; 
Mansour and Mossa, 2009; Ben Amara et al., 2011). Rats were 
administered, their respective doses every day for four weeks. The 
experimental procedures were carried out according to the National 
Institute of Health Guidelines for Animal Care and approved by the 
Ethics Committee of our Institution. The amount of ingested diet 
was calculated as the difference between the weight of feed that 
remained in the food bin (D1) and the amount placed 1 day before 
(D2). These data were then used to calculate the daily average feed 
intake, according to the formula: 
 
 
Average feed intake: D2-D1 

 
At the end of the experiment, body weights of rats were recorded. 
Animals were then sacrificed by cervical decapitation without 
anesthesia to avoid animal stress and liver was immediately 
removed and weighed; the organ weight ratio was then calculated. 
The relative weight of organs (%) was calculated as g/100 g body 
weight. Blood samples were collected in EDTA tubes and 
centrifuged at 2200 g for 15 min at 4°C alanine transaminase (ALT), 
aspartate transaminase (AST), alkaline phosphatase (ALP) and 
lactate dehydrogenase (LDH). 
 
 
Hematological variables 
 
Red blood cells (RBCs) count, hemoglobin (Hb) concentration, 
hematocrit, mean corpuscular volume, mean corpuscular Hb and 
mean corpuscular Hb concentration were measured by electronic 
automate coulter MAXM (Beckman Coulter, Inc., Fullerton, 
California, USA). 
 
 
Tissue preparation 
 
About 1 g of liver was homogenized in 2 ml of buffer solution of 
phosphate buffered saline 1:2 (w/v; 1 g tissue with 2 ml PBS, pH 
7.4). Homogenates were centrifuged at 10,000 g for 15 min at 4°C, 
the supernatants were divided into aliquots, then stored at 20°C, 
and then used for the determination of malondialdehyde (MDA), 
reduced glutathione (GSH) levels and the activities of the 
antioxidant enzymes SOD, CAT, and GPx. 
 
 
Estimation of plasma biochemical parameters 
 
Different biochemical parameters were assayed 
spectrophotometrically using commercially available kits from 
Spinreact (Spain, Refs: Bilirubin-1001044, total protein-
1001291GOT-1001165, GPT-1001175, ALP-1001131, and LDH-
SP41214). 

 
 
 
 
Estimation of lipid peroxidation 
 
The lipid peroxidation level of liver homogenate was measured as 
malondialdehyde (MDA), which is the end product of lipid 
peroxidation, and reacts with thiobarbituric acid (TBA) as a TBA 
reactive substance (TBARS) to produce a red colored complex, 
which has peak absorbance at 532 nm according to Buege and 
Aust (1984) 125 μl of supernatant was homogenized by sonication 
with 50 μl of PBS, 125 μl of TCA-BHT (trichloroacetic acid- bu 
tylhydroxytoluene) in order to precipitate proteins, and then 
centrifuged (1000 g, 10 min, and 4°C). After that, 200 μl of 
supernatant were mixed with 40 μl of HCl (0.6 M) and 160 μl of TBA 
dissolved in Tris, and the mixture was heated at 80°C for 10 min. 
The absorbance of the resultant supernatant was read at 530 nm. 
The amount of MDA was calculated using a molar extinction 
coefficient of 1.56×105 M/cm (Draper and Hadley, 1990). 
 
 
Estimation of reduced glutathione 
 
Liver GSH content was estimated using a colorimetric technique, as 
mentioned by Ellman (1959), and modified by Jollow et al. (1974) 
based on the development of a yellow colour when DTNB [(5,5 
dithiobis-(2-nitrobenzoic acid)] is added to compounds containing 
sulfhydryl groups. Briefly, 0.8 ml of liver supernatant was added to 
0.3 ml of 0.25% sulphosalycylic acid and tubes were centrifuged at 
2500 g for 15 min. Supernatant (0.5 ml) was mixed with 0.025 ml of 
0.01 M DTNB and 1 ml phosphate buffer (0.1 M, pH 7.4). Finally, 
absorbance at 412 nm was recorded. Total GSH content was 
expressed as nmol GSH/mg protein. 
 
 
Measurement of glutathione-S-transferase (GST) activity  
 
Glutathione-S-transferase (GST) (EC 2.5.1.18) catalyzes the 
conjugation reaction with glutathione in the first step of mercapturic 
acid synthesis. The activity of GST was measured according to the 
method of Habig et al. (1974). P-nitrobenzylchloride was used as 
substrate. The absorbance was measured spectrophotometrically 
at 340 nm at 30 s intervals for 3 min. 

 
 
Measurement of antioxidant enzyme activities 
 
Measurement of glutathione peroxidase activity  

 
Glutathione peroxidase (GPx) (E.C.1.11.1.9) activity was measured 
by the procedure of Flohe and Gunzler (1984). Supernatant 
obtained after centrifuging 5% liver homogenate at 1500 g for 10 
min followed by 10000 g for 30 min at 4°C was used for GPx assay. 
1 ml of reaction mixture was prepared which contained 0.3 ml of 
phosphate buffer (0.1 M, pH 7.4), 0.2 ml of GSH (2 mM), 0.1 ml of 
sodium azide (10 mM), 0.1 ml of H2O2 (1 mM) and 0.3 ml of liver 
supernatant. After incubation at 37°C for 15 min, reaction was 
terminated by addition of 0.5 ml 5% TCA. Tubes were centrifuged 
at 1500 g for 5 min and the supernatant was collected. 0.2 ml of 
phosphate buffer (0.1 M, pH 7.4) and 0.7 ml of DTNB (0.4 mg/ml) 
were added to 0.1 ml of reaction supernatant. After mixing, 
absorbance was recorded at 420 nm. 

 
 
Measurement of catalase activity 

 
The catalase (E.C.1.11.1.6) activity was measured according to 
Aebi (1974). This assay is based on the ability of the enzyme to 
induce the disappearance of hydrogen peroxide. The reaction 
mixture consist of 780 µl phosphate buffer (pH 7.5), 200 µl of
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Table 1. Changes in body, absolute and relative liver weights, and the food intake of control and rats treated with selenium 
plus zinc (Se+Zn), methidathion (MD) or their combination (MD+Se+Zn) after 4-week treatment. 
 

Parameter 
Treatment groups 

Control Se+Zn MD MD+Se+Zn 

Initial body weight (g) 315.62±3.18 303.25±2.71 316 ± 3.9 304.62±4.14 

Final body weight (g) 347.5±5.86 342.75±3.89 296.6±3.9* 311±4.34 

Absolute liver  weight (g) 10.93 ± 0.34 11.88±1.36 12.22±1.07* 11.61±1.97 

Relative liver weight (g/100 g b.w.) 3.674±0.12 3.96±0.45 4.07±0.3** 3.87± 0.66 

Food intake (g/day/rat) 20.68±1.17 19.43±3.0 16.38±2.17*
#
 19.47± 2.72 

 

Values are given as mean ± SEM for group of 7 animals each. Significant differences: *Se+Zn, MD, MD+Se+Zn groups compared 
with control group (*p≤0.05; **p≤0.01). 

#
 MD+Se+Zn group compared with MD group (

#
p≤0.05). 

 
 
 
hydrogen peroxide (500 mM) and 20 µl supernatant in a final 
volume of 1 ml. Absorbance was recorded at 240 nm every 15 s for 
1 min. The enzyme activity was calculated by using an extinction 
coefficient of 0.043 mM cm-1. 
 
 
 Measurement of superoxide dismutase activity 
 
The method of the determination of SOD (E.C.1.15.11) activity by 
the nitroblue tetrazolium (NBT) test is a method of photoreduction 
of riboflavin/methionine complex that generates superoxide anion. 
The oxidation of the NBT by the anion superoxide O2

- is used as the 
basis for the presence of SOD detection. In aerobic environments 
the riboflavin, methionine, and NBT mixture gives a blue color. The 
presence of SOD inhibited the oxidation of the NBT. SOD activity 
was estimated by the procedure of Beauchamp and Fridovich 
(1971). Briefly, 5 µl of the supernatant was combined with 1 ml of 
EDTA/methionine (0.3 mM), 1890 ml phosphate buffer (pH 7.8), 85 
µl of 2.6 mM NBT and 22 µl of riboflavin (0.26 mM) was added as 
the last and the light was switched. The reaction changes in 
absorbance at 560 nm were recorded after 20 min. 

 
 
Measurement of protein content   

 
The protein contents of various samples were determined by the 
method of Bradford (1976) using bovine serum albumin as a 
standard. 

 
 
Histopathological analysis 

 
For histopathological analysis, the liver tissues were dissected and 
the tissue samples were immediately fixed in formalin solution, 
embedded in paraffin. The paraffin sections were cut into 5 µm thick 
slices and stained with hematoxylin and eosin (H&E) for light 
microscopic examination. The sections were viewed and 
photographed by a compound binocular light microscope (Hould, 
1984). 

 
 
Statistical analysis 

 
Data are expressed as means ± SEM. Data comparisons were 
carried out by using one way analysis of variance followed by 
Student's t-test to compare means between the different treatment 
groups. Differences were considered statistically significant at p≤ 
0.05. 

RESULTS 
 
Effects of treatment on general rat health 
 
In our study, there were no deaths in any of the groups 
during the treatment period (4 weeks). During the 
experiment, rats in the control group and in the Se+Zn-
treated group did not show any sign of toxicity. However, 
MD-treated group of rats showed varying degrees of 
clinical signs including huddling, depression (Diarrhea, 
changes in appetite weight, balance disorder), mild 
tremor and dyspnea. The observed signs were related to 
the cholinergic crisis, a consistent sign in acute 
organophosphate poisoning. None of these clinical 
manifestations were observed in the MD+se+Zn treated 
rats. As shown in Table 1, the decrease in body weight of 
MD group was associated with the reduction in food 
intake by 21%. Beside, co-administration of Se plus Zn 
with MD showed an improvement of the consumption in 
food intake by 20% as compared to the MD-treated 
group. 
 
 

Effects of treatments on body and liver weights 
 

The variations in the body and relative liver weights of 
male rats in control and treatment groups are given in 
Table 1. During the course of present work, it was 
observed that the body weights of control and Se+Zn 
treated group, increased progressively throughout the 
study. However, the exposure of MD resulted in the loss 
of body weight by 15%. Treatment with Se plus Zn led to 
an improvement in the body weight of the MD-treated rats 
by 10% as compared to the control group. Beside, a 
significant increase of MD-treated rats in absolute and 
relative liver weights was recorded (11.75 and 11%, 
respectively) compared to the controls, and by 5 and 
4.8%, respectively, compared to the MD-treated group. 
 
 

Effects of treatments on hematological parameters 
 
Hematological parameters in control and treated groups 
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Table 2. Changes of hematological parameters of control and rats treated with selenium plus zinc (Se+Zn), methidathion 
(MD) or their combination (MD+Se+Zn) after 4-week treatment. 
 

Parameter 
Treatment groups 

Control Se+Zn MD MD+Se+Zn 

RBC count(10
6
/ml) 5.94±0.6 4.77±1.32 4.087 ± 0.57** 5.23±0.14 

WBC (10
3
/ml) 4.61±0.1 6.02±0.17 4.83±0.18 7.48±0.51* 

Hb (g/dl) 9.48±0.12 8.4±0.23 7.68 ±0.21* 8.98±0.27 

PLT (10
3
/ml) 365.1±7.32 376±12.47 349.7±8.53 397.75±20.5

#
 

HT (%) 25.21±0.5 23.74±0.71 28.61±0.74 26.15±0.76 

VMC (mm
3
/RBC) 50.04±1.05 49.4±2.32 40.46± 1.78 49.76±2.42 

TCMH (pg/RBC) 16.8±0.35 17.68±0.12 17.17± 0.19 17.06±0.83 

CCMH (g/dl) 34.53±0.45 35.85±0.27 34.03±0.28 34.36±0.43 
 

Values are given as mean ± SEM for group of 7 animals each. Significant differences: * Se+Zn, MD, MD+Se+Zn groups 
compared with control group (*p≤0.05; **p≤0.01). 

#
 MD+Se+Zn group compared with MD group (

#
p≤0.05). 

 
 
 

Table 3. Changes in biochemical parameters of control and rats treated with selenium plus zinc (Se+Zn), methidathion (MD) or 
their combination (MD+Se+Zn) after 4-week treatment. 
 

Parameter 
Treatment groups 

Control Se+Zn MD MD+Se+Zn 

Bilirubin (mg/dl)                    4.6±0.25 3.75±0.7 2.7±0.12* 3.0±0.92 

Total protein (g/dl)                         6.88±0.32 6.78±0.63 4.7 ± 0.38** 6.37±0.51 

Cholesterol (mg/dl) 102.09±2.35 102.07±5.16 116±3.32** 106.11±6.28## 

Triglycerides (mg/dl)                         92.5±4.24 96.6±6.24 82.21±4.14* 95.7 ± 3.3 

AST (U/L)                        191.12±6.02 170.75±5.91 267.57±6.35*** 153.25±1.98***, ## 

ALT (U/L)                   111.87±2.73 117.62±1.66 202±1.51*** 189.5±1.48*# 

ALP (U/L)                 260.66±12.1 239.2±11.03 368.75±10.09*** 300.71±13.34* 

LDH (U/L)                                         1827.26 ± 63.82 1792.6±50.23 2585±45.4** 1353.86±32.23***, # 
 

Values are given as mean ± SEM for group of 7 animals each. Significant differences: *Se+Zn, MD, MD+Se+Zn groups compared with 
control group (*p≤0.05; **p≤0.01; ***p≤0.001), 

#
MD+Se+Zn group compared with MD group (

#
p≤0.05; 

##
p≤0.01). 

 
 
 

are shown in Table 2. Red blood cells (RBCs), 
haemoglobin (Hb) content in MD-treated group were 
significantly decreased compared to those in the controls. 
While, co-administration of Se plus Zn with MD showed 
an improvement of RBCs and Hb levels by 29 and 8%, 
respectively, as compared to control and by 22 and 7%, 
respectively, as compared to the MD-treated group. 
 

 

Effects of treatments on biochemical parameters 
 

Total protein, bilirubin, cholesterol, triglycerides, AST, 
ALT, ALP, and LDH are indicators of hepatic function. As 
shown in Table 3, compared to the control group, the 
MD-treated group had significantly lower total protein and 
bilirubin levels, and significantly elevated (P<0.001) AST, 
ALT, ALP, and LDH activities (P<0.01). In the current 
experimental study, MD treatment caused significant 
increase in the levels of cholesterol and a significant 
increase in triglyceride level as compared to the control 
group. Supplementation of Se and Zn to the MD-treated 
group produced recovery in the above mentioned 
biochemical variables. 

Effects of treatments on hepatic oxidative stress 
parameters 
 

Table 4 summarizes the changes of liver oxidative injury. 
Exposure to methidathion in rats produced significant 
adverse effects on the redox status of liver, which is 
evidenced by a significant reduction in antioxidant 
enzymes activities as seen with GPx (21%), CAT (16%) 
and SOD (26%) and a significant decrease (19%) in GST 
activity in liver compared with control group. These 
changes were accompanied by a significant increase 
(23%) in MDA level and depletion (33%) in GSH content. 
On the other hand, co-administration of selenium plus 
zinc with MD produced recovery in the above mentioned 
hepatic oxidative stress parameters. 
 
 

Histopathological changes of liver 
 

Liver of the control group had regular histological 
structure with a characteristic pattern of hexagonal 
lobules (Figure 4A). Accordingly, no histological 
alterations were observed in the liver of Se+Zn-treated
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Table 4. Activities of antioxidant enzymes of control and rats treated with selenium plus zinc (Se+Zn), methidathion 
(MD) or their combination (MD+Se+Zn) after 4-week treatment. 
 

