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Cinnamomum osmophloeum, an indigenous species of Taiwan, can be utilized for valuable products 
such as a food, a spice and a traditional Chinese medicine. This study compares the ribosomal DNA (nr 
DNA) internal transcribed spacer (ITS) sequence of C. osmophloeum to that of several other species 
with similar external morphology, such as Cinnamomum burmannii, Cinnamomum insularimontanum, 
Cinnamomum macrostemon and Cinnamomum subavenium. Phylogeny of ITS sequences shows that C. 
osmophloeum is more closely related to C. burmannii than the other species, while C. insularimontanum, 
C. macrostemon, and C. subavenium are phylogenetically relevant to each other. By comparing ITS 
sequence between C. osmophloeum and C. burmannii, specific primers were designed for the multiplex-
PCR to differentiate them. Based on ITS sequence differences, all tested Cinnamomum spp. can be 
properly authenticated. A 125 bp band specific for C. osmophloeum and a 204-bp C. burmannii-specific 
band were successfully amplified by polymerase chain reaction (PCR) using the respective primers 
described above. The two species then can be identified at the molecular level according to the sizes of 
their respective PCR products as determined by gel electrophoresis. 
 
Key words: Cinnamomum osmophloeum, internal transcribed spacer (ITS), phylogenetic, multiplex- 
polymerase chain reaction (PCR). 

 
 
INTRODUCTION 
 
There are approximately 250 species in the genus 
Cinnamomum. The plants are primarily found in tropical 

Asia, subtropical areas and Australia (Liu et al., 1994). 
However, only 12 Cinnamomum species are distributed 
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Figure 1. The sample collection sites in this study. 
 
 
 

in Taiwan, Cinnamomum brevipedunculatum, 
Cinnamomum camphora, Cinnamomum insularimontanum, 
Cinnamomum japonicum, Cinnamomum kotoense, 
Cinnamomum macrostemon, Cinnamomum micranthum, 
Cinnamomum osmophloeum, Cinnamomum philippinense, 
Cinnamomum austrosinense, Cinnamomum subavenium 
and Cinnamomum reticulatum. Typical diagnostic 
morphological characteristics of species in the 
Cinnamomum genus include three-branched leaf veins 
and plump cup-like hypocarps. Presence and 
arrangement of bud scales and the presence of 
trichomes on the bud scales, inflorescence and perianth, 
are also used as common morphological diagnostic 
characters for the species delimitation within the 
Cinnamomum genus (Liu et al. 1994; Liao, 1996). 
Studies on the taxonomy of Taiwanese endemic 
Cinnamomum plants have mainly focused on external 
morphology or the micro-anatomical phenotypes of 
lignum and leaves (Huang, 1984; Ou 1989; Chang, 1995). 

C. osmophloeum has been widely adopted by forest 
farmers in Taiwan because it is rich in cinnamaldehyde, a 
major constituent of Cinnamomum cassia, the cinnamon 
of commerce, and has excellent natural anti-bacterial 
activity, anti-cancer and other pharmacological properties 
(Chang et al., 2001, Cheng et al., 2004, Cheng et al., 
2008, Chen et al., 2010). C. burmannii originates in 
southern China and the East Indian archipelago and is a 
newly naturalized species in Taiwan (Tseng et al., 2008). 
As the two species are similar in appearance, they are 
not easily differentiated by their phenotypes, which often 

lead to economic losses because of planting errors by 
forest farmers. 

Various types of DNA markers provided by modern 
molecular biology can be used for delimitation of species 
that are not easily distinguished based on morphology. 
Ribosomal DNA (nr DNA) internal transcribed spacer (ITS) 
sequences can be employed for a broad range of 
purposes including species identification, phylogenetic 
studies and the study of evolution (Lau et al., 2001; 
Alvarez and Wendel, 2003; Chen et al., 2009). ITS of nr 
DNA also has been used in molecular authentication 
technique by virtue of the presence of at least one single 
nucleotide difference in this region between similar species 
(Park et al., 2005; Chiou et al., 2007; Wang et al., 2010). 

This study uses nuclear 5.8S rRNA and the ITS 
sequences as genetic markers to investigate the 
differences and phylogenetic relationships among C. 
osmophloeum and related similar species, including C. 
osmophloeum, C. insularimontanum, C. macrostemon, C. 
subavenium and C. burmannii. Specific primers were 
synthesized after comparing variations in the ITS2 
sequences between the indigenous C. osmophloeum and 
exotic C. burmannii, and they were successfully used to 
differentiate the two species at the molecular level in a 
timely fashion. 
 
 

MATERIALS AND METHODS 
 

Source of samples and their treatment 
 

C. osmophloeum, C. insularimontanum, C. macrostemon, C.
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Table 1. Fifteen Cinnamomum spp. samples collected in this study and nine Cinnamomum spp. available from GenBank used 
for phylogenetic analysis. 
 

Species Collection site Abbreviation (GenBank accession) 

(A) Cinnamomum spp. samples collected in the present study 

C. osmophloeum De-fu-lan Mountain (Taichung County) os-d (GU598524) 

 Lan-tan (Chiayi County) os-g (GU598525) 

 San-jiao South Mountain (Tainan County) os-s (GU598526) 

 Ping-lin (Taipei County) os-t (GU598527) 

C. burmannii Lan-tan (Chiayi City) bu-l (GU598530) 

 She-kou (Chiayi County) bu-s1 (GU598531) 

 She-kou (Chiayi County) bu-s2 (GU598532) 

C. insularimontanum Dong-pu (Nantou County) in-d (GU598533) 

 Mei-lan (Kaohsiung County) in-m (GU598534) 

 Tun-ye-sheng-tai Mountain (Hualian County) in-t (GU598535) 

C. macrostemon Mo-tuo-wan Mountain (Hualien County) ma-m (GU598521) 

Wu Peak (Hsinchu County) ma-w (GU598522) 

Ba-dao-er Mountain (Taipei County) ma-b (GU598523) 

C. subavenium Shan-ping (Kaohsiung County) su-c (GU598528) 

Lu Mountain (Kaohsiung County) su-l (GU598529) 
 

(B) Sequence from GenBank 

C. amoenum Parana, Curitiba, Brazil (FM957801) 

C. burmannii Berlin, Germany (FM957802) 

C. daphnoides Berlin, Germany (FM957803) 

C. duartianum Brazil (FM957804) 

C. japonicum N/A (AF272263) 

C. oleifolium N/A (AF272264) 

C. pittosporoides Yunnan, China (DQ124269) 

C. quadrangulum N/A (AF272265) 

C. verum N/A (AF272267) 

Neolitsea dealbata Queensland, Australia (DQ124277) 
 

*Specimen were used in multiplex-PCR experiment in identification of C. osmophloeum and C. burmannii. 
 
 
 

subavenium and C. burmannii were collected from a wide range of 
areas in Taiwan including the northern, central, southern, and 
eastern regions (Figure 1). The leaves were dehydrated, aliquotted  
into air-permeable bags, and stored dry in sealed containers. Leaf 
samples of the different species used in this study were collected 
from Taiwan. Species identification was performed by Dr. Fu-Yuan 
Lu from the Department of Forestry and Nature Resources at the 
National Chiayi University. The leaves were dehydrated, numbered 
and stored at the Department of Forestry and Nature Resources at 
the National Chiayi University. Table 1 shows the various species 
names, collection areas and GenBank accession numbers of the 
samples used in this study. 
 
 

DNA extraction, polymerase chain reaction, and sequencing 
 

Genomic DNA was extracted according to the modified cetyl 
trimethyl ammonium bromide (CTAB) method (Kobayashi et al., 
1998) with minor modification. DNA extracted from tested materials 
was amplified using a pair of primers specific for nuclear nr DNA 
(partial 18S+ITS1+5.8S+ITS2+partial 26S) by polymerase chain 
reaction (PCR). The total volume of each PCR reaction was 25 μl, 
containing 1.5 μl of DNA, 2 μl of dNTPs (2.5 mM), 2.5 μl of 10X Taq 
buffer, 2 μl of DMSO, 2.1 μl of Mg++, 0.2 μl of Taq, 1 μl of each 
primer, and 13.7 μl of ddH2O. PCR reactions were carried out under 
the following conditions: denaturature at 94°C for 5 min, and then 

94°C for 30 s, 58°C for 50 s (annealing), and 72°C for 1 min 
(extension), for 30 cycles, and finally 72°C for 10 min for the final 
extension. The complete ITS1-5.8S-ITS2 fragments of tested 
Cinnamomum spp. were amplified using the forward primer X-12: 

5-TAGAGGAAGGAGAAGTCGTAA-3, located approximately 50 

nucleotides to the 3 terminus of the 18S rDNA sequence and the 

reversed primer A25-1: 5-GACGCTTCTCCAGACTACAAT-3 

located approximately 160 nucleotides to the 5 terminus of the 26S 
rDNA sequence. The set of primers were designed by Chiou et al. 
(data not published) based on the conservative sequences of 
medicinal plants in Chinese pharmacopoeia.  

PCR products were separated by electrophoresis on a 1.2% 
agarose gel in 0.5 x TBE buffer. Following electrophoresis, the gel 
was stained, visualized and to verify the size of the amplified DNA 
fragment of interest was correct. Each of the PCR products was 
then direct sequenced at least three times to confirm the 
correctness at Genomics BioSci and Tech (Taipei, Taiwan). 
 
 
Muplex-PCR in authenticating of C. osmophloeum and C. 
burmannii 
 

Primer pairs set specific for C. osmophloeum and C. burmannii 
were designed based on a single nucleotide difference found after 
comparing their ITS2 sequence (Figure 2). The sequences of the 
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Figure 2. Design scheme for primers ITS2-F, D4-R, BI-F, and ITS2-R in the ITS2 region. 
 
 
 

Table 2. Statistics of the positions of rDNA segregation and mergence. 
 

Species 
rDNA lengths (bp) 

ITS1 5.8S ITS2 ITS1+ITS2 Total length 

C. osmophloeum 202 169 241 443 612 

C. insularimontanum 199 169 245 444 613 

C. macrostemon 202 169 245 447 616 

C. subavenium 200 169 240 440 609 

C. burmannii 202 169 240 442 611 
 
 
 

primer pairs were as follows: ITS2-F: 5′-GGG GCG GAG AAT GGC 
CTC CCG TGC-3′; D4-R: 5′-GCG ACG TAC GAT CGG CGA CTA-
3′; BI-F: 5′-GTG GGG GTT GTG AGA GGC GAT C-3′; ITS2-R 5′-
CTC GCC GTT ACT AGG GGA AT-3′. The total volume of each 
PCR reaction was 25 μl, containing 1.5 μl of DNA, 2.0 μl of dNTPs 
(2.5 mM), 2.5 μl of 10X Taq buffer, 2 μl of DMSO, 2.1 μl of Mg++, 
0.2 μl of Taq, 1 μl of primers (contains 0.25 μL of ITS2-F ‘D4-R ‘BI-
F and ITS2-R), and 13.7 μl of ddH2O. PCR reactions were carried 
out under the following conditions: denaturing at 96°C for 12 min, 
and then 95°C for 30 s, 58°C for 50 s (annealing), and 72°C for 1 
min (extension), for 35 cycles, and finally 72°C for 10 min for the 
final extension.  

The PCR products were subjected to an agarose gel 
electrophoresis and the gel was stained with ethidium bromide. 
After obtaining an image of the gel, the bioimaging analysis 
software ImageJ v1.41 (http://rsb.info.nih.gov/ij/index.html) was 
employed to translate band intensity to an intensity plot amenable 
to analysis. The DNA bands corresponding to C. osmophloeum and 
C. burmannii sources were cut from the agarose gel using sterile 
razor blades, and the extracted PCR products were submitted to 
the Genomics BioSci and Tech (Taipei, Taiwan) for DNA 
sequencing. Results obtained from the DNA sequencing were 
compared to sequences in the National Center for Biotechnology 
Information (NCBI) database using the BLAST software to 
determine whether they were the desired sequences. 
 
 

Sequence analysis 
 

The  DNA sequence alignment  was  conducted using the  Clustal V  

program provided in the MegAlign (Dnastar, Lasergene), then 
adjusted manually. Unique haplotypes were used for the following 
analyses. To compare the frequency and ratio of base transition 
and transversion, the nucleic acid base composition in the aligned 
sequences was analyzed using the MEGA version 4.0 (Kumar et al., 
2008). The best-fitting model for the aligned sequences was 
determined using hierarchical likelihood ratio test performed by the 
program Modeltest 3.7 (Posada and Crandall, 1998). The selected 
substitution model was then adopted in the reconstruction of 
phylogeny by the neighbor-joining method (NJ) (Saitou and Nei, 
1987), conducted by PAUP* 4.0b10 (Swofford, 2003). The 
parsimony analysis was conducted in PAUP by heuristic search 
under TBR branch swapping, random taxa addition of 500 
replicates and MulTrees option in effect. Gaps within the alignment 
were treated as missing. The bootstrap analysis was performed 
1000 times to test the consistency of the nodes of lineage branches 
in the tree. Neolitsea dealbata was selected as an outgroup 
because of its close relationship with Cinnamomum (Li et al., 2008). 
 
 
RESULTS AND DISCUSSION 
 
Comparison of the ITS sequence  
 
Fifteen (15) Cinnamomum spp. samples of five species 
were collected and analyzed in this study (Table 1). Table 
2 presents the comparison results of the ITS sequences 
among tested materials. The PCR amplified ITS 
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Figure 3. Neighbor-joining tree of 15 native Taiwan Cinnamomum species based on ITS 
fragment. Numbers beside the branches refer to the percentage of the bootstrap values of 1000 
replicates. Bootstrap value less than 50% was not shown.  See Table 1 for the abbreviations of 
samples. 

 
 
 

sequences fragments were about 610 bps in length 
(ranged between 609 and 612 bp). Different species 
displayed variability in the length and composition of their 
ITS sequences. In this study, the length of ITS 
sequences (ITS1 + ITS2) ranged between 440 and 447 
bp. The 5.8S rDNA gene sequences of the five species in 
this study are 169 bp in length, which is a relatively 
conserved region with 99.6% similarity (data not shown). 
 
 
Phyletic analysis  
 
The alignment provided 579 bp for phylogenetic analyses  
(data not shown). Eight haplotypes, each with unique 
sequence, were found from 15 samples. Individuals of 
the same haplotype belong to the same species 
regardless of their geographic origins. The best-fitted 
substitution model selected by Modeltest was HKY with 
gamma shape parameter alpha = 0.2853. This model 

was then used for NJ analysis. Neighbor-joining tree 
(Figure 3) showed high bootstrap supports for terminal 
nodes, but the supports for some deep nodes were low. 
Hence, the ITS sequence is suitable for the delimitations 
at species level.  High intra-specific similarities were 
found, without splits within the same species. The 
constructed tree topology indicated that C. osmophloeum 
is relatively similar to the two foreign species, C. 
burmannii and C. verum. This agrees to morphological 
characters. The two endemic species, C. 
insularimontanum and C.macrostemon, were 
phylogenetically close to the Japanese species C. 
japonicum.  

The heuristic searches resulted in 10 trees of equally 
maximum parsimony (MP) with a tree length of 122 (CI = 
0.836, RI = 0.854). The 50% majority-rule consensus tree 
of the 10 MP trees was reconstructed (Figure 4). 
Terminal nodes were supported by high bootstrap values 
and showed the same topology as the NJ tree. According  
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Figure 4. 50% majority-rule consensus maximum parsimonious tree of 15 native Taiwan 
Cinnamomum species based on ITS fragment. Numbers beside the branches refer to the percentage 
of the bootstrap values of 1000 replicates. Bootstrap value less than 50% was not shown. See Table 1 
for the abbreviations of samples. 

 
 
 
to the morphological classification of plants in the genus 
Cinnamomum, C. insularimontanum and C. macrostemon 
can be grouped together based on the external 
morphology of the bud. C. insularimontanum and C. 
macrostemon were grouped into the same clade in the 
phylogenetic tree constructed in this study. 
 
 
Variability of ITS fragments between C. 
osmophloeum and its closely related species 
 
The ITS fragments in C. osmophloeum samples collected 
from different geographic regions are highly similar to 
each other (Figures 3 and 4), indicating low genetic 
divergence of the ITS fragments within the species. 
Hence, the use of ITS sequence for molecular 
identification at species level is reliable for this species 
throughout Taiwan. The variability of ITS fragments 
between C. osmophloeum and C. burmannii was the 
lowest of all species compared, with proportional 
distances between 0.009 and 0.016 (Table 3). 

Specificity of PCR amplification of the C. 
osmophloeum and C. burmannii DNAs using specific 
primer pairs 
 
As shown in Figure 5, all 6 samples yielded a 286-bp 
band, which was amplified with the ITS2-F/ITS2-R primer 
pair. As this band was common for both species, it can 
be used to determine if an unknown sample is either C. 
osmophloeum or C. burmannii (Figure 5a). A subjective 
analysis of band intensity by the naked eye could easily 
lead to errors when reading obscured bands. ImageJ is a 
bioimaging analysis software that quantifies the bands. 
We employed it to convert individual bands on the gel 
image into a more objective intensity plot (Figure 5b). As 
shown in Figure 5a, the two Cinnamomum species 
shared a common peak at 286 bp. Furthermore, C. 
osmophloeum gave a specific peak at 125 bp while C. 
burmannii exhibited a specific peak at 204 bp. Note 
worthily, the specific peak from C. osmophloeum was 
much more intense than did that of the C. burmannii. 

Three bands from Figure 5a were excised from the
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Table 3. Proportional distance between haplotypes of Cinnamomum spp. and outgroup based on ITS sequences.  
 

Taxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

C. osmophloeum os-s                 

C. osmophloeum os-d/os-g/os-t 0.002                

C. burmannii bu-l/bu-s1 0.011 0.009               

C. burmannii bu-s2 0.016 0.014 0.012              

C. insularimontanum in-d/in-m/in-t 0.025 0.025 0.022 0.027             

C. macrostemon ma-m/ma-w/ma-b 0.029 0.029 0.025 0.031 0.004            

C. subavenium su-c 0.027 0.027 0.030 0.036 0.036 0.040           

C. subavenium su-l 0.023 0.023 0.027 0.032 0.034 0.038 0.011          

C. amoenum 0.044 0.044 0.048 0.053 0.062 0.066 0.060 0.057         

C. daphnoides 0.017 0.017 0.019 0.022 0.022 0.026 0.022 0.015 0.054        

C. duartianum 0.045 0.045 0.047 0.053 0.063 0.066 0.060 0.057 0.019 0.058       

C. japonicum 0.023 0.023 0.020 0.025 0.002 0.005 0.034 0.032 0.061 0.020 0.061      

C. oleifolium 0.053 0.053 0.055 0.061 0.071 0.074 0.068 0.065 0.027 0.065 0.015 0.069     

C. pittosporoides 0.031 0.031 0.034 0.038 0.036 0.040 0.041 0.041 0.059 0.026 0.058 0.034 0.067    

C. quadrangulum 0.045 0.045 0.048 0.053 0.063 0.067 0.061 0.057 0.019 0.058 0.008 0.061 0.015 0.059   

C. verum 0.009 0.011 0.002 0.014 0.023 0.027 0.030 0.027 0.048 0.019 0.047 0.022 0.055 0.034 0.048  

Neolitsea dealbata 0.060 0.058 0.057 0.062 0.061 0.064 0.062 0.062 0.079 0.063 0.069 0.059 0.071 0.066 0.067 0.058 

 
 
 

  

 

A 
B 

 
 

Figure 5. Electrophoretic analysis of PCR products using primers ITS2-F, D4-R, BI-F, and ITS2-R. (a) 
Agarose gel image. (b) BioImaging analysis of the electrophoresis gel image using ImageJ. M signifies 100-
bp DNA markers; see also Table 1 for the abbreviations of samples. 
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agarose gel and subjected to sequencing to confirm the 
specificity of the bands. Sequencing results revealed that 
the 286, 204 and 125 bp bands were consistent with 
targeted sequences between primer pairs ITS2-F/ITS2-R, 
B1F/ITS2-R, and ITS2-F/D4-R, respectively. Moreover, 
the three obtained sequences were compared to entries 
in the NCBI database using the Basic Alignment Search 
Tool (BLAST) software to confirm that they were 
generated from the targeted sequences (data not shown). 

This study describes a multiplex-PCR method to 
amplify PCR products of different lengths followed by 
agarose gel electrophoresis to resolve the bands. After 
staining and imaging the gel, molecular authentication 
could be performed based on specific bands from 
different species. Park et al. (2005) have successfully 
designed specific primer pairs based on a single 
nucleotide difference within the 5.8S region and 
effectively characterized Korean ginseng and other 
closely related species using multiplex-PCR. 

Sequence of the ITS2 region in C. osmophloeum and C. 
burmannii is nearly identical, except for a single 
nucleotide difference at 106 bp where a T is presents in 
C. osmophloeum and a C in C. burmannii (Figure 2). The 
characteristic 125-bp band of C. osmophloeum could be 
specifically amplified with the ITS2-F/D4-R primer pair 
based on the single nucleotide difference. Similarly, the 
BI-F/ITS2-R primer pair can amplify the 204-bp band 
specific to C. burmannii. The ITS2-F/ITS2-R primer pair 
was designed based on the common DNA sequence in 
the ITS2 region of the two species; therefore, the pair 
could amplify the 286-bp band specific to both. The 
intensity of the DNA bands amplified by the ITS2-F/D4-R 
primer pair was higher than that of the bands amplified 
with the BI-F/ITS2-R primer pair, indicating that the 
current PCR condition was optimized for the C. 
osmophloeum DNA amplification. This high level of 
detection met the quarantine requirement and aid in 
species identification. 

In order to examine whether accurate analytical results 
could be obtained when the primer pairs were used on 
the indigenous C. osmophloeum and exotic C. burmannii 
samples collected from different regions, we performed 
reproducibility experiments as well. The results show that 
the primer pairs could accurately amplify the 
characteristic bands of both species (data not shown). C. 
osmophloeum, which belongs to the same genus as C. 
burmannii, is a precious native forest resource. In recent 
years, C. burmannii has been imported and extensively 
used for environmental greening disguised as C. 
osmophloeum by some dishonest seed industry 
perpetrators.  

As the two species are difficult to differentiate, and often 
cause confusion in their identification. A further compli-
cation was that if the bogus exotic species was used to 
extract its leaf essential oil besides serving the greening 
purpose; then the difference in its chemical compositions 
could also cause havocs in  marketplace. There is a need 
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for the study of its chemical races and compositions, and 
above all, to seriously assess the impacts of this exotic 
species on the local forest ecosystems. 
 
 

Conclusions 
 

The indigenous C. osmophloeum was efficiently and 
correctly distinguished from other related similar species 
in this study. The ITS fragments from five species 
revealed considerable stability demonstrating no 
significant variability linked to regional location. A fast 
molecular authentication technique was developed for 
distinguishing the indigenous C. osmophloeum from 
exotic C. burmannii by using a designed specific primer 
pairs to generate distinguishing bands via electrophoresis 
without resorting to sequencing, thereby saving time and 
money. The results from our study indicate that ITS 
sequences not only can be successfully used for the 
evolution studies but also for the delimitation of closely 
related similar Cinnamomum spcies which occurred in 
Taiwan.  
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This study presents the results from comparison of random amplified polymorphic DNA (RAPD), 
random amplified polymorphic DNA (RAPD) and RAPD-ISSR markers together in determining the 
genetic diversity and polymorphism among strains of fluorescent Pseudomonas. In order to compare 
the efficiencies of these markers, 17 different isolates were investigated using RAPD and ISSR. In 
RAPD marker analysis, 147 out of 222 bands (63.85%) were polymorphic and the RAPD based genetic 
similarity (RAPD-GS) ranged from 0.11 to 0.73. In ISSR analysis, a total of 134 alleles were detected, 
among which 105 alleles (77.9%) were polymorphic. The ISSR derived genetic similarity (ISSR-GS) 
ranged from 0.38 to 0.81. Cluster analysis indicated that all the 17 isolates could be distinguished 
by both RAPD and ISSR markers and worked effectively to determine high level of polymorphism in 
Pseudomonas. But ISSR was found to be slightly better than RAPD in assessing genetic diversity 
among the isolates while the combination of these techniques will give the comprehensive genetic 
analysis of Pseudomonas. Principal component analysis (PCA) was employed to evaluate the 
resolving power of the markers to differentiate between them. 
 
Key words: Fluorescent Pseudomonas, Molecular markers, RAPD , ISSR,  PCR, Genetic diversity, Phylogeny, 
Principal component analysis.  

 

 

INTRODUCTION 
 
Fluorescent Pseudomonas are plant, animal and human 
pathogens; exhibit plant growth-promoting and plant 
pathogen-suppressing properties, useful in biological 
control and express metabolic versatilities valued in bio-  

technology and bioremediation. The genus 
Pseudomonas includes species with functions of 
ecological, economic, and health-related importance 
(Siddiqui et al., 2005). This genus encompasses arguably
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the most diverse and ecologically significant group of 
bacteria on the planet. 

For the establishment of effective identification of 
potent Pseudomonas strain as a bio-control agent, the 
intra-species relationship within the isolates needs to be 
study in detail which presumes knowledge of simple 
and objective means of identification of the genetic 
diversity. Molecular markers which reveal extensive 
polymer- phism at the deoxyribonucleic acid (DNA) level 
are suitable for discriminating closely isolates. Random 
amplified polymorphic DNA (RAPD) markers (Williams et 
al., 1990) and ISSR markers (Zietkiewicz et al., 1994) are 
two molecular typing approaches that have been used to 
detect genetic variation among plants and micro- 
organisms. Each method has been used extensively to 
identify and determine the relationships at the species 
level (Rajaseger et al., 1997; Raina et al., 2001; Martins 
et al., 2003). These methods are widely applicable 
because they are rapid, inexpensive, simple to perform, 
do not require prior knowledge of DNA sequen and 
require very little starting DNA template (Esselman et al., 
1999). Since RAPD primers are not designed based on a 
known target sequence, they are considered as arbitrary 
or random primers. 

Inter-simple sequence repeat (ISSR) primers are 
derived from an arbitrary nucleotide sequence of di and 
tri-nucleotide repeats with a 5’ or 3’ anchoring sequence 
of a few nucleotides to prevent strand-slippage (14-22 
bases). These nucleotide repeats are based on the 
ubiquitous presence of simple sequence repeats (SSRs; 
aka microsatellites, simple tandem repeats) that are 
distributed throughout the genomes. Polymerase chain 
reaction (PCR) reaction amplifies the sequence between 
two SSRs.  

Due to these abundant and rapidly evolving SSR 
regions, ISSR amplification has the potential to reveal 
much larger numbers of polymorphic fragments per 
primer than RAPD. In this investigation, RAPD and ISSR 
markers were employed (1) to detect the genetic diversity 
and polymorphism among different isolates of 
Pseudomonas collected from rhizospheric soil of different 
locations and (2) to estimate the relative efficiencies of 
both RAPD and ISSR markers. 
 
 

MATERIALS AND METHODS 
 
Bacterial isolates and culture conditions 
 
Isolates  of  fluorescent  Pseudomonas  used  in   this   study   were  
isolated from rhizospheric soils of different infected host plants from 
different areas of Uttarakhand, India (Table 1). These isolates were 
cultured and preserved on King’s B medium, and stored at 4°C prior 
to use.  
 
 

Bacterial genomic DNA extraction  
 
Total genomic DNA was extracted by using ultraclean microbial 
DNA isolation kit (Mo Bio  laboratories, Inc, U.S.A.). Pure cultures of 

 
 
 
 
each isolate of fluorescent Pseudomonas were first grown in King’s 
B medium (PF; Difco catalog no. 0448-17-1), for 2 days at the 
incubation temperature of 28°C and then were used for the 
extraction of DNA according to the kit manufacturer’s instructions. 
The concentration of DNA was determined by UV visible 
spectrophotometer (Biomate, Thermo Spectronic, and Cambridge, 
UK) and the DNA samples were diluted to 50 ngµl-1 for PCR 
amplification. 
 

 
PCR amplification 
 

DNA amplification was done with arbitrary decamer oligonucleotide 
primer (RAPD) or long primers (ISSR) obtained from Life Tech-
nologies, India (Table 2). The primers were selected after a 
preliminary screening for their ability to produce clear and 
reproducible patterns of multiple bands. PCR amplification was 
performed in 20 μl reaction volume containing 2 μL dNTPs (250 μM 
each dNTP), 1 μL primer (30 ngμL-1), 1 μl template DNA (50 ng μL-

1), 2.5 µL reaction buffer (10 X), 0.3 µL Taq DNA polymerase (5 
UμL-1), 2 μl MgCl2 (25 mM) and 11.2 µL deionized water. PCR 
reactions were performed in PTC-200 Peltier thermal cycler (MJ 
Research inc., Watertown, MS, USA). The cycling conditions were:  
94°C for 5 min for pre-denaturation, followed by 35 cycles (for 
RAPD) or 40 cycles (for ISSR) of 94°C for 60 s to denaturation, 
42°C (for RAPD) or 51°C (for ISSR) for 60 s to annealing, 72°C for 
120 s to extension, with a final extension at 72°C for 7 min. 
Amplification products were fractionated on 1.4% (RAPD) or 1.8% 
(ISSR) agarose gel plus 0.5 μg/ml ethidium bromide in 0.5X TBE 
buffer. The size of the amplified DNA fragments was estimated with 
100 bp ladders (Fermentas, USA). The gels were visualized under 
UV using gel documentation system (BioRad, USA). These gel 
pictures were used to score the DNA bands for analysis. 
 

 

Data analysis 

 
DNA fingerprints were scored for the presence (1) or absence (0) of 
bands of various molecular weight sizes in the form of binary 
matrix. Data  were  analyzed  to  obtain  Jaccard’s  coefficients  
among  the isolates  by  using  NTSYS-pc  (version  2.11W;  
Exeter  Biological Software, Setauket, NY, Rohlf, 1993). The 
SIMQUAL program was used to calculate the Jaccard’s 
coefficients. The common estimator of genetic identity was 
calculated as follows: 
 
Jaccard’s coefficient = NAB/(NAB+ NA+ NB) 

 

Where,  NAB   is  the  number  of  bands  shared  by   samples,  

NA represents  amplified  fragments  in  sample  A,  and  NB     
represents fragments in sample B. Similarity matrices based on 
these indices were  calculated.  Correlation  between  the  two 
matrices  obtained with the two marker types (ISSR and 
RAPD)  was estimated by means  of  Mantel  matrix   corres-
pondence  test  (Mantel,  1967). Product moment correlation (r) 
was obtained from this test which provided one measure of 
relatedness between the two matrices. In this instance, the 
matrix correlation corresponds to two independently derived 
dendrograms.   

Similarity matrices were utilized to construct   the   UPGMA   
(unweighted   pair-group   method   with arithmetic average) den-
drograms to study the genetic relationship between different 
genotypes. In order to estimate the congruence among the 
dendrograms, cophenetic matrices for each marker and index type 
were computed and compared using   Mantle test. Principal 
coordinate analysis was performed in order to highlight the 
resolving power of the ordination. To determine robustness of
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Table 1. List of Isolates, their source and place of isolation 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                               
 
 
  

 
 

 

 
 

Table 2. Primers list of ISSR and RAPD used for the comparative study of genetic variability of Pseudomonas isolates. 
 