Parameter 
Treatment group 

Control Se+Zn MD MD+Se+Zn 

Glutathione peroxidase
a 

16.44±0.33 16.54±0.51 12.33±0.164
*
 18.17±0.326

# 

Catalase
b
 36.48±0.73 38.97±0.27 30.74±0.42

*
 40.6±1.08

#
 

Superoxide dismutase
c
 25.24±0.62 20.01±1.28 18.58±0.13

*
 23.17±0.42

#
 

 

Values are given as mean ± SEM for group of 7 animals each. Significant differences: *Se+Zn, MD, MD+Se+Zn groups 
compared with control group (*p≤0.05). 

#
MD+Se+Zn group compared with MD group (

#
p≤0.05). 

a
Glutathione peroxidase: 

nmoles of GSH/min/mg protein. 
b
Catalase: µmoles H2O2 degraded/min/mg protein. 

c
Superoxide dismutase: units/mg 

protein. 
 
 
 

Table 5. Semiquantitative scoring of histopathological changes in the liver sections of control and rats 
treated with selenium plus zinc (Se+Zn), methidathion (MD) or their combination (MD+Se+Zn) after 4-
week treatment.  
 

Parameter 
Treatment groups 

Control Se+Zn MD MD+Se+Zn 

Mononuclear cell infiltration - - ++ - 

Hepatic hemorrhage - - ++ + 

Necrosis - - ++++ - 

Dilation of sinosoids - - ++++ - 

Vascular congestion - - +++ - 
 

(–) indicates normal, (+) indicates mild, (++) indicates moderate, (+++) indicates severe, and (++++) 
indicates extremely severe. 

 
 
 

group (Figure 4B). In contrast, in MD-treated animals, 
sub chronic of MD administration for four weeks (Figure 
5), led to mononuclear cell infiltration, necrosis, dilation of 
sinusoids and vascular congestion (Figure 4C to D). 
Whereas, in MD+Se+Zn-treated group, dilation of 
sinusoids and vascular congestion were less in 
comparison to the MD treated group (Figure 4E). The 
histopathological changes are graded and summarized in 
Table 5. Histological grading was made according to five 
severity grades: (–) indicates normal, (+) indicates mild, 
(++) indicates moderate, (+++) indicates severe, and 
(++++) indicates extremely severe.  
 
 
DISCUSSION 
 
Pesticide hazards have been accentuated by the sharp 
rise in their agricultural, industrial and domestic use. 
Acute exposure to pesticides can cause oxidative 
damage. The current study investigated the potential 
ability of Se and Zn, to reduce oxidative damage induced 
by MD, an organophosphate pesticide. OPIs cause a 
reduction of body weight in experimental animals (Güney 
et al., 2007; Kalender et al., 2007; Ogutcu et al., 2008). 
The findings from the present work indicate that 
excessive MD exposure has changed body weight, 
absolute and relative liver weights, leading however to 
significant decrease in animal growth and production 

performances. This could be probably attributed to the 
reduction of feed consumption and/or malabsorption of 
nutrients induced by MD effects on the gastro-intestinal 
tract and/or inhibition of protein synthesis.  MD exposure 
may account to reduced food intake seen in the MD-
treated group. Hence, these findings were similar to the 
results published by Ogutcu et al. (2008) and Messarah 
et al. (2012) who reported that OPs exposure have 
significantly induced disturbances of the total body 
weight, absolute and relative liver weights of rats. In the 
present study, the exposure of rats to MD induced 
hematological changes (essentially RBC and Hb). Our 
results corroborated with the findings of Ojezele and 
Abatan  (2009), who reported a reduction in RBC and Hb 
in MD treated group, which can be attributed to 
intravascular haemolysis, anemia, or to haemopoeisis 
depression. On the other hand, the Hb is found to be a 
major source of radical production when it interacts with 
redox xenobiotics (French et al., 1978; Rifkind and 
Nagababu, 2013). 

Liver is the target organ of OPs toxicity (Mazumder, 
2005), and the leakage of hepatic enzymes such as ALT, 
AST and ALP are commonly used as an indirect 
biochemical index of hepatocellular injury (Klaassen and 
Watkin, 1984). In the present finding, MD intoxication 
caused a significant increase in the status of the serum 
ALT, AST, ALP and LDH activities and that might be 
related to the release of these enzymes from the
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Figure 2. Liver malondialdehyde (nmol/mg prot.) and reduced glutathione (nmol/mg prot.) levels of control and rats treated with 
selenium plus zinc (Se+Zn), methidathion (MD) or their combination (MD plus Se+Zn) after 4-week treatment. Values are given 
as mean ± SEM for group of 7 animals each. *MD and MD+Se+Zn groups compared with control group (*p≤0.05; ***p≤0.001). # 
MD+Se+Zn group compared with MD group (#p≤0.05). 
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Figure 3. Liver glutathione-S-transferase (nmoles C-DNB conjugate formed/min/mg protein) activity of control and 
rats treated with selenium plus zinc (Se+Zn), methidathion (MD) or their combination (MD plus Se+Zn) after 4-week 
treatment. Values are given as mean ± SEM for group of 7 animals each. * MD and MD+Se+Zn groups compared 
with control group (*p≤0.05). #MD+Se+Zn group compared with MD group (#p≤0.05). 

 
 
 
cytoplasm into the blood stream rapidly after the rupture 
of plasma membranes and cellular damage caused by 
the free radicals produced during the MD metabolism. 
These results are consistent with the previous findings 
realized by some researchers who had found an 
association between OPIs toxicity and the increased 
oxidative stress of rats (Sefi et al., 2011; Attia et al., 
2012). Consequently, these biochemical changes could 
be correlated with histological alterations. In fact, the 
actual study suggests that MD produces various 
pathological perturbations in liver such as bleeding, mono 
nuclear cell infiltration, vascular congestion, dilation of 
sinusoids and necrosis. These observations possibly 
come from the toxic effects of generated reactive oxygen 
species which upset the liver membrane components. 
Similarly, OP-treated rats have experienced almost the 
same perturbations including inflammation, and 
hepatocellular degeneration (Gokalp et al., 2003; 
Kalender et al., 2010; Sutcu et al., 2006). However, the 
co-treatment of Se plus Zn has reduced the histological 
alterations induced by MD, which might be attributed to 
their antiradical/antioxidant roles. Moreover, these results 
are in good accordance with those obtained by other 
studies which have postulated the beneficial role of Se 
and Zn on histopathological and enzymatic changes of 

rats (Goel et al., 2005; Ben Amara et al., 2010; Heikal et 
al., 2012). Though, the beneficial role of Se and Zn in 
reducing oxidative stress parameters in the present study 
might be related to its mild antioxidant potential against 
toxins induced hepatotoxicity. The observed increase of 
plasma cholesterol level is associated with the decline of 
plasma triglycerides; in MD exposed rats is probably a 
potential indicator for fatty acid metabolism, and implicitly 
of a possible membrane lipid peroxidation. To disclose 
the matter, MDA hepatic quantification was tested and 
found to be higher, indicating lipid peroxidation resulting 
from exposure to MD. Thus, it becomes conceivable that 
the observed alteration in circulating cholesterol and 
triglycerides levels may be a consequence of membrane 
lipid peroxidation and free radical release. 

In the present investigation, significant decrease in 
plasma proteins and bilirubin concentration were 
recorded in MD treated rats. Similarly, it has been 
reported that the decrease in the protein concentration of 
MD-treated rats is likely originated from alterations in 
protein synthesis and/or metabolism (Chinoy and 
Memon, 2001). The administration of Se plus Zn with MD 
has certainly protected the liver function from MD 
intoxication as indicated by the significant restoration of 
plasma biochemical indicators such as cholesterol,



1804         Afr. J. Biotechnol. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
Figure 4. Effect of methidathion (MD) and selenium plus zinc (Se+Zn) co-administrated with MD on 
histopathological damages in the liver. Controls (A, x100), treated with Se+Zn (B, x100), MD (C and D, x250) 
and Se plus Zn co-administrated with MD (E, x100) after 4 weeks of treatment, as revealed by 
photomicrograph of H&E. CV: Central vein. Vascular congestion (    ), mononuclear infiltration (         ), dilation 
of sinusoids (     ), and hemorrhage (       ) and necrosis (          ).   

 
 
 
triglycerides, proteins and bilirubin. OPIs induce reactive 
oxygen species and subsequent depletion of antioxidant 
cell defenses can result in disruption of the pro-
oxidant/antioxidant balance in mammalian tissues (Valko 
et al., 2006). Also, OPIs generates reactive oxygen 
species (ROS) and causes organ toxicity. Consequently, 
ROS directly react with cell biomolecules, causing 

damages to lipids, proteins and DNA, and hence leading 
to cell death (Halliwell and Gutteridge, 2002). However, 
lipid peroxidation is a basic cellular deteriorating process 
induced by oxidative stress and occurs readily in the 
tissues rich in highly oxidisable polyunsaturated fatty 
acids (Halliwell, 1994).  MDA is a marker of membrane 
LPO resulting from the interaction of ROS and the cellular  



 
 
 
 
membrane (Guney et al., 2007a; 2007b). In our previous 
studies, pesticides such as diazinon and methomyl  
(Messarah et al., 2012; Djeffal et al., 2012) caused a 
significant increase in LPO in a manner similar to the 
present study and, in addition, treatment with a 
combination of Se and Zn after the administration of MD 
led to a significant decrease  in LPO levels. The signifi-
cant drop in GSH levels promoted by MD caused a 
reduction in the effectiveness of the antioxidant enzyme 
defense system, sensitizing the cells to ROS (Altuntas et 
al., 2002a). Thus, the decreased GSH levels have 
caused a decline in GPx activity, which leads to possible 
hepatic oxidative injury. It can be suggested that the 
reduction, especially in GPx activity seen in this study, is 
in accordance with these pathologic processes. This 
situation may be caused by the diminution in SOD and 
CAT activities, as a result of reduced GPx activity in the 
present investigation. Under these circumstances, the 
endogenous antioxidant enzymes are likely to be 
perturbed because of over-production of oxygen radicals, 
inactivation of detoxification systems, consumption of 
antioxidants, and failure to adequately restock tissue 
antioxidants. 

GST may play an important role in cellular 
detoxification of ionizing radiation in human (Movafagh et 
al., 2005). A significant decrease of GST activity in rats 
treated with MD was observed. This is in good 
accordance with the study of Attia et al. (2012), which 
correlate the significant reduction of GST by the decrease 
in GSH and glutathione dependent enzyme system. The 
actual results revealed that MD caused a statistically 
significant decrease of liver SOD activity. Thus, the 
supplementation of Se and zinc to MD treated groups has 
normalized the levels of SOD. These results agree with 
previous study on rat liver (Altuntas et al., 2002b) 
regarding the effect of MD in vivo. The decrease in the 
activity of superoxide dismutase in MD-intoxicated 
animals may be owed to the consumption of this enzyme 
in converting the O2

-
 to H2O. The dismutation of O2

-
 to 

H2O is catalyzed by SOD which contains both copper and 
zinc. The latter is known to induce the production of 
metallothionein, which is very rich in cysteine, and is an 
excellent scavenger of HO

·
 (Mansour and Mossa, 2009). 

Furthermore, the NADPH oxidases are a group of plasma 
membrane associated enzymes, which catalyze the 
production of O2

-
 from oxygen by using NADPH as the 

electron donor.  Zinc is reported to be an inhibitor of this 
enzyme (Prasad, 2008).  
 
 

Conclusion 
 

In conclusion, this study demonstrates that exposure to 
MD provoked hepatotoxicity by inducing lipid peroxidation 
and depletion in antioxidant enzyme activities of rats. 
However, Se and Zn treatment could improve the histolo-
gical alteration induced by MD which could be related to 
the  antioxidant  efficacy  of  the synergy  effect  given  by 
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by selenium and zinc. Similarly Se and Zn could protect 
liver against MD toxicity by reducing MDA level and 
increasing the activities of antioxidant enzymes. Thus to 
cope with MD toxicity, more attention is needed to limit its 
use, in one hand, and to supplement food with 
antioxidants as that of Se and Zn, on the other hand.  
 
 

Abbreviations: MD, Methidathion; ALT, alanine 
transaminase; AST, aspartate transaminase; ALP, 
Alkaline phosphatase; LDH, lactate dehydrogenase; 
CAT, catalase; GPx, glutathione peroxydase;  GSH, 
reduced glutathione; GST, glutathione S-transferase; 
LPO, lipid peroxide; MDA, malondialdehyde; O2• −, 
superoxide anion; •OH, hydroxyl radical;  ROS, reactive 
oxygen species;  SOD, superoxide dismutase; TBA, 
thiobarbituric acid; TBARS, TBA reactive substances. 
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In this study, the ethanolic extract of Justicia adhatoda (Acanthaceae) leaves was prepared by 
successive extraction procedure in increasing polarity order. Moreover, there are no antimutagenic 
evaluation reports found. In the present study our aim was to determine the antioxidant and 
antimutagenic potential of different fractions of ethanolic extract of J. adhatoda. Ultra high performance 
liquid chromatography (UHPLC) analysis revealed the presence of polyphenolic compounds and 
flavonoids which might be responsible for bioprotective activity. Among the five fractions (hexane, 
chloroform, ethyl acetate, n-butanol and aqueous), n-butanol and ethyl acetate exhibited significant 
antioxidant activity with minimum IC50 value (< 105.33 µg/ml) whereas, hexane, chloroform and aqueous 
fractions exhibits excellent antimutagenic potential against 2-aminofluorine for S. typhimurium TA98 
and TA100 strains in the presence of S9 mix. These results indicate that these fractions need further 
research into its potential chemoprevention effects.  
 
Key words: Justicia adhatoda, antioxidant, antimutagenic, ultra-high performance liquid chromatography 
(UHPLC), IC50 value. 

 
 
INTRODUCTION 
 
Reactive oxygen species (ROS), including superoxide 
anion radical, hydrogen peroxide, hydroxyl radicals and 
reactive nitrogen species (RNS) cause damage to DNA 
by oxidation, methylation and deamination (Wiseman and 
Halliwell, 1996). This may lead to the occurrence of 
various dreadful diseases like cancer. Moreover, the 
accumulation of ROS has been postulated to be 
implicated in the aging process (Beckman and Ames, 
1998). An abundance of data indicates that human diet 
plays an important role in the cause and prevention of 
various types of cancers and cardiovascular diseases 

(Doll and Peto, 1981; Ames et al., 1995; Willett, 1995; 
Surh, 2003). Natural plant products have been a rich 
source of conventional medicine for the treatment of 
many forms of cancer (Cragg and Newman, 2005). Thus, 
many investigators have mapped out a variety of 
naturally occurring phytochemicals with antioxidant pro-
perties (Ramos et al., 2003; Gonzalez-Avila et al., 2003; 
Jayaprakasha et al., 2007; Singh et al., 2009). Some of 
these antioxidants are being identified as anticarcinogens 
(Ames, 1983). Antioxidants are substances that have 
ability to scavenge reactive oxygen species (ROS) and
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delay or prevent the oxidation of cellular substrates. Due 
to serious side effects associated with chemotherapies 
and radiotherapies, an alternative medication from 
natural sources has been observed (Lee, 2010). These 
natural plant products act by protecting or even reverting 
several types of human cancer and degenerative 
diseases (Chanarat, 1992; Feig et al., 1994; Kohlmeier et 
al., 1995; Yen and Chan, 1995).  

Justicia adhatoda is a well-known plant used in 
Ayurvedic and Unani medicine (Claeson et al., 2000). A 
wide range of phytochemical constituents such as 
vasicine, vasicinone etc have been isolated from J. 
adhatoda which possess activities like antitussive, 
abortifacient, antimicrobial, cardiovascular protection, 
anticholinesterase, anti-inflammatory and other important 
activities (Singh et al., 2011). 

There are very few reports in literature which indicate 
the role of this plant in radical scavenging capacity for the 
DPPH radical (Srinivasan et al., 2013). Moreover, this 
plant has also not explained the phenolic composition 
and antimutagenic potential of the fractions/extract. 
Therefore, the present study was undertaken to evaluate 
the antioxidant and antimutagenic potential by using 
different assays.  
 
 
MATERIALS AND METHODS 
 
Bacterial strains and chemicals 
 
The Salmonella Typhimurium strains TA98 and TA100 were kindly 
provided by Prof. B.N. Ames, University of California, Berkeley, 
USA. Dextrose anhydrous purified was purchased from E. Merck 
(India) limited, Mumbai; nicotinamide adenine dinucleotide 
phosphate sodium salt, calcium chloride (fused) and ammonium 
chloride were purchased from Loba chemie Pvt. Ltd.; potassium 
dihydrogen orthophosphate, monobasic, bacteriological agar, 
sodium chloride, Luria broth, disodium hydrogen phosphate 
dehydrate and magnesium sulphate heptahydrate extrapure were 
purchased from Himedia Loboratories Pvt. Ltd. 2-Nitrofluorene (2-
NF), sodium azide (NaN3) and 2-aminoanthracene (2-AA) were 
purchased from Sigma-Aldrich and dissolved in dimethyl-sulfoxide 
(DMSO). For the UPLC analysis, different standard polyphenolic 
compounds (gallic acid, catechin, umbelliferone etc) with purity 
≥90% were procured from Sigma-Aldrich. All the other reagents 
used to prepare buffers and media were of analytical grade. 
 
 
Sample preparation 
 
Leaves of J. adhatoda were collected from Bibi Kaulan Botanical 
garden, Guru Nanak Dev University, Amritsar. The plant was 
identified and submitted in herbarium where a voucher of specimen 
(Accession no.7034 dated 27th April 2014) in Department of 
Botanical and Environmental Sciences, GNDU, Amritsar. The fresh 
leaves of J. adhatoda were washed with tap water and then dried at 
room temperature. Dried leaves were crushed and extracted as per 
the procedure given in Figure 1. 
 
 
Phytochemical analysis 
 
All the  fractions/extract were analysed for the presence of  phenolic 

 
 
 
 
content, and estimated by the method of Yu et al. (2002). In this 
method, the phenolic compounds in the extract undergo reaction 
with phosphomolybdic acid in the presence of Folin-Ciocalteu 
reagent and give a blue coloured complex in alkaline medium. The 
total phenolic content of the extracts is measured in terms of gallic 
acid equivalents (GAE) which was expressed in terms of content as 
mg GAE/g dried weight of extract. Stock solution of extract that is, 
1000 µg/ml was prepared. 500 µl of Folin-Ciocalteu was added to 
100 µl of extract, followed by the addition of 1.5 ml of 20% of 
sodium carbonate. The final volume was made to 5 ml with distilled 
water after 2 h of incubation at room temperature. The absorbance 
was measured at 765 nm using spectrophotometer (Systronics PC 
based double beam 2202). Similarly, the total flavonoid content was 
determined using method as per the procedure given by Kim et al. 
(2003). An aliquot (1 ml) of extract solution was mixed with 4 ml of 
water and 0.3 ml of NaNO2 (5%). After the incubation of 5 min, 0.3 
ml of AlCl3 was added and it was again incubated for the next 6 
min. The incubation was followed by addition of 2 ml of NaOH. The 
final volume was made to 10 ml by addition of water. Absorbance 
was recorded at 510 nm. Total flavonoid content (TFC) was 
expressed as mg Rutin equivalent/g dried weight of 
extract/fractions.  
 
 
Ultra performance liquid chromatography (UPLC) 
 

All the six extracts/fractions of J. adhatoda were subjected to UPLC 
in order to identify the presence of various polyphenolic compounds 
like gallic acid, catechin, chlorogenic acid, umbelliferone and so on. 
For UPLC analysis, the dried extracts/fractions were dissolved in 
HPLC grade methanol (1.0 mg/ml), filtered through sterile 0.22 µm 
Millipore filter and subjected to qualitative and quantitative analysis 
by using Nexera UHPLC (Shimadzu) system. 
 
 
Preparation of standard phenol solution 
 

The standard phenolic stock solutions was prepared by dissolving 1 
mg of each standard compounds like gallic acid, catechin, 
chlorogenic acid, epicatechin, caffeic acid, umbelliferone, coumaric 
acid, rutin, ellagic acid, tert-butyl hydroquinone, quercetin and 
kaempferol in 1 ml of methanol.  
 
 

Apparatus and chromatographic conditions 
 
The UPLC analysis was performed on Nexera UHPLC (Shimadzu) 
system. The system was equipped with LC-30 AD quaternary 
gradient pump, SPD-M20 A diode array detector (DAD), CBM-20 A 
Communication Bus Module, CTO-10 AS VP column oven, DGU-10 
A5 prominence degasser, and SIL-30 AC Nexera auto sampler. 
Detection wavelength used was 280 nm.  The column used was an 
Enable C-18 column (150×4.6×5 µm particle size) equipped with a 
0.2 µm filter. The flow rate for all the samples was 1 ml/min, the 
column oven temperature was 27°C and the full loop injection 
volume was 10 µl.  
 
 

Evaluation of Antioxidant capacity 
 
The antioxidant capacity of the various fractions/extract (Hexane, 
chloroform, ethyl acetate, n-butanol, aqueous and ethanolic extract) 
of J. adhatoda was estimated using different in vitro assays viz. 2-2-
diphenyl 1-picryl hydrazyl (DPPH) radical scavenging potential, 
Fe3+–Fe2+ transformation ability, reduction in cupric ions (Cu2+), 
superoxide anion scavenging and ABTS+ scavenging ability. 

The hydrogen donating or radical scavenging ability of six 
fractions of J. adhatoda was measured by reduction in stable DPPH
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Figure 1. Schematic diagram for preparation of crude extract of Justicia adhatoda by 
alcoholic extraction method. 

 
 
 
radicals spectrophotometrically as described by Dudonne et al. 
(2009) with minor modifications. Briefly, 0.1 mM DPPH solution in 
methanol was prepared and 2 ml of this solution was added to 300 
µl extract solution at different concentration (0-1000 µg/ml). The 
absorbance was measured at 517 nm after 30 min incubation. The 
change in colored product from purple to yellow with increase in 
extract concentration was read spectrometrically at 517 nm. Rutin 
was used as the reference compound. Radical scavenging activity 
was expressed as the percentage free radical scavenging by the 
sample and calculated by using the following formula: 

 

 
Where AControl = absorbance of the control and ASample = absorbance 
in the presence of sample.  

The reduction potential of fractions was measured by ability to 
reduce ferricyanide ion that is, [Fe (CN)6]3- to ferrocyanide ion that 
is  [Fe (CN)6]4- by  using  protocol  as  mentioned  in  Kannan  et al. 
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(2010) with some modifications. The extract (0.75 ml) at various 
concentrations (0, 20, 40, 60, 80, 100, 200, 400, 600, 800, 1000 
µg/ml) was mixed with 0.75 ml of phosphate buffer (0.2 M, pH 6.6) 
and 0.75 ml of potassium hexacyanoferrate (K3Fe(CN)6) (1%, w/v), 
followed by incubation at 50°C in a water bath for 20 min. The 
reaction was stopped by adding 0.75 ml of trichloroacetic acid 
(TCA) solution (10%) and then centrifuged at 800 g for 10 min. 1.5 
ml of the supernatant was mixed with 1.5 ml of distilled water and 
0.1 ml of ferric chloride (FeCl3) solution (0.1%, w/v) was added and 
kept at room temperature for 10 min. The absorbance was read at 
700 nm. The higher absorbance of the reaction mixture indicates 
greater reducing power. 

 

 

 
Where, AControl = absorbance of the control and ASample = absorbance 
in the presence of sample.  

The cupric ions (Cu2+) reducing ability of J. adhatoda extracts 
was measured by the method of Apak et al. (2007) with slight 
modification as described by Gulcin (2010). In this assay, Cu (II)-Nc 
complex is reduced to the highly coloured Cu (I)-Nc chelate by the 
oxidation of given antioxidant. In this assay, Copper (II) chloride, 
Neocuproine and Ammonium acetate (NH4Ac) buffer solutions (1 ml 
each) were mixed.  

The extract solution (x ml) and H2O (1.1-x) ml were added to the 
initial mixture so as to make the final volume 4.1 ml. The tubes were 
stoppered and after 30 min, the absorbance at 450 nm was 
recorded against a reagent blank.  Rutin was taken as standard 
which act as a positive control. Increased absorbance of the 
reaction mixture indicates increased reduction ability. 

The reducing activity on superoxide anion (O2
−*) was measured 

by modified PMS-NADH system explained by Li et al. (2014). The 
superoxide anions were generated non-enzymatically in a 
phenazine methosulphate-NADH system, and assayed by 
development of blue coloured formazan dye upon reduction of nitro 
blue tetrazolium. 1 ml of NBT solution (144 µM in 100 mM 
phosphate buffer , pH 7.4), 1 ml of reduced NADH (677 µM in100 
mM phosphate buffer, pH 7.4) and 1 ml of sample extract were 
mixed and the reaction was started with adding 1 ml of PMS 
solution (60 µM PMS in100 mM phosphate buffer, pH 7.4). The 
reaction mixture was incubated at 25°C for 5 min and the 
absorbance of coloured complex was measured at 560 nm. The 
inhibition percentage was calculated using the formula: 

 

 
 
Where Acontrol = absorbance of the control and Asample = absorbance 
in the presence of sample 

The method of Re et al. (1999) was adopted for ABTS radical 
cation assay with slight modifications. The stock solutions included 
7 mM ABTS solution and 140 mM potassium persulfate solution. 
Both solutions were added in such a proportion so as to make final 
concentration of 2.45 mM ABTS+ solution and allowed them to react 
for 12-16 h at 30°C in the dark. The solution was then diluted by 
mixing ABTS+ solution with methanol to obtain an absorbance of 
0.706 ± 0.001 units at 734 nm using the spectrophotometer. Plant 
extracts (0.1 ml) were allowed to react with 1 ml of the ABTS 
solution and the absorbance was taken at 734 nm using the 
spectrophotometer. The ABTS+ scavenging capacity of the extract 
was calculated as: 

 
 
 
 

 
 
Where, Acontrol = absorbance of the control and Asample = absorbance 
in the presence of sample. 
 
 
In vitro antimutagenic assay (Ames assay) 
 
The Salmonella histidine point mutation assay of Maron and Ames 
(1983) was used to test the antimutagenic activity of the 
extracts/fractions, with some modifications as described by Aqil et 
al. (2008). The Ames tests and S9 mix protocol (Maron and Ames, 
1983) were performed on both bacterial strains (TA98 and TA100) 
to determine the effect of J. adhatoda extracts on 2-Aminofluorene 
(2-AF), sodium azide (NaN3) and 4-nitro-o-phenylediamine (NPD) 
induced mutagenicity. The samples were dissolved in DMSO while 
making the different concentrations namely 100, 250, 500, 1000 
and 2500 µg/0.1 ml.   

In brief, 0.5 ml of S9 mixture or phosphate buffer was distributed 
in sterilized capped tubes in an ice bath, then 0.1 ml of mutagen, 
0.1 ml of plant extract and 0.1 ml of bacterial culture were added. 
After mixing it gently; 2 ml of top agar (0.6% agar, 0.5% NaCl, 0.5 
mM L-histidine and 0.5 mM D-biotine) were added to each tube and 
poured immediately on the minimal agar plates. The procedure for 
the pre-incubation was similar with co-incubation, except that 
bacterial strain+ extract+mutagen+S9 mix were incubated for 30 
min prior to the addition of top agar. The plates were incubated at 
37°C for 48 h and the revertant colonies were counted on protocol 
colony counter.  

Among the three mutagens, NaN3 and NPD are direct-acting 
mutagens which affect the genetic material directly, leading to the 
structural damage, on the other hand 2-AF act on DNA in an 
indirectly manner. The inhibition rate of mutagenicity (%) was 
calculated by using equation from Ong et al. (1986) 
 

 
 
Where x, is the number of revertants induced by mutagen alone 
(Positive control), y is the number of revertants induced by mutagen 
in the presence of extract (co-incubation or pre-incubation) and z is 
the number of revertents in the presence of extract alone (Negative 
control). 
 
 
Statistical analysis 
 
The results were expressed as mean ± Standard error (SE) of three 
independent experiments. The one-way ANOVA test was used to 
analyze the result and P<0.05 was considered significant. 
 
 

RESULTS AND DISCUSSION 
 

Phenolic compounds known to possess high antioxidant 
activity are commonly found in fruits, vegetables and 
herbs (Mustafa et al., 2010). Results of the study show 
the plant extracts are rich in phenolic compounds which 
varied from 27.267 to 182.6 mg GAE/g (Table 1). The 
total phenolic contents of ethyl acetate and n-butanol 
fraction of J. adhatoda were found to be maximum at 
182.6 and 105.26 mg GAE/g (y=0.001x+0.037; R

2
=0.999) 

respectively. Meanwhile, total flavonoid content of ethyl
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Table 1. Total phenolic and flavonoid content of fractions of Justicia adhatoda. 
 

Fraction 
Total phenolic content (TPC) 

(mg Gallic acid equivalent/g) 

Total flavonoid content (TFC) 

(mg rutin equivalent/g) 

Aqueous 27.267 15.6 

n-butanol 105.267 95.6 

Chloroform 69.267 118.6 

Ethyl acetate 182.6 299.6 

Hexane 93.6 740.6 

 
 
 

 
 

Figure 2. UHPLC analysis showing the concentration of polyphenolic compounds in the different fractions/extract of 
Justicia adhatoda.  

 
 
 
acetate and n-butanol fraction were 299.6 and 95.6 mg 
RE/g (0.001x+0.045; R

2
=0.993) respectively. Many 

studies reveal that antioxidant activity of phenolic 
compounds are due to their redox properties, which allow 
them to act as reducing agents, singlet oxygen quencher, 
hydrogen donators and chelating agents of metal ions 
(Rice-Evans et al., 1995; Mustafa et al., 2010). These 
phytochemical compounds are known to provide support 
for bioactive properties of plant, and thus they are 
responsible for the antioxidant properties of J. adhatoda. 
A significant relationship between antioxidant potential 
and total phenolic content was found, indicating that 
phenolic compounds might be the major contributors to 
the antioxidant potential.  

All the extracts/fractions were further examined for their 
specific phenolic composition by the UHPLC to evaluate 
the presence of phenolic acids and flavonoids (Figure 2). 
The quantity of phenolic compounds ranged from 1.92 to 
37.63 µg/g of gallic acid, 0.6 to 17.4 µg/g of catechin, 0.4 
to   133.1  µg/g   of   ellagic  acid,   0.765   to  160.1  µg/g  

and so on (Figure 3). 
The DPPH scavenging activities of different fractions/ 

extract of leaves of J. adhatoda are shown in Figure 4a. 
The ethyl acetate and n-butanol fraction showed highest 
DPPH radical scavenging activity of 91.86 and 90.44%, 
respectively, whereas other fractions/extract leaves 
exhibited comparatively less inhibition. This revealed that 
both fractions have the highest free radical scavenging 
activity probably due to presence of high polyphenolic 
compound. A similar kind of studies conducted by Rao et 
al. (2013) demonstrated the significant DPPH scavenging 
activity of methanolic extract of J. adhatoda with an IC50 
value 105.33 µg/ml.  

Figure 4b depicts the reducing power of five 
extracts/fractions of J. adhatoda leaves in comparison to 
standard compound (Rutin). It was found that extract/ 
fractions have tendency to reduce Fe (III) to Fe (II). It was 
noted that among the different extract and fractions, ethyl 
acetate and butanol fraction of leaves exhibited the 
maximum reducing power of 84.36 and 50.99%,
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Figure 3. UHPLC chromatogram of different fractions of Justicia adhatoda. (a) Aqueou. (b) n-butanol. (c) Chloroform. (d)  Ethanolic. (e) Ethyl acetate. (f) Hexane. 
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Figure 4. Inhibitory effect of five extracts/fractions of Justicia adhatoda at 200 µg/ml concentration by (a) DPPH assay; 
(b) reducing power assay; (c) Cuprac assay; (d) superoxide anion scavenging assay and (e) ABTS+ radical cation 
decolorization assay develop and apply natural antioxidant so that they can scavenge the free radicals without retarding 
the function of biological system.  