Primer  

code  

RAPD 
primers 

Primer sequence 

(5’ to 3’) 

Amplified 
product 

range (bp) 

Total 

bands 

Mono 

bands 

Poly 

bands 

% 

Poly. 

Average 
Expected 

gene diversity 
(Hi) 

PIC 

 

P-71 TGCCGAGCTG     210-1450   17 8 9 52.9 0.220 0.751 

P-72 AGTCAGCCAG     280-1480    24 4 20 83.3 0.293 0.607 

P-73 AATCGGGCTG 480-1640 16 6 10 62.5 0.174 0.802 

P-79 CAATCGCCGT 250-1400 18 2 16 88.8 0.186 0.795 

P-87 AGGTGACCGT 250-1500 19 4 15 78.9 0.179 0.801 

P-89 AGTCAGCCAC     300-900 9 9 0.0 0.00 0.00 0.000 

P-94 GTCGCCGTCA 290-2000 19 6 13 68.4 0.798 0.181 

P-96 TTGGCACGGG 240-1550 11 5 6 54.5 0.145 0.626 

P-97 GTGTGCCCCA 250-1550 17 5 12 70.5 0.199 0.776 

P-99 AGCGCCATTG 400-1350 16 8 8 50.0 0.259 0.622 

P-100 CACCGTATCC 310-1150 7 1 6 85.7 0.149 0.835 

P-104 GAGAGCCAAC 290-1600 12 7 5 41.6 0.226 0.551 

P-124 ATCGGGTCCG 280-1530 12 1 11 91.6 0.109 0.885 

P-125 ACTGGCCTGA 500-1500 9 3 6 66.6 0.158 0.828 

P-136 CCGGCCTTCC 290-1400 16 6 10 62.5 0.215 0.754 

 Average 308-1466 14.8 5 9.8 63.85 0.220 0.654 

         

ISSR primers 

P-45 AGGAGGTGATCCAACCGCA 350-1200 20 4 16 80.0 0.159 0.810 

P-34 CCTCTCTCTCTCTCTCT 300-1360 24 1 23 95.8 0.285 0.635 

P-54 TCTCTCTCTCTCTCTCG 280-1150 8 1 7 87.5 0.251 0.611 

P-58 AGAGAGACAGACAGAGYA 340-1200 11 0 11 100.0 0.499 0.500 

P-62 HBHAGAGAGAGAGAGAG 280-1400 7 1 6 85.7 0.207 0.511 

Isolate Crop Variety Place of isolate in India 

Pf1 Rice RH-10 Kali Nagar 

Pf2 Rice RH-47 Kali Nagar 

Pf3 Rice Narendra Kali Nagar 

Pf4 Rice RH-10 Kali Nagar 

Pf5 Rice Pusa Basmati Benjeer farm 

Pf6 Rice Taravdi Benjeer farm 

Pf7 Rice Sarvati Dauha 

Pf8 Tomato Dev Chorgalia 

Pf9 Rice Mota dhan Chorgalia 

Pf10 Rice Mota dhan Naya gaon 

Pf11 Tomato Trishul Jagatpur 

Pf12 Tomato 5005 Chorgalia 

Pf13 Rice Hybrid Kathgodam 

Pf14 Tomato 5005 Chorglia 

Pf15 Tomato 5005 Golapar 

Pf16 Rice Taravdi Benjeer farm 

Pf17 Rice Taravdi Benjeer farm 
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Table 2. Contd. 
 

Primer  

code  

RAPD 
primers 

Primer sequence 

(5’ to 3’) 

Amplified 
product 

range (bp) 

Total 

bands 

Mono 

bands 

Poly 

bands 

% 

Poly. 

Average 
Expected 

gene diversity 
(Hi) 

PIC 

P-63 BHBGAGAGAGAGAGAGA 340-1500 14 2 12 86.0 0.226 0.670 

P-64 BHBGTGTGTGTGTGTGT 300-1200 19 8 11 58.0 0.302 0.579 

P-65 HVHTGTGTGTGTGTGTG 250-1100 13 5 8 61.5 0.254 0.647 

P-67 ATGATGATGATGATGATG 350-1260 12 5 7 58.3 0.336 0.555 

P-68 CTCCTCCTCCTCCTCCTC 400-1500 6 2 4 66.6 0.344 0.562 

 Average 319-1287 13.4 2.9 10.5 77.9 0.286 0.608 
 

Single letter abbreviation for mixed base positions: Y=(C, T); B=(C, G, T that is, not A); H = (A, C, T that is, not G); V= (A, C, G, that is, not T); 
poly, polymorphism. 

 
 
 

the dendrogram, the  data  were  bootstrapped  with  2500  
replications along  with   Jaccard’s coefficient by the computer 
programme WINBOOT (Yap and Nelson, 1996). 

Marker index for different ISSR markers was calculated in order 
to characterize the capacity of each primer to detect polymor-
phic loci among the genotypes. It is the sum total of the 
polymorphism information content (PIC) values of all the markers 
produced by a particular primer. PIC value was calculated using the 
formula: 
 

PIC = 1- 1/n 


n

i

Pij
1

 
 

 
Where, Pij, is the frequency of the jth allele in the ith primer (Kumar 
et al., 2003). Average expected gene diversity was calculated using 
the formula,  
 

Hi = h1+h2/Total number of loci  
 
Where, h1 and h2 [i.e. hj= (1-p2-q2)] are intra-locus gene diversity. 

 
 

RESULTS 
 

RAPD analysis 
 
Polymerase chain reaction (PCR) with 10-mer oligo 
nucleotide RAPD primers produced a total of 222 loci of 
which 63.8% were polymorphic with cumulative size 
range of 308 to 1466 bp (Table 2). The number of bands 
ranged from seven (P-100) to twenty four (P-72) and 
varied in sizes from 210 bp (P-71) to 2000 bp (P-94). 
Average number of bands and polymorphic bands per 
primer were 14.8 and 9.8, respectively.  

Percentage polymorphism ranged between 0% (P-89) 
to 92% (P-124), with an average of 63.8% across all the 
genotypes of fluorescent Pseudomonas. PIC value 
varied from 0 (P-89) to 0.885 (P-124), while average 
expected gene diversity ranged from 0 (P-89) to 0.789 
(P-94) across all the genotypes. Jaccard’s similarity 
coefficient matrix (Table not shown) for RAPD data 
depicted the minimum similarity coefficient between Pf16 
and Pf17 (0.112) whereas maximum similarity coefficient 

was shown between Pf4 and Pf5 (0.736). The cluster 
analysis for the distribution of 222 RAPD bands is shown 
as a dendrogram (Figure 1a). The 17 genotypes of 
fluorescent Pseudomonas were grouped into three 
major clusters. Cluster I comprised the six isolates Pf1, 
2, 3, 4, 5 and 6, among which Pf4 and Pf5 showed 73% 
similarity. Cluster II consisted of five isolates containing 
Pf7, 8, 9, 10 and 12, among which Pf9 and Pf10 showed 
60% similarity. Five isolates formed the cluster III which 
included Pf11, 13, 14, 15 and 16. One unique strain, 
Pf17 which showed a slightly different banding pattern 
from the rest of the Pseudomonas strains was not 
included in any cluster. The result of PCA analysis was 
comparable to the cluster analysis (Figure 2a). The first 
five most informative PC components explained 49.51% 
of the total variation. 
 
 

ISSR analysis 
 

ISSR primers produced different numbers of DNA 
fragments, depending upon their simple sequence repeat 
motifs. The ISSR bands were scored for presence (1) or 
absence (0) among the genotypes and were used for 
UPGMA analysis. PCR amplification using 10 ISSR 
primers produced 134 reproducible bands across the 17 
genotypes, out of which 105 were polymorphic, account-
ing for 78% poly- morphism. The cumulative size ranges 
for the amplified fragments was 319 to 1287 bp (Table 2). 
The number of bands ranged from six (P-68) to twenty 
four (P-34) and varied in size from 250 bp (P-65) to 1500 
bp (P-63 and P-68).  

Average number of bands and polymorphic bands per 
primer were 13.4 and 10.5, respectively. Percentage 
polymorphism ranged between 58% (P-64) to 100% (P-
58), with an average of 77.9% across all the genotypes of 
fluorescent Pseudomonas. PIC value varied from 0.5 (P- 
58) to 0.67 (P-63), while average expected gene diversity 
ranged from 0.159 (P-49) to 0.499 (P-58) across all the 
genotypes. A dendrogram based on UPGMA analysis 
with ISSR data is shown in Figure1b. At 60% similarity 
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Figure 1a.  RAPD profile of different isolates of fluorescent Pseudomonas obtained with 
primer LC-72. Lane M is 100bp ladder and Lanes 1 to 17 represent different isolates of 
Pseudomonas as listed in table 1 
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Figure 1b.  ISSR profile of different isolates of fluorescent Pseudomonas 
obtained with primer LC-455. Lane M is 100bp ladder and Lanes 1 to 17 
represent different isolates of fluorescent Pseudomonas as listed in table 1.  

 
 
 
level, the 17 genotypes of fluorescent Pseudomonas 
were clustered into four clusters. Cluster I comprised 
Pf1, Pf8 and 15. Cluster II comprised seven isolates 
which were Pf2, 3, 4, 5, 6, 7 and 17, among which Pf6 
and Pf7 showed 81.7% similarity between them. Cluster 
III comprised the two isolates, Pf9 and 10 whereas 
Pf16 was a distinct genotype among all the isolates. 
With reference to Jaccard’s similarity coefficient matrix, 
Pf10 had the minimum similarity coefficient (0.383) with 
Pf2 (Table not shown) whereas Pf6 showed the 
maximum similarity coefficient with Pf7 (0.817). The 
result of PCA analysis was comparable to the cluster 
analysis (Figure 2b). The first five most informative PC 
components explained 54.62% of the total variation. 
 
 
Combine data 
 
The ISSR and RAPD data were combined for UPGMA 

cluster analysis. The Jaccard’s similarity coefficient 
ranged from 0.258 to 0.711 for the combine data (Table 
not shown). The dendrogram based on the combined 
(RAPD and ISSR) data is shown in Figure 1c. The 
clustering  pattern  of  the  genotypes  remained  more  
or less the same in the RAPD and combined (ISSR and 
RAPD)  data,  while  ISSR  based  dendrogram  showed 
some variation in the clustering of Pseudomonas geno- 
types.  

The matrices for the two markers, ISSR and RAPD 
were also compared by using Mantel’s test (Mantel, 
1967) for matrix correspondence. The correlation 
between the matrices of cophenetic correlation 
values for the dendrogram based on the combine data 
(ISSR and RAPD) was high (r = 0.875), which indicated 
good fit among RAPD and ISSR markers system. The 
results of PCA analysis were comparable to the cluster 
analysis (Figure 2c). The first five most informative PC 
components explained 48.46% of the total variation.
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Figure 2. Dendrograms obtained from the 17 genotypes of fluorescent  
Pseudomonas with UPGMA based on Jaccards coefficient. The numbers at the 
forks indicate the confidence limits for the grouping. Genotypes in a branch 
occurred, based on 2500 cycles in bootstrap analysis using the winboot program. 
The scale bar indicates  the similarity index. a. RAPD data based dendrogram; b. 
ISSR data based dendrogram; c. Combined (ISSR and RAPD) data based 
dendrogram. 
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Figure 3. Two-dimensional plot (with vectors) of the 17 fluorescent Pseudomonas 
genotypes obtained using principal coordinate analysis. 3a,  RAPD data based 3D 
plot; 3b, ISSR data based 3D plot; 3c; combined (ISSR and RAPD) data based on 
3D plot. 
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Figure 4. Pearson correlation coefficient (r) estimates between genetic distances  (GD) obtained 
using random amplified polymorphic (RAPD) DNA and Inter simple sequence repeats markers. 4a; 
RAPD Vs. ISSR plot; 4b, ISSR Vs. combined  (ISSR and RAPD) plot; 4c, RAPD Vs. combined 
(ISSR and RAPD) plot. 



 
 
 
 

Correlation between genetic distances measured 
with RAPD and ISSR 

 

The lowest Pearson correlation value was between the 
ISSR and RAPD genetic distances (r =0.257) and it 
seemed that these two markers were the distinct type of 
markers in terms of the magnitude of the genetic 
distances produced. The RAPD and combined markers 
produced the highest correlation value (r = 0.91), 
followed by ISSR and the combined markers (r =0.67), 
which indicated that the RAPD markers contributed 
more in the combined data in comparison to ISSR 
(Figures 3 and 4). 
 
 

DISCUSSION 

 
In this study, the potential ability of two molecular 
markers that is, ISSR and RAPD were tested to evaluate 
the genetic diversity of the most commonly used bio-
control agent, fluorescent Pseudomonas. This assess-
ment showed that the percent polymorphism, primer 
information content (PIC) and average expected gene 
diversity (Hi) values were slightly higher in case of ISSR 
marker system as compared to RAPD marker. It was 
reported by Nagoaka and Ogihara (1997) that ISSR 
primers are more informative than RAPD because of 
higher percentage of polymorphic bands. They also found 
that RAPD produced less reliable bands than ISSR. 

The ISSR method has been reported to produce more 
complex marker patterns   than   the   RAPD   approach 
(Parsons et al., 1997; Chowdhury et al., 2002), which is 
advantageous when differentiating closely related 
species. In addition, ISSR markers are more repro-
ducible than RAPD markers (Goula˜o and Oliveira, 2001), 
because ISSR primers, designed to anneal to a micro- 
satellite sequence, are longer than RAPD primers, 
allowing higher annealing temperatures to be used, which 
leads to greater consistency. Longer primers, ISSR’s 14-
22 bases vs. RAPD’s 10 bases, can have higher 
annealing temperatures. 

It was found that few RAPD primer which were used in 
this investigation could not produced the reproducible 
results. In one study, Qian et al. (2001) also found that 
RAPD bands were less reproducible. In other study, 
Skroch and Nienhuis (1995) tested the reproducibility of 
RAPD replicates and found that nearly a quarter of RAPD 
bands were dropped from statistical analysis because of 
inconsistency. They proposed that the amplification 
differences could be due to subtle variation in the reaction 
environment, band intensity, and concentration of 
ethidium bromide staining. 

Clustering of genotypes within groups was not similar 
when RAPD and ISSR derived dendrograms were com- 
pared.  These differences may be attributed to marker 
sampling errors and or the level of polymorphism 
detected, reinforcing again the  importance of the  number 
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of loci and their coverage of the overall genome in ob- 
taining reliable estimates of genetic relationships among 
isolates. The putatively similar bands originated for 
RAPDs in the different individuals are not necessarily 
homologous, although they may share the same size in 
base pairs (Souframanien and Gopalakrishna, 2004). 

The RAPD and ISSR survey between the 17 isolates 
of fluorescent Pseudomonas revealed 63.85 and 77.9% 
polymorphic bands, respectively. The number of total 
polymorphic and discriminant fragments was higher for 
ISSR than for RAPD.  

A possible explanation for the difference in resolution 
of RAPDs and ISSRs is that the two marker techniques 
targeted different portions of the genome. The ability to 
resolve genetic variation among different genotypes may 
be more directly related to the number of polymorphisms 
detected with each marker technique rather than a 
function of which technique is employed (Souframanien 
and Gopalakrishna, 2004). 

The results from the comparison of the two techniques 
indicated that ISSR does slightly better in revealing the 
genetic diversity among fluorescent Pseudomonas with- 
out any additional technical problems. But the 
combination of these two techniques will be better for 
comprehensive genetic analysis of Pseudomonas strains.  

Future work will focus on these aspects along with 
antagonist test against the different pathogen to assess 
the relative ability of each isolate to infect different 
pathogen. In addition to understanding the antagonist 
potential of the bio-control agent, this information will 
improve the basic understanding of the genetic variability 
of this fluorescent Pseudomonas and will be of 
importance to many other agriculture systems. 
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The Przewalski’s gazelle (Procapra przewalskii) is endemic to China and the total current population of 
the species is only about several hundred. In order to understand the genetic structure and diversity of 
the Przewalski’s gazelle in China for the purpose of guiding conservation initiatives, we examined the 
genetic variability and differentiation based on microsatellite loci, using noninvasive genetic sampling. 
188 Przewalski’s gazelle scats from six populations around Qinghai Lake (Tianjun, Haergai, Bird Island, 
Hudong-Ketu, Sand Island and Yuanzhe) were collected, and 128 individuals were identified and 94 
alleles were detected at the 12 loci surveyed. The results showed that the expected heterozygosity and 
polymorphism information content is over 0.79 and 0.75, respectively. The AMOVA results showed that 
5% of all observed diversity was due to difference between the populations and 95% was caused by 
genetic variance within population. According to the genetic similarity and geographical closeness, we 
suggested that six populations should be managed as three separate conservation units and habitat 
corridors should be built to link the Yuanzhe, Hudong-Ketu, Haergai and Sand Island populations.  
 
Key words: Habitat fragment, genetic diversity, noninvasive genetics, Przewalski’s gazelle, Procapra przewalskii. 

 
 
INTRODUCTION 
 
The Przewalski’s gazelle is endemic to China and is the 
most endangered antelope species in the world (Jiang et 
al., 2001). According to results of a recent investigation, 
the population has declined to not more than ten 
populations near Qinghai Lake: seven populations clustered 
around the lake (Yuanzhe, Hudong-Ketu, Haergai, 
Talexuanguo, Ganzihe, Bird Island and Sand Island), one 
population in Tianjun County, and two populations in 
Gonghe County (Qiejitan and Wayu populations) (Ye et 
al., 2006). The total population size is estimated to be 
only about six hundred individuals (Ye et al., 2006). The 

critical status of this gazelle has aroused attention world-
wide and it was listed as Critically Endangered by the 
Species Survival Commission of the International Union 
for the Conservation of Nature (IUCN) from 1996 to 2008, 
then as Endangered after 2008 (IUCN 2009). It has been 
a Category I (Endangered in China) National Protected 
Wild Animal Species in China since 1989 (Wang and Xie, 
2004; Li, 2010). Since 1990s, some scientists have 
carried out several studies on the Prewalski’s gazelle, 
including distribution and population size (Jiang et al., 
2001; Ye et al., 2006), habitat selection and suitability 
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Figure 1. Map of sampling sites around Qinghai Lake regions in Qinghai province, China 
 
 
 
(Liu et al., 2002a), food habits and foraging strategies 
(Liu et al., 2002b; Yi et al., 2005), courtship and mating 
behaviors (You et al., 2005), grouping patterns and social 
segregation (Lei et al., 2001), and genetic diversity and 
conservation strategies (Lei et al., 2003; Hu et al., 2010; 
Li et al., 2010; Yang et al., 2011). Determination of 
phylogeographic structure and information on distribution 
of genetic variation within and among populations is 
important for the purposes of conservation management, 
especially for the identification of evolutionary significant 
units (ESUs) and management units (MUs) for declining 
or endangered species, which can enable targeting of 
conservation efforts towards genetically distinct populations 
(Moritz, 1994). Molecular methods have become common 
for population monitoring, estimation of population 
parameters, and population viability analysis for rare and 
endangered species (Waits et al., 2005; Schwartz et al., 
2007). Recently developed DNA extraction methods from 
noninvasive samples, such as hair, skin and scat, have 
enabled microsatellite loci analysis and greatly extended 
its applications in conservation of rare and endangered 
animals (Smith et al., 2006; Zhou et al., 2007). 
Microsatellites are currently one of the markers of choice 
for the molecular characterization of animal genetic 
diversity and conservation genetics. 
In this study, we examined the genetic structure of six 
populations in the Qinghai Lake region and Tianjun using 

noninvasive genetic methods. This study is to understand 
the genetic structure and diversity of Przewalski’s gazelle 
populations in China and their implications for 
conservation. 
 
 
METHODS 
 
Study area, sample collection and DNA extraction 
 
This study was conducted at the six major distribution areas of 
Przewalski’s gazelles around the Qinghai Lake (36°28’-38°25’N, 
97°53’-101°13’E), Qinghai Province, China, including Bird island, 
Hudong-Ketu, Yuanzhe, Tianjun, Haergai and Sand Island (Figure 
1). Qinghai Lake lies at 3,200 m above sea level and is 4,583 m2. 
Qinghai Lake is fed by approximately 40 rivers and streams, but its 
water table has descended 3.7 m since 1959 due to long-term 
changes and drier climatic conditions (Ma et al., 2006). The area is 
characterized by a continental climate with dry and cold winters, 
strong winds in spring and winter, high levels of solar radiation, and 
a short frost-free period. The mean annual temperature is 1.1°C at 
Hudong on the east shore of the lake and 0.3°C at Jiangxigou on its 
south shore. Temperature extremes are 25 and -31°C. Annual 
precipitation varies from 360 to 370 mm in the north-west to 395 to 
412 mm in the south-east, mostly between June and September (Li 
et al., 2010).   

In this study, Przewalski’s gazelle populations were noninvasively 
sampled by the collection of scats in six different populations 
around the Qinghai Lake and Tianjun (Figure 1). A total of 188 scats 
were collected from six study areas (Table 1). Samples were stored 
in 15 mL centrifuge tubes with about 12 mL of silica desiccant 
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Table 1. Primer sequences and annealing temperatures. 
  

Locus 
(accession no.) 

Primer sequences (5’-3’) 
Annealing 

temperature (°C) 

OArFCB304 
F: CCCTAGGAGCTTTCAATAAAGAATCGG 

R: CGCTGCTGTCAACTGGGTCAGGG 
63 

SMHCC 
F: ATCTGGTGGGCTACAGTCCATG 

R: GCAATGCTTTCTAAATTCTGAGGAA 
58 

BM1862 
F: AAGCAAAAAGGCTGATGGC 

R: TTGCAGTACTGGCAAGTGG 
58 

BM1392 
F: TTGTTTAGGCAAGTCCAAAGTC 

R: AACACCGCAGCTTACTCC 
63 

TGLA54 
F: CTCAATATTTTGCAATAACATATAAGG 

R: ACGATATCATGTTAGTTTCAGGTG 
63 

MNS64 
F: ATTAACTTTGTGGCATCTGAGC 

R: CGTATCAACTAACACGATGCTG 
58 

MCM38 
F: TGGTGAATGGTGCTCTCATACCAG 

R: ACGCCAGCAGCCTCTAAAGGAC 
58 

Oarae133 
F: AGCCAGTAGGCCCTCACCAGG 

R: CCAACCATTGGCAGCGGGAGTGTGG 
63 

MNS61 
F: AAGTGTGGATCTGGATATTTGG 

R: TCCTCTAAAACACCAACAATTTC 
58 

BM066 
F: ATCTGCCTGAAGCCAGTCAC 

R: GGTTTCCTGCACCTGCATGA 
59 

BM1341 
F: CCTACCTACTGCACAGTTTTGC 

R: CTCCCATATAAGTTACCCACCC 
59 

BM3501 
F: CCAACGGGTTAAAAGCACTG 

R: TTCCTGTTCCTTCCTCATCTG 
58 

 
 
 
covered by a clean Kimwipe tissue to separate the desiccant from 
the scat. DNA was extracted from scat using the Qiagen Stool DNA 
extraction kit (Qiagen, Valencia, CA, USA) following the 
manufacturer’s recommendations.  
 
 

Microsatellite loci PCR amplification 
 
Twelve selected microsatellite loci were subjected to PCR 
amplification (Table 1). PCR amplification was carried out in a total 
volume of 25 μL reaction mixture containing 1× PCR buffer, 1 μl 
DNA as template, with each dNTPs at a concentration of 200 μmol/L,  
2.0 mmol/L Mg2+, each primer at a concentration of 1 μmol/L, 4 μg 
of bovine serum albumin (BSA) and 1.0 U of Taq DNA polymerase. 
The cycling profile included an initial denaturation step at 95°C for 2 
min, followed by 50 cycles of 30 s at 94°C, 30 s at 58 to 63°C 
depending on the primer pair used (Table 1), 1 min at 72°C, and a 
final step of 5 min at 72°C using a GeneAmp 9700 (Applied 
Biosystems) thermal cycler. To avoid potential sample deviation and 
minimize PCR artifacts, three replicate amplifications were carried 
out for each sample. 

 
 
Microsatellite genotyping 
 

The PCR fragments were fractionated and sized using an 
automated ABI377 DNA sequencer and the internal size standard 
Genescan 350 TAMRA (Applied Biosystems). Data were collected 
with ABI PRISM 377 software (Applied Biosystems). Fluorescent 
DNA fragments were analyzed using the GENESCAN (version 3.1) 

and the GENOTYPER (Version 2.0) software (Applied Biosystems) 
(Mburu et al., 2001). Samples that did not yield two or more 
consistent genotypes were discarded from the analysis.  
 
 

Data analysis 
 

The probability of identity (PID) and siblings (PID-sibs) were 
estimated in GENEALEX (Version 6.0) for unrelated individuals by 
microsatellite (Peakall and Smouse, 2006). Estimates of genetic 
diversity including number of alleles (A), effective number of alleles 
(Ne), observed heterozygosity (Ho), expected heterozygosity (He) 
and Wright’s F-statistics (FST) were calculated using GENEALEX 
(Peakall and Smouse, 2006). Polymorphism information content 
(PIC) was calculated using CERVUS 3.0.3. To quantify the 
population structure within and between the analyzed genetic 
groups of Przewalski’s gazelles, the Analysis of Molecular Variance 
(AMOVA) was obtained using GENEALEX software. Genetic 
divergence between populations based on allele frequencies was 
calculated according to Nei’s unbiased genetic distance using 
GENEALEX, and UPGMA dendrogram of six populations was 
constructed using genetic distance. 
 
 

RESULTS 
 

Genotyping analysis and individual identification 
 

Of the 188 scat samples, 133 had successful 
amplification at all 12 microsatellite loci, and the success 
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Table 2. Scats collected during field survey in six study areas and genotyping result by microsatellites. 
 

Study areas Tianjun 
Bird 

Island 
Haergai 

Sand 
Island 

Yuanzhe Hudong-Ketu 

Scats 32 30 54 24 22 26 

Complete microsatellite 
genotypes 

21 

(65.63%) 

21 

(70.00%) 

43 

(79.63%) 

15 

(62.50%) 

16 

(72.73%) 

17 

(65.38%) 

PID 4.66×10
-15

 1.02×10
-14

 5.51×10
-15

 1.70×10
-15

 2.92×10
-17

 1.56×10
-16

 

PID-sibs 5.97×10
-6

 6.85×10
-6

 2.56×10
-6

 4.63×10
-6

 2.28×10
-6

 3.02×10
-6

 
 
 
 

Table 3. Genetic variability at 12 microsatellite loci in 6 populations. 
 

Parameter Tianjun Bird Island Haergai Sand Island Yuanzhe 
Hudong-

Ketu 

The number of effective allele 5.36±0.47 5.25±0.51 6.52±0.46 5.52±0.33 6.65±0.40 6.14±0.35 

Observed heterozygosity 0.901±0.020 0.898±0.018 0.884±0.023 0.910±0.023 0.923±0.021 0.925±0.018 

Expected heterozygosity 0.798±0.016 0.793±0.016 0.839±0.011 0.811±0.012 0.844±0.009 0.831±0.010 

polymorphism information 
content 

0.785±0.016 0.759±0.020 0.817±0.013 0.791±0.014 0.821±0.001 0.815±0.012 

 
 
 

Table 4. F-statistics for the 12 loci in all six populations. 
 

Study Population Tianjun Bird Island Haergai Sand Island Yuanzhe 

Bird Island 0.052     

Haergai 0.022 0.027    

Sand Island 0.035 0.041 0.021   

Yuanzhe 0.019 0.026 0.010 0.025  

Hudong-Ketu 0.026 0.028 0.012 0.028 0.011 
 
 
 

rate for complete genotypes was 62.50 to 79.63% in six 
study populations (Table 2). PID and PID-sibs analysis 
results showed that the 12 loci were sufficient for 
distinguishing individuals in the six populations. Overall, 
we identified 128 unique genotypes that represented 128 
Prezewlaski’s gazelle individuals.  
 
 
Within breed diversity 
 
94 alleles were detected at the 12 loci surveyed among 
the 128 individuals. For all samples, loci BM1341 had the 
highest allele number (n = 11), and loci BM 1329 and 
BM1862 had the lowest allele numbers (n = 6). The 
average number of alleles per locus was 7.83. The 
number of effective alleles was 5.25 to 6.65 in the six 
populations (Table 3). The Yuanzhe population and Bird 
Island population had the highest and lowest number of 
effective allele, respectively.  

Ho, He and PIC were calculated for the six populations 
(Table 3). As shown in Table 2, He was lower than Ho in 
all populations. Ho for Hudong-Ketu population was the 
highest (0.925) and for Haergai population, the lowest 
(0.884), however, He for Yuanzhe population was the 

highest (0.844) and for Bird island population, the lowest. 
Microsatellite loci in different populations showed 

differences in polymorphism and calculated PIC. PIC for 
the six populations were all over 0.50 with Yuanzhe 
population, the highest (0.821), showing that these 
populations were highly genetic and diversed.  
 
 
Genetic differentiation between populations 
 
In accordance with the analysis of existing genetic differen-
tiation between the possible pairs of genetic groups 
(Table 4), the Fst values showed a higher differentiation 
(P<0.01) between the Tianjun and Bird Island popula-
tions, being the highest (0.052), and between the 
Yuanzhe and Sand Island population (0.010), the lowest. 
The AMOVA results showed that 5% (P = 0.053) of all 
observed diversity was due to difference between the 
population and 95% resulted to the individuals within 
population. 

Genetic divergence was calculated using GENEALEX 
and UPGMA dendrogram (Table 5). The largest genetic 
distance (0.544) existed between the Tianjun and Bird 
Island populations, and the lowest genetic distance
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Table 5. Nei's genetic distance between populations in all 6 populations. 
 

Study population Tianjun Bird Island Haergai Sand Island Yuanzhe 

Bird Island 0.544     

Haergai 0.213 0.281    

Sand Island 0.353 0.427 0.231   

Yuanzhe 0.187 0.268 0.108 0.283  

Hudong-Ketu 0.263 0.284 0.132 0.314 0.116 

 
 
 

 
 

Figure 2. UPGMA dendrogram of six populations using genetic distance. 

 
 
 
(0.116) was between the Yuanzhe and Hudong-Ketu 
populations. The UPGMA dendrogram of six populations 
was constructed using genetic distance (Figure 2). The 
dendrogram indicated a separation into four distinct 
groups. The first cluster was formed by the Yuanzhe 
population and the Hudong-Ketu population. The second 
cluster was formed by the Haergai and Sand Island 
populations, and the Bird Island and Tianjun populations 
were two isolated clusters. 
 
 
DISCUSSION 
 
This is the first attempt to specifically quantify genetic 
diversity of most of the Przewalski’s gazelles populations 
with microsatellite markers. To understand better the 
effect of habitat fragmentation and geographical isolation 
on gene flow and genetic variation, and uncover genetic 
units for conservation, Lei et al. (2003) examined the 
hypervariable region of the mitochondrial DNA control 
region from Bird Island, Hudong-Ketu, Yuanzhe and Sand 
Island populations, and the results showed that the 
nucleotide diversity within population was very low (less 
than 0.004) and gene flow between populations was low. 
In this study, the results showed that six Przewalski’s 
gazelle populations had high level of genetic heterozygosity 

and high polymorphism information content in these 12 
microsatellite loci than some other endangered and rare 
animal populations (Evdotchenko et al., 2003; Zhou et al., 
2007) (Figures 3 and 4). There are two reasons for the 
high genetic diversity for these populations. Firstly, we 
selected and used the high polymorphic microsatellite 
DNA as the genetic markers. The detected mean allele of 
microsatellite is 7.83, therefore, the microsatellites used 
in this study were suitable for genetic diversity analysis. 
Secondly, the analyzed samples were from six populations 
which covered more population size.  