 
 
 
respectively.  

In CUPRAC assay, Cu
2+

 gets reduced to blue coloured 
Cu

+
 chelate by antioxidants which showed maximum 

absorbance at 450 nm. In this assay, a higher 
absorbance indicates higher antioxidant activity. Figure 

4c shows the maximum absorbance of 1.083 and 1.076 
nm of ethyl acetate and n-butanol fraction at 200 µg/ml 
concentration respectively whereas, standard (Gallic 
acid) used shows less absorbance at same 
concentration.  
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The potential to scavenge O2
-*
 radical from PMS-NADH 

coupling system by the fractions of J. adhatoda was 
evaluated by superoxide anion radical scavenging assay. 
The decrease in absorbance at 560 nm with increase in 
fraction concentration indicated the consumption of 
superoxide anion in the reaction mixture. The results as 
shown in Figure 4d indicate that among the six 
fractions/extracts, n-butanol and ethyl acetate fractions 
were more effective in scavenging the superoxide 
radicals with 77.51 and 85.82%, inhibition respectively. 
However, at the same concentration, the standard (rutin) 
showed 64.84% scavenging ability. These free radicals 
are found to be very hazardous for the health. To 
overcome the dire effect of these free radicals various 
synthetic antioxidants like butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT) are used as a 
daily supplements. But the recent studies have reported 
that these synthetic antioxidants provoke tumors in the 
stomach of rodents (Grice, 1988).  

Our results clearly indicate that the n-butanol and ethyl 
acetate fractions were efficiently active against free 
radicals in a concentration-dependant manner. Figure 4e 
represents the ABTS

+
 scavenging ability of different 

extracts/fractions of J. adhatoda leaves in comparison to 
standard (Gallic acid). It was found that ethyl acetate and 
n-butanol exhibited maximum inhibitory percentage of 
91.29 and 92.48%, respectively, whereas Gallic acid 
scavenged 93.86% radicals at the same concentration. 
The ABTS radical cation (ABTS+.) is formed due to the 
reaction between potassium persulfate and 2,2’-azinobis 
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and it 
exhibited maximum absorbance at 700 nm. However, 
hydrogen donating property of phenolic compounds 
converts these colored species to colourless entities by 
causing their reduction.  
 
 
Antimutagenic assay  
 
The antimutagenic activity of different fractions of J. 
adhatoda was determined by using S. Typhimurium 
strains (TA98 and TA100) in the absence or presence of 
metabolic activation. Among the six fractions (Hexane, 
chloroform, ethyl acetate, n-butanol, aqueous and 
ethanolic extract), ethyl acetate and n-butanol fractions 
were able to prevent frame shift and base pair 
substitution mutation in the presence of metabolic 
activation in TA98 and TA100 strain respectively 
(Słoczyńska et al., 2014).  

On the other hand, the fractions had a weak inhibitory 
effect on direct-acting mutagens (NPD and NaN3) in the 
absence of metabolic activation (Figures 5 and 7). It was 
interpreted from the results that the fractions were found 
to be more effective and exhibited significant percent 
inhibition in case of pre-incubation mode with metabolic 
activation as compared to co-incubation without meta-
bolic  activation. In  TA98 strain,  among  the six fractions  

 
 
 
 
tested, aqueous, chloroform and hexane showed 96.42, 
96.03 and 96.42%, inhibition respectively at highest 
concentration (2500 µg/0.1ml per plate) in pre-incubation 
with metabolic activation mode of experimen-tation 
(Figure 6) whereas, the same fractions showed 41.62, 
62.7 and 31.56% inhibition of mutagenicity of sodium 
azide at the same experimental conditions without 
metabolic activation.  

However, the extent of inhibition with TA100 strain was 
slightly less as compared to TA98 strain. In TA100 strain, 
all the six fractions showed decrease in the number of 
revertants colonies against indirect acting 2-AF mutagen 
with percent inhibition ranges from 90.89% to 99.29% at 
2500 µg/0.1 ml  in pre-incubation (with metabolic 
activation) as shown in Figure 8. All the six fractions were 
found to inhibit the mutagenicity produced by 2-AF (with 
metabolic activation) but the results were not significant 
with the direct acting mutagens. 

From the results obtained in the antioxidant and 
antimutagenic assay, it was seen that the fractions/ 
extract which show significant antioxidant activity did not 
show antimutagenic potential and vice-versa. Słoczyńska 
et al. (2014) reported that some antimutagenic compound 
do not possess antioxidant properties of their own but 
can be converted into derivative that show high 
antioxidant activity. Such phenomenon was well 
demonstrated by Parvathy et al. (2010) in which very high 
antimutagenic activity was observed in amino acid 
conjugates of curcumin than the curcumin itself.  

 
 
Conclusion 
 
The fractions obtained from J. adhatoda acquire excellent 
antioxidant and antimutagenic activities. It was seen that 
fractions are strong and effective enough as a scavenger 
of free radical, superoxide radical and hydrogen peroxide 
radicals. Furthermore, most of the fractions showed 
significant antimutagenic activity with metabolic 
activation. The observed bioactive activity may be due to 
group of phenolic compounds present in different 
fractions. 
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Figure 5. Antimutagenic potential of: (a) Ethanolic extract; (b) hexane fraction; (c) chloroform fraction; (d) ethyl acetate fraction; (e) n-
butanol fraction and (f) aqueous fraction on Salmonella typhimurium strain TA98 without S9 against sodium azide. Data shown are 
mean ± SE of experiment performed in triplicate. Means followed by same letters are not significantly different using HSD mul tiple 
comparison test. The results were found to be statistically significant at p ≤ 0.05. 
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Figure 6. Antimutagenic potential of: (a) Ethanolic extract; (b) hexane fraction; (c) chloroform fraction; (d) ethyl acetate fraction; (e) n-butanol 
fraction and (f) aqueous fraction on Salmonella typhimurium typhimurium strain TA98 with S9 against 2-aminofluorene (2-AF). Data shown 
are Mean ± SE of experiment performed in triplicate. Means followed by same letters are not significantly different using HSD multiple 
comparison test. The results were found to be statistically significant at p ≤ 0.05. 
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Figure 7. Antimutagenic potential of: (a) Ethanolic extract; (b) hexane fraction; (c) chloroform fraction; (d) ethyl acetate fraction; (e) n-
butanol fraction and (f) aqueous fraction on Salmonella typhimurium typhimurium strain TA100 without S9 against 4-nitro-o-
phenylenediamine (NPD). Data shown are Mean ± SE of experiment performed in triplicate. Means followed by same letters are not 
significantly different using HSD multiple comparison test. The results were found to be statistically significant at p ≤ 0.05. 
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Figure 8. Antimutagenic potential of: (a) Ethanolic extract; (b) hexane fraction; (c) chloroform fraction; (d) ethyl acetate fraction; (e) 
n-butanol fraction and (f) Aqueous fraction on Salmonella typhimurium typhimurium strain TA100 with S9 against 2-aminofluorene (2-
AF). Data shown are Mean ± SE of experiment performed in triplicate. Means followed by same letters are not significantly different 
using HSD Multiple comparison test. The results were found to be statistically significant at p ≤ 0.05. 
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Comparative analyses of the antioxidant and membrane stabilizing activities of ethanolic extracts of leaf 
and root of Cyphospenna adenocaulis (Steud) were investigated with a view to further investigate the 
biological activities of the plant. Both the leaf and root of C. adenocaulis were extracted with 70% 
ethanol to yield the ethanolic leaf extract (ELE) and ethanolic root extract (ERE) respectively. 
Phytochemical analyses of the ELE and ERE revealed the presence of flavonoids, tannins, saponins and 
cardiac glycosides while alkaloids were present in the ERE. The total phenolic and flavonoid contents of 
the ELE was estimated as 108.0 ± 0.27 mg/g TAE (tannic acid equivalent) and 33.4± 0.32 mg/g QE 
(Quercetin equivalent) while the ERE contained 182.6 ±0.38 mg/g TAE and 103± 0.43 mg/g QE, 
respectively. The antioxidant activities of ELE and ERE were investigated using various in vitro assay 
systems. Both extract exhibited dose-dependent DPPH radical scavenging activity, appreciable 
reducing power and inhibition of lipid peroxidation in bovine liver homogenate. ELE and ERE were able 
to protect red blood cell (RBC) membrane against hypotonic and heat induced lyses in a concentration 
dependent manner. The modes of action were monophasic at various concentrations assayed and were 
comparable to the standard non-steroidal anti-inflammatory drug used as positive control. The extracts 
(ELE and ERE) of C. adenocaulis possess appreciable and potent antioxidant and membrane 
stabilization potentials, however, the ERE displayed a stronger antioxidant and membrane stabilizing 
activities. 
 
Key words: Flavonoids, antioxidant, anti-inflammatory, lipid peroxidation, membrane stabilization. 

 
 
INTRODUCTION 
 
Plants have been the basis of many traditional medicines 
throughout the world for thousands of years and have 

continued to provide new remedies to mankind. They 
form the main ingredient of medicine in traditional system  
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of healing and have been the source of inspiration for 
several major pharmaceutical drugs (Ingale et al., 2010). 
Medicinal plant-based traditional system of medicines are 
playing important role in providing health to a large 
section of population especially in developing countries 
(Ravishanker and Shukla, 2007). Rise in population, 
inadequate supply of drugs, prohibited cost of treatments; 
side effects of several allelopathic drugs and develop-
ment of resistance to currently used drugs for infectious 
diseases have led to increased emphasis on the use of 
plant materials as a source of medicines for wide 
varieties of human ailments (Joy et al., 1998). Infact, the 
high safety profile and low cost of plant medicines have 
been reported as the major factor responsible for the 
increased upsurge in their uses (Vandebroek et al., 
2004). The world health organization (WHO 1980) 
recommended that the use of plant as medicines should 
be encouraged especially in places where access to 
conventional treatment is not adequate. Free radicals are 
generated in living system as part of the normal 
metabolic processes and are formed at the physiological 
condition required for normal cell functions (Gao et al., 
2012). Due to the presence of unpaired electrons, free 
radicals are highly reactive and tend to react with cellular 
structures in their vicinity by capturing their electron 
through oxidation. Once the chain reaction of oxidation 
starts, it cascades finally resulting in oxidative damage 
such as mutation and disruption of cells leading to local 
injury and eventually organ dysfunction (Duan and 
Kasper, 2010). It is well known that oxidative stress 
induced by free radicals is the hallmark of several chronic 
disorders and cell death (Mates et al., 2002). 

The biological systems have developed several 
effective antioxidant mechanisms to counteract the 
harmful effects of free radicals. Antioxidants are defined 
as naturally occurring bioactive molecules that inhibit the 
process of oxidation even at relatively small 
concentrations and thus elicit diverse physiological roles 
in the biological systems. They act as free radical 
scavengers, convert free radicals to less reactive species 
and defend against oxidative damages (Omwamba et al., 
2013). However, there has been growing concern over 
the safety and toxicity of synthetic antioxidants recently 
(Luo 2008; Bhoyer et al., 2011) thus naturally occurring 
antioxidants, because of lack of toxicity and adverse 
effects attracted more attention (Hongmei, 2011). 
Membrane stabilization is a process of maintaining the 
integrity of biological membranes such as erythrocytes 
and lysosomal membranes against osmotic and heat 
induced lyses (Sadique et al., 1989; Oyedapo et al., 
2010). Stabilization of lysosomal membrane is important 
in limiting the inflammatory response by inhibiting the 
release of lysosomal constituents of activated neutrophils 
such as bactericidal enzymes and proteases which cause 
further tissue inflammation and damage upon 
extracellular release (Rajendran and Lakshmi, 2008). The  
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erythrocyte membrane resembles the lysosomal 
membrane and as such the effect of drugs on the 
stabilization of erythrocyte membrane could be 
extrapolated to the stabilization of lysosomal membranes 
(Omale and Okafor, 2008). When red blood cells are 
subjected to hypotonic stress, the release of hemoglobin 
(Hb) from red blood cells is prevented by anti-
inflammatory agent because of membrane stabilization 
(Naibi et al., 1985). Therefore, the stabilization of red 
blood cells membrane by drugs against hypotonicity 
induced hemolysis serves as a useful in vitro method for 
assessing the anti-inflammatory activity of various 
compounds (Oyedapo et al., 1999). 

The plant, Cyphospenna adenocaulis (Cissus 
adenocaulis) is one of the approximately 350 species of 
Cyphospenna, a genus in the grape family Vitaceae. The 
extensive list of application of Cyphospenna  genus 
includes; bone fracture healing and tissue repair, 
prevention of osteoporosis, weight loss, reduction of 
blood sugar regulation, digestive disorders, menstrual 
irregularity, cholesterol and triglyceride lowering, 
antimicrobial, analgesic, antipyretic, anti-inflammatory, 
tissue protective, joint health, increased lean muscle 
mass and other folkloric applications (Stohs and Ray, 
2012). Some of Cyphospenna species have been used 
medicinally for centuries (Kumar and Jegadensan, 2006; 
Gupta and Sharma, 2008; Mishra et al., 2010). C. 
adenocaulis exhibits high therapeutic potentials 
(Akinwunmi and Oyedapo, 2013). The entire plants from 
East Africa have been used to heal wounds while the 
fresh leaves have been used for treatment and 
management of swellings, pneumonia, as purgative and 
in the treatment of swollen abdomen (Hedberg et al., 
1983). The root of C. adenocaulis in Tanzania have been 
employed in the treatment of hernia, appendicitis, 
uvulities, enlarged spleen, stomach ache, migrane, 
mental diseases, syphilis and to prevent abortion 
(Chhabra et al., 1993). A number of studies have 
demonstrated that various organic extracts of 
Cyphospenna exhibit antioxidant and anti-inflammatory 
activities that are integral in association with fracture and 
tissue healing (Chidambara et al., 2003; Omale and 
Okafor, 2008). In our earlier studies, isolation, 
characterization and biological activities of polysac-
charides of the plant were reported (Akinwunmi and 
Oyedapo, 2013). Therefore, this study sort to provide 
information on the antioxidant and the membrane 
stabilizing potentials of the ethanolic extract of C. 
adenocaulis. 
 

 
MATERIALS AND METHODS 
 
Plant materials 
 
Fresh leaves and roots of C. adenocaulis were collected at a 
location  in Ajebandele, Ile-Ife, Osun State, Nigeria. C.  adenocaulis 
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was identified and authenticated at IFE Herbarium where the 
voucher specimen was deposited with voucher specimen number 
4476. The plant materials were air-dried for three weeks, pulverized 
into powdery form and kept in an air-tight container until required. 
 
 
Chemicals and reagents 
 
1,1-diphenyl-2-picryl-hydrazyl (DPPH), ethylenediamine tetraacetic 
acid (EDTA), gallic acid, Folin-Ciocalteu’s phenol reagent, and L- 
ascorbic acid were obtained from Sigma Fine Chemical Co. (St. 
Louis, MO, USA). Potassium ferricyanide, trichloroacetic acid 
(TCA), thiobarbituric acid (TBA), ferrous and ferric chloride, 
disodium hydrogen orthophosphate (Na2HPO4. 2H2O), sodium 
dihydrogen orthophosphate (NaH2PO4.7H2O) were obtained from 
British Drug House (BDH) Chemical Limited, Poole, England. All 
other reagents were of analytical grade. 
 
  
Preparation of ethanolic extracts 
 
Dried pulverized leaf (38.24 g) and root (38.90 g) were exhaustively 
extracted with 70% (v/v) ethanol over a period of 72 h. The leaf and 
the root suspensions were filtered separately through two layers of 
cheese cloth, residues were collected and re-extracted (five x 5) 
with 70% (v/v) ethanol until the extract became colourless. The 
filtrates in each case were combined and evaporated to dryness on 
the Edward Vacuum Rotatory Evaporator (Edwards Vacuum Co-
operation, Crawley, England) under reduced pressure at 35°C, to 
afford ethanolic leaf extract (ELE) and ethanolic root extract (ERE), 
respectively. 
 