Conservation genetics can provide information contri-
buting to conservation planning, and the genetic structure 
of populations has crucial implications for management 
and conservation (Mockford et al., 2005). To maintain 
biological diversity within Przewalski’s gazelle populations 
around Qinghai Lake, it is essential for this remnant 
genetic variation to be preserved both within and among 
extant populations (Lei et al., 2003). As a consequence of 
human activity, habitat loss and illegal hunting, the 
Prezewalski’s gazelle declined dramatically and divided 
into several populations and their habitat were 
fragmented into different isolated patches (Jiang et al., 
2001). The Fst and Nei genetic distance analysis showed 
that the Tianjun population has the highest genetic 
variance and genetic distance with Bird Island population,
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Figure 3. A running Przewalski’s gazelle (photo by Yonglin Wu). 

 
 
 

 
 

Figure 4. A Przewalski’s gazelle population living in fenced paddocks (photo by Yonglin Wu). 



 
 
 
 
however, the Hudong-Ketu and Yuanzhe populations had 
the lowest genetic variance and genetic distance. These 
studies revealed a marked divergence of lineages of the 
Tianjun and Bird Island populations from the other 
populations, which corresponds to the geographical 
association. Furthermore, Hudong-Ketu, Yuanzhe, Haergai 
and Sand Island populations are close to each other 
geographically and genetically (Figures 1 and 2). Therefore, 
we suggested that the Yuanzhe, Hudong-Ketu, Haergai 
and Sand Island populations should be managed as one 
conservation unit, and the Tianjun and Bird Island also 
should be managed as two separate conservation units.   

The human activities are still threatening the Przewalski’s 
gazelle conservation and genetic management. Although, 
the Przewalski’s gazelle is one of the main target species 
of protection in the Qinghai Lake Nature Reserve which 
was set up in 1997, only gazelles on the Bird Island are 
within the protected area (Jiang, 2004). To improve 
livestock productivity, grasslands were leased to local 
herdsmen who have transformed them into fenced 
paddocks (Liu et al., 2002b), and the policy will continue 
for 50 years. Usually, the fence lines around Qinghai lake 
are about 1.2 to 1.5 m and have 9 lines, especially the 
top line with thorns. Double fence lines were built in 
Haibei state for different management department and 
projects. They not only induced the possibility of gazelle 
to escape from wolf, but made gazelle to die, get injured 
and disabled. According to the patrol records of Qinghai 
Lake Nature Reserve, the total of 120 gazelles dead was 
because of fence lines from 2001 to 2011. These fence 
lines are one main reason for the declined population. 
Meanwhile, these fence lines impair the ability of gazelle 
individuals to migrate within and among populations. 
Road networks around the lake also have formed barriers 
to the free movement of gazelle (Li et al., 2009). These 
barriers may reduce the gene flow within or among 
populations and increase the risk of inbreeding. The 
genetic diversity of each popula-tion is not a conservation 
aim, rather the genetic diversity of the entire species 
should be ensured. Therefore, we should set up 
communications between (sub)-populations to allow gene 
flow between population. Therefore, we suggested that 
the game fences on rangelands should be removed and 
habitat corridors should be built to link the Yuanzhe, 
Hudong-Ketu, Haergai and Sand Island popula-tions. 
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The aim of this study was to evaluate the effect of recombinant bovine somatotropin (rBST) application 
intervals on chemical composition of milk from Girolando cows with productivity below 20 L/milk/day 
and animals with productivity above 20.1 liters/milk/day. The study included 30 Girolando cows with 
production ranging from 13 to 28 L/milk/day. Cows were submitted to two milkings: 06:00 am and 04:00 
pm. Milk samples were obtained at the end of the first milking. With the aid of individual meters, 40 mL 
of milk were collected in bottles containing preservative bronopol. On the day of collections, the 
individual milk production of each animal was notes. The experiment was performed on a 3x2 factorial 
design. Factor A corresponded to rBST application intervals divided into three levels (intervals) of rBST 
application every 10, 12 and 14 days, respectively. Factor B corresponded to the production levels of 
animals, divided into two levels: animals with production above 20.1 L/milk/day and animals with 
production less than 20 L/milk/day. About 500 mg rBST were subcutaneously applied in previously 
disinfected ischiopubic-rectal fossa. On the first day, all animals received rBST, the aplications were  
respected for planned application range for each group of animals. The Application interval of 14 days 
was better for animals with productivity below 20 L/milk/day and for animals with higher production, the 
best rBST application interval was 10 and 12 days. Application interval of 10 days resulted in higher fat 
content in milk from animals with lower productivity, and fat and protein contents were higher for 
animals with lower productivity in all application intervals.  
 
Key words: Growth hormone, production increment. milk quality.  

 
 
INTRODUCTION  
 
One of the technologies that can be used to obtain 
productivity gains in dairy herds is recombinant bovine 

somatotropin (rBST) for lactating cows (Rennó et al., 
2006). Studies have shown that treatment with an 
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extended-release formulation containing 500 mg rBST at 
intervals of 14 days can increase milk production from 3 
to 5 kg/day, on average (Collier et al., 2001). The 
mechanism of action of somatotropin on the mammary 
gland occurs indirectly by increase factor concentration of 
the insulin-like growth (IGF-1), compound that plays a 
fundamental role in the control of metabolism and 
physiological processes in cattle (Gulay and Hatipoglu, 
2005). rBST acts in the organism of cattle by increasing 
the availability of nutrients from the diet offered to the 
animal and directing these nutrients to the mammary 
gland, which can occur through a variety of rBST actions, 
among these, decreased lipogenesis and lipolysis 
stimulation, increasing the availability of lipids (Etherton 
and Bauman, 1998), reduced insulin activity, inhibiting 
gluconeogenesis in tissues (Knapp et al.,1992), providing 
additional glucose to the udder, increasing the mammary 
blood flow and improving the efficiency in the use of 
amino acids (Davis and Collier, 1985). The pattern of 
response to the use of rBST is the gradual increase in 
milk production a few days after application, and when 
rBST application ceases, milk production gradually 
returns to previous levels observed at the beginning of 
application. If treatment is continued, increased milk 
production is maintained (Bauman et al., 1985). Thus, 
rBST application in dairy cows influences milk production 
and the lactation curve shape (Luna-Dominguez et al., 
2000). It is known that rBST application significantly 
increases milk production in well-nourished and healthy 
cows (Lucci et al., 1998). The use of rBST should begin 
soon after lactation peak of the animals, close to 60 days 
postpartum and continue until seven months of lactation. 
This hormone is normally administered every 14 days; 
however, a drastic reduction in its effect is observed in 
days near the subsequent application. Thus, many cattle 
breeders are reducing the period between applications so 
that this drop in productivity occurs less sharply or does 
not occur at all. 

The aim of this study was to evaluate the rBST 
application intervals at 10, 12 and 14 days, and the 
financial viability of the application in Girolando cows with 
productivity below 20 L/milk/day and animals with 
productivity above 20.1 L/milk/day, and to evaluate the 
changes in chemical composition of the milk at different 
rBST application intervals.  
 
 
MATERIALS AND METHODS  
 
This study was conducted on November and December 2012 in the 
experimental area of the Federal Institute of Goiás, campus Rio 
Verde, GO, Brazil, 17°48'28"S and 50°53'57”W, mean altitude 720 
m. The climate is classified according to Köppen (Castro Neto, 
1982) as Aw (tropical), with rain in the months of October to May 
and drought from June to September. The average annual 
temperature is 20°C at 35°C and precipitation ranges from 1500 to 
1800 mm annually. The farm had handling pens, milking room with 
expansion tanks with individual capacity for storing 4000 L of milk 
and shed for storage of supplies and shelter of farming machinery.  
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Table 1. Percentage composition of diet offered to girolando 
cows submitted to recombinant bovine somatotropin (rBST) 
application. 
 

Total diet ingredients  % 

Corn silage 48.13 

Corn germ 24.24 

Soybean meal 44%  6.28 

Corn grits 5.04 

Cotton cake 7.14 

Uremax 0.55 

Optigem 1.10 

Cooked soybean core 7.52 

Total 100 

 
 
 

The 2x6 herringbone milking room had closed circuit with high-
line piping system with feeders in every containment, six teatcup 
sets and individual milk meters. Thirty (30) Girolando cows with 
production ranging from 13 to 28 L of milk/day at intermediate 
lactation stages participated in the study. All animals had the same 
feeding, water and breeding environment. Of the 30 animals 
selected for the experiment, 10 cows had rBST application interval 
of 10 days, 10 cows had rBST application interval of 12 days and 
10 cows interval of 14 days. During the experiment, the animals 
were fed during milking (twice daily):  4 kg of feed, distributed into 
two milkings and 8 kg of feed and corn silage ad libitum in trough 
outside the milking parlor in the range of first for the second milking. 
The feed consisted of corn germ, soybean meal, corn grits, cotton 
cake, uremax, optigem and cooked soybean core, according to 
Table 1. 

Cows were fed with pasture composed of Mombasa grass, with 
protein concentration ranging from 8 to 12%; the animals had 
access to pasture for a period of 10 h, that is, after the second 
milking the animals were allowed to graze. About 2.0 ml of a 
formulation containing 500 mg rBST was subcutaneously applied in 
the previously-sanitized ischiopubic rectal fossa. On the first day, all 
animals received the rBST formulation; further aplications were 
complied with the application interval established for each group of 
animals; in other words, 10 animals at interval of 10 days, 10 
animals at interval of 12 days and 10 animals at interval of 14 days. 
Cows were milked twice daily, with the first milking at 06:00 am and 
the second at 04:00 pm. During milking, disposal of the first three 
jets in the black background mug was performed for identification of 
clinical mastitis. Subsequently, teats were immersed in a sodium 
hypochlorite solution (pre-dipping) with thorough drying using paper 
towel for the coupling of teatcups. After complete and uninterrupted 
milking, teatcups were removed and teats were immersed in 5% 
iodine solution (post-dipping) and release of animals for silage 
supply. 

Milk samples were obtained at the end of the first milking. With 
the aid of individual meters, milk contained in the milk meter was 
previously agitated for five seconds; then, 40 mL of milk was 
collected into a flask containing preservative bronopol, previously 
identified with barcode corresponding to each animal. Samples 
were collected at intervals of one day. On the same day of 
collections, individual milk production of each animal was recorded 
and data were transferred to spreadsheets, which were 
subsequently used in statistical analyses. After collection, milk 
samples were packed in isothermal boxes containing ice and sent 
to the Laboratory of Animal Products of Goiás, Rio Verde Campus, 
to be stored at approximately 4°C. Then, flasks containing milk 
samples were sent to the Laboratory of Milk Quality - Food
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Table 2. Treatments, productivity and recombinant bovine somatotropin application 
intervals. 
 

Treatment Productivity (liters of milk/d) Application interval 

1 

Less than 20 L/day 

10 

2 12 

3 14 
   

4 

More than 20.1 L/day 

10 

5 12 

6 14 

 
 
 

Table 3. Financial viability resulting from the recombinant bovine somatotropin application at intervals of 10, 12 and 14 days and milk 
productivity levels of girolando cows. 
 

Parameter 
Milk production 

(Kg) 

Application intervals (days) CV 
(%) 

P 
value 10 12 14 

Daily average increase 
(liters/day) 

<20 5.15 ± 1.47
Aab

 3.85 ± 1.13
Ab

 5.55 ±1.34
Aa

 
22.64 0.0028 

>20.1 3.84 ± 1.74
Ba

 3.14 ± 1.08
Aa

 2.63 ±1.33
Ba

 
       

Total increase 
(liters/month) 

<20 154.52 ± 44.02
Aa

 115.54 ± 33.82
Ab

 166.60 ±40.33
Aa

 
20.23 0.0000 

>20.1 115.24 ± 52.19
Ba

 94.30 ± 32.51
Bab

 78.88 ±40.14
Bb

 
 

Lowercase letters differ in line, capitals letters differ in column according to the Tukey test at 5% significance. For final gain calculations, the 
following application costs were used: Interval of 10 days = US$ 96.82; Interval of 12 days = US$ 80.68; Interval of 14 days = US$ 69.14. 

 
 
 
Research Centre, School of Veterinary and Animal Science, 
Federal University of Goiás, to perform electronic analyses and 
issue of reports. Fat, protein, lactose, and defatted dry extract 
(DDE) contents were determined in MilkoScan 4000 (Foss Electric 
A/S. Hillerod, Denmark) equipment and results were expressed in 
percentage (%). The experiment was carried out in a 3x2 factorial 
design. Factor A corresponded to rBST application intervals divided 
into three levels (intervals) of rBST Application every 10, 12 and 14 
days, respectively.  

Factor B corresponded at  production levels of animals, divided 
into two levels, animals that produced more than 20.1 L/milk/day 
and animals with production less than 20 L/milk/day, as shown in 
Table 2. Five animals were used per treatment, each animal was 
considered as repetition, totaling 30 cows. Collections were 
performed every other day, totaling 16 individual milk sample 
collections and all 16 samples were weighted to stipulate 
production and all animals were grouped in the same batch, so that 
they had common feed and environment. Productivity was 
assessed by measuring the amount of milk produced daily and 
chemical composition.  

To assess the financial viability, production data of animals were 
grouped into each application interval and production level. 
Average values were used to calculate the daily production 
increase that was estimated in liters of milk per day, total production 
increase, total increase in dollar and final gain in dollar resulting 
from rBST application. Data were analyzed using the SISVAR 
statistical software (Ferreira, 2011) by performing analysis of 
variance and comparison by the Tukey test at 5% significance. The 
average increase of liters of milk per day was calculated from the 
difference in milk production of animals in comparison with 
production on day zero in all rBST application intervals (10, 12 and 
14 days). The total increase in liters of milk produced within 30 days 
was calculated by summing up the average increases of liters of 
milk per day and corrected for the interval of 30 days. The total 

increase in dollars was calculated by estimating the amount 
received by the producer, which is resulting from increased milk 
production caused by the use of rBST, and this estimate used the 
value of 1.93 dollars per liter of milk, which was the price practiced 
in the region at the time of experiment. To calculate the final gain in 
dollars resulting from reducing rBST application intervals, the 
amount in dollars generated by the application of recombinant 
somatotropin minus the cost of rBST application for each interval 
was used, 96.81 dollars for application interval of 10 days, 80.68 
dollars for application interval of 12 days and 69.14 dollars for 
application interval of 14 days. 
 

 

RESULTS  
 

The total milk production during the experimental period 
was 18122.8 L of milk, 20.13 L/cow/day, on average. 
Table 3 shows the increase in daily production of each 
application interval and production level, total production 
increase in litters of milk in dollars and the final gain 
generated by the use of recombinant bovine somato-
tropin, which demonstrates the economic feasibility of 
reducing the rBST application interval. The daily milk 
production of animals with productivity below 20 L at 
rBST application intervals of 10 and 14 days were 
statistically similar, with interval of 14 days, providing 
increased daily production of 5.55 L/day and interval of 
10 days, providing increased daily production of 5.15 
L/day.  

The application interval of 12 days showed significant 
difference only in relation to the application interval of 14
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Figure 1. Production in litters per day at different rBST application intervals of 10, 12 and 14 days in animal with 
production less than 20 litres/day. 

 
 
 
days, with no statistical difference from the application 
interval of 10 days, showing the lowest daily increment of 
3.85 L/day/milk. For the group of animals with productivity 
above 20.1 L/milk/day, there was no significant difference 
among application intervals for the average daily increase 
in milk production.  

In the rBST application interval of 10 days, animals 
produced less than 20 L responded better than the group 
of animals that producing above 20.1 L/milk/day, with 
significant difference between average daily milk 
productions. The average increase among animals of 
lower production was 5.15 L, whereas in animals of 
greater production, production increase was 3.84 L/day. 
For the application interval of 12 days, no significant 
difference in rBST application response to the increase in 
daily milk production was observed. For the application 
interval of 14 days, significant difference between group 
of lower production and group of higher production was 
observed, and animals of lower production showed better 
response, with average increase of daily milk production 
of 5.55 L/day, while for animals of higher production, the 
daily average increase in milk production was 2.63 
L/milk/day.  

In the total increase in dollars, animals with productivity 
below 20 L/milk/day showed no significant difference in 
relation to the reduction in the rBST application interval 
from 14 to 10 days, with averages of 332.98 and 308.82 
dollars, respectively. The application interval of 12 days 
was significantly different from the other intervals, 
presenting the smallest increment, resulting in 230.91 
dollars. In the group of animals with productivity above 
20.1 L/milk/day, significant difference in the total increase 
in dollars response to the reduction in the rBST 
application interval from 14 to 10 days was observed, and 

the rBST application interval of 10 days showed the 
highest average, 230.33 dollars, while animals in the 
interval of 14 days showed an increase of 157.96 dollars. 
The application interval of 12 days was similar to 
application intervals of 10 and 14 days, with an increase 
of 188.46 dollars. Animals of lower production responded 
better to the effects of recombinant somatotropin in all 
application intervals (10, 12 and 14 days), providing 
greater average increase in total milk production and 
greater total increase in dollars, differing significantly, 
according to the Tukey test at 5% significance. In variable 
final gain in dollars, animals with lower productivity 
differed significantly in all rBST application intervals, and 
the rBST application interval of 14 days showed the 
highest yield, generating an additional income of 263.83 
dollars per animal per month, while those in the 
application interval of 10 days generated additional 
income of 212 dollars/animal/month. The rBST applica-
tion interval of 12 days showed the lowest final result, 
generating additional income of 150.24 dollars/animal/ 
month. Regarding animals with productivity above 20.1 
L/milk/day, no significant difference in the additional 
income in dollars in response to the reduction in the rBST 
application interval from 12 to 10 days was observed, 
with averages of 107.79 and 133.52 dollars/animal/ 
month. The application interval of 14 days was signifi-
cantly different in relation to the other intervals, showing 
the lowest additional income of 88.82 dollars/animal/ 
month. Figure 1 shows the regression for variable 
production of animals with average production below 20 L 
per day, and it was observed that for application intervals 
of 10 and 12 days, there was an increase in milk 
production over the period of application, keeping 
production uniform.  
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Figure 2. Production in litters per day at different rbst application intervals of 10, 12 and 14 days in animal with production 
above 20.1 L/day. 

 
 
 

This fact can be verified by second-degree equations 
for application intervals of 10 and 12 days. In the rBST 
application interval of 14 days, milk production behaved 
in a less uniform manner, with reduced productivity of 
animals in the period next to the days of application, 
returning to higher production levels four days after 
application, so the equation that best represented such 
behavior was the fifth-degree equation. Figure 2 shows 
the regression for variable production of animals with 
average productivity above 20.1 L of milk per day at the 
different rBST application intervals. It was observed that 
at application interval of 10 days, there was a tendency of 
maintenance of animal productivity in the period 
corresponding to days 6 to 26, with a reduction in 
productivity from day 28, given that the last rBST 
application of this group of animals occurred on day 20. 
In the rBST application interval of 12 days, animal 
productivity resulted in a quadratic equation, with 
maintenance on production throughout the experimental 
period, which is demonstrated by the second-degree 
equation. For the rBST application interval of 14 days, a 
fluctuation in animal productivity was observed, with peak 
production from four to six days after recombinant bovine 
somatotropin application, with productivity drops always 
close to the days of application, thus, the equation that 
best represents this behavior was the fifth-degree 
equation.  Table 4 shows the chemical composition of 
milk from Girolando cows with milk production below 20 
L/day and above 20.1 L/day submitted to different rBST 
application intervals. Regarding fat content of milk, for 
animals with productivity below 20 L/milk/day, the rBST 
application interval of 10 days showed the highest 

average fat content of 4.92%, significantly differing from 
application intervals of 12 and 14 days, whose fat 
contents were 4.52 and 4.37%, respectively. For animal 
with productivity above 20.1 L/milk/day, no significant 
difference in fat content was observed. In all rBST 
application intervals, significant difference in the fat levels 
was observed, with higher average fat content for 
animals with productivity less than 20 L/milk/day, and 
such difference behavior can be explained by the dilution 
of fat in the milk of animals of higher production, thus 
showing lower fat percentages (Weiss et al., 2002), as 
shown in Table 4.  

The fat levels observed in this study are high for 
Girolando cows, but this fact is explained by the breeding 
program used on the farm, where bulls are used to 
increase the solids content in milk, so cows produce milk 
with high fat and protein contents. The protein contents of 
milk in both groups of animals with productivity below and 
above 20.1 L/day showed no significant difference in 
none of the rBST application intervals. However, there 
was a significant difference in the protein percentage in 
all rBST application intervals in relation to animals at 
each application interval, with animals with productivity 
below 20 L/milk/day, with the highest average protein 
contents compared to animals of higher productivity in 
every application intervals of 10, 12 and 14 days, 
showing average protein contents of 3.59, 3.62 and 
3.70%, respectively. The lactose content for animals with 
productivity below 20 L/milk/day showed significant 
difference in the application interval of 10 days, and in 
this interval, the average lactose content was 4.50%, 
while animals with application intervals of 12 and 14 days  
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Table 4. Average chemical composition values of milk from Girolando cows submitted to different recombinant bovine 
somatotropin application intervals. 
 

Composition (%) Milk production (Kg) 
Application interval (days) 

CV (%) P value 
10 12 14 

Fat 
<20 4.92 ± 1.01

Aa
 4.52 ± 0.56

Ab
 4.38 ± 0.59

Ab
 

18.15 0.051 
>20.1 3.98 ± 0.75

Ba
 4.00 ± 0.77

Ba
 3.98 ± 0.92

Ba
 

       

Protein 
<20 3.59 ± 0.42

Aa
 3.63 ± 0.22

Aa
 3.71 ± 0.32

Aa
 

10.58 0.024 
>20.1 3.28 ± 0.48

Ba
 3.24 ± 0.35

Ba
 3.24 ± 0.34

Ba
 

       

Lactose 
<20 4.51 ± 0.39

Aa
 4.37 ± 0.20

Bb
 4.35 ± 0.35

Bb
 

5.87 0.029 
>20.1 4.42 ± 0.28

Bc
 4.75 ± 0.17

Aa
 4.65 ± 0.24

Ab
 

       

DDE 
<20 8.10 ± 0.38

Aa
 8.00 ± 0.30

Aa
 8.06 ± 0.30

Aa
 

5.65 0.050 
>20.1 7.70 ± 0.71

Bb
 7.99 ± 0.40

Aa
 7.89 ± 0.49

Ba
 

 

Lowercase letters differ in line, capitals letters differ in column according to the Tukey test at 5% significance. 

 
 
 
showed average lactose contents of 4.37 and 4.35%, 
respectively. In the group of animals of higher 
productivity, significant difference in all application 
intervals was found, and the application interval of 12 
days showed higher lactose percentage compared to 
other application intervals, with average lactose content 
of 4.75%, followed by application interval of 14 days, with 
average lactose content of 4.65%, and the lowest 
average lactose content was found for application interval 
of 10 days, with 4.42% lactose. In the application interval 
of 10 days, animals with productivity below 20 L/milk/day 
showed significant difference for the lactose content in 
relation to animals of higher productivity, with average 
lactose contents of 4.50 and 4.42% for animals with 
productivity below 20 L/milk/day and above 20.1 
L/milk/day, respectively. For application intervals of 12 
and 14 days, animals of higher productivity showed 
average lactose contents of 4.75 and 4.65% in both 
application intervals, respectively. For defatted dry solids 
(DDS), animal with productivity below 20 L/milk/day did 
not significantly differ in none of the rBST application 
intervals. For animals with productivity above 20.1 
L/milk/day, there was no significant difference between 
rBST application intervals of 14 and 12 days, with 
average values of 7.89 and 7.99%, respectively.  
 
 
DISCUSSION 
 
The increases in daily milk production from 3 to 5 L/day in 
response to rBST application were also observed in 
studies by several authors (Hartnell et al., 1991; LuccI et 
al., 1998; Collier et al., 2001; Carriquiry et al., 2008). For 
variable total milk increment, animals producing less than 
20 L/day showed no significant difference in the milk 
production response in relation to decreased rBST 
application interval from 14 to 10 days; for rBST 

application interval of 12 days, significant difference 
compared to other intervals was observed, with 
production response of 115.54 L compared to 166.60 and 
154.52 L for rBST application interval of 14 and 10 days, 
respectively. For the group of animals with production 
above 20.1 L/day, the response to the reduction of rBST 
application interval from 14 for 10 days was significant for 
the total increase in milk produced within 30 days, and 
the group of animals in the application interval of 10 days 
produced 115.24 more liters of milk, while animals in the 
application interval of 14 days produced 79.04 L of milk. 
Application interval of 12 days was similar to application 
intervals of 10 and 14 days, with an increase in 
production of 94.30 L of milk. The reduction in the rBST 
application interval from 10 and 12 days caused changes 
in milk production of animals of both productivity levels, 
and no further reduction in milk production around the 
time of subsequent application was observed, such as 
that shown in the application interval of 14 days. The fat 
results were lower than those found in studies by 
Klusmeyer et al. (2009), who evaluated the effect of rBST 
in the milk composition of Holstein cows. In another study 
with goats, no variation in fat content was found between 
animals that received rBST and those who did not 
receive the application (Barbosa et al., 2002). The higher 
fat content found in animals with productivity below 20 
L/milk/day in rBST application interval of 10 days is due 
to the assumption that short rBST application intervals 
maintained higher rBST levels and it is known that one of 
the functions of somatotropin through IGF-1 is to direct 
more nutrients to the mammary gland, among these 
volatile fatty acids (Etherton and Bauman, 1998) used by 
the mammary gland for the formation of fat globules. 
Protein contents lower than those found in this 
experiment were reported by Gulay et al. (2004) where 
Holstein cows submitted to rBST application interval of 14 
days  showed  protein percentage in milk of 2.87%.  How- 
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ever, the protein contents were similar to those found in a 
study conducted by Macrina et al. (2011).  

Although with no statistical difference for the lactose 
contents, the average values were very close for all rBST 
application intervals and productivity, evidenced by the 
low variation coefficient of 5.87%. This small variation 
was due to the close relationship between synthesis of 
lactose and amount of water drained to the milk because 
the lactose content of milk is the component with the 
lowest variation (González, 2001). Only the application 
interval of 10 days showed significant difference from the 
other intervals, with DDS content of 7.70%. This result is 
explained by the lower lactose content shown by this 
group of animals in the application interval of 10 days. In 
application intervals of 10 and 14 days, animals of lower 
productivity significantly differ for the DDS contents in 
relation to animals of increased productivity, with average 
DDS values of 8.09 and 8.06%, respectively. This 
variation is due to the higher protein and lactose content 
presented in these application intervals. In the application 
interval of 12 days, no significant difference in the DDS 
levels in different groups was observed, with average 
DDS value of 7.99%. The changes in the chemical 
composition of milk from cows to rBST application was 
not out of standards established by IN 62 (Brasil, 2011), 
which recommends minimum fat content of 3% and 
minimum protein content of 2.9%; however, the DDS 
values were lower due to the higher fat contents obtained 
in this experiment.  

In all rBST application intervals, significant difference in 
the final gain in dollars was observed and animals with 
lower productivity provided higher additional income per 
month, with average of 212, 150.24 and 263.83 dollars 
for application intervals of 10, 12 and 14 days, 
respectively, while animals of higher productivity showed 
133.52, 107.79 and 88.82 for intervals of 10, 12 and 14 
days, respectively.  
 
 

Conclusion  
 

In animals with productivity below 20 L/milk/day, the best 
rBST application intervals was 14 days, resulting in 
higher financial returns to milk producers. Animals with 
productivity over 20.1 L/milk/day, reducing the rBST 
application interval from 14 days to 12 and 10 days is 
financially feasible. The rBST application intervals of 10 
days resulted in higher fat content in milk from animals of 
lower production. The fat and protein contents were 
higher for animals of lower productivity at all application 
intervals.  
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An efficient method for the large-scale propagation of Epidendrum secundum using protocorms and 
leaves from in vitro germination was established. Explants were inoculated in Woody Plant Medium 
(WPM) supplemented with 6-benzyladenine (BA) (1.0–40.0 µM) for 60 days and cultured in a growth room 
in darkness (30 days) or with a 16 h photoperiod. Protocorms were most effective for regenerating 
protocorm-like bodies (PLBs; 100.0%), independent of the presence or absence of light. The leaves were 
less responsive, and the best results were obtained with the youngest leaves (58.0% PLB induction). BA 
influenced the responses of protocorms and young leaves, and medium supplemented with 1.0 µM BA 
was most effective for inducing and regenerating PLBs. The shoots were rooted (100.0%) in WPM 
without any growth regulator and were transplanted to Isopor trays containing Plantmax florestal

®
 and 

vermiculite (2:1), with 100.0% survival after 60 days. A histological analysis demonstrated that for both 
the explants, leaves and protocorms, PLBs were formed from successive divisions of epidermal 
cells. This simple protocol will be useful for the large-scale propagation of E. secundum. 
 
Key words: Orchidaceae, epiphytic orchid, in vitro propagation, micropropagation. 

 
 
INTRODUCTION 
 
Epidendrum secundum Jacq. is a species belonging to 
the Orchidaceae. The species is epiphytic, terrestrial, or 
rupiculous, and it flowers throughout the year (Stancik et 
al., 2009). This species is distributed in areas of the 
Atlantic Forest that due to continuous destruction of 
natural habitats, unauthorized trade and ruthless 
collection by orchid lovers; many orchid species in nature 
are disappearing at an alarming rate (Hossain, 2008).    

The seeds of these plants have great difficulty in 
germinating because they generally have no food 
reserves, require a symbiotic association with mycorrhizal 
fungi, and grow slowly (Dressler, 1981). Furthermore, 
conventional propagation of this plant is hindered by its 
slow growth and lack of production of sufficient numbers 
of clones in a short period of time (Martin and Madassery, 
2006). Tissue culture techniques have been used for the
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propagation of different species of terrestrial and 
epiphytic orchids (Díaz and Alvarez, 2009). 

The formation of protocorms from in vitro-germinated 
seeds and the subsequent induction of protocorm-like 
bodies (PLBs) from protocorms, nodal segments, leaf 
apices, leaves, root apices, and other explants has 
become a reliable method for the propagation of orchids 
(Ng and Saleh, 2011). Foliar explants represent an 
effective alternative for micropropagating orchids 
because they are easy to obtain, they do not require the 
sacrifice of the mother plant, and they offer opportunities 
to raise large numbers of true-to-type plants (Murthy and 
Pyati, 2001). The use of leaf explants to induce PLBs has 
been reported for Dendrobium hybrids (Martin and 
Madassery, 2006), Aranda × Vanda coerulea hybrids 
(Gantait and Sinniah, 2012), and Renanthera 
imschootiana (Wu et al., 2012). Propagation using 
protocorms has been studied for Aerides crispum 
(Sheelavanthmath et al., 2005), Phalaenopsis gigantea 
(Murdad et al., 2006), and Esmeralda clarkei (Paudel and 
Bijaya, 2012). 