 
Phytochemical screening of extracts of C. adenocaulis 
 
The ethanolic root and leaf extracts of C. adenocaulis were 
screened for the presence of  secondary metabolites such as 
alkaloids, flavonoids, saponins, tannins and cardiac glycosides 
based on a procedure that was based on earlier methods of 
Oyedapo et al. (1999) and Sofowora (2006). 
 
 
Estimation of total flavonoids 
 
The concentration of flavonoids in the ethanolic extracts of root and 
leaf of C. adenocaulis were estimated spectrophotometrically 
according to AlCl3 reaction method (Sun et al., 1999) using 
quercetin as reference drug. Typically, 0.5 ml of working solution of 
the extract (5 mg/ml) was pipetted into test tubes in triplicates and 
diluted to 5.0 ml with distilled water after which 0.3 ml of 5% (w/v) 
NaNO2, 0.3 ml of 10% AlCl3 and 4.0 ml of 4% (w/v) NaOH were 
added to each of the test tubes. The reaction mixtures were 
incubated at room temperature for 15 min and the absorbance of 
the product was read at 500 nm against reagent blank. The 
flavonoid content was expressed as mg/g (QE) quercetin 
equivalent. 
 
 
Estimation of total phenols 
 
The total phenols in the ethanolic extracts were estimated using the 
Folin Ciocalteau’s Phenol reagent reaction (Singleton et al., 1999) 
with tannic acid as standard phenol. Typically, 0.5 ml of 5 mg/ml of 
the extract was pipetted into clean dried test tubes in triplicate and 
the volumes were adjusted to 1.0 ml with distilled water. Into each 
of the test tubes, 1.5 ml of Folin Ciocalteau’s phenol reagent (1:10)  

 
 
 
 
was added. The reaction mixtures were incubated at room 
temperature for 5 min after which 1.5 ml of 7.5% (w/v) Na2CO3 was 
added and the reaction mixture was further incubated for additional 
11/2 h. The absorbance was read at 725 nm against the reagent 
blank. Total phenolics were expressed as mg/g tannic acid 
equivalent (TAE). 
 
 
Assay of DPPH- radical scavenging activity  
 
The DPPH-radical scavenging activities of the ethanolic extracts 
were assessed according to a modified method of Miliauskas et al. 
(2004). Varying volumes of root and leaf extracts of C. adenocaulis 
were pipetted into clean dried test tubes in triplicates and the 
volumes adjusted to 2 ml with 10 mM acetate buffer, pH 5.5. This 
was followed by the addition of 1 ml of 0.3 mM DPPH solution in 
methanol. The reaction mixture was mixed thoroughly by inversion 
and then incubated in the dark for 30 min. The absorbance was 
read at 517 nm against the blank that contained 2 ml of 10 mM 
acetate buffer, pH 5.5 and 1 ml of 0.3 mM DPPH solution in 
methanol. The above procedure was followed for ascorbic acid (1 
mg/ml) as standard. The percentage scavenging activity was 
evaluated using the expression:  
 
Percentage Scavenging Activity = (Abs. of blank – Abs. of sample)/ 
Abs. of blank x 100 
 
 
Assay of ferric reducing anti-oxidant power (FRAP) 

 
Ferric antioxidant power of the extracts of C. adenocaulis was 
carried out according to the method of Chu et al. (2000) with 
ascorbic acid as standard. Varying volumes of the extracts (root 
and leaf) were pipetted into clean dried test tubes in triplicates and 
the volumes adjusted to 1 ml with distilled water. This was followed 
by the addition of 2.5 ml of 0.2 M phosphate buffer pH 6.6 and 2.5 
ml of 1%(w/v) potassium hexacyanoferate {K3Fe(CN)6}. The 
reaction mixtures were incubated at 50°C for 20 min in a boiling 
water bath after which the tubes were cooled under running water. 
About 2.5 ml of TCA was added to each tube and then centrifuged 
at 3000 rpm for 10 min. The absorbance of the supernatant was 
read at 700 nm against the blank. The reducing power was 
evaluated by plotting the absorbance obtained against the extract 
concentration. 
 
 
In vitro anti-lipid peroxidation assay 
 
The in vitro inhibition of lipid peroxidation potentials of the extracts 
of C. adenocaulis was carried out as reported (Su et al., 2009) with 
ascorbic acid as reference drug. Varying volumes of the extract was 
pipetted into clean test tubes in triplicates and the volumes in each 
of the tube adjusted to 1 ml with distilled water. This was followed 
by the addition of 3 ml freshly prepared bovine liver (1%) and 0.1 ml 
of 15 mM FeSO4. The reaction mixture was mixed properly and 
incubated at room temperature for 30 min after which 2.5 ml of 10% 
TCA was added to 0.1 ml of the mixture. The suspension was 
shaken and then centrifuged at 3000 rpm for 10 min to obtain the 
supernatant. About 1.5 ml of 0.67% (w/v) TBA in acetic acid was 
added to the supernatant and heated in boiling water bath for 30 
min after which the tubes were removed and cooled and the 
absorbance was read at 535 nm against reagent blank. The 
percentage inhibition was evaluated using this expression: 
 
Percentage Inhibition = {Abs. control – Abs. test /Abs. control} × 
100. 



 
 

 
 
 
 

Table 1. DPPH radical scavenging antioxidant assay of ERE 
and ELE of C. adenocaulis. 
  

Plant extract IC50  (µg/ml) 

Root 

Ascorbic acid 

Leaf 

38.42 ± 0.31 

17.40  ± 0.17 

66.85 ± 0.14 

 
 
 

Table 2. Ferric reducing antioxidant power of ERE and ELE of 
C.adenocaulis 
 

Plant extract IC50  (µg/ml) 

Root 

Ascorbic acid 

Leaf 

91.166 ± 0.84 

150.362 ± 0.36 

144.060 ± 0.31 
 
 
 

Assay of membrane stabilizing activity    
 
The ability of the extracts of C. adenocaulis to stabilize red blood 
cells exposed to both heat and hypotonic induced lyses was 
evaluated (Oyedapo et al., 2004; 2010) with ibuprofen as reference 
drug. The assay mixture consisted of hyposaline (1 ml), 0.1 M 
Phosphate buffer, pH 7.4 (0.5 ml), varying concentrations of 
ethanolic root/leave extracts and 0.5 ml of 2% (v/v) erythrocyte 
suspension in a total volume of 3 ml. The control was prepared as 
above without the extract while the drug control lacked erythrocyte 
suspension. Ibuprofen was used as the standard anti-inflammatory 
drug. The reaction mixture was incubated at 56°C for 30 min and 
the absorbance of the released haemoglobin was read at 560 nm 
against reagent blank. The percentage membrane stability was 
estimated using the expression: 
 
Percentage membrane stability = 100 – {Abstest drug  -   Absdrug control/ 
Absblood control} 
 
 
Statistical analysis 
 
Data for the antioxidant assays were expressed as mean ± SEM. 
Analysis of one way variance (ANOVA) followed by Bonferroni t-test 
and post hoc test were used for the comparison of the average IC50 
values. P < 0.05 was considered statistically significant. 

 
  
RESULTS AND DISCUSSION 
 

Phytochemical screening of C. adenocaulis extracts 
revealed the presence of alkaloids, flavonoids, tannins, 
saponins and cardiac glycosides in the ERE of C. 
adenocaulis while the same phytochemicals were present 
in the ELE except alkaloids. Phytochemical bioactive 
compounds from medicinal plants have shown many 
pharmacological activities (Prachayasittikul et al., 2008; 
Chen et al., 2008; Pesewu et al., 2008; Turker and Usta, 
2008). Screening of various bioactive compounds from 
plants has led to the discovery of new medicinal drug 
which  have   efficient   protection   and   treatment   roles  
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against various diseases (Kumar et al., 2004; Sheeja and 
Kuttan, 2007; Mukherjee et al., 2007). The most 
important of these bioactive constituents of plant are 
alkaloids, tannins, flavonoids and phenolic compounds 
(Edeoga et al., 2005). The total flavonoid content of the 
ERE was estimated to be 103± 0.43 mg/g QE while the 
ELE contained 33.4± 0.32 mg/g QE (Quercetin 
equivalent). Flavonoid is a group of polyphenolic 
compounds with known properties, such as free radical 
scavenging activity, inhibition of hydrolytic and oxidative 
enzymes and anti-inflammatory actions (Pourmorad et 
al., 2006). The total phenolic content of the ERE was 
estimated to be 182.6 ± 0.38 mg/g TAE while the ELE 
contained 108.0 ± 0.27 mg/g total phenol expressed as 
tannic acid equivalent. Phenolic compounds have been 
recognized as antioxidant agents (Shahidi and 
Wanasundara, 1992) and the anti-oxidant potential of 
plants have been attributed to their phenolic components 
(Cook and Samman, 1996). 

The result of the DPPH scavenging activity of the ERE 
and ELE of C. adenocaulis is presented in Table 1. It was 
observed that the leaf extract with the highest IC 50 (66.85 
± 0.14 µg/ml) was the least potent in terms of DPPH 
radical scavenging activities while the root extract with 
the least IC50  (38.42 ± 0.31 µg/ml) was the most potent. 
The DPPH-radical scavenging activity of ERE was quite 
comparable with that of ascorbic acid. Both extract 
scavenged DPPH radical in a dose-dependent manner. 
There was a good linear relationship between the 
reduction of DPPH radical and various concentrations of 
ERE and ELE. The reduction in DPPH radical was 
determined by the decrease in absorbance at 517 nm 
induced by antioxidants. DPPH is a stable free radical 
that can accept an electron or hydrogen radical to 
become diamagnetic molecule (Stoileva et al., 2007). 
DPPH reaction has been widely used to test the ability of 
compounds to act as free radical scavengers or hydrogen 
donors and to evaluate the anti-oxidative activity of foods 
and plant extracts. The higher DPPH scavenging 
activities of ERE observed in this study may be attributed 
to its higher phenolic and flavonoid contents. Phenolic 
compounds have been recognized as free radical 
terminators (Shahidi and Wanasundara, 1992) and 
compounds such as flavonoids which contain hydroxyl 
groups have been reported to be responsible for radical 
scavenging effects of most plants (Das and Periera, 
1990). A direct correlation between antioxidant activities 
and reducing power has been reported (Yildirim et al., 
2001). The result of ferric reducing antioxidant power of 
the ERE and ELE of C. adenocaulis is presented in Table 
2. The result shows that the ERE had the least IC50 value 
(91.166 ± 0.84 µg/ml) indicating that it possesses a high 
ferric reducing antioxidant power while ELE with the 
highest IC50 (144.060 ± 0.31 µg/ml) had a low ferric 
reducing antioxidant power. Both extract possessed 
appreciable reducing antioxidant power that was greater
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Table 3. In vitro antilipid peroxidation of ERE and ELE of 
C.adenocaulis. 
 

Plant extract IC50  (µg/ml) 

Root 

Ascorbic acid 

Leaf 

209.314 ± 1.45 

217.910 ± 0.93 

233.434 ± 0.14 
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Figure 1a. Membrane stabilizing profiles of ERE and ELE of C. adenocaulis between 0 to 350 
µg/ml. Each value represent the mean ± SEM. 

 
 
 

than ascorbic acid (IC50 value of 150.362 ± 0.36 µg/ml). 
Reducing power, reflecting the electron donation capacity 
is one of the most important indicators of antioxidant 
activity of bioactive compounds. Antioxidants reduce the 
Fe

3+
/ferricyanide complex to ferrous form with an intense 

bluish colour, which can be monitored by measuring the 
formation of Perl’s Prussian blue at 700 nm (Ak and 
Gulcin, 2008). The ELE and ERE showed strong 
reducing power that was concentration dependent. 
However, the ERE with the least IC50 value possessed 
stronger reducing power than the ELE.  

Membranes form the basis of many cellular organelles 
and are susceptible to lipid peroxidation due to the 
presence of polyunsaturated fatty acids. Unfortunately, 
free radicals have a particularly high affinity for electron-
rich unsaturated covalent bonds of polyunsaturated fatty 
acid and degrade them to malondialdehyde (MDA). The 
result of in vitro anti-lipid peroxidation activity of ERE and 
ELE is presented in Table 3. Extracts of C. adenocaulis 
exhibited protection against lipid peroxidation induced by 
Fe

2+
 in a concentration dependent manner. It was 

observed that the root extract gave highest protection 
with IC50 value of 209.314 ± 1.45 µg/ml while the leaf 
extract gave the least protection with IC50 value of 
233.434 ± 0.14 µg/ml. Both extract compared favourably 
with ascorbic acid (IC50 value of 217.910 ± 0.93 µg/ml). 
The degree of lipid peroxidation can be estimated by the 

amount of malondialdehyde in tissues. In this study, the 
amount of MDA was quantified by assaying for the 
florescent red derivative produced when MDA reacts with 
thiobarbituric acid (TBA). The absorbance of the 
florescent product produced is proportional to the 
concentration of MDA. Lipid peroxidation of cell 
membranes is associated with various pathological 
events such as atherosclerosis, inflammation and liver 
injury (Roome et al., 2008). Both the ERE and ELE 
exhibited protection against lipid peroxidation induced by 
Fe

2+
 in a concentration dependent manner however, ERE 

was more potent than ELE. This result is in agreement 
with Jainu and Devi (2005a) who reported that the 
methanolic extract of Cyphospenna inhibited lipid 
peroxidation and free radical production. Various models 
have been employed to screen anti-inflammatory agents 
which include cotton pellet granulation in animals, platelet 
aggregation, and stabilization of erythrocyte membranes 
(Sadique at al., 1989; Kumar and Sadique, 1987; 
Oyedapo et al., 1997; 1999). Membrane stabilizing 
activity of RBC membrane exhibited by some drugs, 
serves as a useful in vitro method for assessing the anti-
inflammatory activity of various compounds (Naibi et al., 
1985).  

In Figure 1 is the red blood cell membrane stabilizing 
profiles of ERE and ELE of C. adenocaulis. It was 
observed that both the root and leaf extracts inhibited 
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Figure 1b. Membrane stabilizing profiles of ERE and ELE of C. adenocaulis at 1 mg/ml. Each 
value represent the mean ± SEM. 

 
 
 

 
 

 
 

0

20

40

60

80

100

0 0.5 1 1.5 2

%
 M

e
m

b
ra

n
e

 s
ta

b
ili

ty
 

Concentration  (mg/ml) 

Root

Ibuprofen

Leaves

 
 

Figure 1c. Membrane stabilizing profiles of ERE and ELE of C. adenocaulis at 2 mg/ml. Each value represents 
the mean ± SEM. 

 
 
 
hypotonic and heat induced lyses of red blood cells to 
varying degrees. The root extract gave maximum 
membrane stability of 62± 0.23  (IC50 256.99 µg/ml), 66 ± 
0.25% (IC 50 0.728 mg/ml) 98 ± 0.33% (0.973 mg/ml) at 
350 µg/ml, 1.0 and 2.0 mg/ml, respectively, while the leaf 
extract gave maximum membrane stability of 48 ± 0.14% 
(IC50 319.639 µg/ml), 60 ± 0.27% (IC50 0.828 mg/ml) and 
79 ± 0.56% (IC50 1.078 mg/ml) at 350 ug/ml, 1.0 and 2.0 
mg/ml, respectively, (Figure 1a, b and c). Both the root 
and leaf extracts of C. adenocaulis exhibited monophasic 
mode of protection which compared favourably with 
ibuprofen with IC50 values of 120.734 µg/ml, 0.822 and 
0.901 mg/ml at 350 µg/ml, 1 and 2 mg/ml, respectively. 