Cytokinins and auxins are required for shoot induction 
and development. 6-Benzyladenine (cytokinin) has been 
reported to be effective in promoting the regeneration of a 
number of orchid species (Nayak et al., 2002; Martin and 
Madassery, 2006; Naing et al., 2011). Plant growth 
regulator-free media have been used for the conversion 
of PLBs into complete plantlets (Murthy and Pyati, 2001). 
In addition to growth regulators, the photoperiod 
influences the formation of PLBs of some orchid species, 
such as Oncidium flexuosum (Mayer et al., 2010). Thus, 
the goal of this study was to test different explants at 
different ages and assess the influence of BA and the 
photoperiod on the formation of PLBs of E. secundum to 
establish an in vitro propagation protocol. 
 
 
MATERIALS AND METHODS  
 
Plant materials, surface sterilization, and culture conditions  
 
Hand pollination of the E. secundum flowers was performed at the 
Botanical Institute of São Paulo, Brazil (São Paulo, SP, plant 
numbers 17,480 and 17,672). Fruit harvesting began six months 
after pollination, and seeds were removed from mature capsules, 
immersed in 0.75% (v/v) sodium hypochlorite plus 0.1% Tween 20® 
for 10 min and rinsed four times with sterile, distilled water. Seeds 
were dried on filter paper and then inoculated in Petri dishes (150 
mm in diameter and 20 mm in height) containing 40 ml of Woody 
Plant Medium (WPM) (Lloyd and McCown, 1980) supplemented 
with 3% sucrose (w/v) and 5.6 g L−1 agar Himedia®. pH was 
adjusted to 5.8 with 0.1 N NaOH or HCl before the addition of agar. 
Medium was autoclaved at 120°C for 20 min. The cultures were 
maintained in a growth room with a temperature of 26 ± 2°C/18 ± 
2°C (day/night), under a 16 h photoperiod provided using white 
fluorescent tubes at an intensity of 40 µmol m−2 s−1. 
The experiments were performed with the protocorms and leaves 
obtained from in vitro germination of seeds. Leaves (0.3 and 1.0 cm 
in length) from two and six-month old, respectively, and protocorms 
from two-month old were used as plant material. Leaves were 
placed  in Petri dishes  with the  abaxial surface  in contact with  the  
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culture medium and protocorms had their leaf apices completely 
removed, and they were placed (cut side up) in Petri dishes. 
 
 
Induction of protocorm-like bodies (PLBs) from leaves and 
protocorms 
 
The explants were cultured in WPM supplemented with 3% (w/v) 
sucrose, 100 mgL−1 (w/v) myoinositol and gelled using agar (5.6 
gL−1) Vetec®. The medium was supplemented with 1.0, 2.5, 5.0, 
10.0, 20.0, or 40.0 µM 6-benzyladenine (BA), in addition to a control 
without growth regulators. Cultures were maintained for 60 days 
with a photoperiod of 16 h or for 30 days in the dark followed by 30 
days with a 16 h photoperiod in a growth chamber at a temperature 
of 26 ± 2°C/18 ± 2°C (day/night) and a light intensity of 40 µmol m−2 
s−1. After 60 days, individual shoots were transferred to WPM 
without growth regulators for rooting and plant growth. 
 
 
Acclimatization of regenerated plants  
 
After 120 days of culture, plantlets (1.5 cm long) with two or three 
expanded leaves were transplanted into Isopor trays containing 
Plantmax florestal® and vermiculite (2:1). The plants were 
maintained in a greenhouse at room temperature (25 ± 3°C), and 
they were manually irrigated every three days. After 60 days, the 
percent survival was recorded.  
 
 
Experimental design and statistical analysis 
 
The experimental design was completely randomized, with a 2 × 2 
factorial scheme (age of the explants and photoperiod), and each 
type of explant was evaluated separately for treatment with BA and 
the photoperiod (7 × 2). The treatments consisted of five Petri 
dishes containing 10 explants each. After 60 days, the percentage 
of explants forming PLBs and the average number of PLBs 
regenerated per explant were evaluated. Means were transformed 
by the square root of x + 0.5 when necessary, and analysis of 
variance and comparison of means by the Tukey’s test were 
performed using the SISVAR® program. 
 
 
Histological analysis 
 
The leaves and protocorms at various stages of PLB formation 
were fixed in Karnovsky’s fixative solution (Karnovsky, 1965) at 
room temperature for 24 h. The samples were dehydrated in an 
alcohol series and were subsequently infiltrated and polymerised 
using hydroxyethylmethacrylate (Historesin, Leica®) according to 

the manufacturer’s instructions. The cross sections of 8 m in 
thickness were cut using a steel blade in a rotary microtome and 
stained with toluidine blue (O’Brien et al., 1964). The stained slides 
were mounted with Permout® and analyzed on a digital equipment 
connected to a Zeiss microscope®. 
 

 

RESULTS 
 

Induction of protocorm-like bodies (PLBs) from 
leaves and protocorms 
 

The PLBs regeneration was observed for all explants 
tested, and the best results occurred when protocorms 
were used, followed by younger and older leaves (Table 
1). The protocorms exhibited high regenerative potential 
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Table 1. Effect of the explant type and photoperiod of Epidendrum secundum on the regeneration of protocorm-like 
body (PLB) after 60 days of culture in Woody Plant Medium (WPM), containing different concentrations of 6-
benzyladenine (BA) 
 

Explant 
PLB regeneration (%) 

 

Average number of PLBs per 
responsive explants 

Light
a 

Dark/light
a 

Mean
b 

 
Light Dark/light Mean 

2-month-old leaf 56.8 59.2 58.0b 
 

1.7 1.6 1.7b 

6-month-old leaf 26.6 20.4 23.5c 
 

1.5 1.3 1.4b 

2-month-old protocorm 97.7 96.0 96.9a 
 

3.8 3.0 3.4a 

Mean
b
 60.4 A 58.5A  

 
2.3A 2.0B  

 

aLight: 16-h photoperiod for 60 days. Dark/light: dark for 30 days, followed by a 16-h photoperiod for 30 days. bMeans 
within a column followed by the same lowercase letter and means on the same line followed by the same upper case 
letter do not differ significantly according to Tukey’s test (P ≤ 0.05).  

 
 
 
by inducing direct PLB formation in the two light regimes 
to which they were submitted. The results indicated that 
younger leaves (2-month-old) were more responsive than 
the older (6-month-old) leaves. For the average number 
of PLBs per explant, protocorms were more effective than 
leaves independent of age (P ≤ 0.05) (Table 1).  

The frequency of PLB regeneration and the average 
number of PLBs regenerated from the leaves (2-month-
old) of E. secundum were not influenced by the light 
regime. However, the concentration of 6-benzyladenine 
(BA) influenced the responses of explants; leaves 
cultured in medium supplemented with 1.0-5.0 µM BA 
regenerated more PLBs than the control medium (P ≤ 
0.05; Figure 1a). However, the average numbers of PLBs 
per explant were similar between the control explants and 
those exposed to the highest concentration of BA (40.0 
µM) (Table 2).  

The photoperiod did not influence PLB regeneration 
from leaves (6-month-old; Table 3). Regarding the 
percentage of explants that regenerated PLBs, explants 
cultured in medium containing 2.5 µM BA were more 
responsive than those cultured in the presence of other 
BA concentrations as well as the control (P ≤ 0.05). 
Therefore, there was no difference in the average 
number of PLBs between the control and different 
concentrations of BA. Under a 16 h photoperiod, the 
optimal concentration of BA for PLB induction and 
regeneration was 2.5 µM, as 46% of explants were 
responsive with an average of 1.7 PLBs produced per 
explant (Table 3). 

Protocorms lacking the leaf apex were more responsive 
than leaves, independent of the light regime. The 
percentage of explants regenerating PLBs was high 
(Table 4), with the lowest percentage obtained in the 
presence of 40.0 µM BA, which was statistically lower 
than that observed for the other concentrations under a 
16 h photoperiod. The average number of PLBs per 
explant was highest in the presence of 2.5 and 5.0 µM 
BA, as well as for the control. Due to the response in the 
presence of light, the optimal and most economical 
treatment was growth in the presence of 1.0 µM BA 

under a 16 h photoperiod, with all explants regenerating 
PLBs and an average of 4.4 PLBs produced per explant 
(Figures 1b and c and Table 4).  
According to the results, we can estimate the production 
of new plants from the established protocol of E. 
secundum. Initially, 1000 seeds germinated in WPM, and 
1000 seedlings were produced after 60 days. Then, 
protocorms lacking leaf apices were cultured in WPM 
containing 1.0 µM BA using a 16 h photoperiod for 60 
days, and all protocorms regenerated PLBs at an 
average of 4.4 per explant. The 1000 leaves (2-month-
old) withdrawn from protocorms were placed in WPM 
containing the same concentration of BA, first in the dark 
for 30 days followed by 30 days of incubation with a 16 h 
photoperiod, resulting in PLB regeneration by 
approximately 70.4% of the explants at an average of 2.0 
PLBs per explant. Then, individual PLBs were transferred 
to WPM lacking a growth regulator for elongation and 
rooting. After 60 days, the plants were acclimatized in 
forest Plantmax

®
 substrate and vermiculite (1:2) with 

100% survival in the greenhouse, yielding 5808 plants 
after 4 months. 
 
 

Histological analysis  
 

Direct PLB regeneration was obtained from protocorms 
and leaf explants. Histological observations revealed that 
the PLBs originated from the epidermis and subjacent 
layers of the epidermis (Figure 1d). In the regeneration of 
PLBs, globular structures formed first followed by the 
normal development of protocorms of this species, 
including the differentiation of the leaf apex and the 
formation of the first leaf. Meanwhile, protocorms lacking 
leaf apices were induced to form PLBs, displaying 
meristematic centers and numerous cells throughout the 
vascular structure (Figure 1e). 
 
 

DISCUSSION 
 

In this study, protocorm and leaf explants were able to
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Figure 1. Protocorm-like body (PLB) formation from the leaves and 
protocorms of Epidendrum secundum: a, PLBs regenerated from leaves 
cultured in WPM supplemented with 6-benzyladenine (BA), including the start 
of root growth (arrow), after 60 days (bar = 1.0 mm). b. PLBs from 
protocorms after 30 days of culture in WPM containing BA (bar = 1.0 mm). c. 
PLBs developing from protocorms cultured in WPM medium containing BA. 
The start of root growth (arrow), was noted after 60 days (bar = 10.0 mm). d. 
Direct induction of PLBs and shoots from protocorms (bar = 0.2 mm). e. 
Protocorms exhibiting formation of PLBs and procambium (arrows) (bar = 0.1 
mm): PLB, protocorm-like body;  SH, shoot. 

 
 
 

Table 2. Effect of 6-benzyladenine (BA) and the photoperiod on the regeneration of 
protocorm-like body (PLB) from the 2-month-old leaves of Epidendrum secundum 
after 60 days of culture in Woody Plant Medium (WPM) 
 

BA (µM) 
PLB regeneration (%) 

 

Average number of PLBs per 
responsive explants 

Light
a 

Dark/Light
a 

Mean
b 

 
Light

 
Dark/light Mean 

0.0 48.8 33.0 40.9b 
 

1.3 1.0 1.2c 

1.0 69.8 70.4 70.1a 
 

1.8 2.0 1.9ab 

2.5 62.8 74.0 68.4a 
 

2.0 1.9 2.0ab 

5.0 61.4 79.0 70.2a 
 

2.1 1.9 2.0a 
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Table 2. Contd. 
 

10.0 59.4 44.0 51.7ab 
 

2.0 2.0 2.0a 

20.0 54.0 68.0 61.0ab 
 

1.6 1.6 1.6abc 

40,0 41.4 46.0 43.7ab 
 

1,3 1.0 1.2bc 

Mean
b 

56.8A 59.2A - 
 

1.7 A 1.6A - 
 

aLight: 16-h photoperiod for 60 days. Dark/light: dark for 30 days, followed by a 16-h 
photoperiod for 30 days. bMeans within a column followed by the same lowercase 
letter and means on the same line followed by the same upper case letter do not 
differ significantly according to Tukey’s test (P ≤ 0.05). 

 
 
 

Table 3. Effect of 6-benzyladenine (BA) and the photoperiod on the regeneration of protocorm-like 
body (PLB) from the 6-month-old leaves of Epidendrum secundum cultured in Woody Plant 
Medium (WPM) for 60 days. 
 

 

BA (µM) 

PLB regeneration (%) 
 

Average number of PLBs per 
responsive explants 

Light
a 

Dark/light
a 

Mean
b 

 
Light Dark /light Mean 

0.0 20.0 17.0 18.5b 
 

1.8 1.6 1.7a 

1.0 33.0 21.0 27.0b 
 

1.8 1.5 1.7a 

2.5 46.0 38.0 42.0a 
 

1.8 1.6 1.7a 

5.0 25.0 19.0 22.0b 
 

2.3 1.6 2.0a 

10.0 22.0 14.5 18.3b 
 

1.2 1.2 1.2a 

20.0 20.0 14.0 17.0b 
 

1.4 1.1 1.3a 

40.0 19.5 12.5 16.0b 
 

1.3 1.0 1.2a 

Mean
b 

26.5A 19.4A 
  

1.7A 1.4A 
  

aLight: 16-h photoperiod for 60 days. Dark/light: dark for 30 days, followed by a 16-h photoperiod 
for 30 days. bMeans within a column followed by the same lowercase letter and means on the 
same line followed by the same upper case letter do not differ significantly according to Tukey’s 
test (P ≤ 0.05). 

 
 
 

Table 4. Effect of 6-benzyladenine (BA) and the photoperiod on the regeneration of protocorm-like body (PLB) 
from 2-month-old protocorms of Epidendrum secundum cultured in Woody Plant Medium (WPM) for 60 days 
 

BA 

(µM) 

PLBs regeneration (%) 
 

Average number of PLBs per 
responsive explants 

Light
a 

Dark/light
a 

Mean
b 

 
Light Dark/light Mean 

0.0 92.0 98.0 95.0a 
 

2.3 2.1 2.2c 

1.0 100.0 100.0 100.0a 
 

4.4 2.9 3.7b 

2.5 100.0 100.0 100.0a 
 

4.4 3.5 4.0ab 

5.0 100.0 100.0 100.0a 
 

5.2 4.3 4.8a 

10.0 100.0 96.0 98.0a 
 

3.9 3.1 3.5b 

20.0 100.0 96.0 98.0a 
 

3.4 2.9 3.2bc 

40.0 92.0 82.0 87.0b 
 

3.3 2.5 2.9bc 

Mean
b
 97.7A 96.0A  

 
3.8A 3.0B  

 

aLight: 16-h photoperiod for 60 days. Dark/light: dark for 30 days, followed by a 16-h photoperiod for 30 days. 
bMeans within a column followed by the same lowercase letter and means on the same line followed by the 
same upper case letter do not differ significantly according to Tukey’s test (P ≤ 0.05). 

 
 
 

regenerate protocorm-like bodies (PLBs) directly in 
woody plant medium (WPM) supplemented with BA. The 
type of explant and BA concentration influenced the 

responses concerning the induction and regeneration of 
PLBs. The explants with the best responses were 
protocorms lacking leaf apices. They responded readily in 



 
 
 
 
WPM irrespective of the presence growth regulators, as 
also reported for Esmeralda clarkei (Paudel and Bijaya, 
2012). The protocorms are the result of the germination 
of orchids, and they are composed of parenchymal cells 
surrounded by epidermis. As noted in the anatomy of the 
seedling growth of E. secundum, the structure of the 
protocorm is meristematic, especially the upper pole of 
the protocorm, which originates the leaf apex. Meriste-
matic parts are rich in auxins and consist of cells with 
high metabolic activity; the removal of the leaf apex 
overcome the apical dominance, which combined with 
the addition of a cytokinin in the culture medium 
promoted the regeneration of PLBs. Similar results were 
also obtained for a hybrid Cymbidium, for which the best 
explants for PLB regeneration were also protocorms 
lacking the apical region as compared with protocorms 
cut in half and thin-layer cells (Silva and Tanaka, 2006). 

The results indicate that younger leaves (2-month-old) 
of E. secundum were more responsive, generating nearly 
two-fold more PLBs than the older leaves (6-month-old). 
The initiation of meristematic activity in foliar explants is 
directly related to the juvenility of the donor tissues 
besides the chemical stimulus to which they are 
subjected (Kaur and Buthani, 2009). According to Chugh 
et al. (2009), several studies illustrated this same 
variation in the competence of regeneration, which is the 
frequency of response and the number of PLBs 
regenerated by leaf explants. Similar responses were 
also obtained by Wu et al. (2012), in which PLB formation 
occurred only in juvenile leaves of Renanthera 
imschootiana. Murthi and Pyati (2001) also reported that 
the explants from mature leaves of Aerides maculosum 
did not respond to any culture medium, while proliferation 
occurred in those from juvenile leaves, which developed 
PLBs. The differential responses of the explants from 
mature and juvenile leaves under identical nutritional 
conditions seem to indicate the importance of their 
source and physiological age of the explant. 

The absence of a growth regulator had little effect on 
the induction of PLB regeneration, and the highest 
concentration of cytokinin exerted an inhibitory effect on 
the leaf explants of E. secundum, as was also reported 
by Gantait and Sinniah (2012). The addition of a cytokinin 
to the medium was essential to induce PLB regeneration 
from E. secundum leaf explants. This was also observed 
for the leaf explants of Dendrobium hybrids (Martin and 
Madassery, 2006), and A. maculosum (Murthy and Pyati, 
2001). The addition of a low concentration of BA (1.0 µM) 
to WPM was recommended to induce regeneration of 
PLBs by 70.0% of explants, with an average of two PLBs 
produced per leaf explant of E. secundum. In the study 
by Gow et al. (2009) using the younger leaves of 
Phalaenopsis amabilis cultivated in vitro, 25% of explants 
formed PLBs, and the average number of PLBs formed 
per explant was 3.4 in MS/2 medium containing 13.3 µM 
BA after 60 days of induction. This study corroborates the 
results obtained for E. secundum, in which PLBs formed 
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from the leaves used as explants. However, the 
regeneration of the PLBs of E. secundum was superior to 
the results obtained for the aforementioned species, as 
70.4% of explants formed PLBs in the presence of 1.0 
µM BA. 

The presence of light appeared to influence the 
induction of PLBs in the first weeks of growth for the 
explants of E. secundum. Similar findings occurred with 
the foliar explants of Phalaenopsis bellina 
(Khoddamzadeh et al., 2011). The optimal light condition 
for the leaves and protocorms of E. secundum was a 16 
h photoperiod. Mayer et al. (2010) observed different 
result for the leaves of Oncidium flexuosum, in which the 
effect of light on the direct regeneration of PLBs was 
decisive. In the presence of constant light, the 
regeneration rate was extremely low, and the average 
number of PLBs was lower than that produced by 
explants grown in the dark. Different results were also 
found by Gow et al. (2009), finding that the light regime 
influenced the responses of the explants of P. amabilis 
and P. nebula. In the absence of light, there was a higher 
percentage of responsive explants. 

Histological observations using thin sections revealed 
direct PLB regeneration from both protocorm and leaf 
explants without mediation of the callus, and PLBs 
developed from the epidermal cell layers of E. secundum 
explants and converted into plantlets through sequential 
organogenesis. Similar responses were observed for the 
protocorm sections of Aerides crispum (Sheelavanthmath 
et al., 2005) and Doritaenopsis hybrids, for which PLBs 
developed directly from the subepidermal layers near the 
wounded region of leaf sections (Park et al., 2002). The 
PLBs consisted of multiple meristematic centers that 
gradually differentiated into shoots, leaves, and then 
plantlets, as also described for the hybrid orchid Aranda × 
Vanda coerulea (Gantait and Sinniah, 2012). 
 
 

Conclusions 
 

On the basis of this study reported, it can be concluded 
that an efficient protocol for the direct regeneration of E. 
secundum using protocorms and young leaves (in vitro 
germination at 2 months of age) was established. For 
inducing and regenerating PLBs, it is recommended to 
add 1.0 µM BA to WPM. Rooting and plant growth also 
occurred in medium lacking a growth regulator. The 
plants were acclimatized (100% survival) with the 
substrate forest Plantmax

®
 and vermiculite (2:1). This 

protocol is simple and easy to utilize, and it can provide 
large numbers of plants for mass propagation in a short 
period. This efficient and reliable protocol could be useful 
for the mass multiplication and germoplasm conservation 
of this orchid. 
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Chickpea, a temperate crop, is the world’s third most important pulse crop and India produces 75% of 
world’s supply. The two most common types of Chickpea are the white-seeded "Kabuli" and the "Desi 
"variety. In vitro regeneration was achieved using cotyledonary nodal explants using desi variety seeds 
of cultivar K850 of Cicer arietinum. The multiple shoot induction was observed with various 
concentrations of auxins and cytokinins. The maximum proliferation was found at 0.5 mg/L 6-
benzylaminopurine (BAP). The effectiveness was observed at various combinations. Maximum 
efficiency of multiple shooting was obtained at 0.5 mg/L BAP and 0.05 mg/L 2,4-dichlorophenoxy acetic 
acid (2,4D). For root induction, well developed shoots were transferred into rooting medium 
supplemented with indole-3-butyric acid (IBA) and indole-3-acetic acid (IAA); maximum response was 
found at concentrations 0.10 and 0.50 mg/L, respectively. Successful rooting was recorded on media 
supplemented with 0.1 mg/L IBA. The well rooted plants were transferred into the soil. 
 
Key words: Explants, multiple shooting, phytohormones and acclimatization. 

 
 
INTRODUCTION 
 
Chickpea is a temperate crop, which probably originated 
from south-eastern Turkey and has spread to other parts 
of the world. Chickpea has significant economic 
importance as a source of food and fodder; its straw has 
forage value comparable to that of other straws 
commonly used for livestock feed (Singh, 1990). Crop 
improvement efforts like Agrobacterium mediated gene 
transfer methods have improved the adaptation of 
chickpea to the subtropic regions along with its disease 
resistance capacity. The two most common types of 

chickpea are the white-seeded "Kabuli" and the "Desi". 
The desi type of chickpea has small and colored seeds 
and the kabuli type have large and cream colored seeds 
(Millan et al., 2006). It is the third most important pulse 
crop in the world, grown in over 40 countries representing 
all the continents. Over 95% of the area, production and 
consumption are in the developing countries, where 
protein deficiency is common. Hence chickpea is 
considered as a good source of nutrition, particularly to 
the vegetarians and poor farmers of developing countries 
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(FAO, 2009). Chickpea is well known for its use in 
cosmetics, herbal medicine and for the production of 
nutraceuticals (Neha, 2012). Among the dry edible 
legumes, chickpea possesses the top protein digestibility. 
The lipid fraction is high in unsaturated fatty acids, 
primarily linoleic and oleic acids (Mayer, 1976). Chickpea 
utilises symbiotic nitrogen fixation to meet 80% of its 
nitrogen requirement and can fix up to 140 kg N/ha from 
air. It leaves generous amount of residual nitrogen behind 
for ensuing crops and adds much needed organic matter 
to maintain and improve the soil health as well as the 
sustainability of ecosystems. Chickpea is well known for 
its vulnerability to flooding and excess moisture. Also 
under high moisture conditions, chickpea is prone to 
fungus and wilt diseases (Yadav et al., 2006). Ascochyta 

blight disease is a major disease seen in chickpea, 
affecting the yield about 50-80%. Other diseases 
affecting Cicer areitinum are bacterial blight, 
Acrophialophora wilt, dry root rot, Bushy stunt, distortion 
mosaic, mystrosporium leaf rot disease. 

Molecular biology and plant biotechnology has 
emerged as a promising field and thus offering unparal-
leled opportunities and promises for the development of 
human resource as well as for the economic benefits 
(Sukapinda, 1993; Philip and Gamborg, 2005). The direct 
shoot organogenesis and establishment of plantlets from 
different explants of chickpea was reported earlier 
(Polisetty et al., 1996, 1997; Chauhan et al., 2003; 
Jayanand et al., 2003; Chakraborti et al., 2006; Anwar, 
2010).  

The regeneration of C. arietinum via direct 
organogenesis has been reported by several researchers 
(Kartha et al., 1981; Islam et al., 2005; Anju, 2005). 
Plantlets were developed through callus from different 
explants of chickpea and through direct somatic 
embryogenesis (Barna and Wakulu, 1993; Rizvi and 
Singh, 2000; Chauhan and Singh, 2002). In the present 
study, high frequency of plant multiplication was stan-
dardized using appropriate amount of plant growth 
regulators. The study was performed using desi variety 
seeds of cultivar K850 of C. arietinum L. 
 
 
MATERIALS AND METHODS 
 
Collection of disinfected plant material 
 
In the present study, seeds of C. arietinum L. (vr. Desi of cultivar 
K850) were collected from National Germ Plasm Centre, Indian 
Agricultural Research Institute (IARI), Pusa, New Delhi. The 
plantlets were maintained in the Department garden during the 
months of July- December. The explants were obtained from the 
seedlings raised in vivo and in vitro (Figures 1 and 2)). 
 
 
Surface sterilization of the explants 
 
The cotyledonary nodal explants of chickpea were collected from 
the garden of K. S. Rangasamy College of Technology, 
Tiruchengode, Tamil  Nadu, India  (Figure 2). The excised  explants  

 
 
 
 
were washed with tap water for 30 min followed by treatment with 
solutions of 2% (v/v) Teepol (Reckitt Benckinser - India) and 70% 
(v/v) ethanol for 1 min and thereafter washed three times with 
sterilized distilled water. The explants were then surface - 
disinfected with 0.1% (w/v) aqueous mercuric chloride solution for 
5-6 min and finally rinsed with sterile water. The stem segments 
were then trimmed at both ends prior to inoculation on culture 
media. 
 
 
Culture media and Inoculation 
 
Macronutrients (50x) (Murashige and Skoogs media, 1962) which 
were composed of various constituents of nitrogen, phosphorus, 
potassium which helps for the growth of plant in higher rate. 
Micronutrients (100x) were prepared with trace elements which 
prevents necrosis of the plant. Additional constituents such as 
vitamins, myoinositol, iron source, amino acids were prepared and 
stored at -20°C. Carbohydrate source was provided to the media 
freshly during the preparation. Agar as a supporting media of 0.8% 
was added. The pH of the medium was adjusted to 5.6 to 5.8. 

In all the experiments, the chemicals used for the experiment 
were of analytical grade (Himedia, Qualigens, Merkard and Sigma). 
The medium was dispensed into culture vessels (Borosil, Mumbai, 

India) and autoclaved at 105 kPa and 121C for 15 min the surface 
disinfected explants were implanted horizontally on the culture 

medium test tubes (150× 25 mm) containing 50 ml medium and 
plugged tightly with non-absorbent cotton. All the cultures were 

incubated at 25 ± 2C under 16 h photoperiod of 45-50 mol m-2 s-2 
irradiance provided by the cool white fluorescent tubes (Philips and 
Gamborg, 1995) and with 55-60% relative humidity. All subcultures 
were done at three week intervals. 
 
 
Concentration and combinations of growth regulators and 
their effect on shoots and roots  
 
The surface sterilized explants were cultured on MS medium 
supplemented with BAP, KIN, 2, 4-D and NAA each at five 
concentrations (0.05, 0.10, 0.50, 1.0 and 1.5) in individual as well 
as in combinations. A control treatment without cytokinins was also 
included for the experiment. For induction of rooting, IAA and IBA 
were supplemented with the MS medium for rooting (Table 1) 
(Figures 3, 4 and 5).  
 
 

RESULT 
 
In vitro seed germination was achieved on MS basal 
medium. The plants which were grown in vitro were used 
as explants source for the induction of multiple shooting 
(Figure 6). Multiple shoots were induced from the 
explants after four weeks of culture on MS medium 
supplemented with different concentrations of BAP at 
0.50 mg/L (4.30 ± 1.10), KIN at 0.10 mg/L (2.30 ± 0.90) 
and NAA at 1.00 mg/L (1.3 ± 1.0) (Table 2). The 
maximum number of shoots were obtained with 
combination of BAP with NAA at 0.50 mg/L (5.0 ± 0.77) 
, 2,4 D at 0.05 mg/L (3.3 ± 1.10) and KIN at 0.50 mg/L 
(2.5 ± 0.80). By slightly increasing the concentration of 
BAP, it was observed that the shoot elongation 
decreases (Ault, 1994). It was also observed that there is 
an enhancement in callusing with increasing concen-
tration of cytokinin. The shoots showed stunted growth in 
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Figure 1. Multiple shoot induction from the C. arietinum L. (vr. 
Desi of cultivar K850) cotyledonary node. 

 
 
 

 

 

 
 

Figure 2. Fully regenerated C. arietinum L. (vr. Desi of cultivar K850) plants in trays. 
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Table 1. Concentrations of auxins and cytokinins in individual as well as in combinations used in the regeneration of 
C. arietinum L. (vr. Desi of cultivar K850). 
 

Hormone Concentration (mg/L) 

BAP 0.05 0.10 0.50 1.00 1.50 

NAA 0.05 0.10 0.50 1.00 1.50 

KIN 0.05 0.10 0.50 1.00 1.50 

2,4 D 0.05 0.10 0.50 1.00 1.50 

IBA 0.05 0.10 0.50 1.00 1.50 

IAA 0.05 0.10 0.50 1.00 1.50 

BAP + NAA 0.50 + 0.05 0.50 + 0.10 0.50 + 0.50 0.50 + 1.00 0.50 + 1.50 

BAP + 2,4D 0.50 + 0.05 0.50 + 0.10 0.50 + 0.50 0.50 + 1.00 0.50 + 1.50 

BAP + KIN 0.50 + 0.05 0.50 + 0.10 0.50 + 0.50 0.50 + 1.00 0.50 + 1.50 
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Figure 3. Effect of different concentrations of BAP on multiplication of C. arietinum L. (vr. Desi of cultivar 
K850) shoots. 

 
 
 
the medium containing higher concentrations of IAA, with a 
lesser number of shoots (3.6 ± 0.8) produced. By counting 
the proliferated shoots, shoot multiplication was assessed 
after 2 weeks of culture. Individual shoots were excised 
and sub cultured in the same media composition for 
further elongation. 
 
 
Rooting 
 
The in vitro multiple shoots were sub-cultured to develop 
whole plants for root induction in media supplemented 
with different concentrations of IBA and IAA. When the 
rooting media were supplemented with IBA concentration 
(0.10 mgL

-1
), the number and length of roots greatly 

increased. During autoclaving at room temperature, IBA 

was found to be more resistant than IAA to degradation in 
the tissue culture media (Nissen and Sutter, 1990). 
Majority of the roots developed two weeks earlier in the 
IBA medium than in the IAA (Figures 6 and 7). IBA 
concentration was beneficial for both root system 
development and shoot quality. The medium supplemen-
ted with IAA (0.05-1.50 mg/L) (Table 3) had poor rooting 
with an intervening callus. 
 
 
DISCUSSION 
 
There are two procedures for the regeneration in legumes 
including the shoot proliferation from the region adjacent 
to pre-existing meristems and the occurrence of 
unorganised callus phase giving rise to callus or embryos  
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Figure 4. Effect of different concentrations of NAA on multiplication of C. arietinum L. (vr. Desi of 
cultivar K850) shoots 

 
 
 

 

 
 
 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1 2 3 4 5

S
h

o
o

tl
en

g
th

 (
m

m
)

Concentration (mg/L)

Shootlength

KIN concentration 

 
 

Figure 5. Effect of different concentrations of KIN on multiplication of C. arietinum L. (vr. Desi of 
cultivar K850) shoots. 