The extracts inhibited hypotonic and the heat induced 
hemolysis of RBC to varying degree in a monophasic 
manner that was comparable with the standard anti-
inflammatory drug employed. However, the ERE showed 
higher stabilization activity than the ELE. The higher 
membrane stabilizing activity of the ERE may be due to 
its higher flavonoid contents. It has been reported that 
flavonoids exerts profound stabilizing effects on 
lysosomes both in vitro and in vivo in experimental 
animals (Middleton, 1996). This result agree with Begum 
and Sadique (1999) who reported the anti-inflammatory 
activity of Cyphospenna stem powder using a 
carrageenan-induced   paw  swelling   model  (Vijay   and  
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Vijayvergia 2010). This result is also in agreement with 
those of Bhujade et al. (2012) who reported the anti-
inflammatory potentials of Cyphospenna extracts as 
assessed by their ability to inhibit cyclooxygenase-1, 
cyclooxygenase-2 and 5-lipooxygenase. 
 
 

Conclusion 
 

The ELE and ERE of C. adenocaulis exhibited potent and 
appreciable antioxidant and anti-inflammatory activities 
as evident by their membrane stabilizing activities, 
however, the root extract was more potent than the leaf 
extract possibly because of the higher flavonoid and 
phenolic content of the root extract than the leaf extracts. 
The result of this present study is in agreement with 
previous studies on the genus Cyphospenna that its 
organic extract exhibited antioxidant and anti-
inflammatory activities in several in vitro systems 
(Chidambara et al., 2003; Stohs and Ray, 2012). 
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Fish scales are useful to ichthyologists for the purposes of classification, identification, age 
determination and history study. The fatty acid profile of the hexane extracts of the fresh water fish 
scale of Catla catla were analyzed by gas chromatography. Fish scales were collected from a local fish 
market, Chidambaram. The fatty acid profile was detected in the scales, with the following fatty acids 
dominating: 16:0, 18:0, 18:1, 18:2, 18:3 and 18:4. The use of fatty acid profiling in fish scales has the 
potential for stock identification in addition to the identification of fish farm escapees. 
 
Key words: Fish scales, fatty acid, gas chromatography, Catla catla. 

 
 
INTRODUCTION 
 
Fatty acids (FAs) have been extensively studied in a 
range of tissues of aquatic organisms for a variety of 
purposes. For example, FAs have been used as trophic 
markers in marine animals (Dalsgaard et al., 2003). 
Within fish, stock identification through FA analyses has 
been successfully conducted (Grahl-Nielsen, 2005), 
showing that FA profiling has the potential to supplement 
genetic methods for identification purposes.Fish scales 
have been used to reconstruct diet from stomach 
contents due to their permanence and hard digestibility 
(Montana and Winemiller, 2009; Mauchline and Gordon, 
1984) and to test for pollutants such as heavy metals in 
order to assess concentrations in the water (Lake et al., 
2006; Basu et al., 2006). They have also been used to 
study evolution: in paleontological studies to interpret the 
past biodiversity of an area, to help in understanding the 
allocation patterns of fish (McDowall and Lee, 2005; 
Shackleton, 1987) and in comparative studies with 
phylogenetic aims (Lippitsch, 1992; Roberts, 1993). 
Species identification is a  basic procedure in the conser- 

vation of biodiversity and natural resources manage-
ment, including fisheries. Fish scales have been used for 
species identification since the early 1900s (Goodrich, 
1909) and descriptions of their shape have been used in 
as discriminating features in several keys (Maitland, 
2004; Daniels, 1996; Chervinski, 1984, 1986). The aim of 
this study was to investigate the fatty acid composition of 
fresh water fish scale of Catla catla. 
 
 
MATERIALS AND METHODS 
 
Sample collection 
 
Fresh water fish scales (C. catla) used in this study were collected 
from a local fish market, Chidambaram. 
 
 
Preparation of fish scale 
 
The tissues covering the scales were first scraped off. Washing of 
the scales in distilled water was then carried out using an ultrasonic  
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Figure 1. Fish scale chromatogram.  

 
 
 

Table 1.  Fish scale chromatogram data. 

 

Component name Carbon Retention time (min) Area Area (%) 

Palmitic acid C 16 30.2 12.67 0.42 

Stearic acid C 18 33.2 125.600 5.62 

Oleic acid C 18: 1 33.5 511.600 12.4 

Linoleic acid C 18: 2 38.2 895.100 26.5 

Alpha linolenic acid C 18: 3 40.1 1456.800 53.64 

Moroctic acid C 18: 4 46.2 30.93 1.42 

Total 3032.70 100 
 
 
 

cleaner. Scales were then air dried on filter paper for 2 h where 
approximately 10 scales were transferred to 15-ml thick-walled 
glass tubes containing an accurately determined amount of internal 
standard. After addition of 0.5 ml of anhydrous methanol containing 
2 M HCl and exchange of the atmosphere in the tubes with nitrogen 
gas, the tubes were securely capped with Texon-lined screw caps 
and placed in an oven for 2 h at 90°C for complete methanolysis. 
After cooling to room temperature, the tubes were opened and the 
methanol evaporated down to about half by a stream of nitrogen 
gas and 0.5 ml of distilled water was added to reduce the solubility 
of the formed FA methyl esters (FAMEs) which were extracted with 
2 x 1 ml hexane. 

Twenty microliter of the combined hexane extracts were injected 
manually on a 25 m x 0.25 mm (i.d.) fused silica column with 
polyethylene-glycol (PEG) as stationary phase, with a thickness of 
0.2 µm and helium at 20 psi as mobile phase. The column was 
mounted in Hewlett-Packard 5890A gas chromatograph equipped 
with a Flame-ionization detector (FID). The injector temperature 
was set at 260°C and the detector temperature at 330°C. The oven 
was programmed as follows: 90°C for 4 min, 30°C/min to 165°C, 
then 3°C/min to 225°C, where it was left isothermally for 10.5 min 
before cooling for the next run.  The chromatographic peaks were 

identified by comparison with a chromatogram of a standard fatty 
acid mixture. 

 
 
RESULTS AND DISCUSSION 
 
The fatty acid profiles of fish scale are shown in Figure 1 
and Table 1. When compared with standard fatty acid 
mixture (Figure 2 and Table 2), the following was 
detected in the scales, with the following fatty acids 
dominating: 16:0, 18:0, 18:1, 18:2, 18:3 and 18:4, and the 
fatty acid 18:0 is dominated.  

Fatty acid profile in fish scales may display greater 
stability than other tissues such as muscle, which may be 
linked with their biological function, and the results 
presented within demonstrate that the fatty acid profile is 
dependent on both genetic and environmental factors, 
and may change over relatively short periods. The use of 
fatty acid profiling in fish scales has the potential for stock  
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Figure 2. Standard fatty acid mixture chromatogram. 

 
 
 

Table 2. Standard fatty acid mixture chromatogram data. 
 

Component name Carbon Retention time (min) Area Area (%) 

Myristic acid C 14 26.5 3452.6 6.88 

Pentadecanoic C 15 28.1 2364.7 4.794 

Palmitic acid C 16 30.7 3125.3 6.01 

Moroctic acid C 17 30.3 2159.746 4.08 

Stearic acid C 18 33.7 1059.531 2.03 

Oleic acid C 18: 1 35.2 8145.561 14.269 

Linolenic acid C 18: 2 37.8 7649.265 14.72 

Alpha linolenic acide C 18: 3 39.9 23745.642 44.32 

Moroctic acid C 18: 4 44.9 426.345 0.89 

Burucic acid C 22: 1 45.4 123.9 0.237 

Arachidonic acid C 22: 1 46.1 89.264 1.77 

Total 52341.850 100 

 
 
 

identification in addition to the identification of fish farm 
escapees. 
 
 

Conclusion 
 

The aim of this study is to investigate the fatty acid 
composition of fresh water fish scale of C. catla. FAs 
have been extensively studied in a range of tissues of 
aquatic organisms for a variety of purposes. For example, 
FAs have been used as trophic markers in marine 
animals (Dalsgaard et al., 2003), though with the stability 
of the fatty acid composition during changing environ-
mental  conditions and  changes  in  diet, and  also during  

growth. 
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The supply of glycerin derived from the pre-purification of biodiesel has increased considerably in 
Brazil, making it necessary to identify economic and environmentally friendly applications for this by-
product. This work aimed to develop oil-in-water (O/W) emulsions using crude glycerin treated with 
H3PO4 for use as a vehicle for the application the herbicide Togar. The work was conducted in the 
laboratory of Marlebologia at the Federal University of Tocantins, Gurupi Campus. The preliminary 
emulsions were subjected to stability testing, and those that remained stable were diluted with the 
herbicide Togar (8% v v

-1
) and characterized with respect to pH, conductivity, viscosity, density and 

surface tension. The crude glycerin was used to develop five stable emulsions with promising 
physicochemical characteristics for use as vehicle for herbicide application. The conductivity and 
viscosity of the emulsions were high compared to diesel. 
 
Key words: Agrochemicals, residue, emulsions. 

 
 
INTRODUCTION 
 
Biodiesel is a mixture of straight-chain alkyl esters 
obtained from the transesterification of triglyceride oils 
and fats with short-chain alcohols (ethanol or methanol), 
and glycerol is a by-product of this process (Knothe, 
2010).

 
Biodiesel production has increased considerably in 

recent years. Europe is the largest producer of biodiesel, 
but Brazil has shown the greatest recent increase in 
production rate, from 736 m

3
 in 2005 to 2.4 million m

3
 in 

2010 (Pimentel et al., 2006; Anp, 2014).
 
The growth of 

biodiesel production in Brazil follows the trend in the 
consumption of diesel B6 (a mixture composed of 94% 

diesel A and 6% biodiesel) and B7 (composed of 93% 
diesel A and 7% biodiesel). The production of 2.9 billion 
litres of B6 and B7 in 2013 rose to 3.5 billion litres by 
December, and in 2015, production of B7 may reach 4.3 
billion litres (Anp, 2014).

 
For every 100 L of biodiesel 

produced, approximately 10 L of glycerin are generated. 
In 2010, 257,900 m

3
 of glycerin were generated as a by-

product of the total biodiesel production in Brazil (Anp, 
2014).

  
The demand for glycerin in Brazil is less than the 

amount that is produced, and the unused portion 
represents a major environmental liability. 
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Glycerin is a substance with a variety of applications; it 
can be used in the food industry as a food additive owing 
to its characteristic as a stabilizer, antioxidant, 
sequestering agent, emulsifier, and wetting agent (Bueno 
and Silva, 2012). The glycerin obtained by the 
transesterification of vegetable oils shows impurities such 
as water, alkaline catalysts, unreacted alcohol, and fatty 
acids (Motta and Pestana, 2011), which may limit its use 
in certain areas. Therefore, pre-purification is necessary 
and is usually performed using acids. Glycerin shows 
physicochemical properties that enable its use in 
agriculture, particularly as an adjuvant in bio-control 
products (Tinos et al., 2010).  

The herbicide Togar is formulated for basal treatment, 
and is effective in controlling semi-woody shrubs and 
shrub weeds. It is applied via the stem and appears to be 
quite effective in controlling the weed Memora peregrina, 
which is difficult to control and has a high rate of 
infestation in pastures. It typically uses diesel oil as a 
vehicle for application, and this increases the cost of 
pulverization and causes serious environmental 
problems, since it is derived from petroleum. Given the 
surplus of glycerin and the need to replace diesel oil as a 
solvent for the application of Togar with a cheaper and 
less aggressive product, it is important to study the use of 
glycerin derived from the synthesis of biodiesel, and 
particularly its applications as a vehicle for applying the 
herbicide Togar. For herbicide applications, glycerin 
needs to undergo a process of adaptation with respect to 
its physicochemical characteristics, including a pre-
purification process, mixing with emulsifiers to ensure 
viscosity, hydrophilic-lipophilic balance, surface tension, 
stability, and other essential features. Information 
regarding the use of glycerin in herbicide applications is 
limited. Therefore, it is necessary to conduct studies that 
contribute to environmentally sound applications of 
glycerin. This study aimed to develop oil-in-water (O/W) 
emulsions via crude glycerin treated with H3PO4 for use 
as a vehicle for application of the herbicide Togar. 
 

 

MATERIALS AND METHODS 
 

Crude glycerol was obtained from Biodiesel Biotins Industry 
(Paraiso-TO, Brazil). The glycerol was derived from 
transesterification by basic catalysis of biodiesel feedstock including 
soybean oil using sodium hydroxide as a catalyst, and the alcohol 
used was methanol. The work was developed in the laboratory of 
Marlebologia at the Federal University of Tocantins, Campus 
Gurupi. This work was divided into four steps: I, Pre-crude glycerin 
purification and physicochemical characterization; II, preparation of 
emulsions, physicochemical characterization, and stability testing; 
III, dilution of stable emulsions and physicochemical 
characterization of the grout application process; IV, incorporation 
of the herbicide Togar in dilute emulsions and physicochemical 
characterization. The characterization results were subjected to 
regression analysis using SigmaPlot 10.1. 
 
 

Purification and characterization of pre crude glycerin 
 

The pre-purification of glycerin was performed using two concentra- 
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Table 1. Methodologies used to characterize the glycerin. 
 

Test Method 

Soap level ASTM D 1613 

Ash ASTM D 874 

Acidity ASTM D 1613 

Water content ASTM E 203 

Methanol EN 14110 

Matter organic non-glycerin (MONG) ISO 2484 

Chlorides ADM 

Saponification ADM 

Glycerol content AOCS Ea 6-94 / Mod 
 

*Tests conducted by the laboratory Saybolt Croncremat. 
 
 
 

tions of phosphoric acid (85%) (4% and 6% v v-1). The pre-
purification reaction was performed according to the methods of 
Rehman et al. (2008) for a period of 1 h. Samples of glycerides and 
unsaturated fatty acids were separated and stored in sealed vials 
for later use in the preparation of emulsions. The crude glycerin and 
pre-purified glycerin with phosphoric acid (85% PA- A.C.S. SYNTH) 
concentrations of 4 and 6% were characterized based on pH (by 
inserting the electrode pHmeter model 210 MPa, to a constant 
value), conductivity (using of a portable conductivity meter, model 
150 mCA calibrated with a standard solution) and viscosity (using 
rotary viscosity gauge analogic EEQ-9031 model range 1-20000 cP 
brand Edutec). The surface tension was determined by measuring 
the gout weight according to Lee et al. (2009) and the density was 
determined by using a pycnometer according to the methodology 
described by Rangel (2006). The soap level, ash, acidity, water 
content, methanol, matter organic non-glycerin (MONG), chlorides, 
saponification, and glycerol content were determined by a particular 
company, which follows the methodologies listed in Table 1. 
 
 
Preparation of emulsions, characterization, and stability tests  
 
Emulsions with pre-purified glycerin and 4 or 6% H3PO4 were 
prepared. The amount of distilled water used in the emulsions was 
100 g. The emulsions were prepared in four replicates. Table 2 
shows the amounts of each component used in each emulsion, that 
is, surfactants, fatty acids, and pre-purified glycerine. 
 
 
Preparation of simple emulsion O/W  
 
The O/W emulsions in the proportions described in Table 2 were 
prepared according to the methodology of Gharibzahedi et al. 
(2012) with some adaptations. The stability study was conducted 
according to the methods suggested by Brasil (2004). 

Centrifugation, heat stress, and ice thaw cycle tests were 
performed. 
 
 

Dilution of emulsions, characterization, and physical chemistry 
 
After the stability test, the emulsions were screened, and those that 
showed separation at the end of the stability process were 
discarded. After screening, five emulsions were considered stable if 
they showed no changes after treatment. Each of these was diluted 
with distilled water (50/50) to adjust the viscosity for subsequent 
field applications. After dilution, the emulsions were analysed for 
pH, conductivity, viscosity, density, and surface tension, according 
to the methodology described in step 1. 

http://www.sciencedirect.com/science/article/pii/S0141813012002462?np=y
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Table 2. Amounts of components used in each treatment. Further work will be performed to evaluate the efficiency of these 
emulsions in the field for weed control. 
 