 
 
 
(Davey et al., 1994). The later type of regeneration is 
extremely low in frequency and constancy in chickpea 
(Parrott et al., 1992). Importance of the present study was 
the standardisation of high frequency plant multiplication 
using appropriate amount of plant growth regulators. 
Depending on varying concentration of growth hormones, 
the capacity of shoot bud differentiation and shoot 
proliferation from shoot tip explants of chickpea varies. In 
the presence of cytokinins like NAA and KIN, there was 

good shoot bud induction and proliferation response 
compared to basal medium. This study shows that 
combination of 0.5 mg/L BAP and NAA were significantly 
more effective for inducing shoot organogenesis (Table 1). 
BAP was reported to be an ideal hormone for shoot 
multiplication of shoot tip culture in grain legumes 
(Shagufta et al., 2007). The maximum shoot length was 
obtained for combination of NAA and BAP (Figure 8) and 
was 4.13 mm and minimum shoot length was found to be  
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Figure 6. Effect of IBA on induction of roots in the C. arietinum L. (vr. Desi of cultivar K850) 
microshoots. 

 
 
 

Table 2. Effects of BAP, KIN, and NAA concentrations on the percentage of reactive C. arietinum L. (vr. Desi of cultivar K850) 
explants, the number of shoots and the maximum shoot length per explant after four weeks of culture on MS medium.  
 

Hormone 
Concentration 

(mg/L) 

Percentage of 
responsive explants 

No of shoots per 
explants 

Maximum shoot 
length (mm) 

Control - 70 1.3 ± 0.6
lm

 0.80 ± 1.1
mn

 

     

BAP 0.05 69
cd

 1.7 ± 0.9
e
 2.52 ± 0.29

d
 

 0.10 74
bc

 3.0 ± 1.18
b
 2.90 ± 0.27

c
 

 0.50 98
a
 4.3 ± 1.10

a
 3.79 ± 0.39

a
 

 1.00 82
b
 2.8 ± 0.97

bc
 3.11 ± 0.35

b
 

 1.50 64
cd

 1.6 ± 1.01
ef
 2.49 ± 0.24

de
 

     

NAA 0.05 54
f
 0.6 ± 0.66

jk
 1.28 ± 0.51

kl
 

 0.10 62
de

 1.1 ± 0.94
gh

 1.77 ± 0.75
ij
 

 0.50 46
gh

 1.1 ± 0.83
gh

 2.02 ± 0.46
g
 

 1.00 78
bc

 1.3 ± 1.0
g
 2.29 ± 0.57

ef
 

 1.50 39
i
 0.6 ± 0.48

jk
 1.78 ± 0.79

hi
 

     

KIN 0.05 24
l
 0.6 ± 0.48

jk
 0.94 ± 0.7

n
 

 0.10 49
fg
 2.3 ± 0.90

d
 1.88 ± 1.06

gh
 

 0.50 30
jk
 1.0 ± 0.77

hi
 1.33 ± 0.54

k
 

 1.00 38
ij
 1.2 ± 0.74

gh
 1.55 ± 0.81

k
 

 1.50 34
jk
 0.7 ± 0.64

j
 1.21 ± 0.63

lm
 

     

BAP+NAA 

0.50 + 0.05 64
h
 1.4 ± 1.11

f
 2.85 ± 0.63

f
 

0.50 + 0.10 76
e
 3.3 ± 0.90

bc
 3.25 ± 0.46

dc
 

0.50 + 0.50 100
a
 5.0 ± 0.77

a
 4.13 ± 0.26

a
 

0.50+ 1.00 46
l
 3.5 ± 0.80

b
 3.36 ± 0.49

cd
 

0.50 + 1.50 36
m
 2.1 ± 1.13

de
 2.49 ± 0.80

h
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Table 2. Contd. 
 

Hormone 
Concentration 

(mg/L) 

Percentage of 
responsive explants 

No of shoots per 
explants 

Maximum shoot 
length (mm) 

BAP+2,4D 

0.50 + 0.05 96ab 3.3 ± 1.10bc 3.52 ± 0.19b 

0.50 + 0.10 72
ef
 2.1 ± 1.22

de
 2.71 ± 0.38

fg
 

0.50 + 0.50 60
ij
 1.1 ± 0.94

gh
 2.10 ± 0.31

j
 

0.50 + 1.00 84
d
 1.1 ± 0.83

gh
 2.10 ± 0.46

j
 

0.50 + 1.50 59
jk
 0.6 ± 0.48

ij
 2.03 ± 0.34

jk
 

     

BAP+KIN 

0.50 + 0.05 58
jk
 0.8 ± 0.74

hi
 1.5 ± 0.72

mn
 

0.50 + 0.10 70
fg
 1.30 ± 0.90

fg
 1.65 ± 1.07

lm
 

0.50 + 0.50 94
bc

 2.50 ± 0.80
d
 3.37 ± 0.41

bc
 

0.50 + 1.00 72
ef
 1.10 ± 0.83

gh
 2.36 ± 0.76

hi
 

0.50 + 1.50 63
hi
 0.60 ± 0.48

ij
 1.76 ± 0.67

l
 

 

Means and standard errors (±SE) are presented for each column. Means sharing at least one letter are not significantly 
different at the P≤ 0.05 level (Duncan’s multiple range test). 
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Figure 7. Effect of IAA on induction of roots in the C. arietinum L. (vr. Desi of 
cultivar K850) microshoots. 

 
 
 

Table 3. Effects of auxin on in vitro rooting of C. arietinum L. (vr. Desi of cultivar K850) shoots cultured on MS medium.  
 

Hormone 
Concentration 

(mg/L) 

Percentage of 
responsive explants 

Number of shoots 
per explants 

Maximum shoot 
length (mm) 

IBA 

0.05 62
fg
 1.2 ± 0.74

gh
 2.58 ± 0.53

cd
 

0.10 100
a
 4.6 ± 0.91

a
 3.07 ± 0.41

a
 

0.50 73
cd

 3.0 ± 0.74
cd

 2.73 ± 0.54
b
 

1.00 81
b
 3.1 ± 0.94

c
 2.60 ± .47

bc
 

1.50 69
de

 1.5 ± 0.92
fg
 2.04 ± 0.58

fg
 

     

IAA 

0.05 42
i
 0.8 ± 0.60

jk
 1.84 ± 0.50

h
 

0.10 53
h
 1.9 ± 0.83

ef
 1.84 ± 0.50

h
 

0.50 76
bc

 3.6 ± 0.80
b
 2.49 ± 0.58

de
 

1.00 64
ef
 2.1 ± 1.04

e
 1.82 ± 0.90

hi
 

1.50 38
ij
 1.1 ± 0.94

ij
 1.59 ± 0.75

g
 

 

Means and standard errors (±SE) are presented for each column. Means sharing at least one letter are not significantly 
different at the P≤ 0.05 level (Duncan’s multiple range test). 
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Figure 8. Effect of BAP and NAA on multiplication of C. arietinum L. (vr. Desi of cultivar 
K850) shoots per shoot tip as explant. 
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Figure 9. Effect of BAP and KIN on multiplication of C. arietinum L. (vr. Desi of cultivar 
K850) shoots per shoot tip as explant. 

 
 
 
0.94 mm in the medium supplemented with KIN (Figure 
9). BAP supplemented media showed good response at 
3.79 mm shoot length. Singh et al. (2002) has also 
reported a similar response to BAP in multiple shooting. A 
combination of BAP and KIN gives a maximum shoot 

length of 3.37 mm and a minimum growth of 1.50 mm. 
The combination of BAP with 2,4 D gives a maximum 
shoot length of 3.72 mm and a minimum of 2.03 mm, 
respectively (Figure 10). Medium supplemented with NAA 
shows growth with maximum shoot length of 2.29 mm and  
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Figure 10. Effect of BAP and 2,4D on multiplication of C. arietinum L. (vr. Desi of cultivar 
K850) shoots per shoot tip as explant 

 
 
 

a minimum of 1.28 mm. The data in Table 2 shows that 
the maximum root length was obtained for IBA (3.07 mm) 
and minimum shoot lengths (1.59 mm) were recorded for 
IAA respectively. The IBA concentration was found to be 
beneficial for both shoot as well as root system 
development. It was reported earlier that the half strength 
MS medium induced maximum rooting in cowpea 
(Kulothungan et al., 1995). Thus, it is evident from our 
studies that the combination of NAA and BAP are best 
suited for inducing multiple shoots in C. arietinum and 
high frequency of plant multiplication were standardised. 
 
 

Conclusion 
 

A reproducible protocol is developed for raising plantlets 
and clonal propagation for the cultivar K850 of C. 
arietinum L. The results of the present investigation are 
reproducible and can be used for future developments of 
the crop. 
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Extracts of four plant species, red acalypha (Acalypha hispida), siam weed (Chromolaena odorata), 
aidan (Tetrapleura tetraptera), and neem (Azadirachta indica) were screened in-vitro for fungitoxicity 
against Lasiodiplodia theobromae (cashew inflorescence blight pathogen) at four different 
concentrations viz., 10, 20, 40 and 80%. The result shows that the plants extracts significantly (P < 0.05) 
reduced mycelia growth of the fungus. The fungitoxicity of the plant extracts against L. theobromae also 
varied with concentration. Extract from T. tetraptera exhibited maximum efficacy in reducing the mycelia 
growth of L. theobromae to 9.83 mm at 80% concentration while the highest mycelia growth of 59.33 mm 
was recorded in extract of A. hispida at 40% concentration. C. odorata at 10% concentration reduced the 
colony diameter to 50.50 mm while 20% T. tetraptera inhibited the pathogen to 42.33 mm. The 
percentage reduction in colony diameter by each of the phytoextracts ranged between 30.20 and 
88.44%. Findings from this study reveal the possibility of utilizing naturally available plant chemicals for 
controlling L. theobromae with the ultimate goal of eliminating pesticide residues in the marketable 
products of cashew. 
 
Key words: Cashew, Lasiodiplodia theobromae, inflorescent blight, plant extracts. 

 
 
INTRODUCTION 
 
Cashew (Anacardium occidentale L.) is a crop of 
considerable economic importance in Nigeria with a high 
potential for foreign exchange. The crop can be grown on 
almost all soil types, including wastelands of low fertility. 
The nut is highly nutritious, has a pleasant taste and 
flavour and can be eaten raw or fried, and sometimes 
salted or sweetened with sugar (Manay et al., 1987). 

Nigeria ranks as the sixth largest cashew-producing 
country in the world, with an annual production estimate 
of 120,000 tones (Ezeagu, 2002). However, this figure is 
still below attainable yield. Pests and diseases have been 
identified as one of the major constraints to optimum 
cashew production in Nigeria. Several pathogens infect 
the various parts of cashew plant, including roots, stems,

 
*Corresponding author. E-mail: modeleadeniyi@gmail.com. Tel: +234 803 514 9863. 
 
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 
International License 

http://www.academicjournals.org/AJB
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


1140         Afr. J. Biotechnol. 
 
 
 
twigs, branches, flowers, pseudo-apple and the 
inflorescence, causing substantial economic losses 
(Asogwa et al., 2008). Inflorescence blight disease (also 
referred to as dieback) caused by Lasiodiplodia 
theobromae is a common and widespread disease of 
cashew in Nigeria (Olunloyo, 1979). The symptoms of 
infection include withering of petals and other parts of the 
flower, followed by a progressive dieback of the small 
peduncles from the tips and downward to the main floral 
shoots. The disease is spread through insects, which 
create wounds that predispose the inflorescence axes to 
infection. Inflorescence blight accounts for 40 to 45% 
crop losses annually (Olunloyo, 1983).  

The use of synthetic fungicides remains the primary 
means of controlling fungal diseases of crop plants in 
tropical countries. However, synthetic pesticides leave 
residue in marketable products of cashew, ultimately 
reducing the economic value in the international market. 
Many fungicides have also lost potency and efficacy 
owing to the development of resistance by plant 
pathogens (Singh and Dwivedi, 1987). Furthermore, the 
prohibitive cost, phytotoxicity, deleterious effects on 
agricultural land, water and soil as well as the associated 
health problems on man have necessitated the need to 
search for alternative control measures that are cheap, 
environment-friendly, ecologically sound and medically 
safe. The use of natural pesticides has been recognized 
as a sound alternative to synthetic chemicals in plant 
disease control.  

Plant extracts have found useful place as bio-pesticides 
in the control of diseases of crop plants. Thus, the 
present study was aimed at assessing, in-vitro, the 
fungitoxicity potential of extracts of four plants, namely, 
red acalypha (Acalypha hispida), siam weed 
(Chromolaena odorata), aidan (T.tetraptera), and neem 
(Azadirachta indica against L. theobromae, causative 
agent of inflorescence blight disease of cashew. 
 
 
MATERIALS AND METHODS 
 
Isolation of pathogen 
 
Floral shoots of cashew showing typical symptoms of inflorescence 
dieback were collected from the Cashew Experimental Plot in 
Cocoa Research Institute of Nigeria (CRIN), Ibadan, Nigeria. The 
diseased samples were collected in sterile polythene nylon, made 
airtight and transferred to the CRIN plant pathology laboratory. The 
samples were washed thoroughly in tap water to free them of 
secondary invaders and contaminants. The infected portions were 
cut into small pieces of 3 to 5 mm thickness, sterilized in 1% sodium 
hypochlorite solution for 2 min, rinsed thrice in sterile distilled water 
and dried on sterilized filter paper at room temperature. The cut 
tissue sections were then placed on potato dextrose agar (PDA) 
and incubated at 25°C for seven days. Pure culture of L. 
theobromae isolated was then maintained on PDA.  
 
 

Preparation of plant extracts  
 

Leaves of  A. hispida, C. odorata, A. indica and pod of  T. tetraptera  

 
 
 
 
were collected from the wild, dried under shade and milled 
separately. The extracts were prepared by weighing 10, 20, 40 and 
80 g of milled samples separately into 100 ml sterile distilled water 
in separate 500 ml flasks, to obtain 10, 20, 40 and 80% 
concentration, respectively. The resulting sap solution were 
vigorously agitated and left to stand for 48 h on the bench. The 
sample mixtures were filtered using sterile Whatman filter paper 
and the filtrates used as extracts were sterilized in the autoclave at 
121°C for 15 min. 
 
 
In vitro assay of anti-fungal activity  
 
The inhibitory effect of the plant extracts was assessed using the 
food poisoned technique: two millilitres (2 ml) of each extract was 
aseptically added to 20 ml of sterilized and cooled PDA in a Petri 
dish, gently agitated and allowed to solidify, after which a 5 mm 
mycelia disc from periphery of a 7 day old culture of L. theobromae 
was placed in an inverted position on the extract-amended PDA 
and incubated at ambient temperature (28±2°C). Each of the 
treatments was replicated three times while the Petri plates without 
extracts served as the control. The radial mycelia growth was 
recorded at seven days after inoculation (DAI), by which time, the 
upper surface in the control treatment was fully covered with the 
mycelia of L. theobromae. The percentage mycelia growth inhibition 
was calculated using the formula of Opara and Wokocha (2008): 
 

 
 
Where dc = average mycelia growth of control, dt = average 
mycelia growth of treated plates 

The collected data were statistically analyzed by using SAS 
software and means separated by Duncan multiple range test at 
5% probability level. 
 
 

RESULTS AND DISCUSSION 
 
Extracts of four plants species were screened in-vitro for 
fungitoxicity against L. theobromae at four different 
concentrations viz., (10, 20, 40 and 80%). The results of 
the study show that all the extracts were effective in 
reducing mycelia growth (colony diameter) of L. 
theobromae at all concentrations. The extract from T. 
tetraptera exhibited maximum efficacy in reducing the 
mycelia growth of L. theobromae (9.83 mm) at 80% 
concentration when compared with extracts of other 
plants species and extract concentrations assayed, and 
also differed significantly from other treatments as well as 
the control (Table 1). The highest mycelia growth (59.33 
mm) was recorded in extracts of A. hispida at 40% 
concentration. However, there was not observed 
significant difference in the colony diameter of L. 
theobromae with extracts of the four botanicals at 40% 
concentration. The least effective extract concentrations 
across the plant materials in reducing the mycelia growth 
of L. theobromae are 40% A. hispida (59.33 mm), 10% C. 
odorata (50.50 mm), 20% T. tetraptera (42.33 mm) and 
80% A.  indica (57.50 mm) (Table 1). The percentage 
reduction in colony diameter by each of the phytoextract 
ranged between 30.20 and 88.44% (Table 2). T. 
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Table 1. Fungitoxic effects plant extracts on mycelia growth of Lasiodiplodia theobromae. 
 

Aqueous extract conc. (%) 
Acalypha hispida Chromolaena odorata Tetrapleura tetraptera Azadirachta indica 

Mean colony diameter (mm) 

10 49.33
bc

 50.50
b
 21.33

cd
 45.0b

c
 

20 40.33
c
 31.83

c
 42.33

b
 36.50

c
 

40 59.33
b
 36.67

bc
 39.50

bc
 48.33

bc
 

80 49.0b
c
 37.83

bc
 9.83

d
 57.50

b
 

0 (Control) 85.0
a
 85.0

a
 85.0

a
 85.0

a
 

 

Means followed by the same letter in each column are not significantly different (P = 0.05) according to Duncan’s Multiple Range Test (DMRT). 

 
 
 

Table 2. Percentage inhibition of Lasiodiplodia theobromae growth. 
 

Plants spp. Extract conc. (%) Mycelia growth (mm) Growth inhibition (%) 

  

 

Acalypha hispida 

10 49.33
bcd

 41.96 

20 40.33
cd

 52.55 

40 59.33
b
 30.20 

80 49b
cd

 42.35 

    

 

Chromolaena odorata 

10 50.50
bcd

 40.59 

20 31.83
de

 62.55 

40 36.67
de

 56.86 

80 37.83
de

 55.49 

    

 

Tetrapleura tetraptera 

10 21.33
ef
 74.91 

20 42.33
bcd

 50.20 

40 39.50
cde

 53.53 

80 9.83
f
 88.44 

    

 

Azadirachta indica 

10 45.0
bcd

 47.06 

20 36.50
de

 57.06 

40 48.33
bcd

 43.14 

80 57.50
bc

 32.35 

Control  0 85.0
a
 0 

 

Means followed by the same letter in each column are not significantly different (P = 0.05) according to Duncan’s multiple 
range test (DMRT). 

 
 
 
tetraptera at 80% concentration exhibited the highest 
growth inhibition percentage (88.44%) among all extract 
concentrations assayed and the control. This was 
followed by 10% extract concentration of the same plant 
species (74.91%). The least effective phytoextract 
against L. theobromae was 40% A. hispida with 30.20% 
inhibition percentage.  

The presence of antifungal active ingredients in the 
leaves and pod of selected botanicals was demonstrated 
in this study. This was shown by their ability to inhibit the 
growth of the tested pathogen in culture. Several workers 
have reported antifungal activities of different plant 
species and stressed the importance of plants as 
possible sources of natural fungicides. The result 
obtained in this study is in agreement with previous 

studies showing the antifungal activities of leaf extracts of 
C. odorata on L. theobromae (Adejumo, 2000b). Simi-
larly, Adejumo and Otuonye (2002) reported that C. 
odorata at 5, 7.5 and 10% concentrations reduced the 
incidence of inflorescence blight disease in cashew. The 
fungicidal and fungistatic activities of C. odorata and C. 
papaya against Botryodiplodia theobromae at 10, 20 and 
30% leaf extract concentrations have also been 
documented in literature (Ilondu, 2011). Slight decrease 
in the incidence of B. theobromae to 1.5, 1.0 and 0.5% in 
seeds treated with C. odorata leaf extract for 1, 6 and 24 
h, respectively have also been reported (Adjei, 2011). 
The differences observed in the fungitoxic activity of the 
plant extracts could be attributed to variations in the 
strength of  the active  ingredients, solubility of the active 
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compounds in the extraction medium (solvent) and the 
presence of inhibitors (Qasem and Abu-Blan, 1996; 
Amadioha, 2000). For instance, Water and ethanol 
extracts of A. indica and C. odorata proved to be 
fungitoxic on B. theobromae when used to inhibit its 
growth in culture (Adjei, 2011).  

The presence of antifungal compounds in higher plants 
has long been recognized as a key factor in disease 
resistance (Mahadevan, 1982). Such compounds, being 
biodegradable and selective in their toxicity, are consi-
dered valuable in controlling several plant diseases 
(Singh and Dwivedi, 1987). Exploitation of naturally 
available chemicals that have the tendency to retard the 
growth and or reproduction of plant pathogenic fungi 
would be a more realistic and ecologically sound method 
of integrated plant disease management. This will 
ultimately have a prominent role in the development of 
commercial pesticides for crop protection (Verma and 
Dubey, 1999). The ban of some synthetic pesticides has 
stimulated research into novel control strategies of pests 
and diseases of cashew in Nigeria. The need to minimize 
pesticide residues in the marketable products (such as 
cashew nuts) has saddled researchers and chemical 
companies with the responsibility of developing biolo-
gically active plant derived pesticides for crop protection 
(Yanar et al., 2011).  
 
 
Conclusion 
 
In-vitro studies shows that the extract from T. tetraptera 
was the most effective in reducing the mycelia growth of 
L. theobromae among others. However, field study is 
recommended to further evaluate and ascertain the 
performance of the botanicals to combat cashew 
inflorescence blight pathogen in natural cashew ecology. 
Further researches would also unfold exploiting the 
potentials of these botanicals on other hosts of L. 
theobromae.  
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An experimental effluent analysis was conducted in conjunction with bioremediation process from 
Mario-jose tannery industry, stream and reference water samples from well (Yandoka), respectively, 
were collected from the industrial areas. Physiochemical characteristic of these samples were 
determined viz; chemical oxygen demand (COD), biochemical oxygen demand (BOD), pH, temperature 
etc. The effluent values were mostly observed higher than the reference samples. Spectrophotometric 
method using 1,5 dipheyl carbazide as a colour developing reagent has been used to analyzed the 
chromium (VI) content in tannery effluent. Aspergillius niger, Rhizopus nigrians and Penicillium sp 
singly and in combination were used for the biosorption studies. Chi- square test analysis for fitness 
shows that the concentration of the media were (Fcal 0.05) for PDM and (Fcal 0.102) for MRHM varies 
significantly (α=0.05). Hence, the absorptions ability was highly effective on MRHM than the PDM. From 
the experimental observation, it has been found that the level of chromium (VI) can be quantitatively 
reduced at the equilibrium pH range from 5.2-8.0. 
 
Key words: Biosorption, chromium (VI), Aspergillus niger, Rhizopus nigrican, Penicillium sp., agricultural waste, 
1,5 dipheyl carbazide. 

 
 
INTRODUCTION 
 
Rapid industrialization and increase in population 
contribute greatly to heavy metal pollution in the environ-

ment. Such high concentration of metals above the 
tolerance limits are found in aquatic environment 
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(Tewaria et al., 2005). Pollution by heavy metals is one of 
the serious environmental threats as a result of various 
industrial discharges (Wang and Cheng, 2009). 
Hexavalent Chromium (Cr (VI) is a by-product released 
into the aquatic environment by many industrial activities 
such as leather tanning, chrome plating, stainless steel 
welding, pigment production and nuclear weapon 
production (Gonzalez et al., 2003). Chromium exist in two 
oxides states: Cr (III) and Cr (VI) and the most toxic form 
is Cr(VI), which has been implicated in causation of liver 
damage, pulmonary congestion and oedema (Babu and 
Gupta, 2008). The maximum permissible limit of Cr (VI) 
by environmental regulatory agencies of different 
countries for industrial waste water varies from 0.05 to 
0.1 mg/l (Bansal et al., 2009). The cumulative toxicity and 
environmentally detrimental effects of chromium have led 
researchers to continue to find ways for its removal from 
industrial (especially tannery) waste. The removal of this 
metal from waste water by conventional physio-chemical 
methods such as chemical, precipitation, chemical 
oxidation and reduction, ion exchange, filtration reverse 
osmosis etc have not been found to be very effective and 
are highly expensive especially when the concentration is 
less than 100 ppm (Yan and Viraraghavan, 2003). In 
recent years, bio-sorption of heavy metals by microbial 
cells has been recognized as a potential alterative to the 
existing technologies for removing heavy metals from 
industrial effluent (El-Sherif et al., 2008); accumulation of 
metals by microorganisms or their products has received 
more attention as the metal ion concentration lower than 
10 mg

1-1
 can thus be removed (Kapoor et al., 1995). 

These bio remedial process use either viable or 
nonviable cells to removed heavy metals ions from 
aqueous solutions (Kapoor et al., 1995) that bacteria, 
algae, yeasts and other fungi have been used 
successfully as adsorbing agents for heavy metal (Kumar 
et al., 1998). 

Fermentation processes may be divided into two 
systems: submerged fermentation (SmF), which is based 
on the microorganisms cultivation in a liquid medium 
containing nutrients, and solid state fermentation (SSF), 
which consists of the microbial growth and product 
formation on solid particles in the absence (or near 
absence) of water; however, substrate contains the 
sufficient moisture to allow the microorganism growth and 
metabolism (Pandey et al., 2008). In recent years, SSF 
has received more interest from researchers since 
several studies have demonstrated that this process may 
lead to higher yields and productivities or better product 
characteristics than SmF. In addition, due to the 
utilization of low cost agricultural and agro-industrial 
residues as substrates, capital and operating costs are 
lower compared to SmF. The low water volume in SSF 
has also a large impact on the economy of the process 
mainly due to smaller fermenter-size, reduced down-
stream processing, reduced stirring and lower sterilization 
costs (Pandey et al., 2008). The use of biosorption tech- 

 
 
 
 
nology using granular and powered activated carbon has 
been carried. However, prohibitive costs limit their 
extensive utilization especially in developing countries 
because of growing interest, the low-cost easily available 
and environment friendly agricultural residues have been 
tested as metal biosorbents and a number of agro based 
plant waste materials such as papaya wood (Saeed et 
al., 2005), and rice husk (Tarley and Arruck, 2004) 
coconut fibres, (Espinola et al., 1999) and black gram 
husk (Saeed and Iqbal, 2003) have been reported as 
potential biosorbents. 

Parkia biglobosa can be found in a belt stretching from 
Atlantic coast in Senegal to Southern Sudan and 
Northern Uganda (Thiombiano et al., 2012), the tree 
currently exist within a wide range of natural communities 
but is most abundant in anthropic community places 
where cultivation is semi-permanent (Janick, 2008). 
Annual production of seeds in Northern Nigeria is 
estimated at around 200,000t, while the products of the 
trees are not common in international trade (Ntui et al., 
2012). Yellow purple or yellow pericarp which contains 
the seeds is naturally” sweet”, and is processed into a 
valuable carbohydrate food known as “Sikomu and 
dodawa” among the Yoruba and Hausa people of 
Nigeria, respectively (Olaniji, 2013). The yellow pericarp 
which is known as waste from P. biglobosa is naturally 
and highly rich in glucose (69%), while the most valuable 
parts of the locust bean are the seeds themselves which 
are high in lipid (29%), protein (35%) and carbohydrate 
(16%) and is a good source of fat and calcium for rural 
dwellers (Gbolagunte et al., 2003; Ntui et al., 2012) 
respectively. 

The organic material such as Tamarindus Indica 
(Tsamia)/yellow pulp (P. biglobosa) dorowa respectively 
served as an alternative for the use of dilute acid (H2SO4, 
HNO3 and HCL) as pH adjustment in solution while the 
yellow purple from locally available (P. biglobosa) dorowa 
contained natural glucose that further boost the natural 
carbon source present in the rice husk for effective 
utilization of the substrate by the microbe in medium. The 
abundance of rice husk in most developing countries as 
well as its composition and cost effectiveness etc. makes 
it strong candidate to be used as an adsorbent for 
removal of many pollutants from aqueous solution. The 
current economic values of rice husk are less than the 
apparent cost of transportation and processing beneficial 
used (Foo and Hameed, 2009). Thus, rice husk has been 
used as an absorbance to remove heavy metal and fiber 
roughage in animal feed in a very minute quantity, if 
highly processed or modified with adequate energy 
source by combustion (Lin et al., 1995). In this case 
direct utilization of rice husk as metal biosorbent would 
be economically and practically useful by solid state 
fermentation. 

This study is aimed at exploring the feasibility of rice 
husk using filamentous fungi strain for uptake of 
chromium  (VI)  solution  using  1, 5-diphenyl  carbazide.  



 
 
 
 
The significance of the spectrophotometric analyzer in a 
particular adsorption is economically feasible alternative 
due to its easy operation and developments varieties of 
adsorbents. Although, many adsorbents have been 
utilized for Cr (VI) removal. It remains important to 
develop alternative more cost effective adsorbents. Since 
rice husk possess different characteristics following 
different methods of treatment by physically, chemically 
and organically modification improved the adsorption 
capacity of active binding site by either locally or in 
advance manner so as to find the most cost effective 
methods of rice husk treatments to improve its adsorption 
efficiency. 
 
 

MATERIALS AND METHODS 
 
Sampling 
 
The study was conducted at Challawa Industrial Estate located in 
Kumbotso Local Government area Kano State. Effluent samples 
were collected from Mario Jose Tannery at four different points and 
reference water sample from well (Yandoka). 
 
W1: Influent sample within the tanning yard. 
W2: Effluent sample a short distance of 100 m away from the point 
of discharge 
W3: Stream at a distance of 2.5 km from the Mario Jose Tannery 
W4: Reference water sample well (Yandoka). A distance of 5 km 
away from the tannery. 
 
The effluents were kept in an ice box at 4°C and transported to the 
laboratory. The samples were analyzed immediately upon reaching 
the laboratory. 
 
 
Physical/chemical properties of tannery effluent 
 
pH  
 
Twenty five (25) ml of the effluent waste was pipette into 50 ml of a 
beaker, the effluent waste was then filtered through nylon cloth and 
suspended particles was then allowed to stand for one hour before 
using the electrode in the clamps of the electrode holder down into 
the beaker. The glass electrode was immersed just deep enough 
into the clear supernatant solution to establish a good electrical 
contact through the ground glass and was read on the pH (Black, 
2006). 
 
 

Acidity 
 
One hundred (100) ml of the sample was introduced into a 250 ml 
Erlenmeyer flask with three drops of phenolphthalein indicators. 
The solution was then titrated with 0.02N NaOH from a burette until 
the first permanent pink colour appeared and recorded the ml of 
sodium hydroxide used. The acidity was calculated using milliliters 
of 0.024 NaOH X 10 = mg/L total acidity expressed as CaCO3 (Nag, 
2007). 
 
 
Alkalinity 
 
One hundred (100) ml of the sample was introduced into a 250 ml 
Erlenmeyer flask followed by addition of three drops of 
phenolphthalein  indicator  upon the  development  of a pink  colour 
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which just disappears, and the amount of acid used was recorded. 
Three drops of methyl orange indicator was then added to the flask. 
If the sample became yellow, then 0.02N sulphuric acid was added 
until the difference in colour was noted when compared with the 
distilled water. The alkalinity was calculated using total alkalinity as 
CaCO3 (mg/L) = Total ml acid x 10 (Nag, 2007). 
 