Treatment 
SLS (10%) and AC (90%) / fatty 

acids / glycerin 4% (g) 
Treatment 

SLS (10%) and AC (90%) / 
fatty acids / glycerin 6% (g) 

EHL 

T01 6-20-30  T13 6-20-30 17.76 

T02 8-20-30 T14 8-20-30 17.76 

T03 10-20-30 T15 10-20-30 17.76 

T04 12-20-30 T16 12-20-30 17.76 

T05 6-30-20 T17 6-30-20 17.76 

T06 8-30-20 T18 8-30-20 17.76 

T07 10-30-20 T19 10-30-20 17.76 

T08 12-30-20 T20 12-30-20 17.76 

T09 6-40-10 T21 6-40-10 17.76 

T10 8-40-10 T22 8-40-10 17.76 

T11 10-40-10 T23 10-40-10 17.76 

T12 12-40-10 T24 12-40-10 17.76 
 

*SLS: Sodium lauryl sulphate; CA: Cetostearyl alcohol; EHL: hydrophilic lipophilic balance 

 
 
 

Table 3. Representation of the physicochemical 
parameters of glycerin samples (Gurupi, 2013). 
 

Parameter 
Glycerin Samples 

Crude 4% 6% 

pH 6.4 4.8 2.5 

Chloride (%) 6.86 2.53 5.18 

Electrical conductivity (µS/cm) 1626.0 505.5 378.3 

Ashes (%) 2.08 2.01 2.32 

Soap content (KOH/g) 33.54 10.44 0.54 

Viscosity (cP) 95 50 45 

Total glycerol (%) 66.54 75.07 74.92 

Acidity index (mg/KOH) 0.01 1.22 5.18 

Density (g/cm
3
) 1.36 1.17 1.15 

MONG (%) 25.58 13.01 13.45 

Methanol (%) 14.61 19.39 19.32 

Humidity (%) 5.8 9.82 9.31 

Surface tension (mNm
-1

) 28.5 28.3 29.6 
 

4%, glycerin pre-purified with 4% H3PO4; 6%, glycerin pre-
purified with 6% H3PO4; MONG, matter organic non-glycerin. 

 
 
 

Addition of Togar in dilute emulsions 
 
The Togar herbicide (8% v v-1) was added to the distilled water 
emulsions. After the addition of the herbicide, the solutions were 
characterized for pH, conductivity, viscosity, density, and surface 
tension. 
 
 

RESULTS AND DISCUSSION 
 

Pre-crude glycerin purification and physicochemical 
characterization 
 
Table 3 shows the experimental results regarding glycerin 

properties. The crude glycerin derived from the 
transesterification of soybean oil showed a slightly acidic 
pH because the biodiesel transesterification process 
occurred by basic catalysis. However, after the addition 
of phosphoric acid, the pH decreased, and the pre-
purified glycerine with 4% H3PO4 showed a pH of 4.8 and 
with 6% H3PO4 showed a pH of 2.5. The chloride content 
was high in crude glycerin due to the salts of the catalyst 
(NaOH) used in the transesterification process. These 
salts also explain the high rate of conductivity in crude 
glycerin. Increased phosphoric acid in the samples 
caused decreased conductivity owing to the binding of 
the anion (PO4

-
) with the cation (Na

+
), leading to 

sedimentation of the sodium phosphate salt in the bottom 
of the flask, and reducing the impurities and ions of the 
sample. With increased phosphoric acid, the glycerin 
reacts with the catalyst to form an insoluble salt, which is 
deposited at the bottom of the flask. The presence of the 
salts from the catalyst also explains the concentration of 
ash (inorganic material) (Quispe et al., 2013). 

Lopes et al. (2014) studied the use of anionic and 
cationic resins for the removal of impurities from crude 
glycerine and noted that high conductivity indicates that a 
sample is rich in cations because rich anion solutions 
have lower conductivity. The soap content decreased 
when the amount of H3PO4 increased. The high soap 
content in the crude glycerin can be explained by the high 
amount of fatty acids in the sample. The soap results 
from an alkali reaction with a fatty material, and this 
occurs during biodiesel transesterification. With 
phosphoric acid, it is transformed again into free fatty 
acids, and these in turn are separated from the glycerin 
after pre-purification, resulting in a lower soap content in 
pre-purified glycerin (Gervajio, 2005). The viscosity 
decreased with increased phosphoric acid concentration. 
Thompson  and He (2006) confirmed  that  this  reduction  



 
 
 
 
occurs because the fatty acids in crude glycerin react, 
thereby forming emulsions that increase viscosity; 
however, when glycerin is subjected to phosphoric acid, 
the fatty acids are separated and removed from the 
glycerin, resulting in a lower viscosity for pre-purified 
glycerin. As the concentration of phosphoric acid in 
glycerol increased, impurities were removed, and the 
purity of the samples increased.  

In the pre-purified glycerine samples with 4 and 6% 
H3PO4, the acid values were 1.22 and 5.18 mg/KOH, 
respectively. The reaction of the acid with crude glycerin 
resulted in higher amounts of free fatty acids in the 
samples. The density of glycerin decreased during the 
process of pre-purification, also did the MONG, which 
dropped from 25.58% to less than 13.50%. After 
acidification, glycerin samples showed higher glycerol 
and lower MONG. Pre-purified glycerine with 4% H3PO4 
had a MONG value of 13.01% and with 6% showed a 
MONG value of 13.45%. The difference in MONG values 
represents the value obtained by subtracting the glycerol 
content of ash and water contained in sample and 
multiplying by 100 (IUPAC, 1980).  
 
 
Preparation of emulsions, characterization, and 
stability tests 
 
Only five treatments were stable, two pre-cooked 
samples with purified glycerin with 4% H3PO4 and three 
pre-glycerin samples purified with 6% H3PO4. These 
stable samples were diluted 50:50 (50 g emulsion with 50 
g of distilled water) and were analysed for pH, 
conductivity, viscosity, density, and surface tension 
before and after the addition of the herbicidal Togar (8% 
v v

-1
). Figure 1 shows the results; we observed no 

significant difference between treatments in the pH, 
surface tension, or density. Treatments with pre-purified 
glycerine with 4% H3PO4 showed a pH of approximately 
4.0 and those prepared with 6% H3PO4 showed pH 
values close to 2.0. Green and Beestman

 
(2007) 

indicated that the changes in pH values of the vehicle for 
the application of herbicides after the addition of 
adjuvants varies widely and may increase, decrease, or 
remain steady. The final pH of the emulsions is of great 
interest because of the importance of this parameter for 
field applications of the herbicide. The vehicle generally 
exhibited an acidic pH value; some herbicides with low 
pKa reduce the pH of the solution and are therefore 
highly efficient. In addition, the lower pH is associated 
with a lower rate of hydrolysis and maintains moisture for 
longer periods (Rheinheimer and Souza, 2000). The 
current vehicle for the application of the herbicide Togar 
is diesel oil, which has a pH value of 4.36. Thus, the pH 
values of the emulsions of glycerin pre-purified with 4% 
H3PO4 were similar. The pH of 2.0 obtained in the 
preparation of emulsions with pre-purified glycerin with 
6%  H3PO4 are also  satisfactory  because  it  approaches  
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the pKa of the herbicide that was subsequently added to 
the emulsions. By reducing the pH of the vehicle, Kow 
values for the Togar herbicide increased, and thus 
lipophilicity increased. The addition of the herbicide 
reduced the conductivity of the samples. The amount of 
phosphoric acid used in the pre-purification of glycerine 
for the preparation of emulsions affected the conductivity, 
and the pre-purified glycerin with 6% H3PO4 increased 
conductivity. The conductivity is a factor that must be 
taken into account during the formulation of a vehicle to 
apply herbicides, since the amount of ions present in the 
solution interferes with the herbicide molecules, which 
can result in the formation of insoluble compounds and 
decrease its efficiency. 

Carlson and Burnside (1984) and Rheinheimer and 
Souza (2000) examined the influence of high conductivity 
for vehicle herbicide application, and found that large 
amounts of ions may decrease the efficiency of 
herbicides and decrease the amount of active ingredient 
available for the reaction of 2,4-D ions Ca

+2
 and Mg

+2
 and 

the chelation of these ions by the herbicide glyphosate. 
The conductivity values of emulsions prepared with 
glycerin are relatively high, indicating a large amount of 
ions. This occurs because glycerin still contains large 
amounts of ions even after the process of pre-purification. 
None of the treatments showed a conductivity value close 
to the value of diesel (0.1 µS/cm). The viscosity of T8 
increased after the addition of the herbicide, from a value 
of 27.13 to 64.98 cP, and the other treatments showed a 
reduced viscosity after the herbicide was added. The 
greatest reduction was observed in T24, which was 
reduced from 70.38 cP before adding the herbicide to 
58.48 cP after adding the herbicide. 

The pulverization process to convert a liquid into 
droplets and the final destination of these droplets 
depends on the physicochemical properties of the 
solutions used (Prokop and Kejklicek, 2002). The utility of 
the vehicle is directly related to the solution viscosity and 
flow. In addition, characteristics such as stability and 
density also influence the drop formation process, which 
is essential for the successful application of an herbicide 
(Carlson and Burnside, 1984). The viscosity is important 
in determining the droplet size and the flow of the 
solution, but higher values impede the passage of the 
solution through the spray nozzle. The viscosity of diesel 
oil when the temperature of 25°C is 4.9 cps. For the 
emulsions prepared, no treatment had viscosity values 
close to that of diesel. However, lower doses of 
surfactants were associated with lower viscosity values. 
The crude glycerin enabled the development of five 
stable emulsions with promising physicochemical 
characteristics for use as a vehicle for herbicide 
application. The viscosity and conductivity of the 
emulsions were slightly higher than those of diesel; 
however, the type of water and the amount and type of 
surfactant used during preparation may affect these 
parameter estimates. 
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Figure 1. Characterization of the samples for each treatment group before and after the addition of the 
herbicide Togar. T6 and T11 (treatment with pre-purified glycerin with 4% H3PO4), T20, T23, and T24 
(treatment with pre-purified glycerin with 6% H3PO4).  
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Umbu plants are drought resistant trees which are able to store water and several other substances into 
its adapted root, named xylopodium. The exsudate from xilopodium is a natural solution rich in salts, 
sugars and a little concentration of proteins. In this work, we report the purification of a peroxidase 
(POX) from umbu xilopodium exsudate by direct extraction from polyacrylamide electrophoresis gels. 
Umbu POX showed optimum activity at pHs around 6.0 to 7.0 and high thermal resistance after 
incubation at 70°C for 6 min. POX activity present in crude extracts was more heat-resistant than in its 
purified form. When assayed with metal ions, umbu POX activity was shown to be inhibited by Mn

2+
 and 

stimulated by Ca
2+

 and Mg
2+

; it was also inhibited by sodium azide (concentrations higher then 1 mM) 
and not inhibited by either EDTA or tropolone. POX Km values for guaiacol and methylcatechol 
substrates were 6.83 and 22.25, respectively. The enzyme is proposed to be a guaiacol peroxidase and 
was seen to be located at higher concentrations in the outermost layers of xylopodium tissue, such as 
the endoderm. 
 
Key words: Root enzyme, tissue brownig, guaiacol peroxidase, oxidative metabolism. 

 
 
INTRODUCTION 
 
The genus Spondias comprises some producing species 
of exotic edible-fruit of high commercial value in several 

tropical countries, such as mombin (Spondias mombin) 
and siriguela (Spondias purpurea). Belonging to the 
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genus, Spondias tuberosa is the only species that has 
the special ability to form xilopodium which is a modified 
root, which often possesses dormant meristematic 
tissues, able to promote vegetative reproduction and 
functions in the storage of water and nutrients, ensuring 
survival of the plant during the dry season. These are 
also important adaptations for plants growing in 
environments prone to frequent fires (Braga et al., 2006). 
People from arid regions of Brazil make candy bars from 
umbu xilopodium and it is used as food and also it is still 
restricted to this region. Although, there are a work in 
incipient phase to production of pickes of xilopodium with 
economic pontential to exportation (Cavalcanti et al., 
2004). The browning color atributed to this product may 
be related to oxidation of phenols by poliphenoloxidase or 
peroxidase, a common trouble viewed in food processing 
(Mousavizadeh and Sedaghathoor, 2011). Due to the 
formation of xylopodium and other characteristics, umbu 
plants are highly resistant to drought (Silva et al., 2009). 
A unique umbu tree is able to grow down into its roots 
near to two tons of xylopodium (Cavalcanti and Resende, 
2006). Plants that exhibit comparably high resistance to 
climatic stress have been shown to possess relatively 
higher enzymatic antioxidants levels, such as superoxide 
dismutase (SOD), catalase (CAT), ascorbate peroxidase 
(APX) and GPX (guaiacol peroxidase) than susceptible 
varieties. S. tuberosa, despite being a dry resistant tree, 
has not been yet investigated in this sense, and no 
information about enzymes related to this property is 
available currently (Csiszár et al., 2007). Peroxidases are 
present in several organisms from many species 
including bacteria, fungi and animals (Hiraga et al., 
2001). They are enzymes that have a reactive group 
formed by either heme or porphyrin groups involved in 
catalysis and are able to oxidize several organic 
compounds through the transference of electrons to 
hydrogen peroxide.  

Plant peroxidases belong to the class III of peroxidases 
and form a large multigenic family with molecular weights 
varying from 30 up to 150 kDa (Bakalovic et al., 2006; 
Cosio and Dunand, 2008).  Class III peroxidases have 
variable domain but conserved motifs position in the 
structures; it is due to the catalytic function preservation, 
associated always to presence of a heme group with an 
iron ion interaging with histidine and phenylalanine amino 
acids residues in conservaed position (Veitch, 2006). 
Ions Ca

+
 estabilished the POX structure but are 

interacting directly in the active site of enzyme but can 
interfier in motifs conformation and enzymatic specificity. 
Several class III peroxidases are glycosylated in many 
residues and it confers stability to high temperature and 
pH variation (Mathé et al., 2010). Plants can express 
several peroxidases involved in different physiological 
process such as defense mechanisms acting against 
pathogens (Kuzaniak and Sklodowska, 2005; Almagro et 
al., 2009), hormone regulation (Gutiérrez et al., 2009), 
lignin  biosynthesis, oxidation of lignin precursor  phenols  
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(Fagerstedt et al., 2010), and responses to abiotic 
stresses including UV radiation and drought (Kim et al., 
2007; Krishnamurthy et al., 2009). The relationship 
between peroxidase and water stress is related to 
protection of plant tissues against the oxidative stress 
built up under this condition (Reddy et al., 2004).  

Although, peroxidase performs several roles in plant 
metabolism, it is an undesirable molecule in food industry 
due to properties of plant tissues browning plant tissues. 
However, its isolated form, peroxidases are among the 
most useful enzymes in biotechnology, since several 
industrial processes can be performed by this kind of 
enzyme, such as soil detoxification and bioremediation of 
waste waters contaminated with phenols, cresols and 
chlorinated phenols.  

Lignin peroxidase (LiP) and manganese peroxidase 
(MnP) may be successfully used for biopulping and 
biobleaching in paper industry (Hamid and Rehman, 
2009). Peroxidase-based biosensors and 
bioelectrosensors have found use in analytical systems 
for example as components of lab and medical diagnose 
kits, such as those employed for ELISA technique 
(Shahriar and Elham, 2013). Thus, the search for new 
peroxidases is no strictly aimed to the understanding of 
their involvement in physiological processes, but it is also 
devoted to the discovery of new molecular tool available 
for a diverses purposes. The roles of plant peroxidases 
have been under investigation for a long time. 
Horseradish root POX was the first one to be isolated and 
characterized in the 1940’s (Poulos, 2010), and until 
today some aspects about its function are not completely 
understood. In this work, we isolated and characterized a 
plant peroxidase from umbu xylopodium exsudate.  
 
 

MATERIALS AND METHODS 
 

Plant materials 
 

Six months-old naturally occurring umbu (S. tuberosa) plants, 
propagated from seeds, were used in the experiments (Figure 6A). 
Plant xilopodium were removed, cut into pieces around one inch in 
size and ground in liquid nitrogen with a chilled mortar and pestle 
until obtaining a fine powder. Approximately 100 g of this material 
was centrifuged (30 min, 8000 x g, 4°C), yielding approximately 50 
mL of supernatant (xylopodium exsudate). Exsudates were then 
stored at - 80°C before use in subsequent analysis. 
 