 

Total suspended solids (TSS) 
 

In waste water sample (TSS) was determined through laboratory 
experiments of the liquid in an oven. A residue retained on the filter 
was dried to a constant weight at a temperature of 105°C. 
 

 
 
Where, A is the weight of filter paper, B is the weight of paper and 
residue, V is volume of the sample taken (Sharma, 2009). 
 
 

Total dissolved solid (TDS) 
 

Fifty ml of the waste sample was filtered through a Whatman's filter 
paper No1. The titrate was then transferred in a pre - weighed 
evaporating dish and placed in a hot water both for evaporation. 
The dried solid content was place in a desiccator to cool and re 
weight at regular interval of 30 min for consecutive three times until 
constant interval of weight was obtained. The total dissolved solids 
wastes were calculated using. 
 

 
 
Where, D = initial weight of the dish (g), B = Final weight of the dish 
(g), V = Volume of the water sample taken. 
 
Chemical oxygen demand (COD) and biochemical oxygen demand 
BOD were conducted according to Nag (2007). 
 
 

Total nitrogen (TN) 
 

One and half gram of crushed dried soil was poured into 800 ml 
Kjeldahl flask along with 25 ml of conc. H2SO4 and 3 g of mixed 
catalyst (NaHCO3). The sample was digested using Kjelsdahl 
digestion apparatus until a clear green or whitish colour was 
obtained. The digested solution was then diluted to 100 ml with 
distilled water. Distillation was done by adding 20 ml of digested 
solution into 500 ml Kjeldahl flask containing anti-bumping chips 
and 40 ml of 40% NaOH was slowly added by the side of the flask. 
A conical flask (250 ml) containing a mixture of 50 ml of 2% boric 
acid and four drops of mixed indicator (Cresol/bromothymol) was 
used to trap the liberated ammonia. The distillate was then titrated 
with HCl. The total nitrogen content was then calculated using 
 

 
 
Where, M = actual molarity of acid, V = titre volume of HCl used, Vt 
= volume of diluted digest, Vs = aliquot volume of distilled (Onyeike 
and Osieji, 2003). 
 
 

Total chromium (TC) 
 

Fifty gram of the dried crushed soil was suspended in 50 ml distilled 

 

                          (B-A) X 106 

                                  V 

 

TSS (in mg/L) = 

 

                          (B-D) X 106 

                                  V 

 

TDS (in mg/L) = 

 

             14 x M x Vt x V x 100 

         Weight of sample (mg) x Vs 
%N2  = 
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water in a beaker and was filtered through nylon cloth. Twenty five 
(25) of the filtrate was collected in a 400 ml beaker and 10 ml of 
concentrated H2SO4 and 5 ml of concentrated HNO3 were added to 
the filtrate. The beaker containing the mixture was then placed on a 
hot plate for boiling until the solution becomes clear and then the 
solution was transferred by filtration through Whatman Filter paper 
into a volumetric flask. The volume of the filtrate was made up to 50 
ml by adding deionized water. Digested sample were stored in 
sterile polyethylene bottles at room temperature for further analysis 
of the metal using flame atomic absorption spectrometry (FAAS) 
(Rani, 2003). 
 
 

Treatment of agricultural waste (saw dust and rice husk) 
 
Agriculture waste either saw dust or rice husk was procured from 
Sabon Gari market, Zaria, Nigeria and brought to the Laboratory for 
analysis. The waste was re-grinded and sieved to obtain a fine 
texture. Two hundred and fifty grams of fine texture was weighed 
and added to 1000 ml of basal media with the following composition 
(g/l): NH4SO4 - 1.0; K2HPO4 - 1.0; MgSO4.7H2O - 1.0; CaCO3 - 4.0; 
NaCl-I.0 and NaNO3 - 6.0; K2HPO4 - 2.0; MgSO4.7 H2O - 0.20. The 
mixture was then mixed and boiled to semi-solid slurry after which a 
prepared solution of 250 g of yellow purple P. biglobosa (dorowa) 
was added and boiled to breakdown the complex organic 
compound to simpler substances. The paste slurry was later spread 
on a dried sterile tray and oven dried at 40°C for seven days. The 
pH of the paste slurry was brought down using T. indica (Tsamia) 
from 3.5 to 4.5 and was dried for further analysis. 
 
 

Biosorption studies using selected fungi 
 

The absorptive capabilities of the three fungi species were selected 
after testing for their tolerance to CrSO4 solution at 4% 
concentration in the laboratory, while the less tolerance organisms 
died at 1% concentration (Gbolagunte et al., 2003). Single and 
combination of these tolerable fungi were studies in modified 
culture medium viz; Aspergillus niger, Rhizopus nigricans, 
Penicilium sp and a mixed culture of all the three fungi. Twenty 
gram of the modified rice husk medium was added to different 
volumes (50, 65, 75, 85 and 100 ml) of tannery effluent in 250 ml 
conical flask. The pH was adjusted to 5.2 and sterilized in an 
autoclave at 121°C for 15 min. The solution was allowed to cool. 
The inoculum of fungi cell suspension was prepared by adding 5 ml 
of sterile distilled water to freshly grown fungal mycelia in slant agar 
bottle. 4 ml of spore suspension containing A. niger was then 
inoculated into the conical flask containing sterile modified rice husk 
medium (MRHM) and effluent. The conical flasks were incubated 
for 0, 15, 30 and 45 days at 32°C. These procedure was carried out 
using potato dextrose medium (PDM) as the growth substrate and 
R. nigricans, Penicillium sp. and mixed culture as inoculants. All the 
samples were filtered at specific interval using Whatman filter paper 
No 4. The filtrate or the supernatant liquid obtained after removal of 
mycelia mat was used for Cr (VI) ions analysis. 
 
 

Determination of chromium (VI) content of remediated effluent 
 

Principle 
 

Solution chromium (VI) is leached from the sample at 7.5 to 8.0 
under inert gas, the chromium (VI) in solution oxidizes 1,5 
diphenylcarbazides to 1,5 diphenylcarbazone to give a red/violet 
complex with chromium which is quantified photometrically at 540 
nm chemicals. 
 
 

Diphenylcarbazides solution  
 

One   gram  of   1,5    diphenylcarbazides  CO   (NHNHC6H5)2   was 

 
 
 
 
dissolved in 100 ml acetone (CH)2 CO and made acidic with one 
drop of glacial acetic CH3COOH. This was kept in brown glass 
bottle. The shelf life was up to 14 days at 4°C. 
 
 
Chromium (VI) stock solution 
 
2.829 g potassium dichromate (K2Cr2O7) dried for 16 h at 102°C 
was dissolved in water in a volumetric flask and made up to 1000 
ml with water. 1 ml of this solution contains 1 mg of chromium. 
 
 
Chromium (VI) standard solution 
 
One (1) mg of solution was pipetted in to the mark with distilled 
water. 1 ml of this solution contains µg chromium. 
 
 
Procedure 
 
Ten (10) ml of this supernatant liquid was pipetted into a 50 ml 
volumetric flask. The solution was diluted with water; 1 ml of 
diphenylcarbazides solution was added followed by 1 ml phosphoric 
acid with distilled water, after which 10 min the pink colouration 
solution was analyzed for Cr (VI) ions using spectrometer at 
absorbance of 540 nm against the black solution. Another 10 ml 
aliquot of the solution was pipette into a 50 ml volumetric flask and 
treated as described above but without the addition of the 
diphenylcarbizide solution. The blank solution was prepared by 
filling 50 ml distilled water. Then, 1 ml of diphenylcarbazides 
solution and 1 ml of phosphoric acid were added to make up the 
mixed throughout and was stored in a dark and cool place. The 
calibrating solutions are prepared in 50 ml volumetric flask. A 
suitable calibration curves standards containing 0.1, 0.2, 0.3, 0.4, 
0.5, 1, 1.5, 2.5, and 3 µg Cr were taken and acidized with 0.2N of 5 
ml of 1,5 - diphenyl carbazides was added 10 ml treated sample 
until a pink coloured was develop and the absorbance 
measurement was performed at 540 nm with spectrophotometric 
data of calibration standards (Addis, 2006). 

 
 

RESULTS AND DISCUSSION 
 
The results of the physical characterization of the tannery 
effluent are presented in Table 1. The colour is usually 
the first contaminant to be recognized in waste waters 
that affect the aesthetics water transparency and gas 
solubility of water bodies. Such colour were observed to 
be dark brown (W1, W2, and W3 except W4) which is 
colourless from control sample. Dhungana and Yadav, 
(2009) who reported colourless, dirty dark green and 
green, appearance for tannery effluents of different 
tanneries from Bara and Parsa districts of Nepal. pH is 
define as the negative log of hydrogen concentration. It 
indicated the acidity and alkalinity of water sample. The 
hydrogen ion concentration is influenced by biological 
activities. Beside, in addition of chemical substance, 
presence of organic matter in large quantity may lower 
the pH value due to release of CO2 and SO2. The 
pollution load in most of the chemical industries is in large 
quantity in the form of acid and alkali in manufacturing 
unit. The wide variation in the pH value of effluent can 
affect the rate of biological reaction and of various 
microorganisms. The presence or absence of various
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Table 1. Physico - chemical characteristics of effluent sample from MarioJose, reference water sample from stream and Yandoka 
well. 
 

Parameter W1 W2 W3 W4 

Colour 

Fairly Dark Dark Colourless 

Dark Brown Brown  

Brown    

     

Odour 
Foul Foul Foul Odourless 

Smell Smell Smell  

     

pH 6.8 6.7 6.8 7.4 

Temperature(°C) 30 31 30 31 

Total chromium (mg/l) 1.577 2.478 6.624 0.07 

 Nitrogen (%) 0.07 0.070 0.011 0.07 

COD (mg/l) 600 800 200 40 

BOD (mg/l) 5.5 20.2 150 40 

Acidity (mg/l) 3.00 4.50 3.40 7.20 

Alkalinity (mg/l) 23 28 40 7.4 

Dissolved solid (mg/l) 100 200 400 50 

Total suspended solid(mg/l) 400 540 600 20 
 

W1 = Mario Jose Influent sample within the tannin yard, W2 = Effluent sample at the point of discharge, W3 = Effluent sample from 
stream, W4 = Reference water sample. 

 
 
 
ionic species can have the direct relation with pH of the 
effluent. Subsequently, such effluent can influence the 
quality of the soil. The reaction between effluent flowing 
from open drainage system and the soil has direct 
relevance to the pH of the effluent. It is therefore 
necessary to evaluate with respect to the pH value. 
Above neutral pH value was recorded (7.4) W4. However, 
this value falls within the permissible limit recommended 
by (WHO). The discharge of waste water into water 
bodies may cause a drop or increase in their pH value 
may be due to the size and activities of microbial 
populations. 

In this present investigation, the samples recorded the 
pH value nearest to neutral in the effluent waste 
treatment W1 (6.8), W2 (6.7), W3 (6.8) whereas the pH of 
the control water sample W4 was 7.4. Deepali et al. 
(2009), reported pH of the tannery effluents as 3 to 3.5 
which was a very acidic condition. Whereas, 
Krishenamoorthi et al. (2009), observed pH of tannery as 
8 to 9. However, WHO guide line the tolerance limit of pH 
6 to 9 (Akan et al., 2008). Temperature is important for its 
effects on certain chemical and biological reaction taking 
place in water and in organism inhabiting aquatic media 
and will depend upon season and time of sampling. No 
specific limit for temperature is prescribed by WHO or ISI 
for the water quality use for the domestic purpose.  

In the present investigation, the temperature values 
observed were W1 (30), W2 (31), W3 (30) and W4 (31) 
respectively. Measurement of temperature is an impor-
tant parameter required to get an idea of self purification 

capacity of river, reservoir and control of treatment plant. 
Water temperature is also important parameter for 
aquatic life. It is an important factor for calculating 
solubility of oxygen, carbon dioxide, bicarbonate, and 
carbonates. Temperature of drinking water has an 
influence on its taste. During the summer, water 
temperature is usually higher because of decrease in 
water table, clear atmosphere and great solar radiation, 
while in rainy season can be explained on the basis of 
cloudy atmosphere, high percentage of humidity and high 
water table. High temperature could be attributable to the 
addition of warm water from industrial activities. Increase 
in temperature can cause change in the species of fish 
that is existing in the receiving body.  

The values were higher than the WHO (2003) 
standards. The results indicate that some reactions could 
be speeded up by the discharge of this waste water into 
stream. It will also reduce solubility of oxygen and 
amplified odour due to anaerobic reaction (Akan et al., 
2008). 

The lowest total chromium (0.07 mg/l) was found in W4 
followed by (1.577 mg/l) W1 and the highest in W3 (6.624 
mg/l). The result is in line with study conducted by Akan 
et al. (2005). However, the permissible limit for total 
chromium discharge in the stream or river for irrigation 
and domestic used should not exceed 0.05 mg/l by WHO. 
A possible explanation for its high level is as result of the 
used chromium salt during tanning. This could be 
disastrous to the concept of a clean environment. It may 
also enter the food chain through plants, animals as well 
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as water source. Once it gets into food chains by 
biomagnifications and bioaccumulation of the metal in 
various living systems may take place. This result is in 
conformity with that of (Khan, 2006), in which they 
reported that bioaccumulation and biomagnifications 
could lead to toxic level of these metals in organism 
even, if exposure level is low. This could also cause 
disruption in the ecological balance when in abundance. 
However, the said permissible limit for total chromium 
discharge in the stream or river for irrigation and 
domestic used should not exceed 0.05 mg/l by (WHO, 
1985). Then, it could be that the rural dwellers that leave 
within that vicinity are not guarantee of safety. High 
concentrations of chromium in drinking water can cause 
skin ulcer, allergic reactions, carcinogenic and mutagenic 
effect to humans (Martin and Ginswold, 2009). The 
lowest nitrogen concentration was found in W1 (0.07%) 
followed by W3 (0.011%) and in comparison with the 
control sample W4 (0.07%). The present findings 
markedly agreed with study of Narasimba (2009). Thus, 
the presence of nitrogen compounds added with some 
organic debris from hides and skin of animals have 
attributed to their trace (Gbolagute et al., 2003). 

 Biochemical oxygen demand (BOD) is defined as 
amount of oxygen required by microorganisms, while 
stabilizing biological decomposable organic matter in a 
waste under aerobic conditions. Since the test is mainly a 
bioassay procedure, involving measurement of oxygen 
consumed by bacteria while stabilizing organic matter 
under the aerobic conditions. It is necessary to provide 
standard conditions of nutrient supply and pH. Absence 
of microorganisms due to the low solubility of oxygen in 
water and strong wastes are always diluted to ensure that 
the demand does not increase in available oxygen. Low 
value of BOD is comparatively in winter months may be 
due to lesser quantity of total solids, suspended solids in 
water as well as to the quantitative number of microbial 
population (Avasan and Rao, 2001). In this current 
investigation, the highest BOD was recorded in W3 (150 
mg/l) and in comparison with the BOD of the reference 
water sample W4 (40 mg/l). It has been reported by Nouri 
Sepher et al. (2005), that the range of BOD in tannery 
waste water is 3000 to 3500 mg/l. The greater 
decomposable matter present the greater the oxygen 
demand and the greater the BOD values (Ademoroti, 
1996).  

The chemical oxygen demand test (COD) determines, 
the oxygen required for chemical oxidation of organic 
matter with the help of strong chemical oxidant. The COD 
is a test which is used to measure pollution of domestic 
and industrial waste. The waste is measure in terms of 
organic matter to produce CO2 and H2O. It is a fact that 
all organic compounds with a few exceptions can be 
oxidizing agents under the acidic condition and presence 
of biological resistant substances. In this present study 
there was remarkable decrease in concentrations of COD 
at different stages of effluent  waste treated. The highest 

 
 
 
 
was recorded at W2 (500 mg/l) followed by W1 (600 mg/l) 
and W3 (21 mg/l) and in comparison with the COD of the 
reference water sample W4 (40 mg/l). Trivedi and Goel 
(1986) observed COD value of textile industry ranges 
from 300 to 2400 mg/l. Total dissolved solid (TDS) is the 
total ion concentration of total dissolved solid in summer 
which increased in rainy seasons while the minimum 
value was found in winter notably because of stagnation. 
In summer most of the vegetation is decaying, so, rise in 
the amount of dissolved solids was neutral as the 
products of decaying matter which were settled in the 
water. The total solid concentration in waste effluent 
represents in the colloidal form and dissolved species. 
The probable season for the fluctuation of value of total 
solids and subsequent the value of dissolved solids is 
due to content collision of these aggregated process is 
also influence by pH of these effluents. In the rainy 
season less concentration of total dissolved solid is 
obtained due to the concentration of the dissolved solids 
and also due to the dilution of waste effluent with rainy 
water.  

In the present study, the results of total dissolved solid 
of the maximum concentration recorded W2 (400 mg/l), 
followed by W2 (200 mg/l) and W1 (100 mg/l) and in 
comparison with the TDS of reference water sample W4 
(50 mg/l). Hossetti et al. (1994) reported that total 
dissolve solid in range 488 mg/l in the waste water from 
Jayanthi Na’illa. Total suspended solid (TSS) does not 
mean that they are floating matters and remain on top of 
water layer. They are under suspension and remain in 
water sample. This has not set any limit of total 
suspended solids for drinking water. Total suspended 
solids play an important role in water and waste water 
treatment. Their presence in water sample causes 
depletion of oxygen level Devi (1980) reported total 
plankton which showed a streaking parallel are form with 
suspended solids. Effluents from different industries may 
have the different amount of solids particulate matter 
when the effluent flows through the open drainage 
system particulate which is expected to show greater 
degree of variance. If the effluent is highly acidic then the 
solid may dissolved on it, therefore it is necessary to 
evaluate effluent for the particulate matter. In the present 
study suspended solid content of the different stages of 
effluent waste. The highest value was recorded W3 (600 
mg/l) followed by W2 (540 mg/l) and W1 (400 mg/l) which 
in comparison with TSS of the reference water sample 
W4 (20 mg/l). Avassan and Rao (2001), observed the 
TSS and sugar mill effluent as 220 to 790 mg/l.  

Three fungi were selected for biosorption studies using 
agricultural wastes medium, that is, modified rice husk 
medium (MRHM). The three fungi were viz; A. niger, R. 
nigricans, Penicillium sp and mixed culture organisms. 
High rate of absorption was considerably observed by R. 
nigricans of the three fungi on (MRHM) which showed 
85% reduction in Cr(VI) ion ranging from initial 
concentration of (1.517 to 0.067 mg/l) after 45 days
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Table 2. Chromium (VI) biosorption of effluent sample from Mario Jose tannery by selected fungal isolates grown on different 
media. 
 

Fungal isolate 
PDM MRHM 

Initial conc. 15 days 30 days 45 days Initial conc.  15 days 30 days 45 days 

Location (Mario Jose tannery)         

Aspergillus niger 1.517 1.201 1.301 1.301 1.517 1.208 0.210 0.072 

Rhizopus 1.517 1.012 1.013 1.013 1.517 1.302 0.325 0.067 

nigricans penicillium sp. 1.517 1.412 1.328 1.329 1.517 1.249 0.430 0.073 

Mixed culture 1.517 1.303 1.287 1.384 1.517 1.309 0.241 0.074 
 

PDM, Potatoes dextrose medium; MRHM, modified rice husk medium. Values are in mg/l. 
 
 
 

Table 3. Chi square test potato dextrose medium (PDM) 
submerged fermentation. 
 

Fungal isolates 
Days 

15 days 30 days 45 days Total 

Aspergillius niger 1.201 1.301 1.301 3.803 

Rhizopus nigricans 1.012 1.013 1.013 3.038 

Penicillium sp 1.031 1.412 1.328 4.257 

Mixed culture 1.303 1.303 1.287 3.893 

Total 5.303 5.029 4.929 14.991 
 

Testing of hypothesis, α = 0.05, Critical value with (3-1) (3-1) = (2) (2) – 
4, Degrees of freedom at α = 0.05 = 9.488, Chi - square test value = 
0.0157647, Decision - Do not reject null hypothesis since 0.015 <9.488 

 
 
 

observed by mixed culture. Penicilium sp. and A. niger of 
the three fungi growing on PDM where a reduction of 9% 
was achieved from an initial concentration of 1.517 to 
1.013 mg/l of tannery effluent from Mario Jose tannery 
after 45 days incubation (Table 2). These findings agree 
with the study conducted by Ugoji and Aboaba (2004). 
Chromium ion in polluted land which had higher 
concentration 89.30% against the lower value of 0.25 
mg/l in the control. Biosorption largely involves physical 
and adsorption following chemical bondage and does not 
required energy. Once the metal ions are diffused on the 
cells surface, they bind to site, which exhibit chemical 
affinity for the metal. It is a passive accumulation process 
which may include adsorption - exchange complexation, 
chelation and micro precipitation. Chromium resistant 
fungi have been isolated from tannery effluent by several 
groups (Sultans and Hasains, 2007). Such physiological 
studies includes the following (carboxylic, hydroxyl and 
phosphate group of lipids proteins polysaccharides), 
localized at the cell surface for maximum adsorption 
(Preetha and Viruthagiri, 2005). 

In this present investigation, the possible mechanism of 
hexavalent chromium reduction by two fungi isolated from 
tannery waste by biosorption studies has been evaluated. 
R. nigricans and A. niger showed excellent ability to 
reduce hexavalent chromium ranging from initial 
concentration 1.517 to 0.067 mg/l. Since, both the 
isolates have been identified as potential microbes for 

their usefulness in removing chromium from the tannery 
effluent. The technology when up graded will be a boost 
to tannery in tackling the pollution problems of tannery 
waste water. The processes would not only be 
economical but also eco friendly and sustainable. Using 
Chi - square test analysis for fitness (PDM) as shown in 
Table 3, the microbial activities are effective across the 
days, showing no reduction in the concentration of 
chromium  (VI) ions. The biosorption of chromium by 
fungi is highly maintained at a considerable level at 15 
days owing to the depletion of substrate by the fungi with 
a higher value of Fcal 0.015 using the Chi - square 
analysis for fitness test as shown in Table 4. This shows 
that the concentration was higher at 15 days initially 
effective biosorption activities of microbial organisms 
subsequently 30 and 45 days shows a considerable 
decrease in effectiveness in microbial activities due to the 
reduction of concentration of chromium (VI) ion Fcal 
0.102.  

For continued microbial activities to be fully achieved, 
the concentration of MRHM should be kept in a constant 
supply of nutrient by open batch culture. For the effective 
bioremediation process to be achieved in Mario Jose 
tannery effluent MRHM by solid state fermentation should 
be recommended than the submerge fermentation (PDM) 
which involved a lot of process. Pictures were also taken 
in different Plates 1, 2, 3, 4 and 5 to highlight the nature 
of the research work being done in-situ. 
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Table 4. Chi square test modified rice husk medium (MRHM) 
solid state fermentation. 
 

Fungal isolate 
Days 

15 days 30 days 45 days Total 

Aspergillius niger 1.208 0.210 0.072 1.490 

Rhizopus nigricans 1.302 0.325 0.067 1.694 

Penicillium sp 1.249 0.430 0.073 1.752 

Mixed culture 1.309 0.241 0.0742 1.624 

Total 5.068 1.206 0.286 6.54 
 

Α = 0.05, Critical value with (3-1) (3-1) = (2) (2) = 4, Degrees of 
freedom at α = 0.05 = 9.488, Chi - square test value = 0.01257647, 
Decision - Do not reject null hypothesis since 0.015 <9.488. 

 
 
 

 
 

Plate 1. Mixed culture from tannery effluents /chrome buffing dust. A- Aspergillus fumigatus, B- Old culture of 
Aspergillus niger, C-Aspergillus fumigatus, D- Penicillium sp, E- Aspergillus flavus, Aspergillus niger, 
Aspergillus fumigatus  

 
 
 

 
 

Plate 2. Rhizopus nigricans from tannery 
effluents/chrome buffing dust. 

Conclusion 
 
Hexavalent chromium is highly toxic-pollutant introduced 
to natural water due to discharge of industrial waste 
water. Waste water from tanneries operation is one of the 
main sources to Cr(VI) contamination. Daily wager 
residing in the premises of Challawa industrial estate of 
Kumbosto local government Kano state have fallen prey 
to Cr(VI) contamination of their water bodies that has 
affected their health drastically. It is our primary objective 
to decontaminate the water in this area in order to 
provide a means to obtain safe drinking water to the 
dwellers. 
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Plate 3. Modified rice husk (MRHM). 

 
 
 

 
 
Plate 4. Fungal by-product (biomass) of Apsergillus niger and Rhizopus nigricans after 45 days incubation. 

 
 
 

 
 
Plate 5. Penicillium sp by-product (biomass) after 45 
days incubation. 
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A pot experiment treated with cadmium (Cd) was conducted to evaluate the physiological and yield 
responses of peanut to cadmium in different growth stages. The results indicated that the peanut 
treated with cadmium level of 12 mg/kg did not cause obvious visible toxic symptoms, while the 
antioxidant enzymes activities concluding superoxide dismutase (SOD), catalase (CAT), peroxidase 
(POD) showed significant decrease in tested growth stages. The content of total chlorophyll decreased 
significantly in the growth stages (P < 0.05). The results indicated that Cd destroyed the balance of free 
radical metabolisms, which resulted in increasing malondialdehyde (MDA) content and the relative cell 
membrane permeability (RMP). The kernel yield and kernel rate per pot showed significant decrease 
under cadmium stress (P < 0.05). The varieties FengHua3, HuaYu20 and Luhua 12 showed more 
sensitive than the other varieties. The results indicated that the MDA, total chlorophyll content and RMP 
may be more sensitive or indicative than the others under Cadmium stress. 
 
Key words: Peanut (Arachis hypogaea L.), cadmium, phytotoxicity, physiological mechanism. 

 
 
INTRODUCTION 
 
Of all the heavy metals, cadmium (Cd) is one of the most 
toxic heavy metals and a non-essential element that is 
present in the soil naturally and from anthropogenic 
sources, including atmospheric deposition, application of 
sewage sludge and manures, irrigation water, and in 
fertilizers and soil amendments (Mclaughlin et al., 2000; 
Sanità di Toppi and Gabbrielli, 1999). It has been 
demonstrated that Cd induces the formation of reactive 
oxygen species (ROS), which can damage biological 

molecules (DNA, RNA and proteins) and membranes by 
inducing lipid peroxidation and stimulate chlorophyll 
degradation (Unyayar et al., 2006). Protective enzymes 
include catalase (CAT, E.C. 1.11.1.6), peroxidases (POD, 
E.C.1.11.1.7), and superoxide dismutase (SOD, E.C. 
1.15.1.1), while several molecules such as glutathione, 
ascorbate and carotenoids provide non-enzymatic protec-
tion (Kuo and Kao, 2004; Lombardi and Sebastiani, 
2005).  
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Accumulation of H2O2 is prevented in the cell by CAT, 
POD, or by the ascorbate-glutathione cycle, where ascor-
bate peroxidase (APX) reduces it to H2O (Das et al., 
1997). Given the above cited mechanisms utilized by 
plants to detoxify ROS, it is important to establish what 
effect enzyme activity has on this detoxification process.  
Peanut (Arachis hypogaea L.) is one of the major oil seed 
and economic crops. There are some previous studies on 
peanut under Cd stress. For instance, peanuts take up 
Cd mainly through the true root system rather than pod 
wall, and significant differences exist between cultivars of 
peanut in term of Cd accumulation in kernels from analysis 
of plants growing under field condition (Bell et al., 1997; 
Mclaughlin et al., 2000; Dinakar et al., 2008), a combi-
nation of soil amendments (lime, zinc, and organic matter 
additions) reduced phyto-available Cd and Cd uptake 
(P<0.05) by peanut plants (Bell et al., 2001). Most 
previous studies were carried out based on Cd uptake 
mainly (Wang and Zhang, 2008; Vecchia et al., 2005). 
However the metabolism of ROS, changes in oxidative 
status, and antioxidant responses involved in peanut 
under Cd stress were poorly reported. The purpose of 
this study was to examine the effects of soil Cd on the 
yield, oxidative stress, and antioxidant response of 
peanut (A. hypogaea L.) in different growth stages in pot 
experiment. Information from this study will be helpful to 
identify toxic critical values of Cd in soil based on 
physiological response. 
 
 

MATERIALS AND METHODS 
 
Plant material and treatment 
 
Peanut varieties, including HuaYu22, LuHua14, FengHua3, 
HuaYu20, HuaYu23 and LuHua12 were collected from the 
Shandong Peanut Research Institute in Qingdao city, Shandong 
Province, PR China. Soil sample was collected from the farmland 
located on the Shandong Academy of Agricultural Sciences then 
air-dried, ground and sieved through 3 mm mesh sieve before use. 
Properties of the tested soil used in pot experiment were as follows, 
pH 7.08, available nitrogen 45.5 mg/Kg, available phosphorus 17.0 
mg/Kg, available potassium 176 mg/Kg, organic matter 19.5 g/Kg, 
total cadmium 0.06 mg/Kg. Soil sample was mixed with CdCl2 
solutions at rate of 12 mg Cd2+ kg-1dry soil in the treatment group. 
Soluble fertilizers (100 mg N, 150 mg P2O5, and 100 mg K2O kg-1 

dry soil) were applied at the same time. After sufficient mixing, soil 
was transferred into plastic pots and incubated for two weeks 
before the next step. Each variety of treatment and control was 
performed in 10 replications, respectively. Peanut seeds were sown 
in each pot and the pots were watered daily. The functional leaves 
of the main stem were taken in pod-setting stage, plump pod stage, 
and harvest stage, respectively. The yield per pot was measured in 
the harvest stage. 

 
 
Enzyme assay 
 
Enzyme extraction 
 
Enzymes were extracted according to the modified method of Cho 
and Seo (2005). The fresh leaves from each treatment were 
homogenized in a pestle and mortar with 0.05 M sodium phosphate  

 
 
 
 
buffer (pH 7.5) containing 0.1 mM ethylenediaminetetraacetic acid 
(EDTA) and 1% polyvinylpyrrolidone (PVP). The homogenate was 
centrifuged at 12,000 g for 20 min and the supernatant was used 
for analyzing SOD, POD and CAT. The above steps were carried 
out at 4°C. 
 
 

SOD assay 
 

SOD activity was detected according to the modified method of 
Zhou et al. (2003). Reaction mixtures contained 81 mL of 14.5 mM 
methionine, 3 mL of 2.25 mM nitroblue tetrazolium chloride (NBT), 3 
mL of 3 μM EDTA-Na2 and 3 mL of 60 μM riboflavin, and these 
reagents above were prepared with 0.05 M sodium phosphate 
buffer (pH 7.8) except riboflavin which was prepared with deionized 
water. After adding 50 μL enzyme extract to 3 mL reaction mixtures 
in tubes, the reaction started by placing the tubes into illumination 
incubator for a duration of 30 min. The reaction was finished by 
keeping the tubes in the dark for 10 min. The absorbance was 
recorded at 560 nm using a spectrophotometer. One unit of SOD 
enzyme activity was defined as the quantity of SOD required to 
produce a 50% reduction of NBT under experimental conditions 
and the specific enzyme activity was expressed as units per g fresh 
weight of leaves (FW). 
 