 

Peroxidase purification 
 

The purification of umbu peroxidase was performed by direct 
extraction from an electrophoretic gel using a combination of 
protocols (Retamal et al., 1999; Scheer and Ryan, 2001) with some 
adaptations. The method was initiated with the preparation of a 
polyacrylamide gel (main gel), with dimensions of 150 × 130 × 1.5 
mm (height × width × thickness, respectively). Subsequently, the 
gel was made by containing a unique lane to load a volume of 6 mL 
of sample, and native electrophoresis was performed in order to 
preserve the original properties of the enzyme. Running was 
performed at a constant current of 30 mA. After running, the gel 
sectioning was performed by  successive horizontal slicing, from the  
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top to the bottom of the gel with two millimeters width for each slice. 
The slices were separately ground with 10 parts of distilled water in 
a microfuge tube (1500 µL) using a micropotter. The material was 
then centrifuged at 1400 x g for 2 min and the supernatant was 
removed with a micropipette. The activity of each POX sample was 
measured. The three more active fractions (with 2.5, 2.7 and 2.9 cm 
of mobility) were defined as purified umbu peroxidase (umbu POX 
fractions), and stored at - 80°C. 
 
 

Protein dosage 
 

Protein concentrations of xylopodium exsudates were determined 
by the Bradford method (1976). Xylopodium exudates (100 µL) 
were added to 700 µL of distilled water and 200 µL of commercial 
Bradford reagent. A blank was prepared by adding distilled water in 
place of the xylopodium exsudate. The measurement was taken at 
595 nm. The standard curve for protein determination was 
developed using a series of known concentrations of bovine serum 
albumin. 
 
 

Peroxidase activity determination in solution and in gel 
 
The peroxidase activity was determined by colorimetric assay 
(Janda et al., 2003) through the measurement of changes in 
absorbance at 470 nm. In a tube, 8 mM guaiacol, 16 mM hydrogen 
peroxide, 100 mM phosphate buffer pH 7.0 and 20 µL of 
xylopodium exsudate were combined in a final reaction volume of 2 
mL. A blank was prepared by replacing xylopodium exudates by an 
equal volume of distilled water. After 5 min of reaction, absorbance 
readings were taken at 470 nm. The measurements were 
expressed as units of enzyme activity per mg protein (EU / mg) 
(specific activity), and one unit was arbitrarily defined as the amount 
of enzyme which caused a change of 0.01 absorbance per minute. 
The staining of active isolated POX fractions on SDS-PAGE gels 
was performed by immersing the gels in the same reaction medium 
described above, until bands were visible. Stained gels were 
washed with distilled water and after photographed (Cesarino et al., 
2012). 
 
 
Thermal inactivation of umbu POX 
 
To determine the thermal stability of the enzyme, umbu POX was 
incubated in a water bath at temperatures of 60, 70, 80 and 90°C 
for 0, 1, 2, 4, 6 or 8 min. The heat treatment was stopped by 
transferring samples to ice (0°C). The control time (0 min) was 
referred to as the sample maintaining 100% of initial activity. Three 
independent activity measurements at each heating time were 
taken and the average value was used for determination of the 
percentage of inhibition by thermal inactivation. The enzyme activity 
values were expressed as percentage of relative activity, referring 
to the unheated control. To evaluate the effect of xylopodium 
exsudate medium on POX activity preservation, a comparative 
thermal inactivation test was made, comparing those activities from 
purified POX and from crude xylopodium esxudate extraction. The 
samples were assayed at temperatures of 40, 50, 60, 70, 80, 90 
and 100°C, and incubated for 5 min. The following procedures were 
as described above. 
 

 
Effect of pH on umbu POX activity 
 

The influence of pH on umbu POX activity was analysed by 
measuring the enzyme activity towards guaiacol and hydrogen 
peroxide, except by the variation of pH buffering systems, which 
were 100 mM phosphate (pH 3.0 up to 6.5) and Tris-HCl 100 mM 
(pH 7.0 up to 10.0). Activity was expressed in relative percent activity 

 
 
 
 
being the highest value of absorbance at 470 nm considered as 
100%. 
 
 
Effect of metal ions and organic inhibitors on umbu-POX 
activity 
 
The effects of the metal ions Mn2+, Mg2+ and Ca2+ as well as of the 
organic inhibitors sodium azide, EDTA and tropolone were 
analysed at assay concentrations of 0.01, 0.1, 1 and 10 mM. 
Activity was expressed in relative percent activity in relation to the 
control, where no additions were made to the umbu-POX sample. 
 
 
Km, Vmax and Vmax/Km determination 
 
Km and Vmax were calculated from the data obtained with the 
substrates guaiacol and methylcatechol at increasing 
concentrations of 0.1, 0.5, 1.0, 2.0, 4.0, 8.0 and 16 mM for the 
former and 1, 2, 5, 10, 15, 20 and 50 mM increasing concentrations 
for the latter. Thereafter, the data was determined with Lineweaver-
Burk plot. 
 
 
POX activity staining in xylopodium tissue 
 
Xilopodium of S. tuberosa plants of six months old were cut off, and 
sections of 4 to 5 mm were obtained. The sections were immersed 
in 100 mM phosphate buffer pH 7.0, 5 mM guaiacol, 20 mM 
hydrogen peroxide, for 5 min. Control experiment was performed 
with sections immersed only in phosphate buffer. After treatment, 
the slices were photographed (Cesarino et al., 2013). 
 
 

RESULTS AND DISCUSSION 
 
A single umbu peroxidase polypeptide was present in 
xilopodium exsudate (Figure 1). A native gel 
electrophoresis condition was adopted, differing from 
previous work protocols (Retamal et al., 1999; Scheer 
and Ryan, 2001), to protect the enzyme against eventual 
lost of activity. The purified enzyme showed a molecular 
mass of ca. 66 kDa (Figure 2). Peroxidase purification by 
conventional methods using salt precipitation and 
chromatographic steps have low yields index (yield of 
2.67% for a lettuce stem peroxidase) (Estèban-Carrasco 
et al., 2002); yeld of 3.3% for Aloe barbadensis cationic 
peroxidase (Hu et al., 2012); 9.7% for a Turkish black 
radish peroxidase (Şişecioğlu et al., 2010). Purification 
yield by protocol used was as high as 74.75% (Table 1). 
This high yield was due to the adoption of a unique 
purification step such as to the one reported by similar 
protein purification methodology (Retamal et al., 1999; 
Scheer and Ryan, 2001). Umbu POX showed a range 
between 6.0 and 7.0 for its optimum activity. The pH 
curve showed a bell-shape distribution suggesting an 
involvement of two amino acid residues in catalysis. A 
broad range of pH was observed for umbu POX, the 
activity was maintained at a 70% level, in a range from 
4.5 up to 7.5 (Figure 3). A similar pH curve profile was 
reported for a POX from tomato juice (Vernwal et al., 
2006). However, an acid optimum pH (5.5) was observed 
in contrast to umbu POX that has optimum pH near to
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Figure 1. (A) POX activity measurement of different fractions extracted from gel electrophoresis strip. 
(B) Relative mobilities, expressed in centimeters of band migration (Cm). The arrow indicates the 
most active fraction with relative mobility of 2.7 Cm. 

 
 
 

 
 
Figure 2. Activity staining of peroxidase with guaiacol after SDS-PAGE, showing total 
xylopodium extracts (TE) and of 2.5, f 2.7 and f 2.9 isolated fractions from previous native gel 
(Figure 1). 

 
 
 

Table 1. Purification of umbu peroxidase by direct extraction from electrophoresis gel.  
 

Purification steps 
Total volume 

(mL) 

Total protein 
(mg) 

Total activity 
(EU) 

Specific activity 

(EU/mg) 

Yield 
(%) 

Purification 
fold 

Xilopodium 

exsudate 
6 0.93 891.79 958.91 100 1 

Isolated umbu  

POX fraction 
2.5 0.024 666.67 27777.92 74.75 28.97 
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Figure 3. Effect of pH on umbu POX activity using guaiacol as substrate. 

 
 
 
 

 
 

Figure 4. Determination of thermal stability of umbu-POX at different temperature: 60 (♦), 
70 (■), 80 (▲) and 90°C (●). 

 
 
 
neutral. Peroxidases from vegetal sources have a great 
variation of optimum pH for activity. For example, 
optimum pH for peroxidase isoforms isolated from apple 
fruit ranges from 5.0 up to 7.0 (Ros-Barceló and Pomar, 
2002). Most peroxidases of this family have optimum pH 
in the acidic range possible due to the pH present in 
vacuole and intercellular way (Ros-Barceló and Pomar, 
2002). Umbu POX, differently, has shown a high level of 
activity in pH close to neutrality. The pH of xylopodium 
exsudate was determined here as being 6.12, which was 
suggested that umbu POX is able to reach maximum 
activity in natural medium. Umbu POX seen to maintain 
95% of activity at 70°C for 8 min (Figure 4), showing a 
higher thermal stability.  Plant POXs have a variable 
thermal stability, for example: acidic broccoli POX loses 
50% activity after 17 min at 65°C (Thongsook et al., 
2005). Carrot peroxidase are low stable to high tem-

perature, loses 70% of activity after 10 min at 60°C, while 
POX of solenaceae species such as tomato, potato and 
eggfruit are termal stable (Suha et al., 2013). 

Most plant peroxidases are glycosylated and may have 
among 0 to 25% of glycan moieties. This feature is one of 
the main factors associated to the thermal resistance of 
these proteins (Ros-Barceló and Pomar, 2002). Sugar is 
able to protect several macromolecules from denaturation 
(Neves and Silva, 2007). Purified umbu POX is less 
thermally stable in its isolated form than as present in 
crude umbu exsudate (Figure 5). Under a temperature 
condition of 80°C, the activity of umbu POX is four times 
higher in crude exsudate then in the purified fraction. 
Since, xilopodium exsudates are rich in soluble sugars 
(Silva et al., 2009), is possible that these substances may 
be acting as a natural thermal protector for umbu POX. 
Other possibilities must be considered since for

 

 
 

 
 
 

 

 
 
 



Pinto et al.         1843 
 
 
 

 
 
Figure 5. Comparative effect of heating (5 min) on POX activity from purified fraction (  ) 
and from crude xylopodium exsudate extract (♦). 

 
 
 

Table 2. Activity of umbu POX under the influence of several metallic ions and 
organic inhibitors. 
 

 Metallic ion and organic inhibitor 
Percent activity (%) 

0.01 mM 0.1 mM 1 mM 10 mM 

Mn
+2

 95 77 77 59 

Ca
+2

 100 111 117 134 

Mg
+2

 100 100 115 115 

Azide 100 100 64 3 

EDTA 100 100 100 100 

Tropolone 100 100 100 100 

 
 
 
horseradish peroxidase isoenzyme C (HRP), which has 
eight N-linked glycans, it was found that, despite 
glycosylation has significantly enhanced the kinetic 
stability, it did not influence the thermodynamic stability of 
this enzyme (Mathé et al., 2010). 

A stimulatory effect of Ca
2+

 on umbu POX activity was 
observed, at concentrations from 0.1 mM onwards. Mg

2+
 

had similar effect but at a lower proportion, at 
concentrations from 1 mM onwards while Mn

2+
 displayed 

inhibitory effect from concentrations of 0.01 mM onwards 
(Table 2). The effect of metal ions on peroxidase activity 
is highly variable over enzymes from different sources, 
yet the ion Ca

2+
 has important effect on molecular folding 

and usually shows stimulatory effects on plant class III 
peroxidases (Ros-Barceló and Pomar, 2002). The effect 
of Mg

2+
 on plant peroxidases may be inhibitory, as shown 

for peroxidase from Jatropha curcas (Cai et al., 2011) or 
stimulatory as for Carica papaya peroxidase (Pandey et 
al., 2012). Mn

2+
 ions as well as heme and Ca

2+
 are 

prosthetic groups for specific peroxidases known for their 
particular catalytic activity (Mathé et al., 2010). Class III 
peroxidase are importantes detoxicant enzymes agaist 
intoxication due to high maganese concentration. Mn

2+
 

may be oxidade and insolubilited by guaiacol peroxidases 
(Christoffers et al., 2007). Umbu peroxidase was poorly 
inhibited by Mn

2+
 indicating a no specific inhibition or a 

substrate competition with guaiacol in reaction medium. 
Inhibitory effect was not noticed in the presence of 

EDTA or tropolone, while azide was an effective inhibitor 
for umbu POX activity, reducing it to 3% when added at a 
10 mM concentration (Table 2). EDTA is a metal chelator 
with affinity to Fe

3+
 and due to this property affects the 

activity of peroxidase from Moringa oleifera and many 
others peroxidases (Khatun et al., 2012). The absence of 
inhibition of umbu POX by EDTA indicates that this 
chelator was unable to fully combine with Fe

3+
 atom 

found in the enzyme active center, under the adopted 
experimental conditions. Azide as well as cyanide both 
strongly binds to iron from heme groups. Azide, cyanide 
and fluoride are the most thoroughly characterized 
inorganic inhibitors of peroxidases (Battistuzzi et al., 
2004). Tropolone is an effective inhibitor for PPO 
(Saniewski et al., 2014). Since peroxidases and 
polyphenoloxidases share common features in their 
phenolic compounds oxidation mechanisms, mistakes 
may be committed when discriminating these enzymes.
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Table 3. Kinetic parameters (Km, Vmax and 
Vmax/Km) of umbu POX towards guaiacol and 
methylcatechol. 
 

Substrate Km Vmax Vmax/Km 

Guaiacol 6.83 4.16 0.61 

Methylcatechol 22.25 9.77 0.44 

 
 
 

 
 

Figure 6. A) Six months old plant of S. tuberosa, a xylopodium fullly formed 
(Xi). B) Transversionally sectioned xylopodium immersed in phosphate 
buffer (Control – C), or  phosphate buffer plus guaiacol (Test – T). The arrow 
indicate a dark region labeled for POX activity. 

 
 
 
The absence of inhibition of umbu POX by tropolone 
reinforces the idea of its peroxidase nature. 

Umbu POX showed a lower Km towards guaiacol than 
methylcatechol (6.83 and 22.25, respectively). The higher 
affinity as well as catalytic efficiency towards guaiacol 
suggests that the enzyme may be a guaiacol peroxidase 
(Table 3). Peroxidases oxidize several different 
substrates under the presence of hydrogen peroxide. 
Although, guaiacol could be a general substrate for all 
peroxidases, it was better oxidized than methylcatechol 
by the umbu POX. Peroxidase activity in xilopodium was 
more concentrated in the outermost layers of tissue, such 
as the endoderm (Figure 6B). Analyses of peroxidase in 
sugarcane stems have indicated a similar high level of 
activity in outer layer of cells in oldest plants, what has 
been associated to lignification processes in this species 
(Şişecioğlu et al., 2010). Peroxidases are molecular tools 
for biotechnology. Despite being one of the most 

extensively studied enzymes, the search for new 
peroxidases displaying particular features is yet a 
relevant scientific goal. In this work, umbu POX, the first 
protein characterized from S. tuberosa, was proven to be 
a thermal stable enzyme with the desirable ability to 
function under a wide range of pHs. These features may 
be valuable for the use of umbu POX as a molecular tool 
in the future. 
 
 
Conclusions 
 
In this work, the peroxidase from S. tuberosa present at 
high concentration in exsudate from xilopodium roots, 
was purified and characterizated. The characteristics of 
umbu peroxidase enzyme was able to show the activity in 
a large range of pH and temperature; although many 
guaiacol  peroxidases have  similar  property, umbu  POX 

 
 

 
 
 

 A   

Xi 

  

  



 
 
 
 
are different among them, and, it is not inhibited by 
EDTA, and these can be employed in biotechnological 
engineering. The high level of specific activity of POX 
peroxidase in umbu xylopodium exsudate, suggests the 
important role of physilogical condition to S. tuberosa, 
such as it was seen when the level of activity is higher in 
outer areas of xylopodium tissue. 
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