 

POD assay 
 

The reaction mixtures, containing 75 mL of 100 mM sodium 
phosphate buffer (pH 6.0), 28.5 μL H2O2 (30%) and 42 μL guaiacol, 
were prepared immediately before use. 1 mL enzyme extract was 
then added to 3 mL reaction mixtures. Increasing in absorbance 
was measured at 470 nm at 1 min intervals up to 3 min using 
spectrophotometer. One unit of POD enzyme activity was defined 
as absorbance changes at 470 nm per minute. Enzyme specific 
activity was expressed as units per g FW (Xu et al., 2008). 
 
 

CAT assay 
 
CAT activity was determined by spectrophotometer in reaction 
mixture containing 1.5 mL of 0.05 M sodium phosphate buffer (pH 
7.8), 1 mL deionized water and 0.3 mL of 0.1 M H2O2 prepared 
immediately before use, then 0.2 mL enzyme extract was added. 
CAT activity was measured by monitoring the decrease in 
absorbance at 240 nm as a consequence of H2O2 consumption. 
One unit of CAT enzyme activity was defined as changes at 240 nm 
per minute. Enzyme specific activity was expressed as units per g 
FW (Xu et al., 2008). 
 
 

Total chlorophyll (Chl) assay 
 

The fresh leaves from each treatment was homogenized in 5 mL of 
80% acetone at 4°C, and added 15 mL acetone to a total of 20 mL 
in each tube. Tubes were stored in the dark at 4°C for 48 h prior to 
spectrophotometer measurements. Pigmentation of the sample was 
centrifuged (4000 g) for determination. The absorbance was 
measured at 470, 646 and 663 nm with spectrophotometer, respec-
tively. Chlorophyll content was calculated according to Zhang and 
Zhai (2003). 
 
 

Lipid peroxidation assay 
 

The level of lipid peroxidation was expressed as the 
malondialdehyde (MDA) content in μM per g FW according to the 
method of Zhang et al. (2005). The fresh leaves from each treatment 
were homogenized in 5 mL of 10% trichloroacetic acid (TCA) with a 
pestle and mortar. Homogenates were centrifuged at 4000 g for
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Figure 1. Effects of Cd treatment on activities of SOD, POD, and CAT in peanut leaves of different growth stages. 
 
 
 

10 min. To each 2 mL aliquot of the supernatant, 2 mL of 0.6% 
thiobarbituric acid (TBA) in 10% TCA was added. The mixtures 
were heated at 100°C for 15 min and then quickly cooled in an ice 
bath. After centrifugation at 10,000 g for 10 min, the absorbance of 
the supernatant was recorded at 532 nm and 450 nm. The fresh 
leaves from each treatment were taken 0.2 g mesophyll sample 
from the 5th leaf which is fully expanded, then shred the sample 
and put it into a 20ml scale test tube, added 15 mL distilled water, 
put the test tube into the vacuum desiccator and pumped for 20 
min. The conductance value of the maceration extract was tested 
by the electric conductivity meter. After that, the test tube was put 
into the boiling water to heat for 40 min and then test the 
conductance value again. The cell membrane permeability was 
expressed as relative electric conductivity (the conductance value 
of the osmotic electrolyte before boiled/ the conductance value of 
the osmotic electrolyte after boiled×100%). 
 
 

Statistical analysis 
 

Experimental results presented are the mean values of the 
experiments done in triplicates. Statistical analyses were performed 
with SPSS13.0 statistical program (SPSS Inc., Chicago, USA). The 
data was statistically analyzed using a two tailed T-test  to  
comparepaired means between Cd treatment and control at 5 and 
1% level of probability. Differences between growth stages were 
evaluated for significance by using Duncan’s multiple range test 
(DMRT) (P < 0.05). 
 
 

RESULTS 
 

Effects of cadmium on the activities of antioxidant 
enzymes 
 
The activities changes of antioxidant enzymes including 
SOD, POD, and CAT in different growth stages under 
cadmium stress were shown in Figure 1. Antioxidant 
enzymes activities in treatment samples generally were 
lower than in the control samples in different growth 

stages, and different among varieties, whereas it showed 
no significant difference compared to the control in 
growth stages, except that SOD, POD and CAT of the 
variety HuaYu20 and CAT of the variety FengHua3 under 
cadmium stress in harvest stage showed significant 
decrease to 45, 61, 78 and 62% of the control, respect-
tively (P < 0.05, Figure 1). Antioxidant enzymes activities 
showed significant decrease in tested growth stages 
between control and treatment (P < 0.05, Figure 1), while 
the treatment did not significantly decrease slope 
compared to the control. 
 
 
Effects of Cadmium on the content of total 
chlorophyll content 
 
Table 1 showed the content of total chlorophyll content 
under cadmium stress in the growth stages. From the 
data in Table 1, we can see that the content of total 
chlorophyll decreased significantly in the cadmium 
treatment samples compared to the control and gradually 
decreased in the growth stages (P < 0.05, Table 1). In the 
pod-setting stage, the decrease rate of total chlorophyll 
content under cadmium stress showed no difference 
among varieties, about decreasing to 75%. However, in 
the harvest stage, the decrease rates showed difference 
among varieties (P < 0.05, Table 1). For instance, the 
content of variety HuaYu22 under cadmium decreased to 
72% compared to the control, while the variety HuaYu20 
decreased to 53%. The slope changes of the regression 
equation in the growth stages under cadmium stress 
showed difference among varieties. The variety FengHua3, 
HuaYu20 and LuHua12 showed significant decrease 
compared to the control (P < 0.05, Table 1), while the 
others showed slight increase. 
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Table 1. Total chlorophyll content of peanut in different growth stages under Cd stress (mg/g). 
 

Varieties 
Growth stage  Parameters of the regression equation 

 Pod-setting stage Plump pod stage Harvest stage  a b R
2
 

1 
Control 5.72±0.41 5.29±0.51 4.01±0.41  -0.86 6.72 0.924 

Treatment 4.14±0.38* 3.08±0.45** 2.87±0.21*  -0.64 5.3 0.998 

 

2 

 

Control 

 

4.79±0.46 

 

4.3±0.51 

 

3.39±0.37 

  

-0.69 

 

5.55 

 

0.971 

Treatment 3.53±0.35* 2.77±0.31* 2.32±0.22*  -0.61 4.41 0.977 

 

3 

 

Control 

 

6.15±0.55 

 

4.92±0.53 

 

4.32±0.22 

  

-0.91 

 

6.96 

 

0.961 

Treatment 4.83±0.43* 3.08±0.54* 2.46±0.31**  -1.18* 5.83 0.929 

 

4 

 

Control 

 

4.88±0.25 

 

4.21±0.34 

 

3.78±0.41 

  

-0.55 

 

5.39 

 

0.986 

Treatment 3.68±0.33* 3.3±0.21* 1.98±0.25**  -0.85** 4.68 0.906 

 

5 

 

Control 

 

4.53±0.49 

 

3.78±0.41 

 

2.93±0.32 

  

-0.79 

 

5.34 

 

0.999 

Treatment 3.34±0.36* 2.75±0.35* 2.05±0.24*  -0.65 4.33 0.997 

 

6 

 

Control 

 

4.77±0.48 

 

4.47±0.45 

 

3.06±0.29 

  

-0.85 

 

5.8 

 

0.875 

Treatment 3.66±0.33* 2.82±0.31* 1.64±0.11**  -1.01* 4.72 0.991 
 

Value is the mean of three individual triplicates±SD. *and**indicate the value that differs significantly from the control at P < 0.05 and P < 0.01 by 
T-test, respectively. 

 
 
 

Effects of cadmium on the lipid peroxidation 
 
MDA contents in peanut leaves of different growth stages 
are shown in Table 2. MDA contents increased gradually 
in different growth stage. MDA contents under cadmium 
stress generally increased compared to the control, 
especially the variety FengHua3, HuaYu20 and LuHua12 
which MDA contents increased significant by 19, 11 and 
18% compared to the control in harvest stage. The slope 
changes of the regression equation in the growth stages 
under cadmium stress did not show significant difference 
compared to the control, except for the variety FengHua3 
and LuHua12 (P< 0.05, Table 2). Figure 2 showed the 
relative cell membrane permeability (RMP) of tested 
peanut leaves in harvest stage. The relative cell 
membrane permeability of peanut leaves under Cd stress 
increased significantly compared to the control (P < 0.05), 
and  the  variety  HuaYu22  and LuHua12 increased to 
43and 64% compared to the control, respectively (Figure 
2). 
 
 

Effects of cadmium on the yields 
 

The yields of the tested varieties were shown in Table 3. 
The pot yield and pods number per pot in the Cadmium 
treatment generally showed no significant difference 
compared to  the  control,  whereas the  kernel  yield  and 
kernel rate per pot showed significant decrease under 
cadmium stress (P < 0.05, Table 3). Kernel yields among 
tested varieties decreased to the range from 58 to 85%. 
The variety HuaYu20 decreased the most to 58%, and 

the variety HuaYu22 decreased the least to 85%. The 
kernel rate in the average of the tested varieties 
decreased from 71.5 to 59% under cadmium stress. The 
most changes variety in kernel rate is the variety 
HuaYu20 which decreased from 72.3 to 52.9%, and the 
variety HuaYu22 decreased the least from 71.9 to 63.1%. 
 
 

The component and cluster analysis under cadmium 
treatment in harvest stage 
 
Principal component analysis of physiological change 
index in peanut leaves under Cd treatment in harvest 
stage was performed with SPSS13.0. In Table 4, we can 
see that the indexes of MDA, chlorophyll and RMP 
played important role in the first principle component, and 
the antioxidant enzymes played in the other two principal 
components. The cluster analysis result of the tested 
 
varieties performed through the physiological and yield 
change index under Cd treatment in harvest stage were 
shown in Table 5. We can see that the varieties 
FengHua3, HuaYu20 and Luhua12 showed more 
sensitive than the other varieties. 
 
 

DISCUSSION 
 
Response of the antioxidant enzymatic system in 
peanut of Cd stress 
 
In this study, there were no visible toxic symptoms in the 
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Table 2. MDA content in leaves of peanut in growth stages (μmol/gFW). 
 

Varieties 
Growth stage  Parameters of regression equation 

 Pod-setting stage Plump pod stage Harvest stage  a b R
2
 

1 Control 2.72±0.35 3.56±0.28 4.36±0.45  0.82 1.96 0.999 

 Treatment 3.15±0.32 3.82±0.43 4.76±0.36  0.81 1.91 0.958 

         

2 Control 3.63±0.38 4.46±0.36 5.35±0.47  0.86 2.76 0.999 

 Treatment 3.71±0.25 4.89±0.39 5.56±0.55  0.93 2.87 0.975 

         

3 Control 3.57±0.31 3.92±0.25 4.32±0.28  0.38 3.19 0.998 

 Treatment 3.85±0.39 4.41±0.33 5.13±0.32*  0.64** 3.18 0.995 

         

4 Control 3.06±0.39 3.93±0.44 4.69±0.29  0.81 2.26 0.999 

 Treatment 3.57±0.42 4.45±0.51 5.21±0.36*  0.82 2.77 0.998 

         

5 Control 2.68±0.35 3.43±0.48 4.35±0.36  0.84 1.82 0.997 

 Treatment 3.03±0.41 3.72±0.42 4.68±0.45  0.83 2.29 0.982 

         

6 Control 2.64±0.25 3.46±0.34 3.92±0.26  0.64 2.06 0.974 

 Treatment 3.06±0.32 4.02±0.41 4.63±0.37*  0.79* 2.33 0.984 
 

Value is the mean of three individual triplicates ± SD. *, **value that differs significantly from the control at P < 0.05 and P < 0.01 by T-test, 
respectively. 

 
 
 

 
 
 
 
 

 
 
 

 

Varieties  
 

Figure 2. Effects of Cd treatment on the relative cell membrane permeability in leaves of 
peanut in harvest stage. *, **Value that differs significantly from the control at P < 0.05 and P < 
0.01 by T-test, respectively. 

 
 

peanut (data not shown), however a decrease of the 
antioxidant enzymes activities in leaves were observed at 
the Cd treatment of 12 mg/kg in tested growth stages 
(Figure 1). This may be attributed to the Cd treatment 

level of 12 mg/kg which has reached the high threshold 
values for inhibition of the antioxidant enzymatic system, 
resulting in the cooperative function of these antioxidant 
enzymes destroyed. Our results showed that the activity
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Table 3. Effects of Cd treatment on the yield of peanut. 
 

Item  
Variety no. 

1 2 3 4 5 6 

Pot yield/g 
Control 65.4±4.2 67.6±3.7 65.5±3.2 67.9±4.7 70.1±5.3 64.9±7.5 

Treatment 60.4±3.3 58.7±5.1 55.3±3.8* 59.1±4.9* 68.5±4.7 61.6±5.7 

 

Kernel yield/g 

 

Control 

 

47.1±3.1 

 

48.6±4.1 

 

46.5±5.3 

 

49.1±6.4 

 

49.7±5.3 

 

46.3±3.5 

Treatment 38.1±2.1 36.6±3.3* 31.1±3.6* 31.2±4.3** 42.1±3.8 35.7±3* 

 

Pods number 

 

Control 

 

32.3±3.2 

 

25±2.6 

 

23.6±2.5 

 

37.3±5.4 

 

31.3±3.4 

 

31±3.4 

Treatment 31.7±2.5 27.3±3.1 26±3.9 33.2±4.7 28±2.7 33.7±4.7 

 

Kernel rate/% 

 

Control 

 

71.9±2.9 

 

71.9±2.1 

 

70.9±3.2 

 

72.3±3.7 

 

71.1±2.4 

 

71.4±2.6 

Treatment 63.1±2.6* 62.4±2.2* 56.2±2** 52.9±2.5** 61.5±1.7* 57.9±3** 
 

Value is the mean of three individual triplicates ± SD. *, **indicate the value that differs significantly from the control at P < 0.05 and P < 
0.01 by T-test, respectively. 

 
 
 

Table 4. Component Matrix of physiological change index in leaves of peanut under Cd treatment in harvest stage. 
 

Component MDA RMP Chl SOD POD CAT 

1 -0.784 -0.694 0.916 0.166 0.742 0.567 

2 0.165 0.651 -0.325 -0.548 0.645 0.022 

3 0.587 0.298 0.025 0.726 0.077 0.721 

 
 
 
Table 5. Cluster analysis of the tested varieties under Cd treatment. 
 

Cluster Variety Cd sensitivity 

I 1, 2, 5 Less 

II 3, 4, 6 More 

 

 
 
of SOD in leaves of plump pop stage and harvest stage 
exhibited significant decrease compared to pop-setting 
stage (P < 0.05, Figure 1a). In addition, SOD activity 
under Cd treatment among varieties except variety 
HuaYu20 was not significantly decreased. This may be 
attributed to the excess production of superoxide, 
resulting in the destruction of existing enzyme pools or 
decreased expression of genes encoding SOD.  

Our results showed that the POD and CAT activities  in 
harvest stage decreased significantly compared to the 
pod-setting stage (P < 0.05, Figure 1b and c). What’s 
more, both of them of the variety HuaYu20 treated with 
Cd showed significant decrease compared to the control. 
However, the CAT activity of the variety LuHua14 treated 
with Cd were a slight drop or raise in the different growth 
stages. This may indicate that the antioxidant enzymatic 
system respond differently among varieties. It is possible 
that oxidative stress caused by low-level Cd in plants led 
to increased expression and activities of antioxidant 

enzymes such as POD and CAT, while they were 
reduced by high-level Cd treatment. 
 
 
Response of total chlorophyll content and yield of 
peanut to Cd stress 
 
It is evident from this study as well as earlier investigations 
(Xu et al., 2008) that cadmium can alter both chlorophyll 
biosynthesis by inhibiting protochlorophyllide reductase 
and the photosynthetic electron transport by inhibiting the 
water-splitting enzyme located at the oxidizing site of 
photosystem II (Van and Clijsters, 1990a). The variety 
FengHua3, HuaYu20 and Luhua12 showed significant 
decrease compared to the control, while the others showed 
slight increase (P < 0.05, Table 1). Photosynthesis was 
hinder under Cd stress, which can result in declined 
significantly peanut yield (P < 0.05, Table 3). The pot 
yield and pods number per pot in the cadmium treatment 
generally showed no significant difference compared to 
the control, whereas the kernel yield and kernel rate per 
pot showed significant decrease under cadmium stress 
(P < 0.05, Table 3), and the variety HuaYu22, LuHua14 
and HuaYu23 showed more Cd-tolerance than the others 
(Table 3). The results indicated that plump pop stage 
may be the main stage of Cd effects on peanut yield and 
the degree of Cd-tolerance was different among varieties. 



 
 
 
 
Effects of cadmium on the lipid peroxidation 
 
MDA content is commonly considered as a general indicator 
of lipid peroxidation as well as stress level (Chaoui et al., 
1997). In this study, MDA content in leaves under Cd 
stress almost increased compared to the control and the 
degree of the increase were different among varieties 
(Table 2). Moreover, the relative cell membrane perme-
ability of peanut leaves in harvest stage increased signifi-
cantly compared to the control (P<0.05, Figure 2), 
especially variety FengHua3, HuaYu20 and Luhua12 
(P<0.01, Figure 2). It is probable that coopera-tive 
function of the antioxidant enzymes was destroyed 
(Figure 1), which resulted in increasing the MDA content 
which contributed to destroy the cell membrane and 

increase the relative cell membrane permeability (Figure 
2). 
 
 
Conclusion 
 
In this study, the peanut treated with cadmium level of 12 
mg/kg did not cause obvious visible toxic symptoms, 
while the physiological and yield responses indicated that 
Cd inhibited the peanut yield and destroyed the balance 
of free radical metabolisms, which resulted in decreasing 
the synthesis of cholorophyl and yield, and increasing the 
degree of membrance lipid peroxidation. In addition, the 
plump pop stage may be the main stage of Cd effects on 
peanut yield and the degree of Cd-tolerance was different 
among varieties. The varieties FengHua3, HuaYu20 and 
LuHua12 showed more sensitive than the other varieties. 
Our results indicated that the MDA, total chlorophyll 
content and the relative cell membrane permeability may 
be more sensitive or indicative than the others. 
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Essential oils are complex mixtures of odours and steam volatile compounds which are deposited by plants in the 
subcuticular space of glandular hairs, in excretory cavities and canals or exceptionally in heart wood. Essential oils 
have been found to have no specific biological functions in plants, but constitute many compounds that are insect 
repellents or act to alter insect feeding behavior, growth and development, ecdysis (moulting) and behavior during 
mating and oviposition. Others possess antifungal, insecticidal and antiseptic properties. Essential oils of leaves of 
Tagetes minuta L. (Asteraceae), Fuerstia africana T.C.E. Friers (Labiaae), Tephrosia vogelii  Hook. f. (Leguminosae) 
and Sphaeranthus ukambensis were obtained by steam distillation using the Clevenger apparatus (Guenter, 1949). 
Compounds in the essential oils were identified by gas chromatography-mass spectrometry (GC-MS). The 
characteristic volatiles isolated from the four plants were identified as follows: major constituents of the essential 
oils from F. africana included the following: limonene (39.1%), (Z)-β-ocimene (30.5%), targetone<dihydro> (26.2%),  
E -targetone (59%), λ-terpinene (26.2 %), peripitenone 23.7%, ocimene allo (22.8%) and Z-targetone (100%). The 
compounds with the highest relative abundance value in the essential oils included Z-targetone, E-targetone and 
(Z)-β-Ocimene. Analysis of T. minuta also revealed a number of compounds which included mycene (20.1%), 
verbinene (8.0%), Z-ocimenone (35.2%), E-caryophylene (25.5%), α-Humelene (11.8%), germacrene D (21.4%) and 
camphene (2%). The major constituent of T. minuta was Z-ocimene, caryophylene E and mycene. Essential oils from 
T. vogelii as revealed by the GC-MS analysis were pinene α (32.7%), limonene (35.1%), copaene α (22.9%), β -
elemene (36.7%), Z-nerolidol (77.7%), δ-cadinene  (67.6%), α humelene (69.6%) and -4-α-ol-(β)copaene (65.7%). The 
highest proportion of the essential oils constituted Z- nerolidol  δ-cadinene, α-humelene and 4-α-ol-β. Copaene. The 
compounds in essential oils obtained from S. ukambensis were α-copaene (23.8%), β-bourbonene (25.5%), α-
gurjunene (14.3%), cymene<2, 5-dimethoxy-para (87.7%), α -humelene (100%), λ- muurolene (17.9%), λ-cadinene 
(77.3%), caryophylene oxide (54.7%) and δ-cadinene (61.9%). The major compounds contained in essential oils from 
S. ukambensis were α-humele, λ-cadinene, δ-cadinene and cymene<2, 5-dimethoxy-para.  The compounds which 
were  common in the four test plants included: α-pinene, α-humele, ocimene allo and (E) β-ocimene. Each of the test 
plant secreted essential oils constituting numerous volatiles known to exhibit acaricidal, insecticidal and/or 
arthropod repellent properties. These plants may be useful sources of compounds for use in the control of 
arthropods of medical, veterinary and agricultural importance. 
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INTRODUCTION  
 
Essential oils are complex mixtures of volatile organic 
compounds produced as secondary metabolites in plants. 
Steam distillation of aromatic plants yields essential oils, 
long used as fragrances and favoring in the perfume and 
food industries, respectively (Bakkali et al., 2008). More 
recently they have become popular as agents for 
aromatherapy. Essential oils are characterized by a 
strong odor and have a generally lower density than 
water. Among higher plants, there are 17,500 aromatic 
plant species (Bruneton, 1999) and approximately 3,000 
essential oils are known out of which 300 are 
commercially important for cosmetics, perfume, and 
pharmaceuticals industries apart from pesticidal potential 
(Chang and Cheng, 2002; Bakkali et al., 2008). Several 
plant families, for example, Myrtaceae, Lauraceae, 
Rutaceae, Lamiaceae, Asteraceae, Apiaceae, 
Cupressaceae, Poaceae, Zingiberaceae, and 
Piperaceae, have been examined for anti-insect 
activities. To defend themselves against herbivores and 
pathogens, plants naturally release a variety of volatiles 
including various alcohols, terpenes, and aromatic 
compounds. These volatiles can deter insects or other 
herbivores from feeding, have direct toxic effects, or 
involve in recruiting predators and parasitoids in 
response to feeding damage. They may also be used by 
the plants to attract pollinators, protect plants from 
disease, or help in interplant communication (Pichersky 
and Gershenzon, 2002). Since the middle-ages, essential 
oils have been widely used for bactericidal, virucidal, 
fungicidal, parasiticidal, insecticidal, medicinal, and 
cosmetic applications, especially in the pharmaceutical, 
sanitary, and cosmetic applications. Aromatic plants 
produce many compounds that are insect repellents or 
act to alter insect feeding behavior, growth and 
development, ecdysis (moulting), and behavior during 
mating and oviposition. 

Monoterpenoids (90% of the essential oils) have a 
great variety of structures with diverse functions. They 
are ten carbon hydrocarbon compounds or related 
compounds such as acyclic alcohols (linalool, geraniol, 
citronellol), cyclic alcohols (e.g. menthol, isopulegol, 
terpeniol), bicyclic alcohols (borneol, verbenol), phenols 
(thymol, carvacrol), ketones (carvone, menthone, 
thujone), aldehydes (citronellal, citral), acids 
(chrysanthemic acid) and oxides (cineole). The main 
group is composed of terpenes and terpenoids and the 
other of aromatic and aliphatic constituents all 
characterized by low molecular weight terpenes mainly 
the monoterpenes (C10) and sesquiterpenes (C15), but 
hemiterpenes (C5), diterpenes (C20), triterpenes (C30) 
and tetraterpenes (C40) also exist. Aromatic compounds 

occur less frequently than the terpenes and are derived 
from phenylpropane for example aldehyde: 
cinnamaldehyde; alcohol: cinnamic alcohol; phenols: 
chavicol, eugenol; methoxy derivatives: anethole, 
elemicine, estragole, methyl eugenols; methylene dioxy 
compounds: apiole, myristicine, safrole (Isman, 2006; 
Tripathi et al., 2009). 

The composition of these oils can vary dramatically, 
even within species according to the part of the plant 
from which the oil is extracted (leaf tissue, fruits, stem, 
etc.), the phonological state of the plant, the season, the 
climate, the soil type, and other factors. For example, 
rosemary oil collected from plants in two areas of Italy 
were demonstrated to vary widely in the concentrations of 
two major constituents; 1,8-cineole (7 to 55%) and a-
pinene (11 to 30%) (Flamini et al., 2002). Such variations 
are common and have also been described for the oils 
derived from Ocimum basilicum (Pascual-Villalobos and 
Ballesta-Acosta, 2003) and Myrtus communis (Flamini et 
al., 2004). In this study, we investigated the 
phytochemical properties of essential oils from Tagetes 
minuta, Fuerstia africana, T vogelii, and S. ukambensis 
from Machakos county Kenya. The understanding of the 
chemical composition of the essential oils was essential 
in determining their use in arthropod control, antiseptic 
and food industries among others. 
 
 
MATERIALS AND METHODS  
 
Plant materials and extraction of oils 
 
Plant material (Leaves) of T. minuta, F. africana, T. vogelii, and S. 
ukambensis were collected in April 2010 from the farms and fields 
in Machakos, Kenya. The fresh leaves were sliced into smaller 
pieces. The essential oil was isolated from the plant materials by 
steam distillation using Clevenger apparatus (Guenter, 1949). The 
condensed oils were collected in n-hexane solvent (Aldrich HPLC 
grade) and the solution was filtered using Whattmann grade 1 filter 
papers containing anhydrous sodium sulphate in a funnel to remove 
any remaining traces of water. Hexane was then removed by 
distillation at 60ºC by the use of 'Contes' Short Path distillation 
apparatus. When condensation stopped, the oil was collected and 
weighed into small amber colored vials. 
 
 
GC-MS analysis 
 
The GC-MS analysis was performed on a 7890A gas 
chromatograph (Agilent Technologies, Inc., Santa Clara, CA, USA) 
linked to a 5975 C mass selective detector (Agilent Technologies, 
Inc., Santa Clara, CA, USA) by using the following conditions: inlet 
temperature of 270°C, transfer line temperature of 280˚C, and 
column oven temperature programmed from 35 to 285°C with the 
initial temperature maintained for 5 min then 10 C/min to 280°C
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Table 1. Compounds obtained from GC-MS analysis of 
essential oils from Fuerstia africana (Labiatae). 
 

Compound
a
 RT

b 
(min) Percentage maximum 

α -Pinene 9.403 0.84 

Sabinene 10.299 5.14 

β-Pinene 10.680 0.68 

β-Phellandrene 10.904 1.54 

δ-2-Carene 11.150 0.52 

Ortho-Cymene 11.329 39.08 

Limonene 11.396 39.08 

 (Z)-β-Ocimene 11.576 30.51 

(E)-β-Ocimene 11.755 1.63 

Dihydro-Tagetone 11.867 26.19 

λ-Terpinene 11.934 26.19 

Linalool 12.695 6.31 

Allo-Ocimene 13.143 22.75 

E-Tagetone 13.479 59.05 

Z-Tagetone 13.636 100 

Terpinen-4-ol 13.994 4.06 

Z-Ocimenone 14.778 16.9 

14. Piperitenone 14.913 23.71 

g- Gurjunene 16.077 1.58 

Isobazzanene 16.257 1.58 

Silphiperfol-6-ene 16.391 0.79 

Modheph-2-ene 16.906 1.51 

α -Humulene 17.869 2.42 

Bicyclogermacrene 18.407 2.2 

Spathulenol 19.459 4.49 
 
a
Compounds are listed in order of elution from an SE-52 column. 

b
RT, Retention time. 

 
 
 
held at this temperature for 10.5 min and  finally 50°C/min to 285°C 
and held at this temperature for 29.9 min. The GC was fitted with a 
HP-5 MS low bleed capillary column (30 m × 0.25 mm i.d., 0.25 μm) 
(J&W, Folsom, CA, USA). Helium at a flow rate of 1.25 ml/min 
served as the carrier gas. The mass selective detector was 
maintained at ion source temperature of 230°C and a quadruple 
temperature of 180°C. Electron impact (EI) mass spectra were 
obtained at the acceleration energy of 70 eV. A 1.0 μl aliquot of 
extract was injected in the split/splitless mode using an auto 
sampler 7683 (Agilent Technologies, Inc., Beijing, China).  
Fragment ions were analyzed over 40-550 m/z mass range in the 
full scan mode. The filament delay time was set at 3.3 min.  

Due to unavailability of most of the authentic standards, relative 
quantification was achieved through the use of two authentic 
compounds [1, 8-cineole and β-caryophyllene (Sigma, St. Louis, 
MO, USA) whose calibration curves were used to quantify 
monoterpenes and sesquiterpenes respectively]. GC-MS in full 
scan mode was used to detect the terpenes in the distillate. Serial 
dilutions of authentic standards of 1, 8-cineole and β-caryophyllene 
(1-100 pg/µl) were also analyzed by GC-MS in full scan mode to 
generate linear calibration curves (peak area vs. concentration) with 
the following equations; 1, 8-cineole [y = 0.7694x + 3.6807 
(R2=0.9991)], and β-caryophyllene [y =0.5999x + 2.3004 
(R2=0.9327)] which served as the basis for the external 
quantification of the terepenes identified.  

RESULTS AND DISCUSSION 

 
Major constituents of the essential oils from F. africana 
are presented in Table 1 and included the following: 
limonene (39.1%), (Z) β-ocimene (30.5%), Targetone 
<dihydro> (26.2%),  E -targetone (59%), λ- terpinene 
(26.2 %), peripitenone (23.7%), Allo-ocimene (22.8%) 
and Z-targetone (100%). The compounds with the highest 
relative abundance value in the essential oils included Z-
targetone, E- targetone and (Z) β- ocimene (Figure 1). 

GC-MS analysis of T. minuta also revealed a number of 
constituent compounds which included the following: 
mycene (20.1%), verbinene (8.0%), Z-ocimenone 
(35.2%), E-caryophylene (25.5%), α-humelene (11.8%), 
D-Germacrene (21.4%) and camphene (2%) (Table 2). 
The major constituent of T. minuta was Z-ocimene, E-
caryophylene and mycene (Figure 2). 

The major constituents of T. vogelii essential oils are 
presented in Table 3 and they include: α-pinene (32.7%), 
limonene (35.1%), α-copaene (22.9%), β-elemene 
(36.7%), Z-nerolidol (77.7%), δ-cadinene (67.6%), α-
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Figure 1. GC-MS chromatogram of essential oils obtained from Fuerstia africana (Labiatae). 

 
 
 

Table 2. Compounds obtained from GC-MS analysis of T. minuta. 
 

Compound
a
 RT

b
 (min) Percentage maximum 

α-Pinene 9.425 1.07 

Camphene 9.739 2.24 

Sabinene 10.321 1.36 

Verbenene 11.239 8.01 

yrcene 10.702 20.05 

Sylvestrene 11.419  

(E)-β-Ocimene 11.732 6.12 

Dihydro-Tagetone 11.866 1.18 

Santolina Triene 12.695  

Allo-Ocimene 13.143 3.38 

Myrcenone 13.658  

α-Terpineol 14.218  

Z-Ocimenone 14.801 35.2 

Isophorone 15.450  

Dehydro-Sabina ketone 16.279  

Piperitenone 16.458 5 

 β-Bourbonene 16.951 4.7 

E-Caryophyllene 17.443 25.54 

β-Copaene 17.555 7.6 

α-Humulene 17.869 11.78 

Muurola-4(14),5-diene<trans-> 17.961 4.98 

Germacrene D 18.227 21.43 

λ-Muurolene 18.429 9.86 

λ-Cadinene 18.608 2.39 

Caryophyllene oxide 19.504 3.72 
 
a
Compounds are listed in order of elution from an SE-52 column. 

b
RT, 

Retention time  

 
 
 

humelene (69.6%) and 4-α-ol-(β)-copaene (65.7%). The 
highest proportion of the essential oils constituted the 

following compounds; nerolidol-Z-, δ-cadinene, α-
humelene and 4-α-ol-(β)-copaene (Figure 3). 
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Figure 2. GC-MS chromatogram of essential oils obtained from T. minuta 

 
 
 

Table 3. Compounds obtained from GC-MS analysis of essential oils 
from Tephrosia vogelii. 
 

Compound
a
 RT

b 
(min) Percentage maximum 

α-Pinene 9.448 32.65 

Camphene 9.739 0.58 

α-Phellandrene 10.299 
 

Myrcene 10.679 
 

α-Thujene 9.313 1.5 

 β-Pinene 10.344 
 

δ-2-Carene 11.150 0.96 

 Limonene 11.441 35.09 

(Z)-β- Ocimene 11.575   3.16 

 (E)-β-Ocimene 11.755   8.62 

λ-Terpinene 11.956   1.67 

Linalool 12.673   7.55 

Terpinolene 12.471   2.64 

Cis-Rose oxide 12.852   0.78 

Allo-Ocimene 13.143   3.1 

Citronellal 13.546   
 

Terpinen-4-ol 13.972   3.31 

α-Terpineol 14.218   3.54 

Cis-Calamenene 16.122   
 

α-Cubebene 16.436   6.58 

Trans-Calamenene 16.615   
 

α-Copaene 16.816   22.98 

β-Elemene 17.063   38.67 

α-trans-Bergamotene 17.175   
 

β-Vetivenene 17.242   
 

Germacrene D 17.466   
 

β- Copaene 17.555   
 

α-Humulene 17.891   69.56 

Calamenen-10-one<10-nor-> 17.981   
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Table 3. Contd. 
 

λ-Gurjunene 18.474   65.75 

δ-Cadinene 18.742   67.62 

Z-Nerolidol 19.213   77.71 

4-α-ol-β-Copaen 19.885   65.71 

2E, 6Z-Farnesol  21.005   
  

a
Compounds are listed in order of elution from an SE-52 column. 

b
RT, 

Retention time. 

 
 
 

 
 

Figure 3. GC-MS Chromatogram for essential oils obtained from T. vogelii 

 
 
 

The following compounds constituted the essential oils 
obtained from S. ukambensis: α-copaene (23.8%), β-
bourbonene (25.5%), α-gurjunene (14.3%), cymene<2, 5-
dimethoxy-para (87.7%), α- humelene (100%), λ-
muurolene (17.9%), λ-cadinene (77.3%), caryophylene 
oxide (54.7%) and δ- cadinene (61.9%) (Table 4). The 
major compound contained in essential oils from 
Sphaeranthus ukambensis were α- humele, λ-cadinene, 
δ-cadinene and cymene<2, 5-dimethoxy-para (Figure 4).  

Previous studies  have shown that the main com-
ponents of T. minuta oil are α-terpineol, (Z)-β-ocimene, 
dihydrotagetone, (E)-ocimenone, (Z)-tagetone, and (Z)-
ocimenone (Dubey et al., 2011). These findings agree in 
with the current study where all these compounds were 
identified. Additionally humulene α and Germacrene D 
were found to be abundant. 

GC-MS analysis of the essential oils revealed com-
pounds toxic to pests and parasites. Linalool for instance 
toxic to eggs and larvae of insects (Liu et al., 2011) was 
found in F. africana and T. vogelii. Humelene, a strong 
repellent against R. appendiculatus was found in all the 
four study plants. Terpeneol a repellant of both R. 

appendiculatus and I. ricinis was a constituent compound 
of essential oils from T. manuta and T. vogelii. α-Pinene 
was found in all test plants except S. ukambensis and 
has repellent properties against arthropod pests 
(Tapondjou et al., 2005). 

Essential oils interfere with basic metabolic, 
biochemical, physiological, and behavioral functions of 
Arthropods. They inhale, ingest or absorb essential oils. 
The rapid action against some pests is indicative of a 
neurotoxic mode of action, and there is evidence for 
interference with the neuromodulator octopamine (Enan, 
2005) or GABA-gated chloride channels (Priestley et al., 
2003; Khater 2011).  

Essential oils have been found to be useful to man in 
various ways. Some essential oils have larvicidal effects 
and the capacity to delay development and suppress 
emergence of adult insects of medical and veterinary 
importance (Khater and Shalaby, 2008; Koul et al., 2008; 
Khater, 2011). Thyme oil and monoterpenoids including 
thymol, anethole, eugenol, and citronellal combinations 
have been patented for pesticidal activity against 
cockroaches and the green peach aphid. Similarly,
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Table 4. Compounds obtained from GC-MS analysis of essential oils obtained from 
Sphaeranthus ukambensis. 
 

Compound
a
 RT

b
 (min) Percentage maximum 

Limonene 11.374 5.88 

(E)-β-Ocimene 11. 754 1.11 

(E)-β-Ocimene 11.777 1.7 

Terpinolene 12.471 1.02 

Linalool propanoate 12.695  

Borneol 13.793 2.96 

Terpinen-4-ol 13.972 2.32 

α-Terpineol 14.173  

Myrtenal 14.263 3.5 

Nerol 14.733 17.44 

α-Cubebene 16.436  

Neryl propanoate 16.615 2.86 

Cyclosativene 16.727  

α-Copaene 16.839 23.84 

β-Bourbonene 16.951 25.47 

Germacrene D 17018  

Cyperene 17.175 12.71 

α-Gurjunene 17.287 14.29 

Cymene<2,5-dimethoxy-para- 17.421 87.68 

E-Caryophyllene 17.488  

β-Copaene 17.555  

α-Humulene 17.936 100 

Dauca-5,8-diene 18.003  

λ-Muurolene 18.138 17.91 

Trans- Muurola-4(14),5-diene 18.384  

δ-Cadinene 18.720 61.91 

Cadina-1,4-diene<trans-> 18.832 13.33 

 α-Muurolene 18.899  

E-Nerolidol 19.168 42.37 

Caryophyllene oxide 19.526 54.66 

Humulene epoxide II 19.817  

Zonarene 19.997  

λ-Cadinene 20.176 77.3 

Geranyl tiglate 20.489 min 34.79 
 
a
Compounds are listed in order of elution from an SE-52 column. 

b
RT, Retention time. 

 
 
 
citronellal, cotronellol, citronellyl or a mixture of these 
have been patented as pest treatment composition 
against the human louse (Ping, 2007). Nutmeg oil has 
been determined to significantly impact both the maize 
weed, Sitophilus zeamais and  the red-flour beetle, 
Tribolium castaneum and demonstrates both repellent 
and fumigant properties. Essential oils of Cinnamomum 
camphora, C. cassia, and C. zeylanicum repel mos-
quitoes (Kim et al., 2003).  

Oils of soybean, lemongrass, cinnamon, and the 
compounds 3,8-pmenthane-diol (from lemon eucalyptus), 
citronellal (from lemongrass), and 2-phenethylpropionate 
(from groundnut), are effective against mosquitoes 

(Fradin and Day, 2002). Lemon eucalyptus is a potent 
repellent. Its oil, comprising 85% citronellal, is used by 
cosmetic industries due to its fresh smell. Flea and tick 
control products for companion animals based on d 
limonene, a constituent of citrus peel oil, or oils of 
peppermint, cinnamon, clove, thyme, and lemongrass, 
have been introduced recently (Isman, 2010).  d-
Limonene is heavily used for controlling structural pests 
as termite in California, and other plant oils like clove and  
peppermint.  (Liu et al., 2011).  

As can be concluded from the data presented on plant 
volatile, each species seems to have its own unique 
chemical composition with little similarity. In summary,
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Figure 4. GC-MS chromatogram of essential oil from Sphaeranthus ukambensis. 
 
 
 

Table 5. Compounds common in all the four plant species. 
 

Compound  
Quantity 

F. africana T. manuta T. vogelii S. ukambensis 

Α- Pinene  0.84 1.07 32.65 - 

Sabinene 5.14 1.36 - - 

Limonene 39.08 - 35.09 5.88 

(E)-β-Ocimene 1.63 6.12 8.62 1.11 

Targetone <dihydro 26.19 1.18 - - 

Linalool 6.31 - 7.55 - 

Ocimene <allo> 22.75 3.38 3.1 - 

-Humelene  2.42 11.78 69.56 100 
 
 
 

the results of this study, further strengthens the view that 
T. vogelii, T. minuta, F. africana and S. ukambensis are 
potential sources of anti-arthropods agents especially 
insects and ticks  and to some extent validates the 
traditional use of the plants for insect pest control by the 
farmers in livestock keeping areas in Kenya (Table 5).  
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Endothelial progenitors cells (EPCs) are important for the development of cell therapies for various 
diseases. However, the major obstacles in developing such therapies are low quantities of EPCs that 
can be generated from the patient and the lack of adequate non-invasive imaging approach for in vivo 
monitoring of transplanted cells. Bacterial lipopolysaccharide (LPS) is a key mediator in the vascular 
leak syndromes associated with gram-negative bacterial infections. Toll-like receptor 4 (TLR4) was 
expressed both on the surface and intracellular compartment of EPCs. The objective of this study was 
to determine the ability of human umbilical cord blood (hUCB) EPCs to be isolated and identified in 
vitro and examine the effect of LPS on EPCs- TLR4 signalling pathway. 5 hUCB samples were collected 
for EPCs isolation and cultured on fibronectin coated wells in endothelial media supplement. Their 
phenotypes were confirmed by uptake of acetylated LDL and binding of fluorescein isothiocyanate 
(FITC) - labeled Ulex europaeus agglutinin 1 (UEA-1) lectin. LPS was added to EPCs culture by different 
concentrations (0.1, 0.5 and 1 µg/ml) to assess its effect on EPCs proliferation. The following genes; 
human vascular endothelial growth factor receptor-2 (hVEGFR-2), TLR4, vascular endothelial-cadherin 
(VE-Cadherin), endothelial nitric oxide synthase (eNOS) and heme oxygenase (HO-1) from the culture 
EPCs (control group) and EPCs preconditioned with 0.1 µg/ml LPS (preconditioned treated group) were 
also assessed by Real-time qPCR. EPCs cultured from hUCB were isolated, identified and highly 
significant proliferated in response to 0.1 µg/ml LPS compared to other concentrations. The expression 
of hVEGFR-2, TLR4, VE-Cadherin, eNOS and HO-1 by EPCS preconditioned with LPS compared to EPCs 
was significantly increased in response to the toll-like receptor agonist LPS. hUCB is highly valuable 
rich source for EPCs. Data of Quantitative genes expression indicate that LPS recognition by EPCs-
TLR4 activates the corresponding signal pathway.  
 
Key words: Human umbilical cord blood (hUCB), Endothelial progenitors cells (EPCs), lipopolysaccharide 
(LPS), Toll-like receptor 4 (TLR4). 

 
 
INTRODUCTION 
 
Endothelial progenitor cells (EPCs) have been demon-
strated to have stem-cell like as well as mature endo-

thelial functions (Russell and Brown, 2014). In 1997, 
Asahara and colleagues identified a monocytic population  
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of adult human CD34+ cells that demonstrated 
clonogenicity as well as contributed to neovascularization 
within ischemic areas (Asahara et al., 1997). EPCs are 
thought to be recruited through the circulation by an 
incompletely defined cytokine-mediated pathway to sites 
of vascular injury or hypoxia. In addition to self-renewal, 
EPCs differentiate into mature endothelial cells and 
release proangiogenic cytokines and growth factors in 
order to form new blood vessels and/or incorporate into 
existing vasculature (Folkman, 1971; Bertolini et al., 
2006; Resch et al., 2012). As circulating EPCs mature, 
the expression of endothelial-specific markers (VE 
cadherin, E-selectin) increases, and CD133 expression 
may decline. Accordingly, circulating EPCs can be 
characterized by the expression of CD133 (for 
developmentally immature EPCs), CD34, KDR, and/or 
VE cadherin (Shintani et al., 2006). Human umbilical vein 
blood derived EPCs expressed gene transcripts coding 
for Toll-like receptor (TLR). Toll-like receptors (TLRs) are 
a class of molecules which play an important role in the 
innate immune system for the recognition of pathogen-
associated molecular patterns by immune cells, initiating 
a primary response toward invading pathogen and 
recruitment of the adaptive immune response (Hoebe et 
al., 2004). 

Lipopolysaccharide (LPS) is the antigenic component 
of the gram-negative bacterial cell wall and is known as 
the ligand of Toll-like receptor-4 (TLR4). The activation of 
TLR4 by LPS modulated the expression of TLRs, induced 
the phosphorylation of NF-kappaB, and up-regulated the 
gene expression of cytokines IL-8, IFN-alpha, IFN-beta, 
and TNF-alpha, suggesting EPCs expressed functional 
TLR4. Unexpectedly LPS treatment failed to induce 
apoptosis in EPCs, but instead promoted cell proliferation 
of EPCs. Furthermore, the treatment of EPCs with LPS 
up-regulated stem cell markers CD133 and CD34 in both 
mRNA and protein levels, These results suggested that 
TLR4 functions to maintain the stem cell phenotype of 
EPCs and enlarge its population (He et al., 2010). We 
investigated in this work that, the effect of LPS as TLR4 
agonists on the proliferation and maintenance of EPCs 
function in culture for future prospects using TLR4 
agonists in promoting proliferation of EPCs in clinical trial 
uses. 
 
 

MATERIALS AND METHODS 
 
Human cord blood sample 
 
Twenty ml human umbilical cord blood (HUCB) was collected. The 

 
 
 
 
HUCB mononuclear cell fraction (HUCB-MNCs) was isolated from 
the buffy coats through density-gradient centrifugation with Ficoll-
Paque (Gibco-Invitrogen, Grand Island, NY). Anticoagulated blood 
sample was carefully layered on 20 ml Ficoll, and then they were 
centrifuged for 35 min at 400 x g rpm. The upper layer was 
aspirated leaving the HUCB-MNC layer undisturbed at the 
interphase. The interphase layer HUCB-MNC layer was carefully 
aspirated and washed twice in PBS containing 2 mM EDTA and 
centrifuged for 10 min at 200xg rpm at 20°C. The cell pellet (3 × 
106) was resuspended in a final volume of 300 μl of buffer (Matsuo 
et al., 2008). 
 
 

EPCs culture, propagation, labeling for identification and 
counting based assay 
 

EPCs were identified in culture by formation of a Colony Forming 
Unit (CFU). CFU was defined as a central core of rounded cells 
surrounded by elongated spindled-shaped cells, and CFUs were 
formed after culturing HUCB-MNCs for 7 days. EPCs-CFU was 
used as a method for EPCs characterization. For the EPCs 
counting assay, 5 × 106 MNCs were layered onto fibronectin coated 
96-well plates and cultured in M199 medium supplemented with 
20% fetal calf serum (FCS), 0.1% human vascular endothelial 
growth factor-1 (VEGF-1) and 0.1% insulin-like growth factor (IGF-
1) at 37°C for 48 h, after which the supernatant was removed. After 
seven days, cells were stained and labelled with 1, 1′-dioctadecyl- 
3, 3, 3′, 3′-tetramethylindocarbocyanine-labeled acetylated LDL 
(DiLDL,) and FITC-labelledUlexeuropaeus agglutinin I (UAE-1, 
Sigma Chemical Company); this double staining is specific for 
EPCs identification. Cells were counter stained with 4´, 6-diamidino-
phenylindole (DAPI; 0.2 μg/ml in 10 mmol/l Tris-HCl, pH 7.0, 10 
mmol/l EDTA, and 100 mmol/l NaCl) for 10 min and cells visualized 
with a distinct blue cytoplasm under inverted fluorescent 
microscope; DAPI staining is used to ensure cells viability. Only 
double stained cells (DILDL-FITC labelled UAE-1) with a distinctly 
blue cytoplasm (DAPI positive cells) were counted in a five random 
fields under fluorescent inverted microscope (Lieca, Germany).  
 
 

Cell culture and cell proliferation assay 
 

LPS was dissolved in complete DMEM, the pH value adjusted to 
7.2 and sterilized through a 0.2 μm filter to the desired working 
solutions. EPCs were cultured in M199 medium supplemented with 
5% fetal bovine serum (FBS), 100 mg/mL streptomycin and 100 
units/mL penicillin at 37°C humidified atmosphere 5% CO2. EPCs 
were seeded in 96-well plates (103 to 104 cells/well) for 24 h 
incubation, cell viability was evaluated using MTT assay as 
described previously (Cui et al., 2007). Brief, cells were treated with 
LPS at a various concentration 0, 0.1, 0.5 and 1 µg/ml for 48 h and 
untreated cells served as a control. Prior to determination, 10 μL 
MTT (2.5 g/L) was added to each well. After 4 h incubation, the 
culture media were discarded followed by addition of 100 μL of 
detergent reagent to each well and vibration for 10 min. The 
absorbance (A) in the experimental wells was measured at 570 nm 
with a microplate reader (ELISA reader). The absorbance in the 
experimental wells to that of the control wells (without test 
compound).

  

*Corresponding author. E-mail: dinasabry@kasralainy.edu.eg. Tel: +2-01111200200. 
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vascular endothelial-cadherin; eNOS, endothelial nitric oxide synthase; HO-1, heme oxygenase; LDL, low-density lipoprotein.  
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Table 1. Primers sequence for the studied genes. 
 

Gene  Forward primer Reverse primer Accession number 

VEG-R2 GATGTGGTTCTGAGTCCGTCT CATGGCTCTGCTTCTCCTTTG NT_022853.15 

eNOS ATTATATCCTACACAAGACTCCAG TCTTCAAGTTGCCCATGTTAC NT_007914.15 

VE-cadherin TCCTCTGCATCCTCACCATCACA GTAAGTGACCAACTGCTCGTGAAT NM_001795.3 

TLR4 TGGATACGTTTCCTTATAAG GAAATGGAGGCACCCCTTC NM_138557.2 

HO-1 CAGGCAGAGAATGCTGAGTTC GCTTCACATAGCGCTGCA X06985.1 

GAPDH CCTCTACTGGCGCTGCCAAGGCT GTCCACCACTGACACGTTGG NT_009759.16 
 
 
 

 
 

Figure 1. A, EPCs at 0 day of culture; B, EPCs were more confluent in 
culture on 4th day (200X magnification). 

 
 
 

Analysis of EPCs based on cell surface marker expression 
 
Flow Cytometry Analysis (FACS analysis) for KDR and CD34+ of 
cultured EPCs was done as an identification surface marker of 
EPCs. Mononuclear fractions (4 × 106 cells) were incubated with 
FcR blocking reagent (MiltenyiBiotec) for 10 min, and then 
incubated with CD34-FITC (MiltenyiBiotec). Dead and dying cells 
were excluded with 7-AAD (1 μg/106 cells, Molecular Probes). 
Isotype control antibodies were used to set baseline fluorescence 
levels. 
 
 
QRT- PCR genes expression to assess EPCs function 
 
Total RNA was isolated from collected cultured human EPCs using 
Qiagene cells/tissue extraction kit (Qiagene, USA) according to 
instructions of manufacture. The purity (A260/A280 ratio) and the 
concentration of RNA were obtained using spectrophotometry (dual 
wave length Beckman, Spectrophotometer, USA). The extracted 
and purified RNA samples were treated with RNase free DNase at 
37°C for 20 min and stored at -80°C for further use. Sequences of 
primers were designed in Table 1. The total RNA (0.5 to 2 μg) was 
used for cDNA conversion using high capacity cDNA reverse 
transcription kit Fermentas, USA. The cDNA 25 µl master mix was 
prepared; first strand buffer (10x) 5 µl, 10 mM dNTP’s, RNase 
inhibitor (40 U/μl), MMLV-RT enzyme (50 U/μl), and DEPC-treated 
water. The last mixture was incubated in the programmed thermal 
cycler 1 h at 37°C followed by inactivation of enzymes at 95°C for 
10 min, and finally cooled at 4°C. Then cDNA was stored at -20°C. 
Real-time qPCR amplification and analysis were performed using 
an Applied Biosystem with software version 3.1 (StepOne™, USA). 
The qPCR assay with the primer sets (Table 1) were optimized at 
the annealing temperature. All cDNA including previously prepared 
samples (for VEGFR-2, eNOS, VE-cadherin, TLR4 and HO-1 genes 
expression), internal control (for GAPDH gene expression as 
housekeeping gene), and non-template control (water to confirm 

the absence of DNA contamination in the reaction mixture), were in 
duplicate. Each 25 μL of reaction mixture contained 12.5 μL of 
SYBR Green (Fermentas), 1 μL of each primers (10 μmol/L), and 
cDNA (1 μg/mL) for sample determination. The reaction was 
initiated by activation of Taq polymerase at 95°C for 5 min, followed 
by 40 two-step amplification cycles: 10 s denaturizing at 95°C, 50 s 
annealing at 59°C. After the RT-PCR run the data were expressed 
in Cycle threshold (Ct) of assessed genes (VEGFR-2 and eNOS) 
and the house keeping gene (GAPDH). Therefore, relative 
quantitation (RQ) of target genes expression was assessed and 
related to housekeeping gene by previously published method RQ 
= 2 - (Δ Δ Ct) (Pala et al., 2005; Jiang et al., 2008). 
 
 
Statistical methods 
 
The data of the study was presented as mean ± SD. SPSS 15.0 
software (SPSS Inc.) and was used to analyze the data. The chi-
square test was used for comparisons of categorical variables. 
ANOVA was used to determine significant differences between 
different groups. Significant differences were considered when P 
value < 0.05. 
 
 
RESULTS  
 

EPCs isolation, culture and propagation of human 
umbilical cord blood EPCs were assessed. Characteriza-
tion and labelling of EPCs by DiLDL-UEA 1-lectin double 
fluorescent staining were done. EPCs were rounded in 
their shape and adherent on fibronectin plate (Figure 1). 
EPC-CFU as a central core of rounded cells surrounded 
by elongated spindled-shaped cells cultured on 
fibronectin plate (Figure 2). Adherent double-stained cells
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Figure 2. EPC-CFU. A. at 24 h culture less confluent was seen (200X 
magnification). B, at 7 days of culture more confluent was seen (200 X 
magnification). 

 
 
 

 
 
Figure 3. specific DiLDL-UEA 1-lectin double staining of EPCs cultured 7 days 
for characterization. A: 200X magnification and B: 400X magnification. 

 
 
 

 
 
Figure 4. Characterization of viability of 7 days cultured EPCs by positive-
DAPI blue cytoplasm staining (200X magnification). 

 
 
 
(DiLDL- UEA 1-lectin) were identified as EPCs (Figure 3). 
Staining of nuclei with DAPI for nearly all adherent cells 
(>95%) were stained positive for both DiLDL -UEA 1-
lectin (Figure 4). As regard cell proliferation assay results; 
significant difference was detected between zero (0) 
concentration and other studied concentration. The 

highest significant difference was found at 0.1 µg/ml 
compared to 0.5 and 1 µg/ml (Table 2 and Figure 5). 
Results of quantitative genes expression by real time 
PCR show that EPCs treated with LPS (0.1 µg/ml) 
studied groups have significant difference (p value =0.001) 

from untreated EPCs (Tables 3). 
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Table 2. Cell proliferation assay for EPCs treated with different concentrations of LPS. 
 

Different group EPCs 
EPCs + LPS 

LPS (0.1 µg/ml) LPS  (0.5 µg/ml) LPS (1 µg/ml) 

Cell proliferation (mean ± SD) 0.156±.065 0.638±.161 0.287±.105 0.155±.047 

P1  0.000 0.000 0.884 

P2 0.000  0.000 0.000 

P3 0.000 0.000  0.000 
 

P1: Comparison between zero (0) concentration and other 3different concentration. P2: Comparison between 
0.1 µg/ml concentration and other three different concentrations. P3: Comparison between 0.5 µg/ml 
concentration and other 3 different concentrations 

 
 
 

 
 
Figure 5. Cell proliferation assay in different studied groups (* means significant 
difference between different groups). 

 
 
 

Table 3. Showed quantitative expressions of all target genes in the studied groups. 
 

Gene expression/10
3
-10

5
 cells/ml Group 1 (Untreated EPCs) Group 2 (EPCs treated LPS) P value 

e NOS  5.13 ± 1.13 6.50 ± 1.54 0.001 

TLR4 4.38±0.81 6.91±1.08 0.001 

VEGFR2 1.31±0.46 4.10± 1.15 0.000 

VE-cadherin  0.39±.21 2.23±1.08 0.000 

HO-1 2.33±.34 4.83±.52 0.001 
 

The data are mean ±S.D. 

 
 
 
DISCUSSION  
 
EPCs described in 1997 by Asahara et al. constitute a 
heterogeneous population of circulating cells in peripheral 
blood. Endothelial progenitor cells play an important role 
in vascular repair and new vessel formation, because of 
their capacity to proliferate, migrate, differentiate in vivo 

and in vitro into endothelial cells, and incorporate into the 
preexisting endothelium. Thus, phenotypically, they have 
morphofunctional characteristics of both hematopoietic 
and mature endothelial cells (Silva et al., 2012). The 
common barrier for the characterization and subsequent 
utilization of putative EPCs is the poor number of cells 
obtained after purification from peripheral or cord blood.  
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EPCs are characterized by the assessment of surface 
markers such as CD34 and vascular endothelial growth 
factor receptor-2, VEGFR-2 (KDR). Importantly, 
CD34

+
KDR

+
 combination is the only putative EPC 

phenotype that has been demonstrated repeatedly and 
convincingly to be an independent predictor of 
cardiovascular outcomes (Devaraj and Jialal, 2012). 
Accordingly, UCB now is considered as the most 
important novel source for cell therapy. We successfully 
collect hUCB according to previous mentioned 
methodology. We isolated, cultured and propagated 
EPCs. We also can do more EPCs proliferation by 
endotoxin induced LPS. EPCs were characterized by 
their ability to culture on fibronectin coated plates and 
their ability to form EPCs- CFU in culture. Furthermore, 
EPCs viability was tested by their ability to be 
counterstained with DAPI (positive blue DAPI- nuclei). 
Rossella et al. (2009) reported that EPCs do not express 
procoagulant activity in baseline conditions. However, 
lipopolysaccharide induces the expression of 
procoagulant activity. The effect is dose-dependent and 
reaches statistical significance at 100 ng/mL 
lipopolysaccharide. On molecular level, we characterized 
hUCB-EPCs by their high mRNA quantitative expression 
of VEGFR2/KDR. We also proved high significant 
expression of VEGFR2/KDR gene in treated EPCS with 
LPS compared to EPCs alone without LPS. Accordingly, 
VEGFR2/KDR is one of the most important molecular 
surface biomarker for EPCs characterization. The 
essential role of endothelial NO synthase (eNOS) for 
neovascularization has been described before in several 
published studies. Aicher et al. (2003) demonstrated that 
eNOS expressed by bone marrow stromal cells is 
essential for the mobilization and functional activity of 
stem and progenitor cells. Thus, low function and 
insufficient recruitment of EPCs after vascular injury in 
patients with cardiovascular risk may be due to 
diminished endothelial NO bioavailability and may lead to 
aggravation of vascular injury and diminished repair in 
these patients. Werner et al. (2002) demonstrated that 
the administration of rosuvastatin to mice with carotid 
artery injury leads to a delayed beneficial increase of 
EPC levels that promotes bone marrow-dependent re-
endothelialization and diminishes vascular lesion 
development. Laufs et al. (2004) revealed the effect of 
physical activity on the production and level of EPCs via 
an NO-dependent mechanism in mice. These results 
were confirmed in patients with high vascular risk, that is, 
individuals with coronary artery disease who were invited 
to a 4-week training program (Liman and Endres, 2012). 

Furthermore, all the above demonstrated studies 
concerning functioning EPCs via eNOS activity and 
production were coincided with our work. Because we 
found that hUCB isolated EPCs were expressing eNOS. 
Furthermore, activated and proliferated EPCs with LPS 
can express more eNOS and a significant difference 
between the two studied groups; EPCs and EPCs precon- 

 
 
 
 
ditioned with LPS was found in eNOS expression. Toll-
like receptors (TLRs), a kind of pattern recognition 
receptors (PRRs), mediate the immediate innate immune 
response and also the subsequent adaptive immune 
response by activating inflammatory gene transcription 
and posttranslational processing (Opitz et al., 2009). To 
date, 12 members of the TLR family have been identified 
in mammals. Among them, TLR4, recognizing LPS from 
Gram negative bacteria, can be also activated by viral 
proteins, endogenous heat shock protein HSP60, 
oxidized low-density lipoprotein (LDL), and fibrinogen 
(Akira et al., 2006). TLRs not only initiate and maintain 
host defenses and inflammation, but also directly 
involved in the initiation and the progression of diseases 
such as atherosclerosis. TLR4 overexpression and 
colocalization have been demonstrated in coronary 
atherosclerotic plaques (Vasa et al., 2001). Up-regulation 
of TLR4 causes changes to epithelial cell proliferation, 54 
NF k B expression51 and pro-inflammatory cytokine 
expression55. All three of these are known to be altered 
during mucositis leading to the suggestion that TLR4 may 
be a key driver in the pathogenesis of mucositis (Daniel 
et al., 2013). The activation of TLR4 signaling induces the 
expression of endothelial cell adhesion molecules, and 
the production of inflammatory cytokines as well as 
chemokines, (IL-8, IFN-alpha, IFN-beta, and TNF-alpha) 
resulting in the increase of neutrophil infiltration, 
endothelial permeability and intravascular coagulation, 
which plays important role in the pathophysiology of 
atherosclerosis (Ye et al., 2008). Therefore, the regu-
lation of TLR4 signaling is important for the prevention 
and control of inflammatory related diseases. Recently, 
the effect of extracellular nucleotides on TLR4-mediated 
immune response has been on controversy. In human 
monocytes stimulated with LPS, ATP strongly accele-
rates IL-1β processing and secretion in an autocrine way 
or by modulating ion influx (Piccini et al., 2008). 

In dendritic cells, extracellular ATP has been shown to 
inhibit LPS-induced secretion of the proinflammatory 
cytokines TNF-α and IL-12, and negatively regulates TLR 
signaling via P2 receptors (Marteau et al., 2004). He et 
al. (2010) found that EPCs also express several TLRs, 
and the activation of TLR4 by LPS induced the 
phosphorylation of NF-κB, P38, and ERK42/44, and up-
regulated the gene expression of cytokines IL-8, IFN-α, 
IFN-β and TNF-α. These previous several studies 
coincided with our work regarding TLRs expression and 
TLR4-mediated signaling induced by LPS in EPCs. We 
examined hUCB which is the future prospective promise 
in cell therapy, for EPCs isolation, maintained their 
culture and propagation.  

Furthermore, TLR4 was quantitatively expressed by 
real time PCR in both studied groups; EPCS and EPCs 
preconditioned with LPS. We report that EPCs and those 
preconditioned EPCs with LPS isolated from hUCB 
express EDTLR4 with high significant difference in the 
later than the former.  
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